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(57) Abstract: A specified proton concentration in a volume (30) is produced by passing a controlled electrophoresis current through
an adjacent electrophoresis volume (28) between a working electrode (26) and a counter electrode (24). An array of such volumes
with specified proton concentrations is used to provide the pH gradient for isoelectric focusing.
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PROTON CONCENTRATION TOPOGRAPHIES, METHODS AND DEVICES
FOR PRODUCING THE SAME

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Application
60/935,698 filed 27 August 2007 and U.S. Provisional Patent Application 61/039,257
filed 25 March 2008, the contents of which are incorporated by reference as if fully

set forth herein.

FIELD AND BACKGROUND OF THE INVENTION

The invention, In some embodiments, relates to the field of molecular

interactions, and particularly to methods and devices useful in producing local
concentrations of protons, proton concentration gradients and desired proton
concentration topographies in an environment (e.g., a solution, a gel, or the like)
including an electrolyte. Some embodiments of the invention also relate to the field of
analyte separation and isoelectric focusing. Some embodiments of the invention also
relate to the field of data display.

Isoelectric focusing is an analytical technique for separating molecules in an
analyte sample by taking advantage of the differing ionic properties of the molecules.

Isoelectric focusing is performed in a gel (usually of materials such as
polyarylamide polyacrylamide, starch or agarose) having an immobilized proton
concentration gradient, generally the proton concentration gradient changing from
higher to lower pH in a given direction.

The analyte is loaded onto some location on the gel. The charge of each
different molecule changes in response to the ambient proton concentration according
to the acidity (pKa) of the various functional groups of the molecule.

~ An electric potential is applied parallel to the proton concentration gradient
between an isoelectric focusing anode and isoelectric focusing cathode. Molecules
having a net positive charge migrate through the gel towards the anode while

molecules having a net negative charge migrate through the gel towards the cathode.
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The opposite, positively charge ions (cations) migrate towards the cathode and
negatively charged ions (anions) migrate towards the anode.

As the molecules migrate, the ambient pH changes to reduce the net charge on
the molecule until the molecule reaches an isoelectric point (pl) where, due to the
ambient pH, the net charge on the molecule is zero so that the molecule stops
migrating due to the electric potential. If a molecule "overshoots” the isolectric point,
the molecule reverses direction.

In such a way, isoelectric focusing focuses molecules having the same pl into
very narrow well-defined volumes of the gel.

Isoelectric focusing is exceptionally useful for the analysis of proteins as
proteins are characterized by having many functional groups of different acidities.

Isoelectric focusing suffers from a number of disadvantages. To have
sufficient resolution, it is often necessary to have a number of different gels having
different proton concentration gradients spanning different ranges of proton
concentration gradients, increasing costs and creating a logistical problem. Automated
manipulation of fragile gels is difficult to implement. Gels having immobilized proton
concentration gradients are generally expensive and may suffer from batch to batch

repfoducibility. Analysis of some analytes may suffer from a sieving .effect as large

‘proteins may have difficulty migrating through pores in the gels. Isoelectric focusing

may be slow due to the slow migration of the analyte molecules.
It would be advantageous to be able to perform isoelectric focusing with fewer

disadvantages of the methods known in the art.

SUMMARY OF THE INVENTION

The invention relates, in some embodiments, to the field of molecular

interactions, and particularly to proton concentration topographies, methods and
devices useful in producing specified local concentrations of protons and specified
proton concentration topographies in an environment including an electrolyte that, in
some embodiments, are mutable and may be changed as desired or that are temporally
variable.

Some embodiments of the present invention provide for isoelectric focusing
that is devoid of at least some of the disadvantages of the methods known in the art.

Some embodiments of the present invention provide for the display of data.
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(9]

In some embodiments, the invention provides a device comprising a plurality
of independently controllable cells, arranged for example in a one- or two-
dimensional array, and an environment including an electrolyte. Each cell is
configured to independently produce a specified proton concentration in an associated
volume of the environment. When the device is activated, a user can use the cells to
produce a desired one- or two-dimensional proton concentration topography in the
environment, where each volume of the environment has a specified proton
concentration that is substantially not dependent on the proton concentration in
adjacent volumes.

In some embodiments, the proton concentration topography is mutable. In
some such embodiments, a user may choose to change the proton concentration in
some or all of the volumes, and consequently the proton concentration topography, by
controlling the cells. In some embodiments, the user may choose to change the proton
concentration in some or all of the volumes as a function of time, and consequently
the proton concentration topography as a function of time. »

Thus, according to an aspect of some embodiments of the invention there is
provided proton concentration topography, comprising: a) an environment including
an electrolyte, the environment divided into a plurality of neighboring discrete
volumes; b) between any two neighboring volumes, an interface volume; and c) each
volume having a specified proton concentration.

Depending on the embodiment, the volumes are arranged in one dimension,
for example constituting a one-dimensional array of volumes, in two dimensions, for
example constituting a two-dimensional array of volumes, or arranged in three
dimensions, constituting a three-dimensional array.

According to some embodiments, in a given direction through the environment
the rate of change of proton concentration between neighboring volumes is
substantially monotonous.

According to some embodiments, in a given direction through the
environment, the rate of change of proton concentration between neighboring volumes
varies.

According to some embodiments, the proton concentration topography is
controllably mutable. According to some embodiments, the proton concentration

topography is controllably mutable as a function of time.
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According to an aspect of some embodiments of the invention there is
provided a method of producing a specified proton concentration topography in an
environment including an electrolyte, comprising:

a) providing a plurality of independently controllable cells, each cell

configured to produce a specified proton concentration in an associated

volume of an environment including an electrolyte, for example by electrolysis
of components of the environment

b) contacting an environment including an electrolyte with the plurality of

cells so as to divide the environment into a plurality of neighboring discrete

volumes, each volume associated with a cell;

¢) specifying a desired proton concentration topography; and

d) activating each cell of the plurality of cells, so as to produce a specified

proton concentration in each volume associated with a cell in the environment,
wherein the specified proton concentrations produced in each volume collectively
constitute the specified proton concentration topography.

According to an aspect of some embodiments of the invention there is
provided a device for the production of a proton concentration topography in an
environment including an electrolyte, comprising:

a) a plurality of independently controllable cells, each cell configured to

produce a specified proton concentration in an associated volume of an

environment including an electrolyte, for example by electrolysis of a

component of the environment, substantially independently of other the cells;

and

b) a container functionally associated with the plurality of cells configured to

contain an environment including an electrolyte, the container configured to

allow production of the specified proton concentration by a cell in an
associated volume of an environment contained in the container.

According to an aspect of some embodiments of the invention there is
provided a method for producing a specified proton concentration in an environment
including an electrolyte, comprising:

a) providing an environment including an electrolyte;
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b) contacting a working electrode and a counter electrode with the
environment so that:
a first side of the working electrode faces the counter electrode to
define an electrolysis volume of the environment between the wdrking
electrode and the counter electrode, and
a second side of the working electrode faces a second volume of the
environment;
c) specifying a desired proton concentration;
d) passing a current between the working electrode and the counter electrode
so as to electrolyze components of the environment to generate electrolysis
products (e.g., ions) in the electrolysis volume; and
e) transferring at least some of the electrolysis products to the second volume,
thereby producing a proton concentration in the second volume of the
environment
wherein the current is such that the proton concentration produced in the second
volume is the specified proton concentration. According to some embodiments, the
working electrode is permeable to the passage of electrolysis products therethrough
(e.g., is made of mesh) and the transferring includes allowing electrolysis products
generated in the electrolysis volume to pass through the working electrode into the
second volume, thereby producing the proton concentration in the second volume.
According to an aspect of some embodiments of the invention there is
provided a device for producing a specified proton concentration in an environment
including an electrolyte, comprising:
a) a working electrode; and
b) a counter electrode,
the working electrode and the counter electrode arranged so that:
a first side of the working electrode faces the counter electrode to
define an electrolysis volume between the working electrode and the
counter electrode, and
a second side of the working electrode faces a volume of a container,
the container configured to contain an environment including an

electrolyte,
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wherein the electrolysis volume is in fluid communication with the volume of the
container. According to some embodiments, the working electrode is permeable to the
passage of electrolysis products therethrough (e.g., is made of mesh) to allow
electrolysis products generated in the electrolysis volume to pass through the working
electrode into the second volume.
According to an aspect of some embodiments of the invention, there is
provided a method of analyzing an analyte using isoelectric focusing, comprising:
a) placing an analyte suitable for analysis by isoelectric focusing in an
environment including an electrolyte;
b) producing a non-immobilized proton concentration topography in the
environment;
c) applying a potential difference to the environment; and
d) observing locations of components of the analyte in the environment in
relation to the proton concentration topography and the potential difference
thereby analyzing the analyte using isolectric focusing. According to some
embodiments, the non-immobilized proton concentration topography is mutable.
According to an aspéct of some embodiments of the invention, there is
provided a device useful in implementing the method of isoelectric focusing.
According to an aspect of some embodiments of the invention, there is
provided a method of displaying data, comprising:
a) providing a plurality of independently controllable cells, each cell
configured to produce a specified proton concentration in an associated
volume of an environment including an electrolyte, for example by
electrolysis;
b) contacting an environment with the plurality of cells so as to divide the
environment into a plurality of neighboring discrete volumes, each of the
plurality of discrete volumes associated with a cell, the environment including:
an electrolyte, and
a pH sensitive indicator having an appearance that is dependent on the
proton concentration in the environment; and
¢) activating each cell of the plurality of cells, so as to produce a specified

proton concentration in each associated volume of the environment
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wherein the specified proton concentrations produced in each volume gives a
specified appearance to the pH indicator; and

where the collective appearance of the pH indicator in the volumes is an image that
constitutes a display of the data.

According to an aspect of some embodiments of the invention, there is
provided a device useful in implementing the method of displaying data.

Unless otherwise defined, technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which the invention pertains. In case of conflict, the patent specification, including
definitions, will control. The materials, methods, and examples disclosed herein are
illustrative only and are not intended to be necessarily limiting.

