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PROCESS FOR THE PREPARATION OF ANGIOGENIN

The present i1nvention relates to a process for the

preparation of an anglogenin-enriched fraction from a milk

9 product, and to the use

additive, nutraceutical,

p—

of such a fraction as a food

or for the preparation of a

therapeutic composition.

Background

10 Angiogenin 1is a 14

kDa, non-glycosylated polypeptide

which 1s produced by several growing cell types including

vascular endothelial cells, aortic smooth muscle cells,

ovarian carcinomas, and

fibroblasts, and some tumours such as colon carcinomas,

breast cancers. Angiogeniln has been

15 1solated from a number of sources including normal human

plasma, bovine plasma, bovine milk, and mouse, rabbit and

Plg sera.

Angliogenin is homologous to pancreatic ribonuclease and

has distinct ribonucleolytic activity. The protein is able

20 to induce new blood vessel growth; however, it has not been

established what role the ribonucleolytic activity of

gt
ot

angliogenin plays in angiogenesis induced by this protein.

The concentration of angiogenin in normal human plasma

1s 60-120 ng/ml. However the concentration of the protein is

H
s

F
v

25 elevated in patients ai

Pt

fected by various types of cancer,

and 1nhibition of angiogenin is known to prevent human

tumour growbth.

o~

As well as a potent stimulator of angiogenesis,

—

angiogenin has been shown to possess a number of other

30 activities. These include the ability to remove sgkin defects

such as pigmented spots, modulation of immune responses,

e

protection of polymorphonuclear leukocyvtes from spontaneous

degradation, and micobicidal activity against systemic
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bacterial and fungal pathogens. Based on the known

-

physiological functions of the protein, various angiogenin

€.

toodstutff supplements and

applications in medicine, dietary

cosmetics can be predicted.

R

anglogenin in such applications

However the use o

requires an efficient process for the preparation of the

proteln on a commerclal scale from an appropriate source. It

1s an aim of a preferred embodiment of the present invention

to provide such a process. This process may also be included

as part of an existing process for purification of other

components of milk products, such as lactoferrin,

lactoperoxidase or growth factors.

It will be clearly understood

that, although a number of prior art publications are

referred to herein, this reference does not constitute an

admission that any of these documents forms part of the

common general knowledge in the art, in Australia or in any

other country.

Summary of Invention

In a first aspect the invention provides a process for

o

the preparation of an angiogenin-enriched fraction from a

milk product, wherein said process comprises:

(a) contacting the milk product with a cation exchange

resin:

(b) eluting the angiogenin-enriched fraction from the

cation exchange resin with a mobile phase; and

(c) collecting the eluted angiogenin-enriched fraction,

wherein the milk product 1s not subject to cation exchange

chromatography prior to step (a).
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The milk product may include whole milk, skim milk,

g

buttermilk, whey, or colostrum. The amount of milk product

contacted with the cation exchange resin 1s preferably about

16 column volumes (CV) to about 600 CV, more preferably

about 16 CV to about 150 CV, and most preferably about 68

CV.

Tn an embodiment of the first aspect, 1t 1s preferred

that prior to step (b) an angiogenin-depleted

lactoperoxidase fraction i1s eluted from the column.

Preferably, the angiogenin-depleted lactoperoxidase fraction

is eluted with a mobile phase containing 0.34M sodium

chloride (2.0% w/v) or equivalent ilonic strength, and which

has a pH of 6.5.

In a further embodiment of the first aspect, 1t 1is

preferred that prior to elution of the angiogenin-enriched

r~
e

Leld

fraction, the cation exchange resin 1s rinsed with a bu:

of low ionic strength, (<0.34 M salt or i1ts equivalent) or

water, to remove milk product remaining in the column.

I

In a further embodiment of the first aspect, elution o:

the anglogenin-enriched fraction 1s with a mobile phase

preferably containing 0.38-1.5M sodium chloride (2.25-8.7%

w/v) or equivalent l1onic strength, more preferably 0.38-

0.59M sodium chloride (2.25-3.5% w/v) or equilivalent i1lonic

strength, and most preferably 0.43M chloride (2.5% w/v) or

equivalent 1onic strength.

