Office de la Propriete Canadian CA 2386437 A1 2001/02/01

Intellectuell Intellectual P
du Canada Office P oy 2 386 437
Fhdtiie Canads Indushy Ganada 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2000/07/26 (51) Cl.Int.//Int.Cl.” GO1N 27/447

(87) Date publication PCT/PCT Publication Date: 2001/02/01 | (71) Demandeurs/Applicants:
. . . _ KAHL, JOHAN-VALENTIN, D
(85) Entree phase nationale/National Entry: 2002/01/25 NISSEN. JULIA DE:
(86) N” demande PCT/PCT Application No.: EP 2000/00/7206
(87) N° publication PCT/PCT Publication No.: 2001/007150 (72) Inventeurs/Inventors:

(30) Priorité/Priority: 1999/07/26 (199 35 028.0) DE KAHL, JOHAN-VALENTIN, DE
HOHNER, ANDREAS, DE

GALNE:)ER R_INHARD DE
NISSEN, JULIA DE
RADLER JOACHIM DE;

(74) Agent: RICHES, MCKENZIE & HERBERT LLP

(54) Titre : PROCEDES ET DISPOSITIFS DE SEPARATION ELECTROPHORETIQUE DE PARTICULES, EN
PARTICULIER DE MACROMOLECULES

(54) Title: METHOD AND DEVICE FOR THE ELECTROPHORETIC SEPARATION OF PARTICLES, ESPECIALLY OF
MACROMOLECULES

(57) Abréege/Abstract:

The Invention relates to a method for the electrophoretic separation of particles, especially of macromolecules. The inventive
method comprises the following steps: applying the particles to be separated on a substrate-supported membrane so that the
particles are mobile across the surface of the substrate-supported membrane, supplying an electrical field in such a manner that

<o
SoTEEN S /7

e

' A

3 '_{,-.Tl'.
o~

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2386437 A1 2001/02/01

(21) 2 386 437
(13) A1

(71) Demandeurs(suite)/Applicants(continued): RADLER, JOACHIM, DE; ZANTL, ROMAN, DE; MAIER, BERENIKE, DE;

RADLER, ULF, DE

(72) Inventeurs(suite)/Inventors(continued): ZANTL, ROMAN, DE; MAIER, BERENIKE, DE; RADLER, ULF, DE

(57) Abréege(suite)/Abstract(continued):

electrical flelds are formed across the surfaces across which the particles are mobile, temporarily modifying the electrical fields
and/or using a substrate-supported membrane with a structured surface, the direction and strength of the electrical field being
temporarily modified such and/or the substrate-supported membrane being structured such that a force Is acting on the particles

that leads to a moverr
supporting a membrar

ent that depends on the length of the particles. The invention further provides a substrate especially for
e that consists of an optically transparent material and that is used in the inventive method. The invention

IS also characterized by a substrate-supported membrane for carrying out the inventive method with an inventive substrate
according to any of the claims, and a fluid lipid membrane. The Invention provides a micro-channel electrophoresis chamber
with at least one channel the bottom of which comprises an inventive substrate and with an electrode system.
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Abstract

The present invention provides 2 method for the electrophoretic separation of particies,
especially of macromolecules, comprising the steps of applying the particles to be
separated on a substrate supported membrane, such that the particles are mobile across
the surface of the substrate supported membrane; providing an electrical field such that
electrical fields are formed along the surface across which the particles are mobile: and
temporarily modifying the electrical field and/or adding a substrate supported membrane
having a structured surface, wherein the direction and/or the strength of the electrical
field are temporarily modified and/or wherein the substrate supported membrane is
structured so that a force is acting on the particies that leads to a movement depending
on the length of the particles. Moreover, a substrate is provided, in particular, for
supporting a membrane during the performing of the inventive methods, that comprises
an optically transparent matenal. Moreover, the invention provides a substrate supported
membrane for carrying out the inventive methods including an inventive substrate as
defined in the claims and a fluid lipid membrane. Moreover, the present invention
provides a microchannel electrophoresis chamber having at least one channel with a
bottom surface including an inventive substrate, and an electrode assembly.

T PTETT———— e U T A e

CA 02386437 2002-01-25



L

23/01 '02 15:54 FAX +48 89 220287 ANW.ATT . GKS&S MUC 2] 035
| .

4

A method and apparaius for the separation of particles, especially

of macromolecules, by electrophoresis.

|

1

Field of the invention

The present invention relate% to 2 method and an apparatus for separating particles, in
particular, macromolecules, such as DNA, RNA macromolecules, DNA, RNA oliogomere

and proteins by electrophorésis.

Description of the Prior Art

Methods using electrophoresis are preferably employed in molecular biology, genetic
engineering and in the medical field to separate macromolecules having a different
charge and a different size. :

4

In the art substantially two different methods of the electrophoresis for the separation of
macromolecules are known,/namely the so-called gel electrophoresis and the capillary
gel electrophoresis. In gel electrophoresis a gel applied to a plate is used; in capillary gel

electrophoresis a gel-like po}ymeric solution in a capillary is provided.

