1 563 100

10

15

35

45

PATENT SPECIFICATION

(21) Application No. 48693/75 (22) Filed 26 Nov. 1975
(23) Complete Specification Filed 17 Nov. 1976
(44) Complete Specification Published 19 Mar. 1980
(51) INT.CL.*> C07G 7/00
(52) Index at Acceptance
C3H 100 110 FZ
(72) Inventors: ALAN RUSSELL THOMSON

BRYNLEY JOHN MILES

(1)

(54) IMPROVEMENTS IN OR RELATING TO THE SEPARATION OF
MACROMOLECULES

(71) We, UNITED KINGDOM
ATOMIC ENERGY AUTHORITY, Lon-
don, a British Authority do hereby declare
the invention, for which we pray that a patent
may be granted to us, and the method by
which it is to be performed, to be particularly
described in and by the following statement :

The present invention relates to the sep-
aration of macromolecules from a fluid sub-
stance containing said macromolecules.

According to a first aspect of the present
invention there is provided a process for the
separation of macromolecules from a fluid
substance containing the macromolecules
which comprises contacting the fluid sub-
stance with discrete porous particles of inor-
ganic material, said discrete porous particles
having an interconnected porosity through-
out which provides an extended surface area
and a pore structure such as will allow the
macromolecules to permeate the particles
and be sorbed, the discrete porous particles
being selected such that under the conditions
of the contacting a proportion thereof have
acidic surfaces for contacting the mac-
romolecules in the fluid substance and a
proportion thereof have basic surfaces for
contacting the macromolecules in the fluid
substance.

We have found that certain macromolecu-
lar separations can be advantageously
effected by use of more than one type of
porous particle.

In one preferred embodiment of the pres-
ent invention the discrete porous particles of
inorganic material are those prepared by a
method as claimed in any one of claims 1 t0 9,
or in claim 15 of our British Patent No.
1421531.

The above mentioned British patent
describes and claims inter alia: “A method
for producing discrete porous particles for
the selective retention of macromolecules
from a fluid substance containing said mac-
romolecules, said discrete porous particles

having inter-connected porosity throughout,
which method includes the steps of preparing
discrete green particles from a mixture con-
taining solid particles of a finely divided, sub-
stantially insoluble, sorptive (as defined in
the specification), inorganic material and a
fugitive additive in solution, said mixture
being formed by mixing said solid particles of
inorganic material with a fugitive additive
and a solvent therefor, said fugitive additive
being for subsequently providing a pore
structure in the inorganic material and said
inorganic material being substantially insol-
uble in the solvent for the fugitive additive,
the preparation of the discrete green parti-
cles being such that, and the fugitive additive
being selected such that the fugitive additive
is provided in solid form in the green parti-
cles, and heating the green particles to
remove fugitive additive therefrom and
cause sintering of inorganic material to give
discrete porous particles, the fugitive addi-
tive and the amount thereof in the green
particles being selcted such that the discrete
porous particles have an interconnected
porosity throughout the discrete porous par-
ticles providing an extended surface area and
the pore structure is such as will allow the
macromolecules to permeate the discrete
porous particles and be sorbed”.

Discrete porous particles produced in
accordance with British Patent 1421531 may
be substantially spherical and have a size in
the range 50-600u diameter. The pore struc-
ture may contain pores having a diameter in
the range 1000 to 10000A.

Examples of fugitive additives which may
be used in accordance with British Patent
1421531 are ammonium carbonate,
haemoglobin, dextran, polyvinyl alcohol,
urea, bovine serum albumin and ovalbumin.
Optionally a binding agent may be included
in the mixture in addition to the fugitive addi-
tive.

Examples of finely divided, substantially
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insoluble, sorptive inorganic materials which
may be used in accordance with British
Patent 1421531 are titanium dioxide,
aluminium oxide, barium sulphate, calcium
plﬁosphate, zirconium oxide and calcium sul-
phate.

In the separation of macromolecules in
accordance with the foregoing aspect of the
present invention basic macromolecules are
retained from the fluid substance by discrete
porous particles of inorganic material having
acidic surfaces and acidic macromolecules
are retained by discrete porous particles of
inorganic material having basic surfaces.