F
p—

In a further preferred embodiment, elution of the

angiogenin-enriched fraction is with a mobile phase which

has a pH in the range 4.0 to 9.0, preferably 5.5-7.5, and

most preferably 6.5.

The cation exchange resin may comprise Sepharose beads.

Preferably the Sepharose beads are in the size range 45-900

um, and more preferably 90-300 um.
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In one embodiment, during s

cep (a) of the process of
first aspect, the cai

cion exchange resin i1s subject to a

c 6-90 litres per litre resin

hour, more preferably about 6-50 litres per litre regin

hour, and most pre:

"erably about 33 litres per litre

resin per hour.

The process according to the

first aspect of the

invention may be a continuous process or batch process.

Pre:

comprises an angiogenin content of at

p—
—

preferably at least 10% w/w,

w/w.

gr——
nd

Tract

anglogenin proteins and/or se

angiliogenin-enriched fre

according to the :

L

ferably the process i1s a continuous process.

In one embodiment, the angiogenin-enriched frac:

- 10n

- least 2% w/w,

p—

more preferably at least 20%

——

n a further embodiment, the angiogenin-enriched

ion is further treated to reduce the amoun:

- of non-

1t present in the composition.

n a second aspect the invention provides an

ction, when prepared by a process

first aspect of the invention.

=

[

angiogenin-enriched

=

nutraceutical. In a pre:

18 a s

substance or nutraceu:

and a phsa

In a

of the invention,

In a fourth aspect

fraction according to the second =

n a Ll]

LI &

. third aspect the invention provides the use of

L aAll

fraction according to the second aspect

in the preparation of a food subs:

Lalnlce OX

"erred embodiment, the

food substance

port nutrition or an infant food supplement.

the i1nvention provides a food

cical comprising an angliogenin-enriched

F

spect of the invention.

= N

“th aspect the invention provides a

rmaceutical composition comprising an angiogenin-enriched

fraction according to the second =

aspect of the invention,

rmaceutically acceptable carrier.

gr——
et

sixth aspect the invention provides the use of an

angiogenin-enriched fraction according to the second aspect
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of the invention,

bac

stimulation o

clll

nutraceutics

1H.

w——

-

teria,

P~

embodiment,

INNOsSe, evyes,

targeting pe
SUY:
amount or a
the i1nvention,

O.

=

1)

“—

g

OXr

In a seven

In an eilgh

—

aspect of the invention,

cars,

nutraceutical according to a fourth aspect of

the i1nvention,

trea

bacteria,
adminisi

according

In a ninth aspect

ting diseases,

cering an e

the mucosal sur:

CA 02702645 2010-04-14

1n the prepe

r-
putp

fections of human mucogal sur:

lungs, breast

aces, comprising the step of

to a subjec

F

to a fourth aspect ot

fth

composition according to a fi

a subject.

Brief Description of Figures

Figure 1 1s an SDS-polyacryle
of an eluted angliogenin-enriched
process of the invention.

analysis of

enriched fre

Figure 2 shows the resul

—

the S

)

ction

DS—-PAGE separation of

(Figure 1).

5 -

treatment or prophyvlaxis of dise

ngiogenin-enriched fraction

e

> @

the i1nven:

"ective amount

=

S

Ya

fungli and their toxins,

1L which can target pa

and vagina.
ch aspect the inven:

thogens which cause 1n:

including those ce

or fungili and their toxins,

“aces.

administering an e:

th aspect the invention provides the use of

cion provides a method of

cion provides a method of

comprising the step of

PCT/AU2007/001719

tion of a medicament for the

ases caused by viruses,

O diseases where the

- anglogenesis 1s requlred.

