(12) STANDARD PATENT (11) Application No. AU 2005291359 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)
(44)

(71)

(72)

(74)

(56)

Title

Bioactive compositions, natural methods of producing them and computational
methods for designing natural production processes

International Patent Classification(s)

C12P 21/06 (2006.01) CO7K 14/575 (2006.01)
A23J 3/34 (2006.01) CO7K 14/72 (2006.01)
Application No: 2005291359 (22) Date of Filing:  2005.10.07

WIPO No:  WO06/037655

Priority Data

Number (32) Date (33) Country
60/617,021 2004.10.07 us
Publication Date: 2006.04.13

Accepted Journal Date: 2011.10.13

Applicant(s)
Nestec S.A.

Inventor(s)
Van Bladeren, Peter;Juillerat, Marcel-Alexandre;Grigorov, Martin;Zachariae, Ulrich;Fay,
Laurent-Bernard;Affolter, Michael;Corthesy-Theulaz, Irene;Kochhar, Sunil

Agent / Attorney
Shelston IP, Level 21 60 Margaret Street, Sydney, NSW, 2000

Related Art

Amino acid sequence of amylogenin H0112G12.3 protein from Oryza Sativa (Rice) [Online],
[retrieved on 14 May 2010]. Retreived from the internet <URL:
http://lwww.ebi.ac.uk/cgi-bin/dbfetch?db=uniprot&id=Q9ZR36_ORYSA&style=raw

US 5 384 256 A (CHMIEL et al.) 24 January 1995

PANTAKO, O.T. & Amiot, J., "The Effects of alpha-lactoalbumin and Whey protein Conc on
alpha-amino acids, Calcium and Phosphorous Levels in Blood and Gastrointestinal Tract of
Rats", Reprod Nutr Dev, 2001, Vol 4, pp 227-238

LOPONEN, J. "Angiotensin Converting Enzyme Inhibitory Peptides in Finnish Cereals: A
Database Survey", Agricultural and Food Science, 2004, Volume 13, Pages 39-45

FUJITA, H. et al., "Isolation and Characterization of Ovokinin, a Bradykinin B1 agonist Peptide
Derived from Ovalbumin”, Peptides, 1995, Volume 16, Number 5, Pages 785-790

US 5073 392 A (ATWELL et al.) 17 December 1991

US 5770 433 A (SPENCER et al.) 23 June 1998

US 5 888 562 A (HANSEN et al.) 30 march 1999

YOSHIKAWA et al., "Bioactive Peptides Derived from Food Proteins Preventing Lifestyle-Related
Diseases", BioFactors, 2000, Volume 12, Pages 143-146

DZIUBA, J. et al., "Database of Biologically Active Peptide Sequences"”, Nahrung, 1999, volume
43, pages 190-195

Amino acid sequence of RGP2 protein of Oryza sativa (Rice) [Online], [retrieved on 14 May 2010].
Retreived from the internet <URL:
http://www.ebi.ac.uk/cgi-bin/dbfetch?db=uniprot&id=082706_ORYSA&style=raw

WO 2003/082019 A2 (CHR. HANSEN A/S [DK/DK]) 9 October 2003

EP 1 358 807 A2 (AGRO-KORN A/S) 05 November 2003

SHA|, L. et al., "BioPD: A Web-Based Information Center for Bioactive Peptides”, Regulatory
Peptides, 2004, Volume 120, Pages 1-3

GUPTA, R. et al., "Bacterial Alkaline Proteases: Molecular Approaches and Industrial
Applications", Applied Microbiological and Biotechnology, 2002, Volume 59, pages 15-32



http://www.ebi.ac.uk/cg
http://www.ebi.ac.uk/cg

IZQUIERDO-PULIDO, M.L. et al., "Oryzacytastatin and Other Proteinase Inhibitors in Rice Grain:
Potential Use as a Fish Processing Aid", Journal of Agricultural and Food Chemistry, 1994,
Volume 42, Pages 616-622

US 3 896 103 A (HARDY et al.) 22 July 1975

US 6 517 831 B2 (TAKEBE et al.) 11 February 2003

Amino acid sequence of BIP isoform C from Glycine max (Soybean) [Online], [retrieved on 14
May 2010]. Retreived from the internet <URL.:
http://www.ebi.ac.uk/cgi-bin/dbfetch?db=uniprot&id=Q39803_SOYBN&style=raw

WO 2004/057976 A1 (HER MAJESTY THE QUEEN IN RIGHT OF CANADA as represented by THE
MINISTER OF AGRICULTURE AND AGRI-FOOD CANADA [CA/CA] 15 July 2004

Amino acid Sequence of Amylogenin obtained from Arabidopsis thaliana [online], [retrieved on
14 May 2010]. Retreived from the internet <URL:
http://www.ebi.ac.uk/cgi-bin/dbfetch?db=uniprot&id=Q9FFD2ARATH& style=raw

KONDO, H. et al. " Cloning and Sequence Analysis of the Genomic DNA Fragment Encoding
Oryzacystatin" Gene, 1989, Volume 81, Pages 259-265



http://www.ebi.ac.uk/cg
http://www.ebi.ac.uk/cgi-bin/dbfetch?db=uniprot%26id=Q9FFD2ARATH%26

w0 2006/037655 A3 |1 M0 0010 OO0 OO0 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
13 April 2006 (13.04.2006)

PO AR

(10) International Publication Number

WO 2006/037655 A3

(51) International Patent Classification:
CI2P 21/06 (2006.01) CO7K 14/575 (2006.01)
A23] 3/34 (2006.01) CO7K 14/72 (2006.01)

(21) International Application Number:
PCT/EP2005/010837

(22) International Filing Date: 7 October 2005 (07.10.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/617,021 7 October 2004 (07.10.2004) US
(71) Applicant (for all designated States except US): NESTEC

S.A. [CH/CH]; Avenue Nestlé 55, CH-1800 Vevey (CH).