The terms ““acidic” and “basic” as used
herein in relation to the surfaces of the dis-
crete porous particles of inorganic material
mean that the surfaces are, respectively, pre-
dominantly acidic and basic relative to the
particular macromolecules in the fluid sub-
stance. Thus, a surface which is “acidic’ with
respect to one particular species of mac-
romolecule may be “basic” with respect to
another species of macromolecule.

The terms “acidic” and ‘“basic” as used
herein in relation to macromolecules mean
that the macromolecules have, respectively,
a net acidic charge and a net basic charge.

Further we have found that the surface
characteristics of the particles can be affected
by the conditions (e.g. pH) under which the
particles and macromolecules are contacted.
Thus particular discrete porous particles may
present acidic surfaces to a given species of
macromolecule under one set of conditions,
but under other conditions may present a
basic surface.

In one embodiment of the process of the
foregoing aspect of the present invention the
fluid substance may be contacted with a
mixed bed of the discrete porous particles of
inorganic material said bed containing parti-
cles having acidic surfaces for contacting the
macromolecules and particles having basic
surfaces for contacting the macromolecules.

In a second embodiment of the process of
the foregoing aspect of the present invention
the fluid substance may be contacted sequen-
tially with a plurality of beds of the discrete
porous particles of inorganic material, at
least one bed comprising discrete porous par-
ticles having acidic surfaces for contacting
the macromolecules and at least one other
bed comprising discrete porous particles hav-
ing basic surfaces for contacting the mac-
romolecules.

Conveniently two beds of discrete porous
particles of inorganic material may be used
and the process can be operated so that the
fluid substance is contacted first with a bed
which comprises particles having acidic sur-
faces and subsequently with a bed which
comprises particles having basic surfaces, or
vice versa.

Proteins are examples of macromolecules

which can be separated from a fluid sub-
stance in accordance with the present inven-
tion.

In accordance with a second aspect the
present invention provides a process for the
separation of protein from milk whey solu-
tion comprising contacting the solution with
discrete porous particles of inorganic mater-
ial. Said particles having an interconnected
porosity throughout which provides an
extended surface area and a pore structure
such as will allow protein to permeate the
particles and be sorbed, a proportion of the
particles having acidic surfaces for contacting
protein and a proportion having basic sur-
faces for contacting protein under the condi-
tions of the contacting,

In one embodiment of the second aspect of
the present invention a process for the sep-
aration of proteins from a milk whey solution
comprises contacting the solution with a bed
comprising discrete porous titania particles
under conditions such that the particles have
acidic surfaces, whereby basic (predomin-
antly positively charged) proteins in the solu-
tion are retained on the titania particles, and
contacting the solution with a bed comprising
discrete porous alumina particles under con-
ditions such that these particles have basic
surfaces, whereby acidic (predominantly
negatively charged) proteins are retained on
the alumina particles.

The whey solution can be contacted first
with the titania particles and the resulting
solution contacted with the alumina parti-
cles, or alternatively the whey solution can be
contacted with the alumina first and subse-
quently with the titania.

The porous titania particles and porous
alumina particles are preferably those pre-
pared by a method as claimed in any one of
claims 1 to 9, or in claim 15 of our British
Patent No. 1421531 hereinbefore men-
tioned.

Examples of basic proteins in milk whey
are lactoglobulin and lactoferrin, and an
example of acidic proteins is lactalbumin.

The actual composition of milk whey
depends upon the process in which it arises.
Thus in the production of hard cheese so-
called “sweet” whey is produced (pH~5 to
7) whereas in the production of soft cheese
(e.g. cottage cheese) so-called “acid” whey is
produced (p~4 to 5). A typical “sweet”
whey composition is as follows: 93% water,
5% lactose, 0.6% protein, 0.3% fat, 0.6%
ash.

The solution obtained after contacting
with the two beds contains mainly lactose
and salts, and the basic and acidic proteins
can be subsequently recovered from the beds
in an undernatured form by selective elution
of the beds with suitable reagents (e.g. 0.1M
potassium phosphate, 0.2M potassium
pyrophosphate).
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Thus, for example, undenatured lactalbu-
min can be recovered as a substantially pure
product from the bed comprising discrete
porous alumina particles having basic sur-
faces.

Alkali (e.g. 0.1M NaOH containing a salt
such as NaC1) may be used to elute all pro-
teins from a particular bed. It will be under-
stood that the pH of the eluted proteins will
generally be lower than the pH of the eluting
alkali and that the proteins recovered in this
way may not be in their natural form.