I

according to the second

as an ingredient for a

chogens which cause

In a preferred

1)

faces may 1lnclude those of the

(]

F
ey

"ections of human mucosal

ﬁ
——

fective

_
p—

pm B

or a composition according to a fifth aspect

i

used by viruses,

(]

of a nutraceutical

the invention, or a

O

ftrac:

—

aspect of the invention, to

mide gel electrophoresis

cion prepared by the

f a gel densitometer

the anglogenin-
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Detailed Description
cors have recognised the need

ngliogenin-enriched

for a process

The inven:

ration of an &
nner. Accordingly,

which allows the preps

fraction in an efficient me
the invention provides such a process wherein
cion exchange column,

“rom wilith a

the first

e,

Cci

5 aspect of
mlilk product is con

tacted with a cas
fraction is eluted there:

an anglogenin-enriched

mobile phase.
The term “angiogenin-enriched” is taken to mean that

cotal protein ratio present in the
10 present

10 the angiogenin protein::
‘raction 1s 1ncreased relative to the ra:
cion exchange chromatography.

1t

eluted :
the milk product before ca

For the fraction to be considered =

in
ngliogenin-enriched,

anglogenin content of at least 2% w/w,
"erably at leas:

should have an &
"erably at least 10% w/w, and more pre:

{ |

15 pre:

20% w/w.

As used herein, the term

1ed portion of the milk product.

“fraction” refergs to a

partially puri:
- the term “efficient”

1s taken to mean an

Use ol
20 inexpensive and quick process when compared to methods which
are currently employed to enrich for proteins, including
angliogenin.
skim

A sultable milk product may include whole milk,

milk, buttermilk, whey (such as acid or cheese/renneted
25 whey) or a whey derivative (such as whey protein concentrate
flow through),

and colostrum. The

or whey proteln isolate

mllk product i1s not subject to cation exchange
- the present

.

chromatography prior to the process o:

invention.

30 Tt will be apparent to

the milk product may be obte

those skilled in the art that
ting animal,

1ned from any lacta

and

sheep, buffalos, goats,

minants such as cows,
Cces such as a human, and

e.g. ru
deer, non-ruminants ilncluding prima:
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monogastrics such as pigs. It i1s preferred that skim milk

which 1s derived from whole cow’s milk is used in the

process of the present invention.

The process according to the first aspect of the

invention uses only one cation exchange resin or column.

Various types of cation exchange resin matrices may be used,

and would be known in the art. These include for example any

support based on cross-linked polysaccharide, e.g. cross-

linked agarose (Sepharose) or dextran (Sephadex), any

support based on cellulose, e.g. fibres and beads (Sephacel,

Gibco HB), granules (Gibco HG), or styrene-divinylbenzene

copolymer (Dowex resin), or any support based on

polyacrylamide, e.g. hydroxylated methacrvylic polvmer (Tosoh

The appropriate resin functional groups will also be

known to the person skilled in the art and include

sulphopropyl (SP), carboxymethyl (CM),
orthophosphate/phosphoric acid, e.g. Whatman P11, methvl

sulfonate (S), carboxylic acid, and sulphonic acid (50W).

It 1s preferred that the resin which is chosen will

have a minimum bead diameter of 45 um and a maximum diameter

of 900 pm. Optimally, the bead diameter will be between 90
um and 300 um.

In a preferred embodiment, SP Sepharose cation exchange

resin beads which have a bead diameter in the range 45-165

um and in the range 100-300 um are suitable for angiogenin

adsorption and purification.

The resin 1s typically packed in a 10 cm deep column;

however the depth of the column may vary from 4 cm to 200 cm

depending on the amount of angiogenin which is desired to be

obtained. The column diameter will also vary depending on

the application. Typically the diameter is in the range of

0.9 cm to 200 cm, and optimally the diameter 1s 62 cm. The
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resin may be constructed from any

sultable material including stainless steel, plastic, or

glass.

The flow rate at which the milk product is adsorbed to

the cation exchange column during the contact step may be

varied depending on the

e
—

scale of the process and the type o:

"

'}

milk product used. The lower limit of the flow rate is

determined by cost-effectiveness for an industrial-type

application, whereby at

the process exceeds the

very low flow rates the cost to run

return.

