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TECHNICAL BACKGROUND
10 The known cholesterol lowering properties of soy and derivatives
thereof are related with the content in isoflavones (Kirk et al., 1998) and in
proteins (Anderson et. al, 1995).
Soy proteins mainly consist of glycinins (11S fraction) and pB-
conglycinins (7S fraction), the latter consisting of three subunits, named a, o'
15 and B (Thanh and Shibasaki, 1976). Studies carried out on soy proteins have
established that the 7S fraction (Lovati et. al, 1992, 1996), particularly the o'
subunit (Manzoni et. al, 1998) is capable of activating LDL receptor and is
therefore the main responsible for the reduction of cholesterol plasma levels.
In fact, treatment of an hepatic cell line with 7S globulin induces extensive
20 degradation of the o and o' subunits and stimulation of LDL receptor activity,
whereas  subunits are not degraded and the receptor is not activated.
Moreover, soy mutants in which 7S fraction lacks o' subunit are not able to-

modify the receptor activity, even at high concentrations.

As a consequence of these experimental observations, methods are
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CONFI R(VATI ON COPY WO 03/ 063608 PCT/ EP03/00798 2 needed to obtain
(3-conglycinin in the pure form as well as recovering and purifying the
a' subuniwo oBmessusshi ch specific am no aci di ¢ sequences coRCWEPS@Sequent |y
be obtained by enzymatic treatnent, w thou naking use of peptide
synthesis. 5 The process suggested by Than et al. (1975 and 1976) and

subsequent |y . nodi fi ed eefe et (1991) allows . to separate
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only on laboratory scale.
Recently, Wu et al. (1999) have described a method for separating
glycinins and conglycinins on a pilot-plant scale. Glycinins are précipitated by
15 two subsequent aqueous extractions at pH 8.5, followed by treatment of the
supernatant with a 0.98 g/L bisulfite solution, while conglycinins are
precipitated by adding 0.25 M NaCl to the mother liquors from the glycinins
precipitation, then adjusting pH to 4.8. The process allows to treat high
amounts of starting material and also provides high yields in protein, but the
20  fractions purity is still unsatisfactory; B-conglycinin, in particular, undergoes
degradation, apparently during diafiltration with water, which is a treatment
necessary to reduce the bisulfite ions excess and to remove salts.
The above cited methods not only do not yield pure p-conglycinin, but
above all do not envisage separation and purification of the o’ subunit.
25 According to the invention, a solid fraction enriched in f-conglycinin is
prepared by extracting a defattedground soy in an aqueous medium according
to conventional procedures and subsequently precipitating the supernatant

with aqueous ethanol; the resulting fraction is then purified by Metal Affinity
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10 solution at slightly acidic pH to obtain a p-conglycinin -enriched
soluble i)rotein fraction;
b) precipitation of the B-conglycinin fraction from step a) by treatment
with ethanol;
c) purification of the precipitated fraction from step b) by Metal Affinity
15 Chromatography (MAC) under denaturant conditions, to isolate the o’
subunit;
d) enzymatic treatment of the o’ subunit from step c) with a proteolytic
enzyme and further purification by MAC chromatography;
€) precipitation of the o’ subunit with organic solvents.
20 B-Conglycinin is enriched as shown in Figure 1. The starting material is
soy flour, defatted by removing the lipid fraction with solvents. The material
is extracted with a sodium bisulfite aqueous solution at slightly acidic pH. A
solution volume ranging from 14 to 16 times the weight of the starting
material, preferably from 14.5 to 15.5 times, is used. The bisulfite
25  concentration ranges from 0.80 to 1.20 g/L, preferably from 0.90 to 1.10 g/L,
most preferably from 0.95 to 1.05 g/L. The extraction is carried out for a time
ranging between 14 and 18 hours at a temperature ranging from -2 to 8°C.