(72) Inventors; and

(75) Inventors/Applicants (for US only): GRIGOROV,
Martin [BG/CH]; 128 Le Grand Chemin, CH-1066
Epalinges (CH). VAN BLADEREN, Peter [DE/CH]; 17,
Rue du Bourg, CH-1071 Chexbres (CH). ZACHARIAE,
Ulrich [DE/DE]; Rosmarinweg 27, 37081 Goettingen
(DE). KOCHHAR, Sunil [IN/CH]; Chemin du Gram-
mont 2, La Claie-aux-Moines, CH-1073 Savigny (CH).
FAY, Laurent-Bernard [FR/FR]; 1, Av. d'Auniéres,
F-74500 Evian (FR). CORTHESY-THEULAZ, Irene
[CH/CH]; Chemin du Polny 34C, CH-1066 Epalinges
(CH). JUILLERAT, Marcel-Alexandre [CH/CH]; Ch.
Praz-Dom-Nicod 10, Vers-Chez-Les-Blancs, CH-1000
Lausanne 26 (CH). AFFOLTER, Michael [CH/CH]; 8,
chemin de la Séchaude, CH-1073 Savigny (CH).

(74) Agent: BECKER, KURIG, STRAUS; Bavariastr. 7,
80336 Munich (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
4 January 2007

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title:

BIOACTIVE COMPOSITIONS, NATURAL METHODS OF PRODUCING THEM AND COMPUTATIONAL

METHODS FOR DESIGNING NATURAL PRODUCTION PROCESSES

(57) Abstract: The present invention is directed to procedures for the controlled natural bioprocessing of naturally occurring bio-
logical molecules by processing activities present in select organisms, extracts of such organisms or other natural processing agents.
The invention also covers the methods for developing these procedures and compositions prepared by the procedures.



13 Sep 2011

20052913359

5

10

15

20

25

30

BIOACTIVE COMPOSITIONS, NATURAL METHODS OF PRODUCING
THEM AND COMPUTATIONAL METHODS FOR DESIGNING NATURAL
PRODUCTION PROCESSES

BACKGROUND OF THE INVENTION

[0001] Any discussion of the prior art throughout the specification should in no
way be considered as an admission that such prior art is widely known or forms part of
common general knowledge in the field.

[001a] The genomics-proteomics revolution of the 1990's has led to the
identification and design of numerous small molecule drugs and potential drugs. In
many cases these compounds do not occur in nature and many of them are toxic,
antigenic, or have unsuitable pharmacokinetic properties.

[0002] Many bioactive molecules occur naturally in food stuffs as part of larger
precursor molecules. Because they are components of foods that are commonly eaten,
such agents have the potential to be less toxic to humans and animals. If methods could
be found to release these compounds from their precursor food sources these molecules
could be utilized to enrich foods or could be isolated and used as nutritional or
therapeutic agents.

[0003] For example, PYY is a high affinity positive agonist of Y2 G-protein-
coupled receptors (GPCR) and represents a relatively new class of therapeutic treatment
for obesity, among other diseases. It is a natural hormone produced by specialized
endocrine L-cells in the gut in proportion to the calorie content of a meal. PYY operates
by reducing appetite and food intake by modulating appetite circuits in the
hypothalamus. The agent has been shown to reduce caloric intake by 30% two hours
after subjects, either obese or non-obese, received a 90-minute intravenous infusion.
These subjects also experienced a significant decrease in their cumulative 24-hour
caloric intake. In other studies, obese individuals have been observed to have lower
levels of circulating PYY.

[0004] The present invention provides methods for the isolation of naturally
occurring bioactive agents such as PYY and is directed to the resulting inventive
compositions themselves. It also covers processes for developing these methods. These
and other advantages of the present invention, as well as additional inventive features,

will be apparent from the description of the invention provided herein.
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SUMMARY OF THE INVENTION

[004a] According to a first aspect, the present invention provides a process for
developing a method for generating functional biomolecules consisting of a peptide
defined by the amino acid sequence of SEQ ID No. 8 or 9 from precursors comprising;:

a. identifying a precursor food source that contains a precursor molecule
comprising said functional biomolecule,

b. identifying an agent that can be used to release from the precursor said
functional biomolecule.

[004b] According to a second aspect, the present invention provides a method for
preparing a functional food enriched in a functional biomolecule comprising;:

a. identifying a functional biomolecule consisting of a peptide defined by
the amino acid sequences of SEQ ID No. 8 or 9 to be generated,

b. obtaining an agent that can be used to release from the precursor
molecule said functional biomolecule, and

c. treating a precursor food source with the agent to release from the
precursor molecule the functional biomolecule.

[004c] According to a third aspect, the present invention provides a method for
preparing a functional biomolecule consisting of a peptide defined by the amino acid
sequence of SEQ ID No. 8 or 9 comprising;:

a. identifying a precursor food source that contains a precursor molecule
comprising said functional biomolecule,

b. identifying an agent that can be used to release from the precursor
molecule said functional biomolecule, and

c. treating the precursor food source with the agent to release from the
precursor molecule a molecule that contains the attributes necessary for function.