As used herein, the terms “comprising”, “including” and "having" or
grammatical variants thereof are to be taken as specifying the stated features, integers,
steps or components but do not preclude the addition of one or more additional
features, integers, steps, components or groups thereof. This term encompasses the
terms "consisting of" and "consisting essentially of".

The phrase "consisting essentially of" or grammatical variants thereof when
used herein are to be taken as specifying the stated features, integers, steps or
components but do not preclude the addition of one or more additional features,
integers, steps, components or groups thereof but only if the additional features,
integers, steps, components or groups thereof do not materially alter the basic and
novel characteristics of the claimed composition, device or method.

As used herein, the indefinite articles "a" and "an" mean "at least one" or "one
or more" unless the context clearly dictates otherwise.

Unless the context dictates otherwise, the terms "generate” and "produce” or
grammatical variants thereof are to be considered synonymous.

Herein, the terms "array of cells" and "electrode array" are in some instances
used interchangeably.

Herein, the terms "analyte" and "material” are in some instances for the same
concept in a different context. The term "analyte" generally refers to a material in an
analytical context (e.g., analysis of the amount of the material present in a mixture)
while the more general "material” refers, for example, to a material in a preparatory

context.
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Definitions of the specific embodiments of the invention as claimed herein follow.
According to a first embodiment of the invention, there is provided a method for producing a
specified proton concentration in an environment including an electrolyte, comprising:

a) providing an environment including an electrolyte held in a proton concentration

12 Jun 2012

5 topography channei;
b) contacting a plurality of working clectrodes and at least one counter electrode with
said environment so that:
a first side of said plurality of working electrodes faces said at least one counter
electrode to define an electrolysis volume of said environment between said
10 plurality of working electrodes and said counter electrode, and

a second side of said plurality of working electrodes face a second volume of

2008293381

said environment;
¢} specifying a desired proton concentration topography;
d) passing a current between said plurality of working electrodes and said at least one
15 counter electrode so as to electrolyze components of the environment to generate
electrolysis products in said electrolysis volume; and
e) transferring at least some of said electrolysis products to said second volume, thereby
producing a proton concentration in said second volume of said environment,
wherein said current is such that said proton concentration produced in said second volume
20 substantially matches said specitied proton concentration topography.
According to a second embodiment of the invention, there is provided a device for producing a
specified proton concentration in an environment including an electrolyte, comprising:
a) a plurality of working electrodes; and
b) at least one counter electrode,
25  wherein said plurality of working electrodes and said at least one counter electrode are arranged
so that:
a first side of each of said plurality of working electrodes faces said at least one counter
electrode to define an electrolysis volume between said plurality of working electrodes
and said counter electrode, and
30 a second side of each of said plurality of working electrodes faces a second volume of a
coptainer, wherein said container is configured to contain an environment including an
electrolyte held in a proton concentration topography channel, and wherein said electrolysis
volume is in fluid communication with said second volume of said container.

[ text continues on page 8 ]

COMS ID No: ARCS-373216 Received by IP Australia: Time (H:m) 16:54 Date (Y-M-d) 2012-06-12
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BRIEF DESCRIPTION OF THE FIGURES

Some embodiments of the invention are herein described, by way of example
only, with reference to the-accompanying figures. The description, together with the
figures, makes apparent how embodiments of the invention may be practiced to a
person having ordinary skill in the art. The figures are for the purpose of illustrative
discussion of embodiments of the invention and no attempt is made to show structural

details of an embodiment in more detail than is necessary for a fundamental

_ understanding of the invention. For the sake of clarity, most objects depicted in the

figures are not to scale.

In the Figures:

FIG. 1A schematically depicts various one-dimensional proton concentration
topographies;

FIG. 1B schematically depicts various two-dimensional proton concentration
topographies;

FIG. 1C schematically depicts, in perspective, devices for producing proton
concentration topographies;

FIG. 2A schematically depicts, in side cross section, a device for producing a
specified proton concentration;

FIG. 2B is a graph qualitatively showing the concentration of products of
electrolysis in the device of Figure 2A;

FIGS. 3A-3C schematically depict a device for producing a one-dimensional
proton concentration topography suitable for use in isoelectric focusing;

FIGS. 4A-4C schematically depict a device for producing a one-dimensional
proton concentration topography suitable for use in isoelectric focusing;

FIGS. 5A-5C schematically depict a device for producing a one-dimensional
proton concentration topography configured for use in isoelectric focusing;

FIGS. 6A-6B schematically depict a device for producing a one-dimensional
proton concentration topography configured for use in isoelectric focusing;

FIGS. 7A and 7B are schematic top views of devices for producing one-
dimensional proton concentration topographies, the devices actually constructed and

used for implementing the teachings of the invention;
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FIGS. 8A-8B are graphs showing proton concentrations produced using the
device depicted in Figure 7A;

FIGS. 8C is a graphs showing a proton concentration topography produced
using the device depicted in Figure 7B;

FIGS. 9A-9B schematically depict an embodiment of a device for producing a
one-dimensional proton concentrétion topography configured for use in isoelectric
focusing; and '

FIGS. 10A-10F schematically depict an embodiment of a method of the.

present invention for separating analytes in a mixture.

DESCRIPTION OF SOME EMBODIMENTS OF THE INVENTION

The invention, in some embodiments, is of proton concentration topographies
as well as methods and devices for producing proton concentration topographies in an
environment (e.g., a solution, gel or the like) including an electrolyte, generally
environments having a low, negligible or non-existent buffering capacity. In some
embodiments, the proton concentration topographies are non-immobilized, that is to
say, are produced on-demand, when desired and as needed. In some embodiments, the -
produced proton concentration topographies are mutable, that is to say may be
controllably changed at will or as a function of time. Some embodiments also relate to
proton concentrations topographies in fluids such as liquids (as opposed, for example,
to gels) that are useful, for example for isoelectric focusing and for purifying analytes.
Some embodiments relate to or are useful for implementing isoelectric focusing.
Some embodiments relate to or are useful for implementing isoelectric focusing in
fluids. Some embodiments relate to or are useful for the display of data.

The principles, uses and implementations of the teachings of the invention
may be better understood with reference to the accompanying description and figures.
Upon perusal of the description and figures present herein, one skilled in the art is
able to implement the teachings of the invention without undue effort or
experimentation. In the figures, like reference numerals refer to like parts throughout.

Before explaining at least one embodiment of the invention in detail, it is to be
understood that the invention is not limited in its application to the details set forth
herein. The invention can be implemented with other embodiments and can be

practiced or carried out in various ways. It is also understood that the phraseology and
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terminology employed herein is for descriptive purpose and should not be regarded as
limiting.

As noted above, some embodiments of the invention relate to proton
concentrations in an environment including an electrolyte. Such an environment
allows the electrolytic generation of chemical entities, such as protons and hydroxyl
anions that influence the proton concentration in the environment. Typical such
-environments include aqueous solutions and gels known in the art of isoelectric
focusing and electrophoresis.

In the art, proton concentration gradients are known. For example, when a
current is passed between two electrodes immersed in a non-buffered environment
including an electrolyte, 2 monotonous proton concentration gradient is produced, a
high proton concentration close .to the anode that continuously and monotonously
drops to a low proton concentration close to the cathode. Such proton concentration
gradients are non-immobilized as these are produced only when desired. Such proton
concentration gradients are also mutable as changing the electrical current passing
between the electrodes changes the gradient.

In contrast, prior art isoelectric focusing methods are based on the use of non- .

" mutable proton concentration gradients immobilized in a non-fluid environment such

as a gel.

Some embodiments of the invention relate to proton concentration
topographies in an environment. By proton concentration topography is meant the
distribution of proton concentrations in the environment and as such includes the term
"proton concentration gradient". However, while the term "proton concentration
gradient" evokes a linear, continuous and monotonously changing proton
concentration as a function of location, the term "proton concentration topography"”
has a broader meaning and includes distributions of proton concentrations in one-
dimension (e.g., a line, curve, outline of a geometric figures such as a circle), in two-
dimensions (e.g., a planar surface, a curved surface, a concave surface, a convex
surface) and in three-dimensions. The term "proton concentration topography"
includes topographies where in a given direction through the environment the rate of
change of proton concentration is not continuous and/or not monotonous.

In some embodiment, a proton concentration is mutable and can be changed in

a controlled fashion. Thus, in embodiments a proton concentration topography may
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have a desired arbitrary shape or pattern that, in embodiments, may be changed in a
controllable fashion. In some embodiments, there is provided temporal and spatial
control of proton concentration in an environment to allow generation of a
controllable and adjustable proton concentration topographies, allowing generation of
dynamic and complex proton concentration topographies that can be changed at will.
In some embodiments, the control is with the use of an electronic or digital controller.
In some embodiments of the invention, a proton concentration topography is
produced in a fluid environment, for example a liquid such as an aqueous solution.
This allows implementation of isoelectric focusing and other methods using an ad hoc
proton concentration topography produced in the fluid environment. Further, the use
of a fluid environment in which to perform analyte separation allows for
implementation of methods for preparing pure materials and not just for analysis of
the mixture. An analyte mixture is separated using, for example, isoelectric focusing.
A desired component, e.g. a single protein, is easily isolated from other components
by extraction of the fluid including the component (e.g., with a pipette). This is much
simpler and allows isolation of much greater amounts of material than the currently
required excision of a volume of a gel. Thus, according to an aspect of some
embodiments, of the present invention there is provided a method of isolating a
material (e.g., purifying or concentrating the material) from a mixture of materials
(e.g., a polypeptide such as a protein or peptide from a mixture of polypeptides)
comprising: a) performing isoelectric focusing of a mixture of materials including a
desired material in a fluid environment; and b) subsequent to the isoelectric focusing,
removing the fraction of the fluid environment including the desired material, thereby

isolating the desired material from the mixture of materials.