In both the gel and capillary‘ el electrophoresis one takes advantage of the fact that
macromolecules having a diﬁerent charge and size migrate with a different velocity in a
gel when influenced by an extaernal electrical field and bands are thereby generated
each containing a species oﬁhe different macromolecules, i.e., the macromolecules
having the same charge or the same size. The location of the bands is optically readout

by color techniques or UV light absorption.

In order to readout the bandj a layer of a coloring agent is applied to the gel and is
maintained there at a precisply controlled temperature for a determined time. Thereafter

the coloring reaction is prevented by withdrawing the water from the gel.

Typically, agarose, cellulosi acetate or acrylamide are used as géls- Gel electrophoresis

and capillary gel electrophotesis are used, for example, in DNA analysis in the medical
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research and diagnosis. By means of restriction fragment analysis a prediction can be
made about, for example, t:j genetic information, and for this reason gel electrophoresis

for the diagnosis of genetically determined diseases.

has gained great importan

Substantial disadvantages O methods using gel electrophoresis and capillary gel
electrophoresis reside in theifact that, on the one hand, a significant amount of time is

required for preparing and carrying out electrophoresis, and, on the other hand, that a
large amount of sample material is required for the analysis.

in particular, in both methodz the usual electrophoresis paths are relatively long. This

entails migration times of ap roxirhately two hours, Furthermore, prior to the actual
electrophoresis process, the|gel has to be prepared, for example, it has to be heated.
Automation of the this proce':sS is, in principle, possible is, however, accompanied by
great effort, since the requiréd equipment leads to high costs. Therefore, electrophoresis

is often carried out manually, thereby additionally contributing to an increased time

consumption.

Moreover, the convertional method may not arbitrarly be scaled down tg, for example,
reduce the amount of samples required.

]

in view of the above mentio ed disadvantages, the present invention is directed to a
method and apparatuses for carrying out a method in which, on the one hand, time
consumption for the separation of macromolecules by means of electrophoresis may be
reduced and which, on the dther hand, are appropriate for scaling down so that already

small amounts of samples a}e sufficient for the analysis.

Summary of the Invention

The above-mentioned object is solved by a method for the electrophoretic separation of
particles, in particular, of m jcromolecules, comprising applying the particles to be
separated on a substrate-supported membrane such that the particles are mobile across
the surface of the substrate supported membrane. The method further comprises
providing an electrical field iuch that directions of the electrical field are oriented along

the surface across which the particles are mobile. Additionally, the method includes

a
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temporarily modifying the electrical field and/or using a substrate-supported membrane
having a structured surface, wherein the electrical field is temporarily modified and/or the

substrate-supported membrane is structured in such a manner that a force is acting on
the particles which leads to a movement depending on the length of the particies.

By means of a defined selection of the applied electrical fleld and/or a corresponding
structuring of the membrane, a force acts on the particles that depends on the length of
the macromolecules, and consequently a different path length in the electrical field is
obtained for macromolecules depending on their size. Contrary to the prior art, in the
present method, the running times may be significantly reduced in that the
macromolecuies no longer have to propagate in the gel, but instead are bound at the

surface of the membrane, yet are otherwise freely movable. The high degree of mobility
of the macromolecules on the membrane, therefore, leads to a significant reduction of

the ime period necessary to carry out electrophoresis. Furthermore, time consumption
for the preparation of a membrane is remarkably reduced compared to the time
consumption required for casting a gel.

In a further preferred‘embodiment of the present invention, a fluid lipid membrane is used
as the substrate-supported membrane. By using such a membrane, it is insured that, one
the one hand, the particles are bound to the membrane and, on the other hand. the
particles have a sufficient degree of mability on the surface of the membrane. The three-
dimensional movement known from the prior ant may accordingly be reduced to a quasi-
two-dimensional movement. Such membranes may comprise, for example, PEG
functionalized lipids or DAC-Chol: 3-beta-(N-(N,N'-Dimethylaminoethan)-carbamoyl)
(-cholesterolhydrochiorid). Preferably, a cationic fiuid lipid membrane may be used for
this purpose. By means of such a membrane typically negatively charged DNA, RNA
macromolecules and DNA, RNA oliogomeres, respectively, may be bound to the

membrane.

According to a further embodiment amphiphilic macromolecules may be used for building
up the membrane. Amphiphilic macromolecules are characterized in that they form

monolayers and bilayers in an aqueous solution.

T e L L
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According to a further embodiment of the previous method, a fluid lipid membrane may
be used that comprises monolayers or bilayers including charged lipids. Accordingly, on
the one hand, good adherance of the membrane to the substrate is guaranteed and, on
the other hand, binding of the macromoiecules to the membrane is insured. Moreover, in

this way, the membrane may be formed relatively thin so that the observation of the
bands with optical means is possible without any problems.