[004d] According to a fourth aspect, the present invention provides a food
product comprising a digested precursor molecule and a biomolecule consisting of a
peptide defined by the amino acid sequence of SEQ ID No. 8 or 9.

[004e] According to a fifth aspect, the present invention provides a functional

food product prepared by the method of second aspect.
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[004f] According to a sixth aspect, the present invention provides a functional
biomolecule prepared by the method of the third aspect.
[004g]Unless the context clearly requires otherwise, throughout the description
and the claims, the words “comprise”, “comprising”, and the like are to be construed in
an inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited to”. |

[0005] The present invention provides methods for producing functional foods
enriched in functional biomolecules, procedures for developing those methods and the \
compositions prepared by those methods. The procedure first involves identifying the
functional biomolecules to be generated. Attributes within these biomolecules that are
necessary for function are then identified by analyzing the relationship between the
biomolecule’s structure and function. Precursor molecules containing this consensus
motif, with all of the chemical and structural attributes required for activity, are then
identified by electronically searching genomic databases of a variety of precursor food
sources. Once a potential precursor molecule and food source is identified, another
database search is carried out to identify organisms or enzymes that can be used to
release from the precursor molecule a smaller compound containing all the attributes
identified as necessary for function. The functional molecule can then be generated by
treating the precursor with the processing agent(s) and releasing the functional
biomolecule from its precursor. Functional molecules include bioactive molecules or
biomaterials wherein the functions are bioactivity and self-organization and assembly,
respectively. Precursor food sources include food stuffs or food grade proteins and their
mixtures.

[0006] This approach provides a novel method for processing genome
information in the design of combinations of raw nutritional sources and organisms
which can liberate, in situ, active small molecules to enhance the nutritional and health-
enhancing effect of the ingested functional food products.

[0007] To this end the invention provides a method for generating a bioactive
molecule from a precursor food or protein source. The method includes the steps of
identifying a bioactive molecule, identifying the attributes within the bioactive molecule
that are necessary for bioactivity, identifying a precursor food source that contains a

precursor molecule with the attributes necessary for bioactivity, identifying an agent that

-2a-—
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can be used to release from the precursor molecule a compound comprising the
attributes necessary for bioactivity, and treating the precursor food source with the
processing agent to thereby release from the precursor molecule a molecule that contains

the attributes necessary for bioactivity.

-2b-
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[0008] In another aspect of the method the bioactive molecule can be a peptide,
protein or nucleic acid polymer.

[0009] In another aspect, the method further comprises identifying chemical
attributes within the bioactive molecule that are necessary for bioactivity.

[0010] In another aspect, the method further comprises identifying chemical
attributes within a biomaterial that are necessary for self-organization/assembly into
higher order structures.

[0011] In another aspect, the method further comprises identifying topological
(two dimensional) and/or structural (three dimensional) attributes within the bioactive
molecule that are necessary for bioactivity or self-organization/assembly.

[0012] In another aspect of the method the precursor food source can be
derived from a plant such as rice, soy, maize, potato, coffee, milk, meat, and the like.

[0013] In another aspect, the method involves preparing a biomolecule using
an agent that is a cell and the cell can be a lactobacteria, including Lactobacillus
Jjohnsonii (Lal) or bifidobacteria, such as Bifidobacterium longum (B129) for example.

[0014] In another aspect, the method involves preparing a biomolecule using
an agent that is an enzyme.

[0015] In another aspect, the method involves preparing a biomolecule using

an agent that is an enzyme such as a protease, glycosidase, nuclease, oxidase or lipase

-or their combinations: - - - - -—rm—e oo mn

[0016] In another aspect of the invention the biomolecule binds to a receptor.

[0017] Certain embodiments of the invention are directed to a bioactive agent
comprising a peptide generated from a food stuff or food grade protein comprising the
amino acid sequence LNLV[TS][RK]X[RK][YFW], where X can be any naturally
occurring amino acid and brackets denote the logical OR operation, and F, H, K, L, Q,
R, W, Y are the standard amino acid abbreviations.

[0018] In certain embodiments of the invention the functional agent is isolated
from a food stuff and the food stuff is rice.

[0019] In certain embodiments of the invention the food stuff is Oryza sativa.

[0020] In certain embodiments the bioactive agent is a peptide or protein that
includes the sequence YSCRYFGYLVSKKKY (SEQ ID No. 1) derived from

Arabidopsis thaliana amylogenin protein RGP or its closest analogue peptide
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sequences from the edible plant Oryza sativa, HSCRYFGYLVSRKKY (SEQ ID No.
2) found in the protein RGP2, or SACRCFGYMVSKKKY (SEQ ID No. 3) in the
protein RGP1, or FDGVDFSEPLTRARF (SEQ ID No. 4) in the BiP protein.

[0021] In certain embodiments the bioactive agent is a peptide or protein that
includes the sequence VWEKPWMDFK (SEQ ID No. 5), PWMDFK (SEQ ID No. 6),
PWMDFKELQEFK (SEQ ID No. 7), PWMDF (SEQ ID No. 8), or VWEKPWMDF
(SEQ ID No. 9) all derived from Oryza sativa oryzacystatin.

[0022] In certain embodiments of the invention the functional agent is
generated by releasing it from a precursor molecule.