We have found that using two beds, (one
of titania particles and one of alumina parti-
cles (prepared in accordance with British
Patent No.1421531)) up to 99% recovery of
substantially lactose-free whey proteins may
be achieved in a single pass. The order of the
titania and alumina particle beds may, if
desired, be reversed so that the whey solu-
tion contacts the alumina particles first.

Gross particulate matter is preferably
removed from the whey solution (e.g. by
means of a coarse filter) prior to contacting
with the beds comprising the discrete porous
particles.

The whey solution itself may be utilized for
bed equilibration and we believe that conve-
niently retention/elution cycles of § to 2
hours can be used dependent on the protein
concentration in the whey solution and the
configuration of the bed.

The present invention also provides,
according to another aspect, an apparatus for
the separation of macromolecules from a
fluid substance containing the mac-
romolecules by a process in accordance with
the invention which comprises at least one
vessel containing discrete porous particles of
inorganic material prepared by the method
of the invention disclosed in British Patent
No. 1421531, a proportion of the discrete
porous particles having acidic surfaces for
contacting the macromolecules in the fluid
substance and a proportion of the discrete
porous particles having basic surfaces for
contacting the macromolecules in the fluid
substance under the conditions of the con-
tacting.

A method for producing discrete porous
particles is claimed in claims 1 to 9 and in
claim 15 of British Patent Specification No.
1421531.

In one embodiment of the apparatus of the
present invention there is provided one ves-
sel containing a mixed bed of the discrete
porous particles of inorganic material said
bed containing particles having acidic sur-
faces for contacting the macromolecules and
particles having basic surfaces for contacting
the macromolecules.

In a second embodiment of the apparatus
of the present invention there is provided a
plurality of inter-connected vessels at least
one of the vessels containing a bed of the

discrete porous particles of inorganic mater-
ial having acidic surfaces for contacting the
macromolecules and at least one other of the
vessels containing a bed of the discrete por-
ous particles of inorganic material having
basic surfaces for contacting the mac-
romolecules.

We have found that separation of the mac-
romolecules in accordance with the present
invention can be carried out over a wide pH
range. For example fluid substances have
been treated at pH values between 3 and 10.

In our British Patent No. 1421531
hereinbefore mentioned reference is made to
the use of specific interaction between mater-
ial and macromolecules in certain instances.
It will be appreciated that the use of such
specific interactions is also applicable in the
present invention.

The invention will now be particularly
described, by way of example only, as fol-
lows:

Example

Proteins were separated from a milk whey
solution using discrete porous particles of
titania and alumina prepared by the method
of the invention disclosed in British Patent
No.1421531.

The separation was conducted in an
apparatus comprising two columns con-
nected in series, one column containing a bed
of the titania particles (20g) and the other a
bed of the alumina particles (20g).

The milk whey was a so-called ““acid”
whey.

Prior to treating the milk whey solution the
columns were equilibrated to pH 4.7 with
dilute HC1.

A sample of milk whey solution containing
100 mg of protein was introduced into the
apparatus and passed firstly through the bed
of titania particles and subsequently through
the bed of alumina particles. The sample sol-
ution was washed through the apparatus with
dilute HC1 and the liquid leaving the
alumina bed collected.

The columns were isolated from each
other and eluted separately with 0.2M potas-
sium pyrophosphate to recover the proteins
removed from the whey solution to give
separate fractions containing proteins.

The columns were subsequently eluted
with 0.1M NaOH containing salt to recover
strongly sorbed proteins. In addition to
cleaning the columns of strongly sorbed pro-
teins the use of strong alkali provides a
means of inhibiting bacterial growth on the
porous particles.

Protein determinations (Folin-Ciocalteau
method) were carried out on the fractions
from the columns and on the liquid collected
after the alumina bed.

It was found that 1.1mg protein had not
been retained by either of the beds and that
the titania and alumina beds had retained
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89.5 mg and 9.4 mg of protein respectively.
(Of the 89.5 mg, 83.8 mg were removed by
the pyrophosphate and 5.7 by the alkali).
Thus the beds had together retained 98.9%
of the protein in the sample of whey solution.

The fractions and the liquid collected after
the alumina bed were further investigated by
a standard (Gelman Cellulose Acetate) elec-
trophoretic separation technique using
B-lactoglobulin and «-lactalbumin as stan-
dards.