According to a first alternative of the above described method, a pulsed electrical field is
used. The macromolecules of different size that have been applied to the membrane
initially perform an unordered Brownian movement. If then a pulsed electrical field is
applied, the various macromolecules are oriented along the lines of the electrical flux
auring the first pulse. This orientation occurs depending on the size of the
macromolecules, wherein the smaller macromolecules are aligned more rapidly than are
the larger ones. The macromolecule starts its movement in the ‘direction of a field
gradient once the macromolecule is oriented correspondingly to the electrical field. As a
consequence, smaller macromolecules start moving in the electrical field earlier than
larger macromolecules. During the time period between the first and the second pulse,
again an unordered Brownian movement of the macromolecules occurs; however, due to
the greater migration distance the smaller macromolecules have moved during the first
pulse, they perform their unordered movement at a different location than do the larger
macromolecules. If now the second pulse Is applied, again, orientation of the
macromolecules along the field line takes place. Again, smaller macromolecules are
aligned more rapidly than larger macromolecules and again move a larger distance in the
electncal field during the second pulse. As a result, in this way a separation of the
macromolecules can be achieved depending on their size.

According to a second alternative of the above described method. an alternating field can
be used on which a time constant field is superposed. The macromolecules substantially
moved along the lines of electrical fluxes driven by the time constant field. However, the
movement In this field is also influenced by the alternating field in which the
macromolecules are oriented. Since, analogous to the above case, the macromolecules
are oriented in the altematin'g field with a rate depending on their size and also move in
the alternating field, a smaller macromolecule again moves a |larger distance per time
unit. In that the macromolecules are not only ariented under the influence of the
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alternating field, but also move in the alternating field, in total, the macromolecules
perform a zigzagging movement on the surface of the membrane.

Advantageously, in this case, the alternating field and the time constant field may be
superimposed in a crosswise fashion. In this case, a symmetrical path of the

macromolecules on the membrane is obtained.

In the methods according to the first and second alternatives, additionally a substrate

including ribs on its surface may be used for supporting the membrane. By this measure,
the movement and especially the orientafion of the macromolecules in the electrical field

in dependence on their size is influenced even more intensely. In particular, the frictional
force during the orientation increases more intensely for larger macromolecules than for
smaller ones, which, In total, leads to a further discrimination in view of the size of the

macromolecuies.

For carrying out the method, a substrate has proven to be appropriate the ribs of which
exhibit a periodicity in the range from 2 nm to 200 nm. Advantageously, the height of the

ribs thereby ranges from 0.1 nm to 10 nm.

According to a third alternative of the above described methed, a time constant field may
be used, having a direction substantially perpendicular to the ribs, when a membrane is
used that is provided on a substrate having ribs. Accordingly, larger macromolecules
experience a larger frictional force than the smaller macromolecules. resulting in a
smaller velocity of these larger macromolecules in the direction of the field.
Consequently, a separation of the macromolecules depending on their length is also

achieved.

According to a further preferred embodiment of all of the above described methods, a
membrane is used having an exclusion area in which a movement of the particles is not
possible or on the boundary of which the macromolecules are stopped. By the
application of a corresponding electrical field prior to performing the actual
electrophoresis the particles may accordingly be collected in a narrow region in front of
this exclusion area. Thereby, a clearly defined start point and a narrow range of the
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movement taking place during the electrophoresis are defined. This results in an
improved resolution of the method.

When using a fluidal membrane, the exclusion area may be realized by a non fluid area
in the fluid membrane. This non-fluid area may be obtained, for example, in that the
substrate is coated with a matenal on which the actual fluid membrane is not fluid. For
example, Al;O; is appropriate for this purpose. Such an exclusion area can also be
obtained in that a different matenal is applied to the substrate so that in this area no fiuid
membrane can form. For instance, Al,O, is suitable for this purpose.

The above described methods can be employed in a method for observing an
electrophoretic separation. For this purpose, preferably, digitized image data are
recorded by, for example, a video camera coupled to an optical microscope while
performing the electrophoretic separation. Thereafter, these recbrded image data may be
evaluated by using a computer.

Compared to the prior art, this embodiment offers the large advantage that also dynamic
processes may be observed in a simple manner. Accordingly, it is possible, for example,
to observe DNA-cutting enzymes during their activity.

The above described methods for the electrophoretic separation are, as previously
explained, especially suited for separation of DNA, RNA macromolecules, DNA, RNA

oligomers. Additionally, with this method a plurality of other macromolecules, such as
proteins, may also be investigated.

Advantageously the so-called iso-electrical focusing may be used to improve the

resolution. Hereby, the particles migrate in a pH gradient up to a pH value comresponding
to their iso-electricai point at which they exhibit a zero net charge. That is, the migration

speed at this point is also zero. In the one-dimensional protein electrophoresis the pH

gradient field is parallel to the electrical field. In the two-dimensional electrophoresis the
pH gradient is perpendicular to the applied field.

According to the present invention, a substrate is provided in particular for supporting the
membrane during the performing of one of the above described methods, which is
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comprised of an optical transparent material. With such a substrate it is possible,
especially in combination with the relatively thin membrane, to directly observe or to
record, using a video camera, the bands of the different sizes of the macromolecules,
which have formed after the electrophoretic separation. This provides the advantage that
the macromolecules may be maintained in their native state during analysis, thereby
allowing the macromolecules to be available for analysis steps to be performed later on,

such as a DNA hybridization.

According to a further embodiment the substrate may comprise glass as an optically
transparent material.

Alternativaly, plastics may also be used as an optically transparent material. In particular,
plastics such as PC, PMMA, PS, PE or plastics of cyclic olefins may also be used for this

purpose. Since plastics may be processed more simply than glass, plastics are
especially suited when the substrate shall include complex structures, for example for the
performing of the method with a structured substrate.