[0023] In certain embodiments of the invention the functional agent is
generated by releasing it from a precursor molecule wherein the precursor molecule is
inrice.

[0024] Additional features and advantages of the present invention are

described in, and will be apparent from the following Detailed Description of the

Invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] For purposes of this specification the terms bioactive molecule and
biomaterial are both considered to be functional biomolecules. The terms can be used
interchangeably-so-long-as-their-unique-functions-are kept-in-mind. -Thus; methods-and---
compositions described in this specification with respect to bioactive molecules are
equally applicable to biomaterials.

[0026] Biomaterials are generally considered to be molecules that are capable
of self-organization and assembly. Thus, biomaterials can be peptides that can form
filaments and fibrils, hydrogels, surfactants and peptide hybrids when released from
their precursor molecules.

[0027] The present invention provides methods for producing functional foods
that are enriched in biomaterials or bioactive molecules such as bioactive peptides,
proteins or nucleic acid polymers using natural food sources and food grade proteins.
In addition, the present invention relates to the foods so designed.

[0028] In an embodiment, the present invention is directed to methods for

developing natural bioprocessing procedures for producing enriched foods upon
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treatment with naturally occurring biological molecules, processing activities present
in select organisms or extracts of such organisms or other natural processing agents.
The invention also covers the various food compositions that can be prepared by the
procedures, in addition to the bioactive molecules and methods for their production.

[0029] In the case of a bioactive molecule, the method generally involves
identifying a bioactive molecule for production, identifying the attributes within the
bioactive molecule that are necessary for bioactivity, identifying a precursor food
source that contains a precursor molecule with those attributes, identifying an agent or
agents that can be used to release from the precursor molecule a compound comprising
the attributes necessary for bioactivity. Once a suitable processing method is
identified, the method can be carried out by treating the precursor food source with the
processing agent(s) to cause the release of a molecule that contains the attributes
necessary for bioactivity.

[0030] The method also desirably includes steps for assessing the abundance of
the potential precursor molecules. In addition, where the functional agent is derived
from a precursor protein, the method also desirably includes an assessment of the
stability of the potential precursor proteins towards peptidases and other enzymes or
treatments that can be used to release it.

[0031] The functional agent can be any suitable biological molecule having a
desired activity, especially-peptides,-proteins,-nucleic-acid-polymers-in addition-to-their- --
derivatives which can be with lipids, saccharides, peptides and nucleic acids or their
combinations. Functional agents can be excised from food stuffs, including food grade
proteins, or other agricultural sources by the present methods. Generally, the desired
bioactive molecules will specifically bind to a target receptor and activate or deactivate
the receptor at concentrations that are obtainable from food processing. In certain
embodiments where concentrations of the functional agent are lower than desired,
chosen functional agents can be concentrated in the food source. Alternatively,
extracts of the processed food stuff having elevated concentrations of functional agents
can be prepared. Purification methods can also be used to purify agents partially or to
substantially pure form. Methods for preparing concentrates, extracts, and for

purification of functional agents necessarily vary depending on the nature of the target
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functional agent but these methods are well known in the art and can be easily carried
out by one of skill in the art.

[0032] Precursor molecules can also be concentrated or purified and treated to
release the bioactive molecules which can then be added back to food stuffs, as
desired.

[0033] A variety of methods can be used to identify the attributes within the
bioactive molecule that are necessary for bioactivity. For example, a literature search
can be used and information can be gathered to determine how variations in the
peptide, protein or nucleic acid polymer structure affect the desired activity and to
identify all conserved amino acids, or other structures such as carbohydrate structures,
nucleotides, or lipids that exist in the peptide or protein active agent. In addition,
variations can often be generated by mutagenesis and the activity of the resulting
compounds determined. Ultimately, a consensus motif that is responsible for activity
can be obtained. The consensus motif will desirably contain all of the attributes within
the bioactive molecule that are necessary for bioactivity and defines the simplest
molecular framework that is known to be active. The molecular framework can
include the chemical attributes within the molecule that are required for activity and
structural attributes such as primary, secondary and tertiary structural requirements, in
addition to modifications, such as glycosylation, acylation and the like.

- [0034] A- precursor--food-- source- -that--contains—a—molecule -having--allthe -
attributes necessary for bioactivity can then be identified. Such food sources can be
identified by searching for the occurrence of the consensus motif at both sequence and
structural levels in large collections of genomic information including for example,
ENSEMBL®, Nestlé genomic databases, and public genomic sequencing projects on
food raw materials such as rice, soy, maize, potato, coffee and bovine milk. Precursor
molecules found within these food sources can be proteins, peptides or nucleic acid
polymers and their derivatives, depending on the nature of the desired biomolecule.
Preferably when the agent is a peptide, such a search is performed using BLAST by
searching for short nearly exact matches and/or by EMBOSS pattern matching module
“patmatdb” by searching for short nearly exact matches. Where three dimensional
structural motifs are required these structures can be found using structure prediction

software, as is known in the art.
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[0035] It is envisioned that a number of potential precursor molecules may be
identified by this method. In such cases, it can be desirable to determine the
abundance of the precursor molecules in order to identify precursors that will yield
suitable amounts of the desired agent.

[0036] Alternatively, food grade proteins containing the consensus motif can
be obtained and used in the preparation of the biomolecule.