In a preferred embodiment, the milk product is skim

milk, and the milk is applied to the column at a rate of 6-

90 litres per litre of resin per hour (h) (linear flow 60-

900 cm per h). Preferably the flow rates used are in the

gr——
—

-

range of 6-50 litres per litre of resin per hour (linear

—

litre of resin per hour

flow rates are suitable

flow 60-500 cm per h), and more preferably 34 litres per

(linear flow 331 cm per h). High

e W

for anglogenin purification provided

the total amount of milk product contacted with the resin is

limited. Using the above-mentioned flow rates it has been

found that for optimum

amount of skim milk for

fractionation of angiogenin, the

example which is in contact with the

' amnd

cation exchange resin is in the range of about 16-600 column

(bed) wvolumes, preferably 16-150 column volumes, and more

preferably 68 column volumes.

Whilst milk product volumes greatly exceeding the resgin

volume are suiltable for

such as lactoperoxidase

=

preparation of other milk products

and lactoferrin, as described in

Australian Patent no. 613688, the present inventors have

r~

found that a milk product volume to resin volume in the

order of 1000 column volumes (litres milk product per litre

resin) 1s unsuitable for angiogenin preparation by the

process of the invention. The inventors have found tha

(1
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—

milk product volume to resin volume in excess of about 600

column volumes results in little angiogenin binding to the

resin, and the angiogenin recovered will not be enriched

relative to the starting material. Therefore the preferred

O upper limit according to the invention, in the case of skim

milk, is about 600 column volumes, preferably about 150

column volumes, and most preferably about 68 column volumes .

As the milk product to resin ratio increases the amount of

angiogenin bound, and the purity of the eluted angiogenin,

10 gradually decreases. As for the flow rate, the lower limit

1s set by commercial concerns rather than column-related

— —

factors. If the volume of milk product loaded declines much

below 16 column volumes, a point igs reached where the rinse

and elution times exceed the point where sufficient

15 angiogenin can be purified to make the process economically

viable.

In contacting the milk product with the cation exchange

e d

resin to allow the angiogenin to adsorb, the PH of the

source 1s preferably about 6.5, although it is not necessary

p—
—

20 to adjust the pH for the process of the present invention.

"ty

In eluting the angiogenin which is adsorbed to the

column, a mobile phase consisting of a buffer solution

having an ionic strength of 0.38-1.5M is used. The type o:

n

salt used in the mobile phase is not limited and would be

25 known to the person skilled in the art. For example any

soluble, non-toxic buffer can be used such as the socluble

B

sodium, potassium, calcium, magnesium or lithium salts o3

chloride, citrate, phosphate, acetate, sulphate,

bicarbonate, hydroxide, imidazole, or maleate. Synthetic

30 zwitterion buffers such as Trizma, HEPES or tricine may also

be used.

As the 1onic strength increases above 0.6M, the purity

of the angiogenin decreases as non-angiogenin proteins begin
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to elute, thus diluting the angiogenin with other proteins.

In a preferred embodiment, the mobille phase consists of

sodium chloride at an 1onic strength of 0.38-1.5M (2.25-8.7%

w/v), and more preferably at an i1onic strength of 0.38-0.59M

(2.25-3.5% w/v). Most preferably, an 1onic strength

equivalent to 0.43M sodium chloride (2.5%) or less 1s used.

The mobile phase may have a pH within a broad range,

such as 4.0-9.0, preferably 5.5-7.5, and most preferably

about 6.5.

At the upper and lower limits both protein

o

stability and the ability of proteins to bind to the cation

exchange resin become influenced. A pH in the range 5.5-7.5

provides the highest angiogenin purity without lowering

vields.

The volume and flow rate of the mobile phase may also

vary. For example a mobile phase consisting of 1-20 litres

-

of buffer solution per litre of resin may be used.

Preferably the range is from 1-10 litres, and more

preferably 2.5 litres of buffer solution per litre of resin

is used. The mobile phase preferably flows at a rate between

6-90 litres

per litre of resin per hour (60-200 cm/h) . More

preferably the rate i1s between 6-40 (60-400 cm/h), and most

preferably the optimal linear flow rate i1is 7.5 litres per

litre of resin per hour (75 cm/h).