According to a preferred embodiment of the invention, the extraction is
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consisting of ‘50 mM Tris, 0.5 MNad, pH 7.Z and containing 5 to 8 M urea,

pr ef er@bl yubseMuehnstepeFeg@@ml. ti ons, the a' subunit 20 selectively binds to
the matrix, and the a and (3 'subunits can be renoved by elution with the
above buffer; ThHe ¢hois&RBNidparstes ihd QHEM! the 6 Uhfind 1By thehnd of MAC
(Ostrove and Weiss, 1990) depends on its ability to coordinate metal ions such
as Zn>* and Ni**, as this subunit has higher histidine content than the o and g
subunits (Thanh and Shibasaki, 1978).

15 A matrix conjugated with zinc or nickel, preferably zinc, is used.
According to a preferred embodiment of the invention, the matrix consists of
iminodiacetic acid-agarose. The freeze-dried protein material is suspended in
a denaturing buffer consisting of 50 mM Tris, 0.5 M NaCl, pH 7.2 and
containing 5 to 8 M urea, preferably 5 M. In these conditions, the o’ subunit

20  selectively binds to the matrix, and the a and B subunits can be removed by
elution with the above buffer; the o’ subunit is subsequently eluted with 0.1 M
imidazole in the same buffer or iﬁ distilled water.

The protein fraction enriched in o’ subunit is collected and treated with
organic solvents which precipitate the proteins, preferably with cold acetone.

25  Acetone is used in a volume ranging from 2 to 5 times the fraction volume,
preferably 3 to 4 volumes, at a temperature ranging between -10 and -30°C,

preferably between -15 and -25°C. According to a preferred embodiment of

the invention, 3 volumes of acetone at -20°C are used. The resulting
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Polypeptide fragments of the o' subunit are prepared by subjecting the
10  lyophilizate from the previous step to enzymatic treatment with a proteolytic
enzyme. According to a preferred embodiment of the invention, the
proteolytic enzyme is chymotrypsin and the resulting fragment mainly consists
of the amino-terminal region having MW 28,000 Da.
The procedure is as follows: the lyophilizate from the previous step is
15  dissolved at a concentration of 5 mg/ml in 0.2 M NH4,HCO; containing 1.6 M
urea at pH ranging from 7.5 to 8.5. Chymotrypsin is added in a 1:10 to 1:50
ratio, preferably 1:25 w/w to the substrate, incubating at 37°C with stirring for
24 hours. A step on MAC is subsequently carried out, as described above.
The 'material eluted with imidazole contains three polypeptide
20  fragments, the main having MW 28,000 Da, and constituting the N-terminal
region of the o’ subunit.
The administration of the o’ subunit and of chymotrypsin fragment to
rats (table 2) proved that both are capable of remarkably decreasing

cholesterol and total triglycerids plasma levels. In particular, the chymotrypsin
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particular for the treatment of hyperlipidemias. Furthermore, they can also be
used for the preparation of supplements or food products for dietary regimens
to be followed in the above mentioned conditions.
EXAMPLES
15 First step: Purification of 7S globulin from soy
The starting material was ground soy, defatted according to the Soxhlet
method, using pentane as solvent.
Proteins were extracted with a 0.98 g/L NaHSOj; solution in amounts 15
times the volume of the defatted ground soy, for 16 hours at temperatures
20 ranging from 0 to 4°C, keeping pH at 6.4. After centrifugation, the supernatant
was treated with 40% ethanol (vol/vol) at room temperature. The resulting
precipitate, enriched in B-conglycinin and containing the o’ subunit at a
double concentration than the starting material, was freeze-dried.
Second step: Purification of the &’ subunit
25 The B-conglycinin enriched fraction was resuspended in denaturing
buffer (50 mM Tris, 0.5 M NaCl, pH 7.2) containing 5 M urea and purified by

MAC on an agarose-iminodiacetic acid matrix (Sigma) conjugated with zinc.