[0037] A processing agent or agents can then be identified that can be used to
release a compound from the precursor molecule such that the released compound
contains all of the attributes necessary for bioactivity. The selected agents will, of
course, depend on the nature of the functional agent to be released and the
characteristics of the matrix in which it is found. Potential agents include
microorganisms, extracts of microorganisms, proteolytic, glycolytic, nucleolytic, and
lipolytic enzymes, oxidases, glycosidases, and chemical agents. In some instances
these activities can be found in the genome repertoire of cells, such as probiotic
bacteria.

[0038] Where proteases are required, the automated service offered by
ExPASy website termed PeptideCutter, the module DIGEST from the bioinformatics
software package EMBOSS, and/or the MEROPS protease database can be used to
identify suitable enzyme activities. As is known, the PeptideCutter knowledge-based
-algorithm-can-be-used-to-identify cleavage -sites-produced- by a panel-of more-than-20---
different proteases on protein sequences. (Keil, B., Specificity of Proteolysis,
Springer-Verlag Berlin-Heidelberg-New York, 1992)

[0039] Certain methods utilize microorganisms to release the functional agent
from its matrix. To identify microorganisms containing the desired activities, such as
protease activities, the sequences of the enzymes thought to be useful can be compared
to known bacterial genomes to identify similar protease sequences in those genomes.
For example, the Bifidobacterium longum (BI29) genome contains 74 protein
sequences annotated as proteases or peptidases. One of them is highly similar to an
Arg-C proteinase for which cleavage outcomes are computationally predictable by the
PeptideCutter model. Thus, where an Arg-C proteinase activity is identified as a
potential activity for use in releasing the bioactive agent from its source, the bacterium

Bifidobacterium longum (BI129), which contains that sequence, could be used. The
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Bifidobacterium longum (BI29) genome also has a sequence highly similar to
sedolisin. It can be used in situations where both activities would be useful in releasing
the bioactive agent from its precursor food source. This method is equally applicable
with other enzyme activities.

[0040] Alternatively, the activities of probiotic bacterial strains can be
identified and utilized without specific knowledge of the nature of the enzymes
involved. At least with respect to proteases both intracellular and extracellular activity
profiles have been reported. In a similar manner glycolytic, nucleolytic, and lipolytic
activities can also be screened and the entire NCC bacterial collection evaluated to
select the most promising strains.

[0041] Once both a precursor molecule is identified within a food source and
processing agents are identified for releasing the functional agent, the method can be
carried out by treating the food source with the processing agent(s) to release from the
precursor molecules, molecules that contain the consensus motif. Preferably, the food
source is treated with agents that are sufficient to release the functional agent in a
single fermentation or treatment. However, when multiple processing agents are
required and they are incompatible or require distinct environments for use, multiple
processing steps can be undertaken.

[0042] The functional agent can be derived from a protein or peptide sequence.
In- sueh- cases;-precurser - molecules-ean-be--identified -for-example-by-retrieving—all—
known plant expressed sequence tags and proteins that contain the sequence of the
bioactive agent. Variable or noncritical amino acids and critical amino acids in the
sequence can be identified by analysis of published structure-activity relationships and
by aligning the sequences of all known similar sequences. With this consensus motif a
database containing all known plant proteins can be searched to identify the consensus
motif within larger precursor proteins. A computational assessment of the tertiary
structure can also be used to identify internal sequences in the identified precursors
that will adopt a structure that is required for activity of the bioactive agent. This can
be done using standard methods well known in the art. For example, where peptide
sequences closely resemble known three dimensional structures, homology-modeling
can be used. In cases where peptide sequences are more distant to known structures,

fold-recognition protocols can be used. @ Where three-dimensional structure
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information of the receptor for the bioactive agent is available, the identified sequences
can be analyzed by a variety of known modeling methods to determine whether their
predicted structures are likely to bind to the receptor. The list of precursor proteins is
then evaluated. An analysis can then be done by known methods, such as microarrays
for genes differentially expressed in seeds and crops, to determine if the precursor
molecule is sufficiently abundant to enable the preparation of biologically relevant
amounts of the functional agent from the precursor. In addition, the sensitivity of the
precursor molecule to proteases can be determined in order to evaluate the potential for
releasing the target bioactive agent. Peptide synthesis of identified peptide sequences
can be carried out and the peptides can then be tested for activity.

[0043] In one exemplary embodiment the generation of analogues to the
bioactive peptide PYY3-36 can be selected. This compound is a ligand of the GPCR
peptide hormone receptor Y, existing as subtypes Y1, Y2, Y4, and Y5. The receptor is
involved in the regulation of satiety, the feeling of hunger. The PYY3-36 peptide
activates its target receptors Y1 and Y2 at concentrations of about 0.5 nM. The
method would also be useful in the identification and generation of other regulatory
peptides against diseases such as diabetes and obesity, such as cholecystokinin (CCK),
human growth hormone (HGH), and melanocortin, for example.

[0044] By way of example and not limitation, examples of the present

invention-can-now-be-set-forth.—--

EXAMPLE 1

[0045] This example demonstrates the preparation of a bioactive agent having
a positive agonist activity similar to PYY3-36. PYY3-36 is a ligand of the GPCR
peptide hormone receptor Y, existing as subtypes Y1, Y2, Y4, and Y5. The receptor is
involved in the regulation of satiety, the feeling of hunger, and blood pressure. It
activates its target receptors Y1 and Y2 at concentrations of about 0.5 nM.
Definition of the simplest bioactive molecular framework:

[0046] An extensive literature search was conducted and was used to
determine that only a small sequence in the C-terminal part PYY3-36 peptide is
essential for appetite regulation and for binding to its cognate receptor. Variations

around this sequence segment have been published. Several published sequences are
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gathered and shown below in Table 1. The amino acids in bold in Table 1 are highly
conserved amino acids that constitute the simplest bioactive framework for PYY3-36.