The process according to the first aspect of the

invention may be performed in i1solation to prepare an

angliogenin-enriched fraction, or may be incorporated as part

F

of an integrated fractionation process in which other

desired milk product components are fractilionated. For

1}

example prior to the elution of the angiogenin-enriched

fraction from the cation exchange column, an angiliogenin-

depleted lactoperoxidase fraction may be eluted from the

column. The

lactoperoxidase fraction, as well as the bu:

F
=

tyvpe of buffer used for elution of the

—

fer flow rate
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F

PCT/AU2007/001719

and volume is typically identical to that which may be used

for elution of the angiogenin fraction, as described above.

F

However the 1onic strength of the buffer will be different.

For example the buffer may consist of sodium chloride at an

ionic strength of 0.26-0.43M (1.5-2.5% w/v), more preferably

at an i1onic strength of 0.3-0.38M (1.75-2.25% w/v), and most

F

preferably the lactoperoxidase elution buffer has an ionic

strength equivalent to 0.34M sodium chloride

(2.0%) .

Furthermore, once the lactoperoxidase and angiogenin

fractions have been eluted, a lactoferrin fraction may be

F

eluted from the column. Again the type of bu

~er used for

—

I}

elution of the lactoferrin fraction, as well as the buffer

flow rate and volume is typically identical to that which

may be used for elution of the lactoperoxidase and

angliogenin fractions, as described above. However the ionic

strength of the buffer will be different. For example the

buffer may consist of sodium chloride at an ionic strength

~of 0.59-3.0M (3.5-17.4% w/v), more preferably at an ionic

strength of 0.68-2.0M (4.0-11.7% w/v), and most preferably

r—

—he lactoferrin elution bu

equlvalent to 1.5M sodium chloride (8.75%).

F

gy

"er has an 1onic g

Crength

In a rfurther embodiment of the first aspect of the

invention, following the step of loading the cation exchange

column with the milk product, any unbound protein within the

cation exchange column may be removed by rinsing the column

-

“

with a buffer of low ionic strength, or with water. If a

buffer 1s used, the ionic strength of the bu:

"fer will

typically be less than 0.34M, and is preferably less than

0.05M. Suitable buffers, their pH, and volumes are identical

to those described above for the elution of the

lactoperoxidase, angiogenin, and lactoferrin

—

fTractions.

However the rinse buffer flow rate is preferably 15 litres

per litre of resin per hour (147 cm/h).
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The anglogenin-enriched fraction prepared by the

process of the present invention may be further treated to

remove non-angiogenin proteins and/or to remove salt. This

P
—

may be considered important for the production of

standardised food substances or nutraceuticals, and for the

ﬁ
i

preparation of therapeutics. Such steps may be achieved by

—

membrane filtration, ideally ultrafiltration, or equivalent

as would be known in the art, e.g. dialysis,

electrodialysis, size-exclusion chromatography, solid-phase

extraction, nanofiltration or other known means. The

angiogenin-rich retentate is retained, and the permeate is

discarded.

If ultrafiltration is chosen, membrane sizes are

preferably 1n the range of 0.15-10kDa NMWCO, and most

preferably 5 kDa NMWCO.

g
p—
—

Since angliogenin is involved in a number o]

—

physiological functions, the preparation of this protein

using the process according to the invention provides an

o~

ideal and economical source of the protein which can

subsequently be directed towards these functions. For

example the purified protein may be used in the preparation

g
p—

of a food substance or nutraceutical. A typical food

substance i1includes sports nutrition powder, which increases

athletic performance following consumption, or an infant

food supplement.

The term “nutraceutical” ags used herein refers to an

edible product isolated or purified from food, in this case

from a milk product, which is demonstrated to have a

physiological benefit or to provide protection or

F
r—

attenuation of an acute or chronic disease or injury when

orally administered. The nutraceutical may thus be presented

F

in the form of a dietary preparation or supplement, either

alone or admixed with edible foods or drinks. The
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nutraceutical may have positive clinical effects on

cardiovascular disease, Crohn’s disease or conditions

involving non-healing wounds, for example ulcers.

Q)

The nutraceutical composition may be in the form of

5 soluble powder, a liguid or a ready-to-drink formulation.