In the method in which a structured substrate is employed especially a substrate is
appropriate that includes a surface having ribs formed therein. Preferably, the ribs and
the substrate exhibit a periodicity ranging from 2nm to 200nm. As a height of the ribs, a
height ranging from O0.1nm to 10nm has proven to be suitable.

The essential point of structured substrate resides in the fact that macromolecules
provided on a membrane that is applied on such a substrate experience a frictional force
that depends on the size of the macromolecules. Therefore, differently formed structures
leading to this effect may be used.

Although these substrates may advantageously be used in the above described
methods, these substrates may also be employed in other applications, such as in
expanding or orienting of macromolecules. This is especially true for the substrates
having a structured surface such as the rib-shaped surface.

Moreover, according to the present invention a substrate supported membrane is
provided that is especially suited for performing the above described methods and which

CA 02386437 2002-01-25
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comprises one of the previously described substrates and a fluid lipid membrane applied

on the corresponding substrate.

By means of this substrate supported membrane simple means are provided for the
carrying out of the above described methods.

Advantageously, the substrate supported membrane may comprise a fluid lipid
membrane having cationic lipids. Advantageously amphiphilic macromolecules may also
be used for forming the membrane. Furthermore, the fluid lipid membrane may comprise
bilayers of charged lipids. Moreover, the fluid membrane of the substrate supported

membrane may comprise at least one non-fluid area.

With these advantageous embodiments the advantages may be attained that have been
discussed with respect to the methods. To avoid any repetitions it is referred to the
corresponding parts of the description of the present methods.

According to a further embodiment the fluid lipid membrane of the substrate suppaorted

membrane may be dried up. Therefore, the substrate having the membrane dried up
may be stored. For usage the substrate supported membrane has only to be swelled in

water and/or a buffer solution. With membranes prepared in such a manner possible
errors and deviations in producing the membrane, in particular in preparing the solutions
for the membrane, may be avoided, so that the reproducibility of results is increased.

Moreover, in accordance with the present invention, there is additionally provided a
microchannel electrophoresis chamber comprising at least one channel the bottomn
surface of which includes one of the previously described substrates wherein the
ricrochannel chamber comprises an electrode assembly.

In such a microchannel electrophoresis chamber the various process steps such as
determination of the start point, the electrophoretic separation of particles by the
movement in an electrical field and the optical evaluation of the bands may be integrated.
Consequently, the present method is significantly simplified compared to the prior art
technique that required to carry out these process steps in different stages and in

different work places. Moreover, in such a microchannel electrophoresis chamber it is

' “”“w-“'" e __:::W. whyp'uliankdi-

CA 02386437 2002-01-25




23/01 '02 15:58 FAX +49 89 220287 ANW . ATT.GKS&S MUC 1043

f

possible to expand, to manipulate and to simultaneously make macromolecules available

for optical methods.

Preferably, hereby each channel has a width in the range from 1 micrometer to 10
millimeters and depth in the range from 1 pm to S000 pm.

According to a preferred embodiment the microchannel electrophoresis chamber may
comprise a plurality of channels arranged in the form of a two-dimensional matrix. it is

thus possible to carry out a plurality of experiments at the same time.

According to a preferred embodiment of the microchannel electrophoresis chamber the
electrode assembly may comprise two electrodes that are provided at the respective
longitudinal ends of each channel. This embodiment leads to a further simplification of
the experimental set up. Hereby, the electrodes may already bé integrated in the
microchannel electrophoresis chamber and the microchannel electrophoresis channel
has merely to be connected at the measurement location. Moreover, since the electrodes
are already provided in the microchannel electrophoretic chamber, a predetermined
arrangement with respect to each channel and therefore also with respect to the
membrane may be realized, thereby resulting in a fixedly defined field with respect to the
membrane. Thereby, a further scaling-down may be obtained compared to the prior art,
since in the prior art the scaling-down is limited due to the position accuracy of the
electrical field with respect to the membrane.

According to a further embodiment the electrode assembly may alternatively or
additionally comprise two electrodes extending longitudinally along the channel directibn
at both sides of each channel. This embodiment is especially appropriate for the above
described method in which an alternating field and a time constant field provided in a
crossed manner thereto is used. It is to be understood that also in this case the
advantages may be obtained that have been discussed with reference to the above
described electrode assembly.

In the above described microchannel electrophoresis chamber the substrate may be
coated with a fluid lipid membrane. This fluid lipid membrane may comprise cationic
lipids. Advantageously, the fluid lipid membrane may comprise amphiphilic

—rres - “vywvar-wer
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macromolecules. Moreover, the fiuid lipid membrane may include bilayers of charged
lipids, the fiuid lipid membrane may be provided in a dried form and/or may at least

comprise a non-fluid area.

By these special embodiments the advantages already discussed with reference to the
various methods and the various substrate supported membranes may also be attained.
In order to avoid any redundancies it is merely referred to the corresponding

explanations of these features with respect to the methods and the substrate supported

membranes.