The unbound protein material was eluted with the same buffer as above,
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a' subuni§.5 The solution was then treated with chymotrypsin in a 1:25 w/w ratio to

the protein substrate and incubated at 37°C with stirring for 24 hours, then
purified by MAC as described above. The material retained by the resin and
eluted with 0.1 M imidazole contains three polypeptide fragments, the major
15 one having molecular weight 28,000 Da and consisting of the N-terminal
region of the o’ subunit.
BIOLOGICAL EXPERIMENTATION
Animals
Male rats CD SPF/VAF, weighing 75-100 g, were used. The animals
20 were housed in makrolon cages (4-5 animals per cage) in environment with
automatic control of light (12 hour light/ 12 hour darkness cycles),
temperature (21 + 1°C) and humidity (60 £+ 5%).
Experimental protocol
After 7 day housing, the animals were randomly divided into seven
25 groups of 20 rats each (Table 2). During 28 days, one group was fed with
normal diet (cod. 014RF25C; Mucedola S.r.l., Settimo Milanese, MI, Italy),
whereas the others were fed with hypercholesterolemic diet consisting of 1%

cholesterol, 0.5% cholic acid and 25% hydrogenated coconut oil (batch
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10  Group 3: animals fed with hypercholesterolemic diet and treated

orally for 28 days with clofibrate at a dose of 200 mg/kg.

Group 4: animals fed with hypercholesterolemic diet and treated
orally for 28 days with the soy total protein extract (TPE)
at a dose of 200 mg/kg.

15 Group S: animals fed with hypercholesterolemic diet and treated
orally for 28 days with B-conglycinin at a dose of 50
mg/kg.

Group 6: animals fed with hypercholesterolemic diet and treated
orally for 28 days with the o’ subunit at a dose of 10

20 mg/kg.

Group 7: animals fed with hypercholesterolemic diet and treated
orally for 28 days with the o’ subunit chymotrypsin
fragment at a dose of 1 mg/kg.

Total cholesterol and triglycerids plasma levels were measured at the

25 end of the 28 day treatment and after 16 hour fasting. The animals were

anaesthetized with ethyl ether and blood was drawn from the inferior vena

cava in tubes containing EDTA (1 mg/ml). After centrifugation for 15 min at

4°C at 3000 rpm, plasma was recovered, frozen and stored at -20°C until



15 Goup 5: animals fed with hyperchol esterolemic diet and treated orally
for 28 days with (3-conglycinin at a dose of 50 ng/kg. Goup 6: aninals
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GROUP 7 175.8+7.9 1403 +7.4
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nmodi fication of soy R-conglycinin (x' subunit, which process conprises the
5 followi ng steps: a) extraction of a defatted ground soy with a sodi um

bi sul fit ewagaeesdsss sol ution at slightly acidic pH to obtaPOTA&P03/00798
(3-conglycinin -enriched soluble proteinjfraction; b) precipitation of the
3-conglycinin fraction fromstep a) by treatnment 10 with ethanol; c)

purificatign he precipitated fraction fromstep b) by Metal Affinity
Chr omat ogéﬁ%ﬂ&@ under denaturant conditions, to isolate the a'

subunit; d) enzymatic treatnent of the a' subunit fromstep c) with a
proteolytic 15 enzynme and further purification by MAC chronat ography; e)

ipitati f th ' bunit wth i | nts...2. A

1 ai ned | b ol afmPrOgkR dPh e SElicHAe: FOHePEORamatcRigt ad HOVE ¥R Imes
_of a 0_. 98 g/ L_.sodi umtbi su! _i te solution a %Ill—{ng 3. A_L%r ocess .as %I ai med
" ol ai m TGN ot pit-RPRER N P dhyHls WHISh RFOS RS CRPHATH Do,
et ha.nggd. gqllA ﬁirocess. as claimed in claim1l wherein MACin step c) is
carri el ofRUOBH&SERETi x conjugated with zinc or nickel. 5. A process as

| ai ned i | ai m 4 wher el trix i i ted mith,.ziiRc. 25 6. A
ol 123 Ty oot et 1 ADETE B VAR AL
sgaesc.'m ol et I SSEE AT T BBt pegie e