Proton Concentration Topographies

In some embodiments the invention provides a proton concentration
topography, comprising: a) an environment including an electrolyte, the environment
divided into a plurality of neighboring discrete volumes; b) between any two
neighboring volumes, an interface volume; and c) each volume having a specified
proton concentration.

In some embodiments, the proton concentration topographies of the invention

are discrete and not continuous. In some embodiments, the fact that the proton
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concentration topography is made up of a plurality of neighboring discrete volumes,
each volume having a specified proton concentration means that each volume can be
considered as a "pH-xel" (in analogy to a pixel for two-dimensional images).

In some embodiments, the volumes are arranged in one dimension, for
example constituting a one-dimensional array of volumes, such as a line, curve or
outline of a geometric figure such as a circle.

In some embodiments, the volumes are arranged in two dimensions, for

example constituting a two-dimensional array of volumes, such as a hexagonal array

- where each non-edge volume is surrounded by six equidistant neighboring volumes or

a square array where each non-edge volume is surrounded by four neighboring
volumes arranged as a cross.

In some embodiments, the volumes are arranged in three dimensions,
constituting a three-dimensional array.

In some embodiments, the movement of ions between two neighboring
volumes is inhibited, for example by the interposition of a barrier impermeable to ions
between two volumes. In some such embodiments, the interface volume is occupied
by the barrier. Some such embodiments are exceptionally useful. for proton
concentration topographies used for the display of data where it may be advantageous
to have a sharp differentiation between the volumes (pH-xels).

In some embodiments, the movement of ions between two neighboring
volumes is substantially uninhibited and d) each interface volume has a proton
concentration related to the proton concentrations of the neighboring volumes
defining the interface volume. Some such embodiments are exceptionally useful for
proton concentration topographies used for implementation of isoelectric focusing
where there is a need for analyte molecules to travel through the proton concentration
topography until an isoelectric point is reached.

In some embodiments, in a given direction through the environment, the rate
of change of proton concentration between neighboring volumes is substantially
monotonous, for example is linear according to a molar or a pH scale.

In some embodiments, in a given direction through the environment, the rate
of change of proton concentration between neighboring volumes varies, for example

there are groups of neighboring volumes where the rate of change of proton
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concentration from volume to volume is much greater or much lesser than other
groups, there are discontinuities or there are reversals in the rate of change.

In Figure 1A are schematically depicted various embodiments of proton
concentration topographies.

One dimensional topographies i - vi are all produced in a elongated vessel
divided into ten neighboring discrete volumes where the proton concentration (in pH)
of each volume and each interface volume is depicted with the help of graphs showing
pH as a function of volume number.

In proton concentration topography i, the proton concentration monotonously

increases at a constant (in pH units) at a high rate from a very low proton

* concentration in volume 1 to a very high concentration in volume 10. It is seen that in

each volume, the pH is well-defined while in the interface volumes the proton
concentration is a gradient related to the proton concentrations of the neighboring
volumes defining the interface volume.

In proton concentration topography ii, the proton concentration monotonously
increases at a constant (in pH units) at a low rate from a certain proton concentration
-in volume 1 to a somewhat higher proton concentration in volume 10.

In proton concentration topography iii, the proton concentration monotonously
increases from volume 1 to volume 10 at a varying rate. From volume 1 to volume 4
the rate of increase in proton concentration is very high, while from volume 4 to
volume 10 the rate of increase in proton concentration is relatively low.

In proton concentration topography iv, the proton concentration monotonously
increases from volume 1 to volume 10 at a varying rate. From volume 1 to volume 2
the rate of increase in proton concentration is very high, from volume 3 to volume 8
the rate of increase in proton concentration is relatively low and from volume 8 to 10
the rate of increase in proton concentration is very high.

In proton concentration topography v, the proton concentration monotonously
increases from volume 1 to volume 6 at a constant rate (in units of pH) and then
monotonously decreases from volume 6 to 10 at a constant rate (in units of pH).

In proton concentration topography vi, the movement of ions between two
neighboring volumes is inhibited, for example by the placement of impermeable

barriers between any two volumes. It is seen that in such an embodiment, the interface
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volume is, in fact, occupied by the impermeable barrier and has no significant proton
concentration.

Proton concentration topographies vii and viii depicted in Figure 1B are two-
dimensional proton concentration topographies schematically depicted from above. In
proton topographies vi and vii, interface volumes are depicted in grey. The proton
concentration of each volume is written in units of pH in the center of the volume
while the proton concentration of the interface volumes is defined by the neighboring
volumes defining the interface volume.

Proton concentration topography vil comprises sixteen discrete neighboring
volumes, arranged in a 4 volume by 4 volume square array where each non-edge
volume is surrounded by four neighboring volumes arranged as a cross.

Proton concentration topography vii comprises 25 discrete neighboring

~ volumes, arranged in a hexagonal array where each non-edge volume is surrounded

by six equidistant neighboring volumes.

In some embodiments of the invention, a proton concentration topography is
non-immobilized and is produced in an environment only when desired.

In some embodiments, the proton concentration topography is controllably
mutable. In some embodiments, the proton concentration in at least one volume,
preferably a plurality of volumes may be controllably changed so that the proton
concentration topography is controllably mutable.

In some embodiments, the proton concentration topography is controllably
mutable as a function of time. In some embodiments, the proton concentration in at
least one volume, preferably a plurality of volumes, may be controllably changed as a
function of time so that the proton concentration topography is controllably mutable

as a function of time.

Methods for producing a proton concentration gradient

Any suitable method may be used to produce a proton concentration gradient.
That said, some embodiments provide a method that may be used to produce a proton
concentration gradient.

Some embodiments of the invention provide a method of producing a
specified proton concentration topography in an environment including an electrolyte,

comprising: a) providing a plurality of independently controllable cells, each cell
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configured to produce a specified proton concentration in an associated volume of an
environment including an electrolyte, for example by electrolysis; b) contacﬁng an
environment including an electrolyte with the plurality of cells so as to divide the
environment into a plurality of neighboring discrete volumes, each volume associated
with a respective cell; ¢) specifying a desired proton concentration topography; and d)
activating each cell of the plurality of cells, so as to produce a specified proton

concentration in each volume associated with a cell of the environment, wherein the

-specified proton concentrations generated in each volume collectively constitute the

specified proton concentration topography.

In some embodiments, e) subsequent to d, a desired proton concentration
topography that is different than a previously defined proton concentration
topography is specified; and f) where necessary, a cell of the plurality of cells is
activated, to produce a different proton concentration in the associated volume of the
environment, thereby changing the proton concentration topography to be the newly
specified proton concentration topography.

| In some embodiments, the method further comprises changing (stepwise or
continuously) a proton concentration in at least one associated volume as a function of
‘time, thereby changing the proton concentration topography as a function of time.

In some embodiments, the volumes are arranged in one dimension, for
example constituting a one-dimensional array of volumes, such as a line, curve or
outline of a geometric figure such as a circle.

In some embodiments, the volumes are arranged in two dimensions, for
-example constituting a two-dimensional array of volumes, such as a hexagonal array
where each non-edge volume is surrounded by six equidistant neighboring volumes or
a square array where each non-edge volume is surrounded by four neighboring
volumes arranged as a cross.

In some embodiments, the volumes are arranged in three dimensions,
constituting a three-dimensional array.

In some embodiments, the movement of ions between two the neighboring
volumes is inhibited, for example by the interposition of physical barriers, e.g., sheets
of impermeable material such as polyethylene or glass or other barriers impermeable

to ions between two volumes. Some such embodiments are exceptionally useful when
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the method is used for the display of data where it may be advantageous to have a
clear differentiation between the volumes.

In some embodiments, the movement of ions between two neighboring
volumes is substantially uninhibited, for example the environment is a substantially
homogenous (in the absence of different proton concentrations), for example a
solution or a gel devoid of an immobilized proton concentration gradient. Some such
embodiments are exceptionally useful when the method is used for implementation of
isoelectric focusing where there is a need for analyte molecules to travel through the

produced proton concentration topography until an isoelectric point is reached.

Devices for producing a proton concentration gradient

Any suitable device may be used to implement the method for producing a
proton concentration gradient of the invention. That said, some embodiments of the
invention provide a device that may be used to implement a method for producing a
proton concentration gradient.

Some embodiments of the invention provide a device for the production of a
proton - concentration topography in an environment including an electrolyte,
comprising: a) a plurality of independently controllable cells, each cell configured to
produce a specified proton concentration in an associated volume of an environment
including an electrolyte, for example by electrolysis of a component of the
environment, substantially independently of the other cells; and b) a container
functionally associated with the plurality of cells, the container configured to contain
an environment including an electrolyte and configured to allow production of the
specified proton concentration by the cell in a volume of the environment contained in
the container, associated with the cell. In some embodiments, a plurality of cells is at
least 2 cells, in some embodiments at least 5 cells, in some embodiments at least 10
cells, and in some embodiments at least 12 cells.

As noted above, in some embodiments, each volume associated with a cell
may be considered as an independently controllable "pH-xel", where a respective cell
may be used to produce a specified proton concentration in the associated volume.
Such configuration of a device allows a desired proton concentration topography to be
produced by the device, including a topography having arbitrary features, by changing

the proton concentration in one or more of the associated volumes.
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In some embodiments, the device further comprises an environment including
an electroiyte contained within the container.

In some embodiments, the device is configured to allow substantially
uninhibited movement of ions between two neighboring volumes. Some such
embodiments are exceptionally useful when the device is used for implementation of
isoelectric focusing where there is a need for analyte molecules to travel through the
produced proton concentration topography until an isoelectric point is réached.

In some embodiments, the container has dimensions substantially larger than
the dimensions of the volumes associated with the cells. In some such embodiments, a
single large container is functionally associated with a plurality of cells, and the
volumes of environment associated with the cells are physically continuous and
defined by the proton concentration produced therein by an associated cell.