[0047] NMR structure determination techniques have shown that the PYY3-36
peptide adopts a very particular three-dimensional shape known as the PP-turn type or
fold. The N-terminal region is unstructured, while the C-terminal region forms a
characteristic a-helical structure. Using this information, peptides having similar
sequences and tertiary structures were identified to find potential homologues to the
natural PY'Y3-36 ligand peptide.

[0048] The search was performed using EMBOSS “patmatdb” with the
following pattern reproducing at best the chemical nature of the C-terminal fragment
of the PYY3-36 — XXX[RKIX[YFW]XXXX[TS][RK]X[RK][YFW]. Interestingly,
tens of matching fragments occurring in various plant genomes were identified, several
examples of which are shown in Table 1. The existence of the required a-helix
structures of the target fragments was confirmed using peptide structure prediction

software.

TABLE 1
Target SEQ ID No.

Human peptide PYY3-36 YPIKPEAPGEDASPEELNRYYASLRHYLNLVTRQRY
Active epitope ASLRHYLNLVTRQRY
Published sequences .
Sequence 11, US5604203 ASLRHYLNLVARQRY

~ Sequence 4, US5604203 © 7T SLRHFLNLVTRQRY
Sequence 10, US6075009 FINLITRQRF
Sequence 7, US5604203 SLRHFLNLVTRQRY
Sequence 13, US5604203 ASLRHYENLVARQRY
Sequence in 4. thaliana genome
ARGP, gi15237362, aa 81-95 YSCRYFGYLVSKKKY
Sequence in O. sativa genome
OsBIP, gi50904765, aa 317-331 FDGTDFSEPLTRARF
OsRGP1, gi34915190, aa 93-105 SACRCFGYMVSKKKY
In vitro Tested Bioactive Peptides
Positive control ASLRHYLNLVTRQRY
ARGP?2 peptide fragment YSCRYFGYLVSKKKY 1
OsRGP1 peptide fragment SACRCFGYMVSKKKY 2
OsBIP peptide fragment FDGVDFSEPLTRARF 3

Identified Hits for PYY¥22-36 Analogues:
[0049] Table 1 also identifies three potential bioactive peptides resulting from

a search of known ESTs using the EMBOSS program. These sequences include two
10
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peptides from the protein Amylogenin, one from Arabidopsis thaliana (AfRGP2), the
other from Oryza sativa (OsRGP1). The other potential peptide sequence was from a
binding protein found in Oryza sativa (OsBiP).

[0050] Amylogenin is thought to be responsible for starch biosynthesis in
plants and is also known as reversibly glycosylated protein (RGP). Analysis of
Arabidopsis thaliana seed microarrays and microbiological data suggest that it is an
abundant protein in seeds and roots, and that it is almost exclusively localized in plant
Golgi membranes. BiP or binding protein is responsible for enhancing crop tolerance
to environmental stress. Microbiological data suggest that BiP synthesis is
coordinated with the onset of active storage protein in crops.

[0051] The peptides derived from the proteins AfRGP2, OsRGP1 and OsBiP
were synthesized in 5 mg quantities at and purified to a purity of above about 90%.
The peptides were tested in a competitive binding assay against PYY**? for binding
to the GPCR receptor.

Identifying target bioactive molecular frameworks. Search for adequate
proteolytic enzymes in the genome repertoire of Nestle probiotic bacteria:

[0052] The automated free service offered by ExPASy website termed
“PeptideCutter” and the module Digest from the bioinformatics software package
EMBOSS was used to identify proteases that could release the PYY>?¢ analogue. Arg-
C- proteinase--and -sedolisin were-identified-as-having -activities-that-could release-the -
bioactive agent from its native matrix. The sequences of the proteases used by
PeptideCutter, MEROPS and Digest were compared to several bacterial genomes to
check for the occurrence of highly similar sequences. For instance, in the
Bifidobacterium longum genome 74 protein sequences are annotated as proteases or
peptidases. Only one of them was found similar to the Arg-C proteinase for which
cleavage outcomes are computationally predictable by the PeptideCutter model. Arg-
C proteinase activity alone was not capable of producing the required active peptide.
However, in the Bifidobacterium longum genome a sequence similar to sedolisin was
identified. The combined activity of these two proteases in Bifidobacterium longum
was shown to be capable of processing the Oryza sativa precursor protein into the
desired PY'Y homolog.

In vitro/In vivo tests for bioactivity:

11
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[0053] In-vitro receptor-based screening of receptor subtypes Y1, Y2, and Y3
was performed according to protocols known in the art. (Munoz et al., Mol. Cell.
Endocrinol. 107, 77 (1995), Fuhlendorf et al., PNAS 87, 182 (1990)) Screening of
OsBiP, ZmRGP1 and AtRGP1 was conducted on Y2-GPCR as described above using
known methods and activity was measured as the percentage of inhibition of binding
of the endogenous ligand PYY?*% sequence. The PYY?*36 sequence was used as a
positive control. Of the peptides tested, the one derived from 4AfRGP1 protein was
able to inhibit binding of PYY?*>¢ by 20-40% when 10 uM concentration of both the
PYY?3¢ and OsBiP peptide were used in the binding assay. It is expected that the
close analogue of the peptide derived from the Arabidopsis Thaliana protein AfRGP1
found in the rice protein OsRGP2, differing by only one chemically equivalent amino
acid, should have similar activity. Using this technique OsBIP protein was also shown
to bind the Y2 receptor the Y2 receptor. In vivo tissue-based screening on cultures of
rat colon cells can be carried out according to known protocols, such as described in

Dumont et al., Eur. J. Pharmacol. 238, 37 (1993).