PCT/ EP0O3/ 00798 12:8. A pr as claimed in claim1 wherein the
proteol ytic en%?xlﬁlélef BIPOt?ﬁ’eﬁ%gagna

b) precipitation of the B-conglycinin fraction from step a) by treatment
10 with ethanol;

c) purification of the precipitated fraction from step b) by Metal Affinity
Chromatography (MAC) under denaturant conditions, to isolate the o’
subunit;

d) enzymatic treatment of the o’ subunit from step c¢) with a proteolytic

15 enzyme and further purification by MAC chromatography;

e) precipitation of the a’ subunit with organic solvents.

2. A process as claimed in claim 1 wherein the extraction is carried out

with 15 volumes of a 0.98 g/L sodium bisulfite solution at pH 6.4.

3. A process as claimed in claim 1 wherein precipitation of step b) is

20 carried out with 40% ethanol.
4. A process as claimed in claim 1 wherein MAC in step ¢) is carried out

on a matrix conjugated with zinc or nickel.

5. A process as claimed in claim 4 wherein the matrix is conjugated with
zinc.
25 6. A process as claimed in claims 4 or 5 wherein the matrix consists of

agarose-iminodiacetic acid.
7. A process as claimed in claim 1 wherein the denaturating agent used in

MAC of step c) is urea.
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enzymatic treatnment of step d) is chynotrypsin. 9. A process as clained in
claim1 wherein precipitating solvent for the a' subunit in step e) is

acet one. WOIB/W63oprocess as clained in claim1 wherein thect@presogbg ci ni n-
enriched fraction and the a' subunit arelp_stabi lized by freeze-drying. 11.
(3-Conglycinin- enriched fraction and a' subunit from soy obt ai nable wth

the process of clains 1-1 Pal ptide fr nents of. so - con cinin
a' subuni 8 obtéihré)&leés 9«?1‘3&1 “!L%I‘tlh@ é‘B e ¥ “HP Qr%eoiytig en gme f%r%é/

Am no-term nal ]'%@I de frag obt aj nabl e according to process of

cl ai m 8. EEZYIPB é‘%ﬁ ot of steh gs ‘Ehylgﬁ YRSW¥ongl ycinin a' subunit of claim

chaim 12 Por aﬁg\e”ﬁﬁo'sc%?ﬁ”égfc@anwﬁ algim T hESn gy e Rl SR LE PR ghen <

of the (3- con I%/m nin.a subunit fromsoy of claim12 for the preparation
of medi cafRRHELIRSIGRR) 15,85 RGt of hyperl i pi demi as. 20 17. The use of the
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conal . e BOREDE| 06 ERAPENLE 61 ) g loshe 12 alone of i
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with the process of claims 1-10.
12. Polypeptide fragments of soy B-conglycinin o’ subunit obtainable with
10  the process of claims 1-10.
13. Amino-terminal polypeptide fragment obtainable according to process
of claim 8.
14. Polypeptide fragments of soy B-conglycinin o’ subunit of claim 12 for
use as medicament.
15 15. Amino-terminal polypeptide fragment of claim 12 for use as
medicament.
16. The use of the polypeptide fragments of the f-conglycinin a’ subunit
from soy of claim 12 for the preparation of medicaments for the treatment of
hyperlipidemias.
20 17. The use of the polypeptide fragment of claim 12 for the preparation of
medicaments for the treatment of hyperlipidemias.
18. Pharmaceutical compositions containing the polypeptide fragments of
claims 12 or 13, alone or in combination with other active ingredients, in
admixture with suitable carriers.
25 19. Supplements or alimentary products containing the polypeptide

fragments of claims 12 or 13.