No visible bands were obtained on the cel-
lulose acetate with the liquid collected after
the)alumina bed (i.e. little or no protein pres-
ent).

The fraction from the titania bed gave vis-
ible protein bands corresponding mainly to
B-lactoglobulin. The fraction from the
alumina bed gave one band only correspond-
ing to a-lactalbumin.

Columns as hereinbefore described in the
Example may be used with flow rates of 2 to
50 column volumes/hour. It will be appreci-
ated that yields of proteins may vary accord-
ing to flow rate.

The invention will now be further
described, by way of example only, with
reference to the single figure of the drawing
accompanying the Provisional Specification
which shows a diagramatic representation of
an apparatus for the separation of mac-
romolecules in accordance with the present
invention.

Referring now to the figure there is shown
a column 1 containing a bed comprising dis-
crete porous titania particles and a column 2
containing a bed comprising discrete porous
alumina particles.

Column 1 is provided with a process solu-
tion inlet 3, a process solution outlet 4, an
eluting agent inlet 5 and an eluate outlet 6.

Column 2 is provided with a process solu-
tion inlet 7, a process solution outlet 8, an
eluting agent inlet 9 and an eluate outlet 10.
The process solution outlet 4 of column 1 is
connected to the process solution inlet 7 of
column 2 by means of pipe 11.

A filter 12 is provided having a process
solution inlet 13 and a process solution outlet
14. The process solution outlet 14 is con-
nected to the process solution inlet 3 of col-
umn 1 by means of pipe 15.

In operation a process solution comprising
a fluid substance containing macromolecules
(e.g. a milk whey solution) is introduced
through inlet 13 to the filter 12 wherein gross
particulate matter is removed from the pro-
cess solution. The filtered process solution
leaves the filter 12 via the outlet 14 and flows
via pipe 15 to the process solution inlet 3 of
column 1. The process solution then passes
through the bed of discrete porous titania
particles in column 1 whereupon basic mac-
romolecules in the process solution (e.g. lac-
toglobulin and lactoferrin in the case of a

milk whey solution) are retained in the col-
umn 1.

The resulting process solution leaves col-
umn 1 via outlet 4 and flows via pipe 11 to the
process solution inlet 7 of column 2. The
process solution passes through the bed of
discrete porous alumina spheres in column 2
whereupon acidic macromolecules in the
process solution (e.g. lactalbumin in the case
of a milk whey solution) are retained in the
column 2.

The resulting process solution from which
basic and acidic macromolecules have been
removed leaves the column 2 via the outlet 8
and can be subjected to further processing or
run to waste as desired.

When the desired amounts of mac-
romolecules have been retained by the dis-
crete porous particles in the columns 1 and 2
or when the maximum loading of the parti-
cles has been achieved, the flow of process
solution through the apparatus is stopped,
the columns 1 and 2 are isolated and eluting
agents are passed through the columns 1 and
2 by means of eluting agent inlets 5 and 9
respectively. The basic and acidic mac-
romolecules are eluted from the discrete
porous particles by the eluting agents and are
removed from the columns 1 and 2 by the
eluate outlets 6 and 10 respectively as sepa-
rate product streams.

It will be understood that the isolation of
the columns, the passage of eluting agents
and the recovery of the separate product
streams is achieved by appropriate operation
of valves provided in the apparatus. These
valves are not shown in the figure which is
merely diagrammatic.

When elution of macromolecules has pro-
ceeded to the desired extent the passage of
eluting agents through the columns 1 and 2 is
stopped. The cycle of passing process solu-
tion through the apparatus to retain mac-
romolecules from the process solution and
the subsequent elution of the mac-
romolecules from the columns can be repe-
ated as desired. The cycle can be arranged to
be operated automatically.

WHAT WE CLAIM IS:-

1. A process for the separation of mac-
romolecules from a fluid substance contain-
ing the macromolecules which comprises
contacting the fluid substance with discrete
porous particles of inorganic material, said
discrete porous particles having an intercon-
nected porosity throughout which provides
an extended surface area and a pore struc-
ture such as will allow the macromolecules to
permeate the particles and be sorbed, the
discrete porous particles being selected such
that under the conditions of the contacting a
proportion thereof have acidic surfaces for
contacting the macromolecules in the fluid
substance and a proportion thereof have
basic surfaces for contacting the mac-
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romolecules in the fluid substance.