EXAMPLE 2

[0054] This example demonstrates the preparation of a bioactive agent that
inhibits the effect of peptide CCK-4 activator on the CCK-B subtype receptor. CCK-8
and- CCK-4 peptides-are-ligands-of-the-GPCR- peptide-hormeone receptor-CCK.,; which-
exists in at least two subtypes, A and B. CCK receptor subtype A is thought to be
expressed in the gut and to be involved in the regulation of satiety, and the feeling of
hunger. CCK receptor subtype B, also known as gastrin receptor, is thought to be
involved in the secretion of gastric acid, and in the development of pathological
conditions, such as of gastric ulcer and cancer. Antagonists of the CCK-B receptor
can be used to treat these conditions.

Definition of the simplest bioactive molecular framework:

[0055] A common strategy in the design of antagonists is to mimic a positive
agonist and to introduce molecular structure changes that enhance binding to the
cognate receptor such that the antagonist occupies the binding site thereby preventing
agonist binding. An extensive literature search and sequence comparison was used to

determine that only a small sequence in the C-terminal part of human CCK peptides is

12
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essential for receptor binding. A summary of this information is provided in Table 2.
The amino acids in bold in Table 2 are highly conserved amino acids that constitute
the simplest bioactive framework for CCK peptides.

[0056] The search was performed using EMBOSS “patmatdb” with the
following pattern representing the chemical nature of the C-terminal fragment of CCK-
peptides, — P[YFW]X[DE][YFW]. Tens of matching fragments occurring in various

plant genomes were identified, several examples of which are shown in Table 2.

TABLE 2
Target SEQ ID No.
Human peptide CCK-22 NLONLDPSHRISDRDYMGWMDF
Human peptide CCK-8 activating DYMGWMDF
human CCK-A receptor
Human peptide CCK-4 activating WMDF
human CCK-B receptor
In vitro Tested Bioactive Peptides
Radiolabelled CCK-8 DYMGWMDF
Oryza sativa oryzacystatin hydrolyzed VWEKPWMDFK 5
with trypsin — synthetic peptide 1
Oryza sativa oryzacystatin hyrolyzed PWMDFK 6
with trypsin — synthetic peptide 2
Oryza sativa oryzacystatin hyrolyzed PWMDFKELQEFK 7
with trypsin — synthetic peptide 3
Oryza sativa oryzacystatin hyrolyzed PWMDF 8
VWEKPWMDF 9

with trypsin+carboxypeptidase

Identified Hits:

[0057] Table 2 also identifies two potential bioactive peptides from a search of
known ESTs using the EMBOSS program. These two sequences include two fragment

peptides from the protein oryzacystatin, from the organism Oryza sativa.

[0058] Oryzacystatin is a cystein proteinase inhibitor protein. Analysis of

literature demonstrated that this protein is produced in high quantities in rice crops,
that could reach 1mg of protein per kilogram of crops. The peptides
VWEKPWMDFK, PWMDFK and PWMDFKELQEFK were synthesized in 5 mg
quantities and purified to a purity of above about 90%. The peptides were tested in a
competitive binding assay against CCK-8 for binding to the CCK-B GPCR receptor.
Identifying target bioactive molecular frameworks. Search for adequate

proteolytic enzymes:

13
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[0059] Commercial proteolytic enzymes such as trypsin or carboxypeptidase
have been used to generate the active fragments from Oryza sativa rice.
In vitro tests for bioactivity:

[0060] In-vitro receptor-based screening of receptor subtypes CCK-A and
CCK-B was performed according to protocols known in the art. The binding activity
of peptides VWEKPWMDFK, PWMDFK and PWMDFKELQEFK on CCK-A and
CCK-B GPCR was measured as the percentage of inhibition of binding of the
endogenous ligand CCK-8 sequence. The CCK-8 sequence was used as a positive
control in this assay. Results showed that peptides VWEKPWMDFK, PWMDFK and
PWMDFKELQEFK inhibited binding of the ligand CCK-8 to CCK-B receptor by
27%, 16%, and 5%, respectively at 10 pM concentration. None of the peptides tested
activated CCK-A receptor at concentrations as high as 10 uM, probably due to the lack
of sulfonation, a chemical modification required for agonizing the CCK-A receptor.

[0061] Hydrolysates were generated from the recombinantly expressed and
purified oryzacystatin protein which was isolated from Oryza sativa. Trypsin was
used to hydrolyze 10mg of each sample using standard conditions. Two peptides were
identified and purified from these hydrolysates, namely the VWEKPWMDFK and
PWMDFK peptides, as these exhibited the highest activities in the first screen. Again
the hydrolysate and the two purified peptides were submitted to receptor-based
screening.- The hydrolysate-itself-inhibited-CCK-8- binding-to-the-CCK-B-reeeptor by
21% at a 100 pM hydrolysate concentration, while the purified peptides,
VWEKPWMDEFK and PWMDFK, inhibited CCK-8 binding by 16%, and 14% at a 10
uM concentrations. .