In some embodiments, the plurality of cells is arranged so that an environment
held in the container is physically divided into a plurality of discrete neighboring
volumes, each such volume being a volume associated with a cell, as described above.
In such embodiments, the container may be considered a collection of subcontainers,
each such subcontainer associated with a respective cell and in some embodiments at
least partially defining the associated volume in which the respective cell produces a
specified proton concentration. In some such embodiments, a subcontainer has
dimensions of the order of a cell.

In some embodiments, the device further comprises barriers located between
neighboring volumes and at least partially defining subcontainers, the barriers
configured to inhibit the movement of ions between two neighboring volumes. Some
such embodiments are exceptionally useful when the device is used for the display of
data where it may be advantageous to have a sharp differentiation between the
volumes. In such devices, neighboring volumes are generally close together and the
barrier to ion movement is generally thin in relation to the size of the cells, for
example, being less than 30%, less than 20% or even less than 10% of the distance
between the centers of the two volumes which the barrier separates.

In some embodiments, the cells are arranged so that the associated volumes
are arranged in one dimension, for example constituting a one-dimensional array of

volumes, such as a line, curve or outline of a geometric figure such as a circle.
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In some embodiments, the cells are arranged so that the associated volumes

are arranged in two dimensions, for example constituting a two-dimensional array of

- volumes, such as a hexagonal array where each non-edge volume is surrounded by six

equidistant neighboring volumes or a square array where each non-edge volume is
surrounded by four neighboring volumes arranged as a cross.

‘In some embodiments, the cells are arranged so that the associated volumes
are arranged in three dimensions, constituting a three-dimensional array.

In some embodiments, each cell is configured to change the specified proton

concentration in the associated volume, in some embodiments substantially

‘independently of the other cells. In some such embodiments, such configuration

allows a desired proton concentration topography to be produced, for example a
topography having arbitrary features, by changing the proton concentration in one or
more of the associated volumes.

In some embodiments, each cell is configured to change the specified proton
concentration in the associated volume as a function of time, in some embodiments
substantially independently of other the cells. In some such embodiments, such
configuration allows a produced proton concentration topography to be temporally
variable.

In some embodiments, a device is configured to allow passage of an
individually controllable electrical current through each of the cells when an
environment including an electrolyte fills the container. In some such embodiments,
such configuration allows a specified proton concentration topography to be
produced.

In some embodiments, a device further comprises a controller configured to
allow independent variation of the magnitude of an electrical current passing through
each of the cells. In some embodiments, the controller is configured to vary the
electrical input as a function of time, allowing the proton concentration topography to
be changed as a function of time.

In some embodiments, the device further comprises a proton concentration
sensor functionally associated with each of the cells, the proton concentration sensor
configured to determine the value of a proton concentration in the volume associated
with a cell and to report the determined value to a controller; and the controller is

configured to change a magnitude of an electrical current passing through a cell in
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response to the reported value. In some embodiments, the device comprises a proton
concentration sensor is used as a component of a feedback circuit to provide better
control of a cell.

In some embodiments, the device further comprises a controller input
component functionally associated with the controller, configured to allow a user to
input a desired value for each of the cells, the desired value influencing the magnitude
of an electrical current passing through the cell.

A number of embodiments of devices for producing a proton concentration
gradient are depicted in Figure 1C.

Device 10 comprises ten independently controllable cells 12 arranged in a line
to constitute a linear area, each cell 12 configured to produce a specified proton
concentration in an associated volume of an environment including an electrolyte held
in container 14. The volumes associated with each cell 12 are the volume of
environment held in container 14 proximal to that cell 12. As there are no barriers or
other impediments between the associated volumes, device 10 is configured to allow
substantially uninhibited movement of ions between neighboring volumes.

Device 10 comprises a controller 16 that is functionally associated with each
of cellé 12 and is used to control the proton concentration produced in the associated
volume of each cell 12 by controlling the magnitude of an electric current passing
through each cell 12. Controller 16 includes a controller input component allowing a
user to input a desired proton concentration produced in an associated volume by each
cell in order to specify a desired proton concentration topography. Device 10 may be
used to produce many different proton concentration topographies, including proton
topographies i, ii, iii, iv and v depicted in Figure 1A.

Device 18 depicted in Figure 1C is similar to device 10. However, container
14 is divided into ten subcontainers 14' by impermeable barriers 20.

In embodiments where container 14 is filled with a fluid environment
including an electrolyte so that the level of fluid is lower than the height of barriers
20, the environment held in container 14 is divided into a plurality of physically
discrete neighboring volumes where ion movement between neighboring volumes is
inhibited. In such embodiments, each volume associated with a cell 12 is physically

defined by a subcontainer 14'. In such embodiments, device 18 may be used to
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produce many different proton concentration topographies, including proton
concentration topography vi depicted in Figure 1A.

In some embodiments, container 14 is filled with a fluid environment
including an electrolyte so that the level of fluid is higher than the height of barriers
20. In such embodiments, each volume associated with a cell 12 is only partially
physically. defined by a subcontainer 14'. In such embodiments, device 18 may be
used to produce many different proton concentration topographies, including proton
topographies i, ii, iii, iv and v depicted in Figure 1A.

Device 22 depicted in Figure 1C comprises sixteen independently controllable
cells 12 arranged in a four cell by four cell square array, each cell 12 configured to
produce a specified proton concentration in an associated volume of an environment
including an electrolyte held in container 14. The volumes associated With each cell
12 are the volume of environment held in container 14 proximal to that cell 12. As
there are no barriers or other impediments between the volumes, device 10 is
configured to allow substantially uninhibited movement of ions between neighboring
volumes. Device 22 may be used to produce many different proton concentration

topographies, including proton concentration topography vii depicted in Figure 1B.

Method for producing a specified proton concentration in an environment

Implementation of embodiments of the invention for producing a proton
concentration topography as described above are contingent on producing a specified
proton concentration in an environment, for example in a volume of an environment
associated with a cell as described above.

Any suitable method for producing a specified proton concentration in an
environment may be used. That said, some embodiments of the invention provide a
method for producing a specified proton concentration in an environment including an
electrolyte, comprising: a) providing an environment including an electrolyte; b)
contacting a working electrode and a counter electrode with the environment so that: a
first side of the working electrode faces the counter electrode to define a electrolysis
volume of the environment between the working electrode and the counter electrode,
and a second side of the working electrode faces a second volume of the environment;
c) specifying a desired proton concentration; d) passing a current between the working

electrode and the counter electrode so as to electrolyze components of the



10

15

20

25

30

WO 2009/027970 PCT/IL2008/001159

21

environment to generate electrolysis products in the electrolysis volume; and e)
transferring at least some electrolysis products to the second volume, thereby
producing a proton concentration in the second volume of the environment, wherein
the current is such that the proton concentration produced in the second volume is the
specified proton concentration.

In some embodiments, the working electrode is permeable to the passage of
the electrolysis products therethrough (e.g., is made of mesh) and the transferring of

electrolysis products includes .allowing the electrolysis products generated in the

_electrolysis volume to pass through'the working electrode into the second volume,

thereby producing the proton concentration in the second volume.

In some embodiments, the working electrode is an anode and the counter
electrode is a cathode.

In some embodiments, the working electrode is a cathode and the counter
electrode is an anode.

In some embodiments the method further comprises: f) monitoring
(continuously or periodically) the proton concentration produced in the second
volume of the environment; and g).if necessary, adjusting the current passing between
the working electrode and the counter electrode so as to maintain the proton
concentration produced in the second volume as the specified proton concentration.

In some embodiments, the method further comprises: subsequent to d,
specifying a desired proton concentration different than a previously specified proton
concentration; and passing a current between the working electrode and the counter
electrode, thereby producing a proton concentration in the second volume of the
environment, wherein the current is such that the proton concentration produced in the
second volume is the different specified proton concentration.

In some embodiments, the method further comprises: changing (stepwise or
continuously) the current as a function time, thereby changing the proton

concentration produced in the second volume as a function of time.

Device for producing a specified proton concentration in an environment

Any suitable device for producing a specified proton concentration in an

environment may be used in implementing the teachings of the invention.
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That said, some embodiments provide a device that may be used to implement
a method for producing a specified proton concentration in an environment including
an electrolyte, comprising: a) a working electrode; and b) a counter electrode, the
working electrode and the counter electrode arranged so that: a first side of the
working electrode faces the counter electrode to define a electrolysis volume between
the working electrode and the counter electrode, and a second side of the working
electrode faces a second volume of a container, the container configured to contain an
environment including an electrolyte, wherein.the “electrolysis volume is in fluid
communication with the second volume of the container.

In some embodiments, the working electrode is permeable to the passage of
electrolysis products therethrough (e.g., is made of mesh) to allow electrolysis
products generated in the electrolysis volume to pass through the working electrode
into the second volume.

In some embodiments, the device further comprises an environment including
an electrolyte contained within the container, filling the electrolysis volume and
contacting the working electrode and the counter electrode.

In some embodiments, the container has dimensions of the order of the counter
electrode and of the second volume, and the container is at least partially physically
defined by a barrier impermeable to the passage of ions.

In some embodiments, the container has dimensions substantially larger than
the dimensions of the second volume.

In some embodiments, the device is configured to allow establishment of an
electrical circuit between the working electrode and the counter electrode when an
environment including an electrolyte fills the container and the electrolysis volume.

In some embodiments, the device further comprises a controller configured to
allow variation of the magnitude of an electrical current passing through an
established electrical circuit.

In some embodiments, the device further comprises a proton concentration
sensor functionally associated with the cell and with the controller, the proton
concentration sensor configured to determine the value of a proton concentration in
the second volume and to report the value of the proton concentration to the
controller; and the controller is further configured to change a magnitude of an

electrical current passing through an established electrical circuit in response to the
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reported value. In some embodiments, comprises a proton concentration sensor is
used as a component of a feedback circuit to provide better control of a cell.

In some embodiments, the device further comprises a controller input
component functionally associated with the controller, configured to allow a user to
input a desired value that influences the magnitude of an electrical current passing
through an established electrical circuit.

In some embodiments, the controller is configured to vary the electrical
current passing through an established electrical circuit as a function of time, allowing
a proton concentration generated in the second volume to be changed as a function of
time.