Alternatively, the nutritional composition may be in solid

form; for example in the form of a ready-to-eat bar or

breakfast cereal. Various flavours, fibres, sweeteners, and

other additives may also be present.

-—

v has acceptable sensorvy

10 The nutraceutical preferab

properties (such as acceptable smell, taste and

palatability), and may further comprise vitamins and/or

minerals selected from at least one of vitamins A, Bl, B2,

B3, B5, B6, Bll, B12, biotin, C, D, E, H and K and calcium,

15 magnesium, potassium, zinc and iron.

The composition may be fed to a subject via a

nasogastric tube, jejunum tube, or by having the subject

drink or eat it.

The nutraceutical composition may be produced as is

20 conventional; for example, the composition may be prepared

il

by blending together the protein and other additives. If

used, an emulsifier may be included in the blend.

Additional vitamins and minerals may be added at this point

but are usually added later to avoid thermal degradation.

25 If 1t 1s desired to produce a powdered nutraceutical

composition, the protein may be admixed with additional

components in powdered form. The powder should have a

molisture content of less than about 5% by weight. Water,

preferably water which has been subjected to reverse

30 osmosis, may then be mixed in to form a liguid mixture.

If the nutraceutical composition is to be provided in a

ready to consume liquid form, it may be heated in order to

'

reduce the bacterial load. If it is desired to produce a
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liquid nutraceutical composition, the liquid mixture 1s

preferably aseptically filled into suitable containers.

Aseptic filling of the containers may be carried out using

technigues commonly available in the art. Suitable

apparatus for carrying out aseptic filling of this nature 1is

commercially availlable.

The angiogenin-enriched fraction prepared by the

process of the present invention may also be formulated in a

pharmaceutical composition suitable for administration to a

subject.

Preferably the composition also comprilses one Or more

pharmaceutically acceptable carriers, diluents or

ﬁ

“ers such as

excipients. Such compositions may comprise bu

neutral buffered saline, phosphate buffered saline and the

like; carbohydrates such as glucose, mannose, sucrose oOr

dextrans; mannitol; proteins; polypeptides or amino acids

such ag glvcine; antioxidants; chelating agents such as

EDTA: adjuvants and preservatives. Compositions of the

present invention may be formulated for intravenous

administration, topical application or oral consumption.

Such a composition may be administered to a subject in

a manner appropriate to the disease to be treated and/or

prevented. The quantity and frequency ot administration will

p— gr—

be determined by such factors as the condition of the

subject and the type and/or severity of the subject’s

disease. Appropriate dosages may also be determined by

gr—
—"

r—
P

fective amount of the composition can

clinical trials. An ei

pr——
—>_

be determined by a physician with consideration ot

individual differences in age, weilght, disease severity,

condition of the subject, route of administration and any

P

other factors relevant to treatment of the subject.

FEssentially, an "effective amount" of the composition is an
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1}

ficient to achieve a desired therapeutic

amount which is sutf

effect.

Tn another aspect, the present invention provides

methods for the treatment and/or prevention of diseases.

{1

5 guch treatment methods comprise administering to a subjec

g

an effective amount of a nutraceutical or pharmaceutilcal

composition as described above. Preferably such diseases

include those caused by viruses, bacteria, or fungi and

rheir toxins. However since angiogenin plays a role in

10 angiogenesis, diseases where the stimulation of angiogenesis

is required may also be treated using an angiogenin-

containing composition of the invention. These diseases

include coronary artery disease, stroke, ischaemic limb

disease, and delayed wound healing.

15 Throughout this specification, unless the context

requires otherwise, the word "comprise", or variations such

as "comprises" or "comprising", will be understood to imply

g
p—

the inclusion of a stated element or integer or group oL

=

elements or integers but not the exclusion of any other

20 element or integer or group of elements or integers.

Tt must also be noted that, as used in the subject

specification, the singular forms "a", "an’ and "the"

include plural aspects unless the context clearly dictates

otherwise.