Brief description of the drawings

in the following the present invention will be describes with reference to various
embodiments by referring to the accompanying drawings in which:

Figure 1. depicts an embaodiment of a microchannel electrophoresis chamber for
explaining a first embodiment of the method for the electrophoretic
separation of particies in accordance with the present invention:

Figure 2: shows a first embodiment of a substrate supported membrane for
explaining a second embodiment of the method for the electrophoretic
separation of particles according to the present invention: and

Figure 3: depicts a second embodiment of a substrate supported membrane for
explaining a third embodiment of the method for the electrophoretic
separation of particles according to the present invention.

Figure 1 depicts an embodiment of a microchannel electrophoresis chamber for
explaining a first embodiment of the method for the electrophoretic separation of particles
according to the present invention. A microchannel electrophoresis chamber 1 comprises
a chamber body 2, in which a channel 3 is provided. The bottom surface of channel 3 is
hereby provided in form of a nhon-structured substrate 4. The substrate 4 is optically
transparent comprising, for example, glass, plastics such as PMMA, PC, PS. PE or
similar materials. Moreover, the substrate is thinned down to approximately 100um.

CA 02386437 2002-01-25
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Because of this, the microchannel electrophoresis chamber 1 is directly available for
optical read out methods.

The substrate 4 may be inserted in a corresponding opening in the chamber body 2 or as
in the present case, may directly be formed as a part of the chamber body 2. To this end,
a channel having a corresponding depth in a range of 1um to 5000um may be provided
in the chamber body.

A fluid membrane 5 is applied on the substrate as is especially depicted in the enlarged
view of Figure 1. In the present embodiment, the membrane 5 is provided in form of a

bilayer lipid membrane, such as a DPOC/DOTAP membrane.

Moreover, the electrophoresis chamber comprises an electrode assembly 6 including two
electrodes provided at the longitudinal ends of the channel 3, wherein the electrodes

comprise conventional materials such as platinum, gold, Ag/AgCI and the like. One of
these electrodes is grounded, whereas a pulsed voltage in a range of 2 to 1000V is

applied to the other electrode, as will be explained in the following.

&

As is further depicted in the enlarged view, two macromolecules are provided on the
membrane S.

The entire arrangement depicted in Figure 1, i.e. the membrane 5, the macromolecules 7
and the substrate 4 are within a liquid, for example water or a molecule-stabilizing buffer.

In the following a first embodiment of the method for the electrophoretic separation of
marcomolecules is described with reference to Figure 1.

In the embodiment depicted in Figure 1 and as also indicated in Figure 1, and electrical
field is used. The macromolecules 7 of different size that have been applied on the ‘
membrane S perform an unordered Brownian movement between the voltage pulses,
that is, at a voltage of OV. During the voltage pulses, however, the various
macromolecules are Initially aligned along the lines of electrical fluxes. This alignment or
orientation occurs depending on the size of the macromolecules, wherein the smaller

macromolecules are oriented more rapidly than the larger ones. After a macromolecule is
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oriented or aligned in the elecitrical field, it also starts moving in the electrical field during
the voitage pulses and it moves in the direction of the electrical field. Since smaller

macromolecules are oriented in the electrical field more rapidly than larger
macromoiecules, the smaller macromolecules start moving in the electrical field earlier

and therefore move the larger distance in the field during the voltage pulses than the

larger macromolecules.

Dunng the application of a puised voltage the macromolecules therefaore move,
depending on their charge and size respectively, over different distances on the
membrane 3 in the channel 3 and they collect in so-called bands 8 according to their

charge or size as is depicted in Figure 1.

Figure 2 shows a first embodiment of a substrate supported rﬁembrane 10 for explaining
a second embodiment of the method for the electrophoretic sebaration of particles
according to the present invention. In the following, merely the differences between both
arrangements are described so as to avoid any repetition. Hereby, the same numerais
indicate the same components of the corresponding arrangement.

The substrate supported membrane 10 in Figure 2 differs from the arrangement depicted
in Figure 1 substantially by the electrode assembly. Moreover, the substrate supported
membrane 10 is provided in a chamber body of the channel floar. The remaining
components correspond to those of the structure depicted in Figure 1; for the description

thereof, it is therefore referred to the corresponding discussion provided above.

The electrode assembly of the substrate supported membrane depicted in Figure 2
comprises two electrodes 6a and two electrodes 6b. A constant voitage (DC) which
preferably ranges from 2 to 1000V is applied to the electrodes 6a and an alternating
voltage (AC) preferably in the range of 2 to 1000V and having a frequency in the range of
0.1 to 200Hz is applied to the electrodes 6b.

As in the arrangement shown in Figure 1, also in this case the membrane, the substrate
and the macromolecules are provided in a liquid, for example in water.

CA 02386437 2002-01-25
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In the following, a second embodiment of the method for the electrophoretic separation
of macromolecules by using a substrate supported membrane as shown in Figure 2 will

be described.

By means of the time constant field caused by the electrodes €a, the macromolecules
move essentially in the direction of the field gradient. The motion in this field is however
also influenced by the alternating field created by the electrodes 6b, in which the
macromolecules are oriented and also move. Since the macromolecules, analogous to
the above case, are oriented and move in the alternating field depending on the size of
the macromolecules, the smaller macromolecules again move a larger distance per time
unit. Since the macromolecules not only are oriented under the influence of the
alternating field, but also move in the alternating field, they perform a zig-zag movement
on the surface of the membrane as is indicated in Figure 2.