In Figure 2A, a device for producing a specified proton concentration in an
environment, cell 12 is schematically depicted in side cross-section. Cell 12 comprises
a counter electrode 24, a working electrode 26 (a mesh permeable to the passage of
ions), an electrolysis volume 28 (the volume between working electrode 26 and
counter electrode 24), a second volume 30 on the opposite side of working electrode
26 and a proton concentration sensor 32 in second volume 30, all contained within the
volume defined by container 14. Electrodes 24 and 26 are functionally associated with
controller 16, which is configured to control the magnitude of a current passing
between electrodes 24 and 26 when an environment including an electrolyte is
contained within container 14 and in contact with electrodes 24 and 26.

For use, an environment including an electrolyte is added to container 14
filling electrolysis volume 28 and second volume 30 and establishing an electrical
circuit including electrodes 24 and 26. Controller 16 passes an electrical current
through the established circuit between electrodes 24 and 26. Electrolysis occurs in
electrolysis volume 28, electrolyzing water to generatw electrolysis products such as
protons and hydroxyl anions. The protons migrate to the cathode while the hydroxyl
anions migrate to the anode, changing the proton concentration in the vicinity of the
electrodes.

Ions in the vicinity of working electrode 26 pass through working electrode
into second volume 30, changing the proton concentration in second volume 30 to be
substantially equal to that near working electrode 26.

Proton concentration sensor 32 determines the value of a proton concentration

in second volume 30 and reports the value of the proton concentration to controller 16
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which then, if necessary, changes the magnitude of the electrical current in response
to the reported value in order to produce a desired proton concentration in second
volume 30, as input to controller 16 by a user through the controller input component
of controller 16.

In Figure 2B is shown a graph qualitatively depicting the concentration of
protons and hydroxyl anions in device 22 of Figure 2A when activated so that
working electrode 26 is an anode and counter electrode 24 is a cathode. It is seen that
the proton concentration monotonously decreases through electrolysis volume 28
from a maximum near counter electrode 24. In the proximity of working electrode 26
as well as in second volume 30 there is a high concentration of hydroxyl anions and
consequently a low concentration of protons. It is seen that the concentration of
hydroxyl anions in all of second volume 30 is the same and substantially the same as

the concentration near working electrode 26.

Methods and devices for Isoelectric Focusing

As discussed above, isoelectric focusing is based on providing a suitable
proton concentration topography, for example, a topography where the concentration
of protons changes monotonously in a given direction, and application of a potential
difference parallel to the direction. In the art, isoelectric focusing is performed in
proton concentration gradients immobilized in gels.

The teachings of the invention may be applied to perform isoelectric focusing,
where the proton concentration topography is not-immobilized.

Some embodiments of the invention provide a method of analyzing an analyte
using isoelectric focusing, comprising: a) placing an analyte suitable for analysis by
isoelectric focusing in an environment including an electrolyte; b) producing a non-
immobilized proton concentration topography in the environment; ¢) applying an
electric - potential difference to the environment; and d) observing locations of
components of the analyte in the environment in relation to the proton concentration
topography and the electric potential difference, thereby analyzing the analyte using
isoelectric focusing.

Observing the locations of the components is by any suitable method and

generally depends on the nature of the analytes. For example, in some embodiments,
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fluorescent analytes (e.g., proteins) are observed with the help of a fluorescence
detector.

In some embodiments, the environment is a fluid. This is in contrast to known
methods of isoelectric focusing where the environment in which the proton
concentration topography needed for isoelectric focusing is a gel. The use of a fluid

allows for quicker isoelectric focusing as the components of the analytes migrate to

the isoelectric point more quickly, is cheaper as no expensive and sensitive gels need

to be manipulated, and allows high-throughput analysis as a single device may be
used to serially analyze analytes automatically: after analysis of an analyte is
completed, the fluid is drained, the device washed and fresh fluid introduced.

In some embodiments, the proton concentration topography is mutable. In
some embodiments, the method further comprises: ¢) subsequent to d, changing the
mutable proton concentration topography to a second non-immobilized proton
concentration topography; and f) observing the location of components of the analyte
in the environment in relation to the second proton concentration topography and the
electric potential. Such embodiments allow performance of multiple analyses of the
same sample. For example, a first proton concentration topography covering a broad
range of proton concentrations is used to provide a rough indication of the isoelectric
points of the components of the analyte (i.e., at "low resolution"). Subsequent proton
concentration topographies are produced, each such topography including a limited
range of proton concentrations spanning the proton concentrations necessary to
determine the isoelectric point of a specific component of the analyte (i.e., at "high
resolution”). In such a way, the isoelectric point of each component of an analyte may
be determined with great accuracy.

In some embodiments, the method further comprises: subsequent to d, while
observing, intermittently or continuously, locations of components of the analyte in
the environment, changing the proton concentration topography as a function of time.
Such embodiments are useful for "scanning" an unknown analyte to determine a
limited range of isoelectric points before performing a more exacting analysis.

In some embodiments, devices for isoelectric focusing according to the
invention are devices for producing a proton concentration topography, for example
such as described above, but provided with an anode and a cathode for applying the

isoelectric focusing field. When necessary, ion concentrations and the like may be
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determined using commercially available components, for example based on ion
sensitive field-effect transistors technology.

As noted above, some embodiments of the invention are directed to methods
and devices for generating a proton concentration topography for use in isoelectric
focusing and related analyte separation methods.

An embodiment of a device configured producing a proton concentration
topography and useful for isoelectric focusing in accordance with the teachings of the
invention, device 36, is depicted in Figures 3A (perspective), 3B (side view) and 3C
(top view).

Casing 34, substantially a non-conductive rectangular box of transparent
polycarbonate with an open top, about 5 cm long, 0.5 cm wide, 0.5 cm deep contains
other components of device 36. The volume defined by casing 34 is considered to be a
c_ontainer 14.

On one side of casing 34 is found a substantially standard electrophoresis
assembly comprising an isoelectric focusing anode 38, an isoelectric focusing cathode
40 and an electrophoresis gel 42 (e.g., neutral uncharged polyacrylamide hydrogel
available from Bio-Rad Haifa, Ltd., Haifa, Israel). By functionally associating anode
38 and cathode 40 with a standard electrophoresis power source, electrophoresis may
be performed in the usual way in gel 42.

One face of gel 42 contacts a wall of casing 34. Contacting the opposing face
of gel 42 is a membrane 44 (e.g., a hydrophilic polyvinylidene fluoride (PVDF)
membrane with 5 micrometer pores available, for example, as Durapore
(SVLP04700) from Millipore, Inc. Billerica, MA, USA) that physically supports gel
42 and allows substantially free passage of ions and water molecules between gel 42
and the rest of the volume of container 14.

Container 14 contains components of an array of a plurality (ten)
independently controllable cells, similar to cell 12 depicted in Figure 2A. Each cell of
the array of cells is configured to produce a specified proton concentration in an
associated volume of gel 42. Taken collectively, cells of the array of cells are
configured for producing a one-dimensional (linear) proton concentration topography
in gel 42 in accordance with aspects of the invention.

The array of cells includes a single counter electrode 24 (platinum sheet)

opposing ten individually controllable working electrodes 26a-26j (platinum mesh,
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made of 0.1 mm thick wires with 0.1 mm gaps), each working electrode 26 separated
from neighboring working electrodes 26 by an electrode separator 46a - 46i (0.1 mm
glass walls). Working electrodes 26a-26j are placed about 0.5 mm from membrane
44 and about 2 mm from counter electrode 24 by.

The volume defined between working electrodes 26 and counter electrode 24
is an electrolysis volume 28.

The volume defined by a working electrode 26, one or two bordering electrode
separators 46 and membrane 44 is a proton reservoir volume 48a - 48j, on the bottom
of which is embedded a proton concentration sensor 32a-32j (e.g., Orion 9863BN,
Thermo Fisher Scientific Inc., Waltham, MA, USA) and a magnetic stirrer 50a - 50j.

" For use, electrolysis volume 28 and proton reservoir volumes 48a-48j are
filled with an electrolyte solution (e.g., 0.1 M Na;SOj in water).

Isoelectric focusing anode 38, isoelectric focusing cathode 40, counter
electrode 24, working electrodes 26, proton concentration sensors 32 and stirrers 50
are all functionally associated with a controller 16 (e.g., an appropriately configured
microprocessor or digital computer with necessary peripheral accessories).

- Stirrers 50 and proton concentration sensors 32 are activated.

Controller 16 acﬁvates each cell so that a selected current, typically between 0
and about ImA cm™ (depending on the desired proton concentration) is independently
established between counter electrode 24 and each working electrode 26a—26j so that

a voltage of between 0 and about 5V exists between counter electrode 24 and each

-working electrode 26a-26j.

As the system stabilizes, a proton concentration gradient (substantially as
depicted in Figure 2B) is generated in the environment including an electrolyte held in
electrolysis volume 28 between counter electrode 24 and each working electrodes 26a
- 26j. As discussed with reference to Figure 2B, in each proton reservoir volume 48a-
48j, a single stable and uniform proton concentration is maintained due to the small
volume of a proton reservoir volume 48 as well as due to the action of stirrers 50. The
proton concentration in each proton reservoir volume 48 influences the proton
concentration in gel 42 through membrane 44 so that the proton concentration in a
given proton reservoir volume 48 is the same in a volume of gel 42 immediately

adjacent to that proton reservoir volume 48.
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With reference to proton concentration sensors 32, the current passing between
counter electrode 24 and each working electrode 26a-26j is changed until a desired
proton concentration (as specified by controller 16) is produced and detected in an
associated proton reservoir volume 48. As the current passing between counter
electrode 24 and each working electrode 26a-26j is independently controllable, the
proton concentration in each proton reservoir volume 48 and consequently in the
adjacent volume of gel 42 is separately controllable. In such a way, a desired specified
proton concentration topography is produced in gel 42, where each cell produces a
specified proton concentration in a volume of gel 42 associated with that cell.