2. A process as claimed in claim 1
wherein the fluid substance is contacted with
a mixed bed of the discrete porous particles
of inorganic material said bed containing
particles having acidic surfaces for contacting
the macromolecules and particles having
basic surfaces for contacting the mac-
romolecules.

3. A process as claimed in claim 1
wherein the fluid substance is contacted
sequentially with a plurality of beds of the
discrete porous particles of inorganic mater-
ial, at least one bed comprising discrete por-
ous particles having acidic surfaces for con-
tacting the macromolecules and at least one
other bed comprising discrete porous parti-
cles having basic surfaces for contacting the
macromolecules.

4. A process as claimed in any one of
claims 1 to 3 wherein the discrete porous
particles of inorganic material are those pre-
pared by a method as claimed in any one of
claims 1 to 9 or in claim 15 of British Patent
No. 1421531.

5. A process as claimed in any one of
claims 1 to 4 wherein the macromolecules
are recovered from the porous particles by
selective elution.

6. A process as claimed in any one of
claims 1 to 5 wherein the macromolecules
are protein molecules.

7. A process for the separation of protein
from a milk whey solution comprising con-
tacting the solution with discrete porous par-
ticles of inorganic material said particles hav-
ing an interconnected porosity throughout
which provides an extended surfaces area
and a pore structure such as will allow pro-
tein to permeate the particles and be sorbed,
a proportion of the particles having acidic
surfaces for contacting protein and a propor-
tion having basic surfaces for contacting pro-
tein under the conditions of the contacting.

8. A process as claimed in claim 7
wherein the solution is contacted with a bed
comprising discrete porous titania particles
under conditions such that the particles have
acidic surfaces, whereby basic (predomin-
antly positively charged) proteins in the solu-
tion are retained on the titania particles, and
the solution is contacted with a bed compris-
ing discrete porous alumina particles under
conditions such that these particles have
basic surfaces, whereby acidic (predomin-
antly negatively charged) proteins are
retained on the alumina particles.

9. A process as claimed in claim 8
wherein the titania and alumina particles are
those prepared by a method as claimed in any
one of claims 1 to 9, or in claim 15 of British
Patent No. 1421531.

10. A process as claimed in any one of
claims 7 to 9 wherein protein is recovered
from the discrete porous particles by selec-

tive elution.

11. A process as claimed in any one of
claims 7 to 10 wherein the protein comprises
lactoglobulin, lactoferrin or lactalbumin.

12. Apparatus for the separation of mac-
romolecules from a fluid substance contain-
ing the macromolecules by a process as
claimed in any one of claims 1 to 11 which
comprises at least one vessel containing dis-
crete porous particles of inorganic material
prepared by a method as claimed in any one
of claims 1 to 9, or in claim 15 of British
Patent No. 1421531, a proportion of the dis-
crete porous particles having acidic surfaces
for contacting the macromolecules in the
fluid substance and a proportion of the dis-
crete porous particles having basic surfaces
for contacting the macromolecules in the
fluid substance under the condtions of the
contacting.

13. Apparatus as claimed in claim 12
wherein there is provided one vessel contain-
ing a mixed bed of the discrete porous parti-
cles of inorganic material said bed containing
particles having acidic surfaces for contacting
the macromolecules and particles having
basic surfaces for contacting the mac-
romolecules.

14. Apparatus as claimed in claim 12
wherein there is provided a plurality of
inter-connected vessels at least one of the
vessels containing a bed of the discrete por-
ous particles of inorganic material having
acidic surfaces for contacting the mac-
romolecules and at least one other of the
vessels containing a bed of the discrete parti-
cles having basic surfaces for contacting the
macromolecules under the conditions of the
contacting.

15. A protein whenever prepared by a
plniocess as claimed in any one of claims 6 to

16. An undenatured protein obtainable
by ellprocess as claimed in any one of claims 6
to 11.

17. A process for the separation of mac-
romolecules substantially as hereinbefore
described with reference to the Example.

18. Apparatus for the separation of mac-
romolecules substantially as hereinbefore
described with reference to the single figure
of the drawing accompanying the Provisional
Specification.

19. An undenatured protein substan-
tially as hereinbefore described with refer-
ence to the Example.

M.J. LOFTING
Chartered Patent Agent
Agent for the Applicants

Printed for Her Majesty's Stationery Office,
by Croydon Prnting Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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