As in the first method, the macromolecules also gather in the bands 8, which are
indicated on the membrane on Figure 2 and which are additionally presented in a
histogram (the histogram depicts the number of molecules versus the distance moved on
the substrate sumorfed membrane), since the macromolecules move different distances
according to the size and charge, respectively.

Figure 3 depicts a second embodiment of a substrate supported membrane for
explaining a third embodiment of the method for the electrophoretic separation of
particles according to the present invention.

This embodiment differs from the substrate supported membrane shown in Figure 2 in
that the surface of the substrate 4 is provided with ribs 8. The remaining arrangement of
the embodiment corresponds to that depicted in Figure 2, and therefore it is referred to
the explanation of the latter embodiment to avoid any repetition

In the embodiments of Figure 3 a substrate is used the ribs of which exhibit a periodicity
In the range of 2 nm to 200 nm. The height of the ribs thereby ranges from 0.1 nm to 10
nm. In a substrate comprising the above indicated plastics, the structuring can be formed
by, for example, imprin'ting a dye containing the negative of the desired form. To this end,

—
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the plastic is preferably heated. A silicon wafer cut in the (111) plane and etched with
KOH may be used as the dye.

By employing the substrate 4 having the ribs 9, the movement and, in particular, the
orientation in the electrical field of the macromolecules, depending on the size of the
macromoiecules, on a membrane applied on a such a substrate is influenced even more
intensely. Especially, the frictional force for larger macromolecules during their
orientation is increased more intensely than that for smaller macromolecules leading, in
total, to a further discrimination with respect to the size of the macromolecules.

For a further explanation of the present invention, various examples will be described
which have been performed with the above described means.

Example 1:

Preparation of a substrate supported membrane by vesicular fusion

In example 1 the substrate supported membrane was realized by manufacturing of a
cationic bilayer of lipids by vesicular fusion of a glass support. To this end, for exampile,
lipids solved in chlioroforrmn were mixed. A typical ratio of DOPC/DOTAP is 9/1. This
solution was dried up and then the lipids were swelled with water or a buffer solution.
such as HEPES 10mM, NaCL 10mM, EDTA 1mM. The lipid concentration was
approximately 1mg/mi. This solution was exposed to sonic waves with a blow pipe sonic
wave means for 1 to 2 minutes. The surface to be coated was heated prior to the actual
vesicular fusion process to be greatly hydrophilic. Suitable for these purposes is a
treatment of 1 minute with a SM KaOH solution. For the filling of a chamber, as
previously described, a vesicular solution of approximately 2ml was provided to the
chamber. After approximately 2 hours, the chamber was thoroughly purged with a buffer
solution to remove the excess lipid. After this treatmeant, a bilayer having a thickness of

approximately 4 nm remained in the chamber. Between the bilayer and the substrate, an
approximately 0.1 nm thick water layer was formed. In this example, the membrane had
a lateral self diffusion constant of approximately 1 pm?/s.
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Since, in the present axample, the electrophoretic separation should be evaluated by
microscopy with high resolution, a transparent optically inert substrate or a chamber floor

was used, the thickness of which was between 100 and 200 ym.

Separation of the DNA by means of pulsed fields

The macromolecules to be separated, for example, DNA 80 bp (base pairs) and 40 bp
were also inserted into the chamber.

Double strand DNA of the length of 80 bp exhibited a self diffusion constant of 0.2 um®/s
on the fluid membrane of the present example, whereas DNA having a length of 40 bp
exhibited a diffusion constant of 0.4 ym*/s.

By the application of a pulsed field between 0.1V/cm and 100V)cm, the DNA
macromolecules separate. Advantage was taken from the fact that the DNA oligomers
were randomly onented by self-rotation diffusion after each turn off of the field. This

effect breaks up the proportional ratio between the number of DNA base pairs and the
mobility. ’ '

To avoid any polarization of the electrodes, platinum electrodes or Ag/AgCl electrodes
that had been blackened were used. Depending on the chamber size, salt contents of

the buffer solution and the applied voltage, a current between 0.1 pA and 10pA is
flowing. The electrical field was applied for approximately 10 minutes.

Display of the DNA band fluorescence marking

By adding a DNA colorant, for example TOTO with a ratio of one TOT macromolecule to
five DNA base pairs, the DNA is fluorescence-marked after approximately 10 minutes at
room temperature. To this end, water/buffer containing the corresponding amount of
TOTO is purged into the chamber. For observing the bands, and Axiovert 100 of the Cari
Zeiss company was used. The two bands of the oligemers having a length of 40 bp and
80 bp respectively were observable.