A mixture of one or more analytes for separation by isolectric focusing is
loaded onto gel 42 and a potential (e.g., 700 V) is supplied between isoelectric
focusing anode 38 and isoelectric focusing cathode 40. The proton concentration
topography inside gel 42 causes separation of the individual analytes in the mixture
according to the isoelectric points. The locations of the individual analytes are
observed and analyzed in the usual way. Once the mixture of analytes has been
separated and analyzed at a first proton concentration topography, the potential on
working electrodes 26 is optionally changed to generate a different proton
concentration topography in order to have a different isoelectric separation which is
also observed and analyzed in the usual way.

For example, in an embodiments a first proton concentration topography is
specified to have a proton concentration having pH 5.0 in the volume of gel 42
associated with working electrode 26a, the proton concentration decreasing
monotonously and linearly to a proton concentration having a pH 8.0 in the volume of
gel 42 associated with working electrode 26j, while a second proton concentration
topography is specified to have a proton concentration having pH 5.2 in the volume of
gel 42 associated with working electrode 26a, the proton concentration decreasing
monotonously and linearly to a proton concentration having a pH 5.9 in the volume of
gel 42 associated with working electrode 26;.

For example, in an embodiments a first proton concentration topography is
specified to have a proton concentration having pH 5.0 in the volume of gel 42
associated with working electrode 26a, the proton concentration decreasing
monotonously and linearly to a proton concentration having a pH 6.0 in the volume of

gel 42 associated with working electrode 26j, while a second proton concentration
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topography is specified to have a proton concentration having pH 5.8 in the volume of
gel 42 associated with working electrode 26a, the proton concentration decreasing
monotonously and linearly to a proton concentration having a pH 7.0 in the volume of
gel 42 associated with working electrode 26j.

In the specific examples described hereinabove, in the direction through gel 42
from proximity with working electrode 26a to proximity with working electrode 26j,
the proton concentration monotonously decreases. As is clear to one skilled in the art,
the change in proton concentration in a direction through gel 42 may be substantially
any desired function, monotonous or not.

An additional embodiment of a device configured for producing a proton
concentration topography and useful for isoelectric focusing in accordance with the
teachings of the invention, a device 52, is depicted in Figures 4A (perspective view),
4B (side view) and 4C (top view).

Device 52 substantially resembles device 36 but includes a number of notable
differences. One difference is that there is not one counter electrode 24 that functions
opposite a plurality of working electrodes 26a-26j but rather a plurality of
independent counter electrodes 24a-24j, each functionally associated with a
respective working electrode 26a-26j. An additional difference is that electrode
separators 46a-46i separate neighboring counter clectrodes 24a-24j as well as
neighboring working electrodes 26a-26j, thereby defining a plurality of physically
discrete electrolysis volumes 28a-28j. Additionally, proton concentration sensors 32
are embedded inside a gel 42 on a wall of a casing 34 opposite a respective counter
electrode 24 so as to measure the actual proton concentration of a volume associated
with a working electrode 26 inside gel 42. Further, device 52 is substantially devoid
of proton reservoir volumes 48. Rather, the distance between working electrodes 26
and a membrane 44 is very small, approximately only 0.1 mm.

An additional embodiment of a device configured for producing a proton
concentration topography and useful for isoelectric focusing in accordance with the
teachings of the invention, a device 54, is depicted in Figures SA (perspective view),
5B (side view) and 5C (top view).

Device 54 substantially resembles devices 36 and 52 but includes a number of
notable differences, including that device 54 is configured so that proton

concentration sensors 32 are isolated from the influence of the electric field generated
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by isoelectric focusing anode 38 and cathode 40. Each proton reservoir volume 48 is
divided into two parts, as seen in Figure 5B, a first part 48' (in Figure 5B, 48a' is
depicted) and a second part 48" (in Figure 5B, 48a" is depicted).

A first part of a proton reservoir volume 48, such as 48a’, is defined by a
working electrode 26, one or two bordering electrode separators 46 and membrane 44
so that protons and water molecules can pass substantially uninhibited between first
part 48' and gel 42.

A second part of a proton reservoir volume 48, such as 48a", is defined by a
working electrode 26 and one or two bordering electrode separators 46. Second part
48" is separated from first part 48' and from gel 42 by an insulating partition 56, for
example of polycarbonate, so that movement of protons between second part 48" and
gel 42 is inhibited. Proton concentration sensors 32 (in Figure 5B, 32a is depicted) are
contained within second part 48" of a volume 48. In such a way, proton concentration
sensors 32 are isolated from the electric field between isoelectric focusing anode 38
and cathode 40.

 An additional embodiment of a device configured for producing a proton
concentration topography and useful for isoelectric focusing in accordance with the
teachings of the invention, device 58, is depicted in Figures 6A (perspective view) and
6B (side view).

Device S8 substantially resembles devices 36, 52 and 54 but includes a
number of notable differences. Like in device 36, device 58 includes proton reservoir
volume 48a - 48], defined by a working electrode 26, one or two bordering electrode
separators 46 and a proton-permeable membrane 44a intimately associated with gel
42. Like in device 54, proton concentration sensors 32 are positioned on a wall of a
casing 34 opposite a counter electrode 24, separated from direct contact with a gel 42 .
by a proton-permeable membrane 44b. However, unlike in device 54, in device 58
proton concentration sensors 32 are not embedded in gel 42 but rather contact a
surface thereof.

An additional embodiment of a device configured for producing a proton
concentration topography and useful for isoelectric focusing in accordance with the
teachings of the invention, device 66, is depicted in Figures 9A (perspective view) and
9B (top detailed view). Device 66 substantially resembles devices 36, 52, 54 and 58

but includes a number of notable differences.
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Device 66 includes an array of five independently controllable cells 12a-12e
substantially similar to cell 12 depicted in Figure 2A. Each cell of the array of cells is
configured to produce a specified proton concentration in an associated volume of an
environment including an electrolyte held in proton concentration topography channel
72. Taken collectively, cells 12 of the array of cells are configured for producing a
one-dimensional (linear) proton concentration topography in channel 72.

Device 66 is provided with a large anode bath 68 in which isoelectric focusing
anode 38 is immersed and a large cathode bath 70 in which isoelectric focusing
cathode 40 is immersed.

In device 66, components of each cell 12 are isolated from proton
concentration topography channel 72 in separate volumes of container 14 to protect
the components from damage from the electric field generated between anode 38 and
cathode 40. Counter electrode 24 and working electrode 26 are isolated in a volume _
(which also includes an electrolysis volume 28 and a proton reservoir volume 48), the
volume in fluid communication with proton concentration topography channel 72
through a narrow conduit that constitutes a portion of a respective proton reservoir
volume 48. The volume of an environment including an electrolyte that is found in.
proton concentration topography channel 72 in proximity to the opening of each
conduit together with proton reservoir volume 48 comprises the volume associated
with each cell 12 in which a specified proton concentration is produced. In proton
concentration topography channel 72, between any two such volumes are found
interface volumes having a proton concentration (and in some cases, a proton
concentration gradicnt) related to the proton concentrations of the two neighboring
volumes defining the interface volume.

Each proton concentration sensor 32 is isolated in a respective proton
concentration sensor volume 74 from proton concentration topography channel 72 in
fluid communication with proton concentration topography channel 72 through a
narrow conduit. In some embodiments (not depicted) pumps (e.g., peristaltic pumps)
or other suitable device provide fluid communication between a proton concentration
sensor volume 74 and a respective proton reservoir volume 48 to ensure that the
proper proton concentration is measured.

In devices 36, 52, 5S4 and 58, the environment including an electrolyte in

which a specified proton concentration topography is produced comprises the
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electrolyte solution and gel 42. In devices 66, the environment including an
electrolyte in which a specified proton concentration topography is produced '
comprises the electrolyte solution held in proton concentration topography channel
72.

In devices 36, 52, 54, 58 and 66, the container configured to contain the
environment including the electrolyte comprises container 14, including the portion in
which a gel 42 is held or the proton concentration topography channel 72 of device
66.

In devices 36, 52, 54 and ‘58, the individual independently controliable cells
configured to produce a specified proton concentration in an associated volume of an
environment including an electrolyte comprise counter clectrode 24, electrolysis
volume 28, a working electrode 26, a proton concentration sensor 32 and for devices
36, 54, 58 and 66, a proton reservoir volume 48.

In device 36, the electrolysis volumes of each cell are not physically separated
and there is a single counter electrode 24 for all working electrodes 26a-26j.

However, in embodiments where a potential is applied between an isoelectric

. focusing anode 38 and an isoelectric focusing cathode 40, it is often advantageous that

each working electrode 26 is provided with a dedicated counter electrode 24 to reduce
interference between neighboring cells. Consequently, in devices 36, 52, 54, S8 and
66, each cell includes an electrolysis volume 28 between a working electrode 26 and a
respective counter electrode 24.

In devices 36, 54 and 58, the volume of environment associated with a cell in
which a specified proton concentration is produced includes a proton reservoir volume
48 as well as the volumes of membrane(s) 44 and gel 42 located proximally to a
respective proton reservoir volume 48. In devices 52, the volume of environment
associated with a cell in which a specified proton concentration is produced includes a
the volumes of membrane 44 and gel 42 located proximally to a respective working
electrode 26. ‘

In devices 36, 52, 54, S8 and 66, proton concentration sensors 32 measure
proton concentrations produced by a cell (e.g., 12) and report the measured
concentration to controller 16. This allows monitoring of the actually produced proton

concentrations and, if necessary, adjustment of the current passing between a working
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electrode 26 and a counter electrode 24 to maintain the actually produced proton
concentration as a specified proton concentration.

As described above, when a device 36, 52, 54, 58 and 66 is operating to
produce a proton concentration topography, gel 42 or environment held in channel 72
is divided into a plurality of discrete volumes characterized by a specified proton
concentration, each volume associated with and in proximity to a specific working
electrode 26 and in the case of devices 36, 54, 58 and 66 a respective proton reservoir
volume 48. In gel 42 and in channel 72, between any two such associated volumes
(and close to electrode separators 46) are interface volumes having a proton
concentration (and in some cases, a proton concentration gradient) related to the
proton concentrations of the two neighboring volumes defining the interface volume.