[0062] A final optimization of the hydrolysis by the combined consecutive
action of trypsin and limited carboxypeptidase digestion was carried out with the goal
of obtaining the peptides VWEKPWMDF and PWMDF, resulting from the removal of
the C-terminal lysine residue. The hydrolysate enriched in these peptides exhibited an
increased inhibition of the binding of the ligand CCK-8 to the CCK-B receptor that
reached 38% at a 10 pM concentration of the active peptides, in comparison to the
21% at the 10 times higher 100 pM concentration without trypsin treatment.

[0063] Trypsin digests were carried out by adding 96 mg urea to 200 pl

oryzacystatin protein (2mg) and incubating at room temperature until the urea

14
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dissolves (final concentration: ca. 4 M urea). To the urea solution 900ul of 100mM
ammonium bicarbonate in ImM CaCl, is added followed by 120ul of acetonitrile.
40pg of trypsin (40pg Promega sequencing grade trypsin in Promega resuspension
buffer) was added and the solution incubated overnight at 37 °C. A second aliquot of
10pug trypsin was added followed by incubation for 3 h at 37°C.

[0064] 50% of the digestion solution of oryzacystatin is stored at -20°C for
desalting by solid phase extraction using C18 reverse phase material and 50% of the
digestion solution of oryzacystatin is subjected to carboxypeptiodase digestion.

[0065] Carboxypeptidase Y digestion was carried out on 720ul (ca. Img) of
the tryptic digestion solution of oryzacystatin to which 1080ul of 200 mM acetate
buffer, pH 5 in 10% acetonitrile was added. 100pg carboxypeptidase Y (Sigma
Aldrich, carboxypeptidase Y solution was prepared three days before. It is good for
one week according to Sigma Aldrich) is added and the solution incubated for 30 min
at room temperaturefollowed by the addition of 910 pl of 1% formic acid

[0066] A small fraction of each sample was characterized by nano LC-ESI-
MSMS.

[0067] Both samples were desalted using 500ul C18 solid extraction columns
with 0.1% formic acid as washing solution and 80% acetonitrile/0.1% formic acid as
elution solution.

-[0068}-1t-should-be-understood- that-various- changes -and-modifications-to-the -
presently preferred embodiments described herein will be apparent to those skilled in
the art. Such changes and modifications can be made without departing from the spirit
and scope of the present invention and without diminishing its intended advantages. It
is therefore intended that such changes and modifications be covered by the appended

claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-

1. A process for developing a method for generating functional biomolecules
consisting of a peptide defined by the amino acid sequence of SEQ ID No. 8 or 9 from
precursors comprising:

a. identifying a precursor food source that contains a precursor molecule
comprising said functional biomolecule,

b. identifying an agent that can be used to release from the precursor said

functional biomolecule.

2. The process for developing a method for generating functional biomolecules from

precursors of claim 1, wherein the functional biomolecule is a bioactive molecule.

3. The process for developing a method for generating functional biomolecules from

precursors of claim 1 or claim 2, wherein the precursor food source is a food stuff.

4.  The process for developing a method for generating functional biomolecules from !
precursors of claim 1 or claim 2, wherein the precursor food source is an enriched

protein source.

5. The process for developing a method for generating functional biomolecules from

precursors of any one of claims 1 to 4, wherein the agent is a protease.

6. A method for preparing a functional food enriched in a functional biomolecule
comprising:

a. identifying a functional biomolecule consisting of a peptide defined by the
amino acid sequences of SEQ ID No. 8 or 9 to be generated,

b. obtaining an agent that can be used to release from a precursor molecule said
functional biomolecule, and

c. treating a precursor food source with the agent to release from the precursor

molecule the functional biomolecule.

7. The method of claim 6, wherein the functional biomolecule is a bioactive

molecule.

8.  The method of claim 6 or claim 7, wherein the precursor food source is a food

grade protein.
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9.  The method of any one of claims 6 to 8, wherein the agent is a protease.

10. A method for preparing a functional biomolecule consisting of a peptide defined
by the amino acid sequence of SEQ ID No. 8 or 9 comprising;:

a. identifying a precursor food source that contains a precursor molecule
comprising said functional biomolecule,

b. identifying an agent that can be used to release from the precursor molecule
said functional biomolecule, and

c. treating the precursor food source with the processing agent to release from

the precursor molecule the functional biomolecule.

11.  The method of claim 10 further comprising purifying the functional biomolecule

from the processed precursor food source.

12. The method of claim 10 further comprising concentrating the functional

biomolecule in the processed precursor food source.

13.  The method of claim 10 further comprising preparing an extract of the processed

precursor food source that contains an elevated concentration of the biomolecule.

14.  The method of claim 10 wherein the agent releases the biomolecule from the

precursor molecule.

15. A food product comprising a digested precursor molecule and a biomolecule

consisting of a peptide defined by the amino acid sequence of SEQ ID No. 8 or 9.
16. A functional food product prepared by the method of any one of claims 6 to 9.
17. A functional biomolecule prepared by the method of any one of claims 10 to 14.

18. A process according to claim 1; or a method according to claim 6 or claim 10; or a
food product according to claim 15; or a functional food product according to claim 16;
or a functional biomolecule according to claim 17, substantially as herein described with

reference to any one of the examples.
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