Example 2:
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Preparation of a cationic monolaver or bilaver by means of a Lanamuir-Blodqgett
technique

By means of the Lanfmuir-Blodgett technique, a fluid membrane was applied to PMMA;
instead of PMMA, also PC, PE, PS, PVA as well as cyclic olefins were used. |In the

| angmuir-Blodgett technique, amphiphilic molecules solved in chloroform are spread on
the water surface of a trough made of teflon so that the hydrophilic portion of the
molecule penetrates the water and the hydrophobic part projects from the water. This
system can be compressed to the desired lateral pressure by means of an appropriate
barrier. If now a vertically oriented platelet made of the above-mentioned materials is

dipped into the water through this film, a fluid monolayer forms on the surface of the
platelet.

The same experiments as in example 1 were carried our with this substrate supported
membrane and the same results were obtained.

Example 3:

A substrate supported membrane according to example 1 or example 2 was prepared.

Separation of the DNA by cross fields

Contrary to the first and second examples, cross fields, i.e. a constant field

supermposed by an alternating field instead of a puised field was applied for the
separation of the DNAS8O bp and the DNA 40 bp.

To this end, the constant field exhibited a field strength between 2 and 200V/cm, the AC
voltage field had a field strength between 2 and 200V/cm at a frequency from 0.1 to 100
Hz. Thereby, platinum/platinum black or alternatively Ag/AgCl electrodes were used.

The same experniments as in example 1 were performed with the substrate supported
membrane and the same results were obtained,

-y
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Example 4:
A substrate supported membrane according to Example 1 or Example 2 was prepared

saparation of the DNA by stryctunng the substrate

The membrane is applied to a previously structured substrate as is shown, for example,
in Figure 3 and is described with reference to this Figure. This substrate comprised ripple
marks or a roughness having a height of approximately 0.1 nm and a periodicity of about
100 nm. Moreover, the used substrates were transparent and had a thickness from 100

um to 200 pm. The electrode assembly was driven as in Example 3.

The results received with this arrangement correspond to the result obtained in Example
3, wherein the relative distance between the bands was larger.

Example 5:

Collecting the

on a line by providing non-fluid areas

Parts of the chamber floor were coated with materials, on which the applied membrane is
non-fluid, as is described in the Examples 1 — 4. To this end, for example Al,OsP or
PMMA were used. These areas represent an exclusion area for the DNA
macromolecules that are mabile on the membrane. By applying an electrical field forcing
the DNA in the direction of the exclusion area, the DNA macromolecules can be
collected at the boundary between the membrane and the exclusion area.

By means of this membrane, and electrophoretic separation as in Example 1 was
performed. In the resuit, sharper bands were observed, i.e. bands having an extension in
the directlon of the field that is less than the extension of the bands obtained in Example

1.
Example 6:

Collecting the DNS on a line by providing areas that are not wet ad by the membrane

e e
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By applying Al,Oa on a predetermined portion of the chamber floor with a height of 10 nm
to 1 um and a width of 1 — 30 um, the formation of a membrane in this portion was
prevented, Hereby, the same experiments as in Example 1 were performed and the
same results as in Example 5, i.e. sharper bands, were obtained.
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Claims

1. A method for the electrophoretic separation of particles, particularly of membrane-
adherent macromolecules, the method comprising:

applying the particles to be separated on a substrate supported membrane such
that the particles are mobile across the surface of the substrate supported
membrane,

providing an electrical field such that the direction of the field is oriented along the
surface across which the particles are mobile;

performing at least one of:

temporarily modifying one of the strengths and the direction of the
electrical field such that a force is acting on the particles that leads to a movement
depending on the length of the particles and

using a substrate supported membrane having a structured surface.
wherein the substrate supported membrane is structures such that a forces is

acting on the particles that leads to a movement depending on the length of the
particles.

2. A method according to claim 1, wherein a fiuid lipid membrane, particularly

comprising at least one of lipids activated by PEG and DAX-Chol Iiplds are used
as a substrate supported membrane.

3. A method according to claim 2, wherein a cationic fluid lipid membrane is used.

4. A method according to claim 2, wherein a fluid membrane is used that comprises
amphiphilic macromolecules.

5. A method according to claim 2, wherein a fluid lipid membrane is used that

comprises bilayers of charged lipids.
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6. A method according to claim 1, wherein a puised electrical field is used.
7. A method according to claim 1, wherein an alternating field is used on which a
time constant field is superimposed.
8. A method according to claim 7, wherein the altemnating field and the time constant

field are superimposed in a Crosswise manner.

9. A method according to claim 1, wherein a substrate having a surface comprising
ribs is used for supporting the membrans.

10. A method according to claim 9, wherein a substrate is used that exhibits a
periodicity ranging from 2 nm to 200 nm.

11. A method according to claim 9, wherein a substrate is used in which the height of
the ribs is in the range of 0.1 nm to 10 nm.

12. A method according to claim 9, wherein a time constant field is used, the direction
of which is substantially paralle! to the ribs.

13. A method according to claim 1, wherein said movement is a rotation.

14. A method according to claim 1, wherein the membrane comprises an exclusion
area in which the particles are not mobile and wherein prior to performing the
electrophoresis, the particles are collected at said exclusion area upon the
application of an electrical field.

15. A method according to claim 14 and claim 2, wherein the exclusion area is -
provided by a non-fluid area of the fluid membrane.