25 Tt will be apparent to the person skilled 1n the art

that while the invention has been described in some detail

g

for the purposes of clarity and understanding, various

modifications and alterations to the embodiments and methods

described herein may be made without departing from the

30 scope of the inventive concept disclosed in this

specification.
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further described in detail by

mple 1s provided

for purposes of illustration only, and i1s not intended to be

limiting unless otherwise specified. Thus,

encompasses any and all variations which become evident as a

-
—

result of

Example 1:

the teaching provided herein.

the 1nvention

Process for the preparation of an angiogenin-

enriched fraction from skim milk

A 10 cm deep column was packed with SP Sepharose Big

Reads (GE

column was 29.7 litres. To the column a

cow’s milk was applied at a linear

litres of

hours unti?

Healthcare) such that the total bed volume of

i

skimmed milk per litre of resin per hour)

flow of skimmed

the volume of the resin packed into the column.

The milk remaining in the colu

-
p—

2.5 column volumes (CV) of water at a linear

147 cm/h (15 litres of buffer per litre o:

or 0.25 CV/min, for 10 min.

g

The anglogenin-depleted lactoperoxidase

eluted from the column with 2.5 CV of a bu

gr——

sodium i1ons eguivalent to 2.0% (0.34M)

75 cm/h (7.5 litres of cation bu:

~
p—

-
—

r-—

NacCl,

“er contsa

flowing the cation buffer solution at a linear

fer solution

resin per hour), or 0.125 CV/min, for 20 min.

litres of

diliscarded

F

cation bu

F
pr—

fer solution per litre o:

e
—

to drain and the next 2.5 1li-

cres Ol

solution per litre of resin was collected as

depleted lactoperoxidase fraction (including 0.5 11

=

cation bu:

application time of the next bu:

time) .

~
—t  —p—

exr, 1.

—

e. breakthrough

flow rate of 331 cm/h

flow rate o:

the

(34

for 2

the volume of skimmed milk applied was 68 times

mn was removed by adding

- resin per hour),

fraction was

ining

at pH 6.5, by

flow rate o:

h

!

per litre of

The first 0.5

resin was

cation buf

. res oL

fer

the angiogenin-

—

fer solution per litre of resin overlapping the
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The angiliogenin-enriched fraction was then eluted from

the column with 2.5 CV of a buffer containing sodium ions

equivalent to 2.5% w/v (0.43 M) NaCl, at pH 6.5, by flowing

the cation buffer solution at a linear flow rate of 75 cm/h

_

5 (7.5 litres of cation buffer solution per litre of resin per

p—.
p—

hour), or 0.125 CV/min, for 20 min. The first 0.5 litres o:

=

cation buffer solution per litre of resin was discarded to

i

fer solution per

drain and the next 2.5 litres of cation bu

—

litre of resin was collected as the angiogenin-enriched

=

10 fraction (including 0.5 litres of cation buffer solution per

P

litre of resin overlapping the application time of the next

buffer).

Finally, the lactoferrin fraction 1s eluted from the

P
p—

column with 2.5 CV of a buffer contalining sodium ions

15 equivalent to 8.75% w/v (1.5 M) NaCl, at pH 6.5, by flowlng

g

Fer solution at a linear flow rate of 75 cm/h

H

the cation bu

(7.5 litres of cation buffer solution per litre of resin per

0

hour), or 0.125 CV/min, for 20 min. The first 0.5 litres of

cation buffer solution per litre of resin was discarded to

_
p—

fer solution per

20 drain and the next 2.5 litres of cation bu:

litre of resin was collected as the lactoferrin fraction.

The angiogenin-enriched fraction that was collected was

ultrafiltrated (NMWCO 5 kDa) to concentrate and reduce the

salt content. The resultant concentrate was freeze-dried and

25 stored at room temperature for subsegquent use.

The angiogenin-enriched fraction was analysed for

L]

(Figure 1), and the fraction

angiogenin content by SDS-PAGI

g

was found to contain 57% (protein basis) of a low molecular

weight (14 kDa) protein (Figure 2) which was confirmed to be

30 angiogenin by MALDI-TOF/TOF MS (results not shown).