In some embodiments, a device of the invention such as device 36, 52, 54, 58
or 66 is configured so that a produced proton concentration topography in a gel 42 or
proton concentration topography channel 72 is mutable and a proton concentration
topography may be changed as desired and/or varied with time.

In some such embodiments, a controller 16 is provided with a user interface
that allows a user to provide instructions specifying a desired proton concentration
produced by each cell or to specify a desired proton concentration topography, as
needed. Upon receipt of user instructions, controller 16 changes (or maintains) the
current passing between one or more counter electrodes 24 and respective working
electrodes 26 so as to produce the desired proton concentration topography.

In some such embodiments, controller 16 is provided with a timer and
instructions as how to change a produced proton concentration topography as a
function of time. With feference to the timer, controller 16 changes (or maintains) the
current passing between one or more counter electrodes 24 and respective working
electrodes 26 in accordance with the instructions so as to change the produced proton
concentration topography as a function of time. The change in current may be such
that the change in proton concentration produced by a cell changes in a step-wise
fashion (that is to say, is allowed to stabilize at a certain value and is maintained at
that value for some time) or continuously.

In some embodiments, such as device 36, each proton reservoir volume 48 is

provided with a dedicated stirrer 50. In some embodiments, a proton reservoir volume
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is devoid of an actual stirrer and a uniform proton concentration is achieved by
diffusion of protons inside the proton reservoir volume.

In some embodiments operation of a device such as a device 36, 52, 54, 58 or
66 may lead to the generation of heat, especially when a current passes between
isoelectric focusing anode 38 and isoelectric focusing cathode 40. In some such
embodiments, a device is provided with a cooling system, for instance. comprising
components to cool the environment including an electrolyte. In a typical example, a
device such as device 66 depicted in Figures 9 is provided with cooling elements in
the walls of anode bath 68 and cathode bath 70.

In the embodiments discussed above, isoelectric focusing is performed in a
portion of the environment that is gel 42 or in channel 72 in which a proton
concentration topography is produced that is non-immobilized and is mutable. Some
advantages include the ability to use cheaper gels with greater reproducibility and the
possibility, discussed herein, to analyze the same sample of analyte using a number of
different proton concentration topographies.

An embodiment demonstrating the utility of a mutable proton concentration

~ gradient when performing isoelectric focusing is discussed with reference to Figures

. 10A-10F. In the embodiment, it is desired to resolve two proteins of interest having a

similar electrophoretic mobilities but different isoelectric points (e.g., at pH 5.5 and at
pH 6.5), the two proteins in a mixture together with three other proteins having
different electrophoretic mobilities and unknown isoelectric points. Each of Figures
10A-10F schematically depicts the location of the five proteins of the mixture (each
depicted as a horizontal strip) in gel 42, a standard electrophoresis / isoelectric
focusing gel, in which a proton concentration topography is produced and across
which an electrical field is applied between isoelectric focusing anode 38 and
isoelectric focusing cathode 40. A characteristic of the embodiment is that
electrophoretic separation and isoelectric resolution are performed on parallel axes,
and not perpendicular axes as known in the art.

A uniform proton concentration (pH 7) is produced throughout gel 42 and the
mixture of proteins is loaded onto gel 42 in the usual way. A potential is applied
between anode 38 and cathode 40.

In Figure 10A, the individual proteins move at different rates move as a result

of electrophoresis.
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In Figure 10B, the individual prdteins have reached the maximal
electrophoretic resolution with the "fastest” protein proximal to anode 38. It is seen
that the two proteins of interest are close together.

In Figure 10C, a complex proton concentration topography is produced to
further resolve the proteins of interest. In a central region 76, the volume of gel 42 in
which the two proteins of interest are found, the proton concentration monotonously
decreases from pH 2 (on the side of anode 38) to pH 10 (on the side of cathode 40).
From the end of central region 76 having pH 2 towards cathode 40, a cathode region
78 (a volume of gel 42 which includes two "unwanted” proteins) the proton
concentration decreases monotonously from pH 2 to pH 10 proximal to cathode 40.
From the end of central region 76 having pH 10 towards anode 38, an anode region 80
(a volume of gel 42 which includes an "unwanted" protein) the proton concentration
increases monotonously from pH 10 to pH 2 proximal to anode 38.

In Figure 10D, the three "unwanted" proteins in cathode region 78 and anode
region 80 move each to a respective isoelectric point near the edges of gel 42 while
the two proteins of interest in central region 76 are increasingly spatially resolved due
to isolectric focusing resulting from the proton concentration topography described:
with reference to Figure 10C and the potential applied between anode 38 and cathode
40.

In Figures 10E, central region 76 is lengthened, increasing the spatial
resolution of the two proteins of interest. Cathode region 78 and Anode region 80 are
made smaller, forcing the three "unwanted" proteins closer together,

In Figure 10F, the two proteins of interest in central region 76 are spatially
well-resolved.

Thus, using a mutable proton concentration topography, the present invention
provides a method of analyzing an analyte using isolectric focusing, as described
above, where the second non-immobilized proton concentration topography is chosen
so that components of interest are spatially resolved to a greater extent than in the
preceding non-immobilized proton concentration topography.

In some embodiments of the invention, isoelectric focusing is performed in an
environment that is a fluid such as a liquid, e.g., an electrolyte solution, for example
in channel 72 of device 66 or in some such environments gel 42 is removed and

replaced with electrolyte solution. Some advantages in performing isoelectric



10

15

20

25

30

WO 2009/027970 PCT/IL2008/001159

36

focusing in a liquid is lower price, simpler replacement of the environment between
analyses and no sieving effects that occur when large analyte molecules pass through
channels inside gels. As discussed above, the use of a fluid environment also allows
simple implementation of preparatory methods based on separation methods such as
isoelectric focusing.

In the embodiments discussed above, the movement of ions between two
neighboring volumes of the environment in gel 42 is substantially uninhibited, a
configuration that is suitable for many uses, for example isoelectric focusing.

In some embodiments, the movement of ions between two neighboring
volumes is inhibited. For example, one such embodiment where ion movement
between neighboring volumes is substantially inhibited is similar to device 36
depicted in Figures 3 where gel 42 is replaced with an insulating glass plate. In such
an embodiment, the volume of the environment associated with an individual cell in
which a specified proton concentration is produced includes only a respective proton
reservoir volume 48. Such embodiments are useful, for example for the display of
data.

For use, proton reservoir volumes 48 and electrolysis volume 28 are filled with
an environment including an electrolyte and a pH sensitive indicator having an
appearance that is dependent on the proton concentration in the environment, e.g.
Yamada Universal pH indicator (see for example, Foster SF and Gruntfest in
J Chem.Educ. 1937, 14, 274). The individual cells are activated to produce specified
proton concentrations in the respective proton reservoir volume 48. The indicator in
proton reservoir volumes 48 adopts a color that is dependent on the produced proton
concentration. The proton concentration in each proton reservoir volumes 48 is
specified so that when the collective appearance of proton reservoir volumes 48 (that
is of the produced proton concentration topography as made apparent by the pH
indicator in the environment) constitutes a display of data for example an image.

As is clear to one skilled in the art, the display of data using a device similar to
device 36 as described herein above having a one-dimensional array of cells
producing a one-dimensional proton concentration topography is limited. Analogous
devices having a two-dimensional array of cells to produce a two-dimensional proton
concentration topography have greater utility, especially for the display of actual

images.
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Although an embodiment of the method and the device for displaying data
were described where the movement of ions between two neighboring volumes is
inhibited, in some embodiments for the display of data movement of ions between
two neighboring volumes is substantially uninhibited.

Embodiments of the present invention are useful in fields other than isoelectric
focusing and display of data, for example in microfluidics and. lab-on-chip
applications.

The teachings of the present invention may. be implemented by a person
having ordinary skill in the art upon perusal of the specification and figures using
usual techniques and methods, for example as known in the field of microelectronics

and microfluidics.

EXPERIMENTAL

Device for producing a specified proton concentration

An embodiment of a device for the production of a proton concentration in a
liquid environment including an electrolyte, device 60 was made and used in
accordance with the teachings of the invention to produce a specified proton
concentration. Device 60 is schematically depicted in Figure 7A in top view.

Casing 34 of device 60 is a block of polymethyl(methacrylate) (Perspex®) 4
cm long (y dimension), 3 cm wide (x dimension) and 2 cm high (z dimension) in
which a container 14 was hollowed to accommodate a cell 12 for producing a
specified proton concentration in an environment including an electrolyte, cell 12
being 1 c¢cm long (v dimension), 0.6 ¢cm wide (x dimension) and 1 cm deep (z
dimension). Counter electrode 24 of 0.1 mm thick platinum mesh was placed along a
wall of cell 12. Working electrode 26 was placed inside container 14, in parallel to
and spaced 2mm from counter electrode 24. Proton concentration sensor 32 (Orion
9863BN, Thermo Fisher Scientific Inc., Waltham, MA, USA) was placed on the wall
of cell 12 opposite counter electrode 24, inside volume 30.

Container 14 was filled with an electrolyte solution of 0.1 M Na;SOy4 in water.
Proton concentration sensor 32 was connected to a suitable display device to indicate
what proton concentration was measured by that sensor in volume 30.

Device 60 was used produce a specified proton concentration in an

environment held in volume 30. Counter electrode 24 and working electrode 26 were
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functionally associated with a variable power supply to establish an electrical circuit.
The variable power supply was used to pass a current of between about 0 and about
1mA cm’” at a potential of between about 0 and about 5V through the electrical circuit
including the electrodes. The current passing through the circuit led to hydrolysis of
water and the generation of protons and hydroxyl anions in the volume of electrolysis
chamber 28. The concentration of protons increased in proximity of the cathode while

the concentration of protons decreased in proximity of the anode. Since working

_electrode 26 was made of mesh and therefore permeable to ions, generated ions from

. the  vicinity of a working electrode 26 passed through working electrode 26 into the

electrolyte solution held in volume 30.