16. A method of observing an electrophoretic separation, the electrophoretic
separation comprising applying the particles to be separated on a substrate
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supported membrane such that the particles are mobile across the surface of the
substrate supported membrane;

providing an electrical field such that the direction of the field is oriented along the
surface across which the particles are mobile:

performing at least one of:

temporarily modifying one of the strengths and the direction of the
electrical field such that a force is acting on the particles that leads to a movement

depending on the iength of the particles and

using a substrate supported membrane having a structured surface,
wherein the substrate supported membrane is structures such that a forces is
acting on the particles that leads tc a movement depending on the length of the

particies.

wherein the method further comprises:

recording digitized image data from the electrophoretic separation: and

evaluating the recorded image data by a computer.

A method according to claim 1, wherein the particles to be separated comprise at
least one of DNA, RNA, DNA-, RNA-oligomers and proteins. |

A method according to claim 1, whereln the particles migrate in a pH gradient.

A method according to claim18, wherein the pH gradient is provided in a parallel
manner with respect to the electrical field.

A method according to claim 18, wherein the pH gradient is provided substantially
perpendicularly to the electrical field.
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21. A substrate, especially for supporting a membrane for camrying out of a
method comprnising: applying the particles to be separated on a substrate
supported membrane such that the particles are mobile across the surface of the

substrate supported membrane;

providing an electrical field such that the direction of the field is oriented along the
surface across which the particles are mobile:

performing at least one of:

temporarily modifying one of the strengths and the direction of the
electrical field such that a force is acting on the particles that leads to a movement
depending on the length of the particles and ’

using a substrate supported membrane having a structured surface,
wherein the substrate supported membrane is structures such that a forces is
acting on the particles that leads to a movement depending on the length of the
particles;

the substrate comprising an optically transparent material.

22. A substrate according to claim 21, wherein the substrate includes glass as the
optically transparent material.

23. A substrate according to claim 21, wherein the substrate comprises plastics as the
optically transparent material.

24. A substrate according to claim 23, whereln the plastics comprises one PC,
PMMA, PS, PE and plastics formed of cyclic olefins.

25. A substrate according to claim 21, wherein a surface of the substrate is
structured.

26. A substrate according to claim 25, wherein the surface comprises ribs.
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27. A substrate according to claim 26, wherein the ribs exhibit a periodicity ranging
from 2 nm to 200 nm.

28. A substrate according to claim 26, wherein the ribs have a height ranging from 0.1
nm to 10 nm.

29. A substrate supported membrane, particularly for performing a method
comprising:
applying the particles to be separated on a substrate supported membrane such
that the particles are moblle across the surface of the substrate supported

membrane:

providing an electrical field such that the direction of the field is oriented along the
surface across which the particles are mobile;

performing at least one of:

temporarily modifying one of the strengths and the direction of the
electrical field such that a force is acting on the particles that leads to a movement
depending on the length of the particies and

using a substrate supported membrane having a structured surface,
wherein the substrate supported membrane is structures such that a forces is
acting on the particles that leads to a movementdepending on the length of the
particles;
the substrate comprising:

a substrate including an optically transparent material; and

a fluid lipid membrane.
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30. A substrate supported membrane according to claim 29, wherein the fluid lipid
membrane comprises cationic lipids.

31. A substrate supported membrane according to claim 29, wherein the fiuid lipid
membrane comprises amphiphilic macromolecules.

32. A substrate supported membrane according to claim 29, wherein the fluid lipid
membrane comprises bllayers of charges lipids.

33. A substrate supported membrane according to claim 29, wherein the fiuid lipid
membrane is dried up.

34. A substrate supported membrane according to claim 29, wherein the fluid
membrane comprises aft least one fiuid area.

35. A microchannel electrophoresis chamber comprising.
at least one channel having a bottom surface including a substrate that compnses
an optically transparent matenal; and

an electrode assembly.

36. A microchannel electrophoresis chamber according to claim 35, wherein each
channel comprises a width ranging from 1 pm to 10 mm.

37. A microchannel electrophoresis chamber according to claim 35, wherein each
channel comprises .a depth ranging from 10 nm to 20 um.

38. A microchannel e]ectrbphoresis chamber according to claim 35, wherein a
plurality of channels is provided that is arranged in form of a two-dimensional
matrix.
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A microchannel electrophoresis chamber according to claim 35 wherein the

electrode assembly comprises two electrodes provided at each longitudinal end of
each of the channels.

A microchanne| electrophoresis chamber according to claim 35, wherein the

electrode assembly comprises two electrodes longitudinaily expanding in the
direction of the channel at both sides of each channel.

A microchannel electrophoresis chamber according to claim 35, wherein the
substrate is coated with a fluid lipid membrane.

A mecrochannel electrophoresis chamber according to claim 41, wherein the fiuid
lipid membrane comprises cationic lipids.

A microchannel electrophoresis chamber according to claim 41. wherein the fluid
lipid membrane comprises amphiphilic macromeolecules.

F

A microchannel electrophoresis chamber according to claim 41, wherein the fluid
ipid membrane comprises bilayers of charges lipids.

A microchannel electrophoresis chamber according to claim 41, wherein the fluid
lipid membrane is dried up.

A microchannel electrophoresis chamber according to claim 41, wherein the fluid
membrane comprises at least one non-fluid area.
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