It would be clear to a person skilled in the art that

p—

this angiogenin preparation process can be scaled up rfor

commercial purposes.
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The Claims defining the invention are as follows:

1. A process for the preparation of an angiogenin-enriched fraction from a milk
product wherein the process uses only one cation exchange chromatography step, said
process comprising:

(a) contacting the milk product with a cation exchange resin;

(b) eluting an angiogenin-depleted lactoperoxidase fraction from the cation
exchange column with a mobile phase of 0.30 - 0.38M sodium chloride or equivalent

lonic strength;

() eluting the angiogenin-enriched fraction from the cation exchange resin with a
mobile phase; and

(d) collecting the eluted angiogenin-enriched fraction, wherein the milk product is
not subject to cation exchange chromatography prior to step (a) or after step (¢) and

wherein said angiogenin-enriched fraction comprises an angiogenin content of at least

20% w/w compared to total protein in said fraction.

2. The process according to claim 1, wherein the milk product is whole milk,
skim milk or buttermilk.

3. The process according to claim 1 or 2, wherein the amount of milk product

contacted with the cation exchange resin is about 16 column volumes to about 600

column volumes.

4. The process according to claim 1 or 2, wherein the amount of milk product

contacted with the cation exchange resin is about 16 column volumes to about 150
column volumes.

5. The process according to claim 1 or 2, wherein the amount of milk product

contacted with the cation exchange resin is about 68 column volumes.

6. The process according to any one of claims 1 to 5, wherein elution of the
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angiogenin-depleted lactoperoxidase fraction is with a mobile phase containing 0.34M

sodium chloride or equivalent ionic strength, and which has a pH of 6.5.

/. The process according to any one of claims 1 to 6, wherein prior to elution
of the angiogenin-enriched fraction, the cation exchange resin is rinsed with a buffer of

less than 0.34 M salt or water, to remove milk product remaining in the column.

8. The process according to any one of claims 1 to 7, wherein elution of the
angiogenin-enriched fraction is with a mobile phase containing 0.38-1.5M sodium

chloride or equivalent ionic strength.

9. The process according to any one of claims 1 to 7, wherein elution of the

angilogenin-enriched fraction is with a mobile phase containing 0.38-0.59M sodium

chloride or equivalent ionic strength.

10.  The process according to any one of claims 1 to 7, wherein elution of the
angiogenin enriched fraction is with a mobile phase containing 0.43M sodium chloride or

equivalent ionic strength.

11. The process according to any one of claims 1 to 10, wherein elution of the

anglogenin-enriched fraction is with a mobile phase which has a pH in the range 4.0-9.0.

12.  The process according to any one of claims 1 to 10, wherein elution of the

angiogenin-enriched fraction is with a mobile phase which has a pH in the range 5.5-7.5.

13.  The process according to any one of claims 1 to 10, wherein elution of the
angiogenin-enriched fraction is with a mobile phase which has a pH of 6.5.

14.  The process according to any one of claims 1 to 13, wherein the cation

exchange resin comprises cross-linked agarose beads.
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15.  The process according to claim 14, wherein the cross-linked agarose beads

are In the size range 45-900 um.

16.  The process according to claim 14, wherein the cross-linked agarose beads

are in the size range 90-300 pm.

17. The process according to any one of claims 1 to 16, wherein during step

(a), the cation exchange resin is subject to a flow rate in the range of about 6-90 litres per

litre resin per hour.

18.  The process according to claim 17, wherein the contact flow rate is in the
range of about 6-50 litres per litre resin per hour.

19.  The process according to claim 17, wherein the contact flow rate is in the

range of about 33 litres per litre resin per hour.

20.  The process according to any one of claims 1 to 19, wherein the process is

a continuous process.

21.  The process according to any one of claims 1 to 19, wherein the process is

a batch process.

22.  The process according to any one of claims 1 to 21, wherein the

angiogenin-enriched fraction comprises an angiogenin content of at least 2% w/w.

23.  The process according to any one of claims 1 to 22, wherein the
angiogenin-enriched fraction is further treated to reduce the amount of non-angiogenin

proteins and/or salt present in the composition.
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