The magnitude of the current passing through the circuit was adjusted with
reference to the readings of proton concentration sensor 32 until a proton
concentration corresponding to a pH of 4.7 was produced in the electrolyte solution
held in volume 30, see Figure 8A.

The magnitude of the current passing through the circuit was subsequently
adjusted with reference to the readings of proton concentration sensor 32 until a
proton” concentration corresponding to a pH of 9 was produced in the electrolyte

solution held in volume 30, see Figure §B.

Device for producing a specified proton concentration topography

An embodiment of a device for the production of a proton concentration
topography in a liquid environment, device 62 was made and used in accordance with
the teachings of the invention to produce a specified proton concentration topography.
Device 62 is schematically depicted in Figure 7B in top view.

Casing 34 of device 60 is a block of polymethyl(methacrylate) (Perspex®) 4
cm long (y dimension), 3 cm wide (x dimension) and 2 c¢m high (z dimension) in
which a container 14 was hollowed to .accommodate two cells 12a and 12b, each for
producing a specified proton concentration in an environment including an electrolyte,
each cell 12a or 12b being 1 cm long (y dimension), 0.6 cm wide (x dimension) and 1
cm deep (z dimension). Separating the hollows of container 14 corresponding to each
cell 12a and 12b is a 0.2 cm wide (x dimension) impermeable wall 64. Counter
electrodes 24a and 24b of 0.1 mm thick platinum mesh were placed along a wall of

cell 12a and 12b respectively. Working electrodes 26a and 26b were placed inside
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container 14, in parallel to and spaced 2mm from counter electrodes 24a and 24b.
proton concentration sensors 32a and 32b (Orion 9863BN, Thermo Fisher Scientific
Inc., Waltham, MA, USA) were placed on the walls of cells 12a and 12b opposite
counter electrodes 24a and 24b, inside volumes 30a and 30b.

Container 14 was filled with an electrolyte solution of 0.1 M Na,SO; in water.
Each proton concentration sensor 32a and 32b was connected to a suitable display
device to indicate what pH was measured by that sensor in a corresponding volume
30a or 30b.

Device 62 was used to produce a specified proton concentration topography in
the electrolyte solution in a portion of container 14 including volume 30a, 30b and the
interface volume 74 there between.

Two electrical circuits were established, each circuit including an electrode
pair 24a/26a or 24b/26b and a separate independent variable power supply. Each
variable power supply was used to independently pass a current of between about 0
and about 1mA cm™ at a potential of between about 0 and about 5V through a

respective electrical circuit. The current passing through the circuit led to hydrolysis

- of water and the generation of protons and hydroxyl anions in the volume of

electrolyte chamber 28a or 28b. The concentration of protons increased in proximity
of the.cathode while the concentration of protons decreased in proximity of the anode.
Since working electrodes 26a and 26b were of mesh and therefore permeable to ions,
generated ions passed from the vicinity of a working electrode 26 through the working
electrodes 26 into the electrolyte solution held in a respective associated volume 30a
or 30b.

The current applied between counter electrode 24a and working electrode 26a
was adjusted with reference to the readings of proton concentration sensor 32a until a
proton concentration corresponding to a pH of 5.2 was measured in the electrolyte
solution held in volume 30a associated with working electrode 26a while the current
applied between counter electrode 24b and working electrode 26b was adjusted with
reference to the readings of proton concentration sensor 32b until a proton
concentration corresponding to a pH of 9 was measured in the electrolytic solution

held in volume 30b associated with working electrode 26b, see Figure 8C.
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It is appreciated that certain features of the invention, which are, for clarity, described in
the context of separate embodiments, may also be provided in combination in a single
embodiment. Conversely, various features of the invention, which are, for brevity, described in
the context of a single embodiment, may also be provided separately or in any suitable
subcombination or as suitable in any other described embodiment of the invention. Certain
features described in the context of various embodiments are not to be considered essential
features of those embodiments, unless the embodiment is inoperative without those elements.

Although the invention has been described in conjunction with specific embodiments
thereof, it is evident that many alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, it is intended to embrace all such alternatives,
modifications and variations that fall within the spirit and broad scope of the appended claims.

Citation or identification of any reference in this application shall not be construed as an
admission that such reference is available as prior art to the invention.

Section headings are used herein to ease understanding of the specification and should not be
construed as necessarily limiting.

The term “comprise” and variants of the term such as “comprises™ or “comprising” are
used herein to denote the inclusion of a stated integer or stated integers but not to exclude any
other integer or any other integers, unless in the context or usage an exclusive interpretation of

the term is required.

Any reference to publications cited in this specification is not an admission that the

disclosures constitute common general knowledge in Australia.

COMS ID No: ARCS-373216 Received by IP Australia: Time (H:m) 16:54 Date (Y-M-d) 2012-06-12
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CLAIMS:

1. A method for producing a specified proton concentration in an environment including
an electrolyte, comprising:

a) providing an environment including an electrolyte held in a proton concentration

12 Jun 2012

topography channel;

b) contacting a plurality of working electrodes and at least one counter electrode with

said environment so that:
a first side of said plurality of working electrodes faces said at least one counter
electrode to define an electrolysis volume of said environment between said
plurality of working electrodes and said counter electrode, and

a second side of said plurality of working electrodes face a second volume of

2008293381

said environment;

¢) specitying a desired proton concentration topography;
d) passing a current between said plurality of working electrodes and said at least one
counter electrode so as to electrolyze components of the environment to generate
electrolysis products in said electrolysis volume; and
¢) transferring at least some of said electrolysis products to said second volume, thereby
producing a proton concentration in said second volume of said environment,

wherein said current is such that said proton concentration produced in said second volume

substantially matches said specified proton concentration topography,

2. The method of claim 1. wherein each of said plurality of working electrodes is

permeable to the passage of said electrolysis products therethrough.

The method of claim 1 or ciaim 2, further comprising:

L]

f) monitoring said proton concentration produced in said seccond volume of said
environment; and

g) if necessary, adjusting said current passing between each of said plurality of working
electrodes and said at least one counter electrode so as to maintain said proton
concentration produced in said second volume as the specified proton concentration

topography.

4, The method of claim 1, further comprising:

COMS ID No: ARCS-373216 Received by IP Australia: Time (H:m) 16:54 Date (Y-M-d) 2012-06-12
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—_— subsequent to d), specifying a desired proton concentration different than a previously
- : .
~ spectfied proton concentration; and
g passing a current between each of said plurality of working electrodes and said counter
= electrode, thereby producing a proton concentration in said second volume of said
@\ .
— environment,

wherein said current is such that said proton concentration produced in said second volume is
5 said different specified proton concentration topography.
N
ag - - - - .
@) 5. T'he method of claim 1, further comprising:
fo%e) changing said current as a function time, thereby changing said proton concentration
S produced in said second volume as a function of time.
@\

6. The method of claim 1, further comprising:
f} varying said current so as to change a proton concentration in said second volume of
said environment as a function of time thereby producing a proton concentration which varies

with time in said second volume of said environment.

7. A device for producing a specified proton concentration in an environment including an
electrolyte, comprising:

a) a plurality of working electrodes; and

b) at least one counter clectrode,
wherein said plurality of working electrodes and said at least one counter electrode are arranged
so that:

a first side of each of said plurality of working electrodes faces said at least one counter

electrode to define an electrolysis volume between said plurality of working electrodes

and said counter electrode, and

a second side of each of said plurality of working electrodes faces a second volume of a
container, wherein said container is configured to contain an environment including an
electrolyte held in a proton concentration topography channel, wherein said electrolysis volume

is in fluid communication with said second volume of said container.

8. The device of claim 7, wherein each of said plurality of working electrodes is permeable

to the passage of clectroiysis products therethrough to allow electrolysis products generated in

COMS ID No: ARCS-373216 Received by IP Australia: Time (H:m) 16:54 Date (Y-M-d) 2012-06-12
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@\ _ )
S said electrolysis volume to pass through each of said plurality of working electrodes into said
@\ second volume.
-
3
~ S, The device of claim 7, further comprising an environment including an electrolyte
— contained within said container, filling said electrolysis volume and contacting each of said
plurality of working electrodes and said counter electrode.
—
o0
m 10, The device of claim 7, wherein said container is at least partially physically defined by a
% barrier impermeable to the passage of ions.
o0
8 11. The device of claim 7, wherein said container has dimensions substantially larger than

the dimensions of said second volume.

12. The device of claim 7, configured to allow establishment of an electrical circuit between
each of said plurality of working electrodes and said at least one counter electrode when said

environment including an electrolyte fills said container and said electrolysis volume.

13. The device of claim 12, further comprising a controller configured to allow variation of

the magnitude of an electrical current passing through said established electrical circuit.

14. The device of claim 13, further comprising at least one proton concentration sensor
functionally associated with said controller, wherein said at least one proton concentration
sensor is configured to determine the value of a proton concentration in at least one portion of
said second volume and to report the value of said proton concentration to said controller; and

said controller is further configured to change a magnitude of a respective said electrical current

in response to said reported value.
15. The device of claim 13, further comprising a controiler input component functionally

associated with said controller, wherein said controller input component is configured to allow

a user to input a desired value that influences said magnitude of said electrical current.

COMS ID No: ARCS-373216 Received by IP Australia: Time (H:m) 16:54 Date (Y-M-d) 2012-06-12
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16. The device of claim 7, further comprising;
¢) a user interface which allows a user to provide instructions specifying a desired
proton concentration topography which varies with time generated in said second volume; and

d) a controller configured to select a change to vary the electrical current passing

12 Jun 2012

between said plurality of working electrodes and said at least one counter electrode according to
said desired proton concentration topography which varies with time and to change said
electrical current according to said variation to vary a proton concentration generated in said

second volume as a function of time.

Dated: 12 June 2012

2008293381
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