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[0001] This application claims the benefit of United States Provisional Patent Application No.
61/030,074, filed February 20, 2008, the contents of which are incorporated herein by reference

in their entirety.

BACKGROUND OF THE INVENTION

10 1. Field of the Invention

[0002] This invention lies in the ficld of electroporation, the process by which exogenous
molecular species are inserted into membranous structures by suspending the structures ina
- liquid solution of the exogenous species and applying an electric field to the resulting

suspension. In particular, this invention addresses electroporation cuvettes.

15 2. Description of the Prioxr Art

[0003] Electroporation, or electric pulse-driven transfection, is widely used for impregnating
membrandus structures, such as living biological cells, liposomes, and vesicles, with exogenous
molecules. The structures are typically suspended in an aqueous solution of the exogenous
species in a high-conductivity buffer. Normal saline is commonly used as the buffer since, in
20 addition to offering relatively low resistance to an electric current, normal saline provides an

" environment that is favorable to the viability of most membranous structures. The suspension is
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SUMMARY OF THE INVENTION

20  [0005] An electroporation cuvette has now been developed that addresses the variations in |
voltage difference experienced by cells or other membranous structures of different diameters in
a single suspension. For convenience, the term “cells” is used herein to represent membranous
species in general. The electrodes in the cuvette that produced the electroporation effect are
configured to produce an electric field whose intensity varies with location in the cuvette, and a

25  second pair of electrodes are incorporated into the cuvette structure to impose an electric field
that will cause the cells to position themselves according to size in an arrangement that correlates
with the field intensity variation. The electrodes used for positioning the cells are referred to
herein as “positioning electrodes,” while the electrodes used for electroporation are referred to
herein as “electroporation electrodes™ or “shocking electrodes.” To utilize the cuvette in an

30  electroporation procedure, the two sets of electrodes are energized in sequence, the positioning
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BRI EF DESCRI PTI ON OF THE DRAW NGS '

BRIEF DESCRIPTION OF THE DRAWiNGS
{0007} FIG. 1 is a perspective view of one example of a cuvette and lid in accordance with the
present invention.

20 [0008] FIG. 2 is a cross section of the cuvette of FIG. 1.

[0009] FIG. 3 is a front elevation of another example of a cuvette and lid in accordance with

the present invention.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

25 [0010] While the features defining this invention are capable of implementation in a variety of
constructions, the invention as a whole will be best understood by a detailed examination of

specific embodiments. The drawings hereto represent such embodiments.
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ectrodes due to t arrangenent, the separation
bet weelacttdsiss eredhepasitiiig eladodeshe top of the cuvette is greater than
t he separation near the base of the cuvette. Affixed to the base 19
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t he u ersd'g@ﬁ()f the |i 12 is a still él‘lﬂgther el ectrode 22. The base

and |f ddds Daandibppa praderling Af7S- dihe drpegpterlines 23, 24, 25 are coplanar
and, like the cuvette itself, the shocking electrodes are symmetrically arranged on either side of

15  the cuvette centerline 23. FIG. 2 is a cross section of the cell and shocking electrodes along the

plane of the centerlines. The angle o formed by the shocking electrode centerlines can vary and

~ is not critical to the invention, although optimal angles will depend on the cell population and the
dimensions of the cuvette. In general, preferred angles are those within the range of from about
1 degree to about 45 degrees, and most preferably from about 5 degrees to about 30 degrees.

20  The non-parallel arrangement of the shocking electrodes can also be described in terms of tﬁe
ratio of the gap 26 between the electrodes at its greatest width to the gap 27 at its narrowest
width. This ratio can vary widely as well, but in most cases, an appropriate ratio is within the
range of from about 1.2 to about 3.0, and preferably from about 1.3 to about 2.0. The direction
of migration of the cells as they are being positioned according to size generally follows the

25 cuvette centerline 23, which is the direction of the electric potential imposed by the positioning
electrodes. The gap width between the shocking electrodés likewise decreases in the direction of
the cuvette centerline 23 and, as explained below, the gradient in cell size after positioning is in
the same direction with the cells decreasing in size in the same direction as the decrease in gap

width of the shocking electrodes.

30 [0013] In an electroporation procedure utilizing the cuvette of FIGS. 1 and 2, the cuvette is

filled with a buffered aqueous solution of the DNA, protein, or exogenous species in general that
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25  placed on the exposed surface of the saturated or suspended matrix and the positioning electrodes

are energized to induce electrophoretic migration of the cells into the matrix. Under the
influence of the electric field, the cells will migrate into the matrix and distribute themselves
through the matrix according to their sizes, the smaller cells migrating at a faster rate since they
encounter less resistance from the matrix. The difference in migration rate can also arise from
30 the lower mass and thus lower inertia of the smaller cells for the electrophoretic force to
overcome. The migration time in this method is less critical than when the migration is

performed in the absence of a sieving matrix, but time is still a factor in achieving an
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of the cuvette. In the embodiment shown, the two membrancs divide the cuvette interior into

20  three chambers 36, 37, 38 arranged vertically. As in the first method described above in

connection with FIG. 1, a buffered aqueous solution of the impregnant is placed in the cuvette to
occupy all portions of the cuvette above and below all of the sieving membranes, and the cells
are placed on the exposed surface of the solution at the top of the cuvette. The lid 32 is then
placed over the cuvette to place the negative positioning electrode 39 in contact with the

25  solution, and an electric potential is imposed between the negative positioning electrode 39 and
the positive positioning electrode 40 at the base of the cuvette, causing the cells to migrate by
electrophoretic means into the cuvette interior. The largest cells are retained in the upper
chamber 36, mid-sized cells pass through the upper sieving membrane 33 to be retained in the
middle chamber 37, and the smallest cells will pass through both sieving membranes and migrate

30  into the lower chamber 38. The potential is maintained until the cells reach their appropriate
chambers, and the separation is less time sensitive in this procedure than in either of the two

procedures described above in connection with FIG. 1. The positioning potential is then

6
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sizes and the size of the CGuyette. Adequate size separation in sone
cases will thus be achieved with a 15 single sieving nenbrane,
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menbranes w ||l be used. The sieving nenbranes are spaced apart al ong
the |l ongitudinal axis 35 of the Guyette and arranged such that the
menbrane having the |argest pore size is closest to the top of the
cuvette, with the pore sizes of the nenbranes successively decreasing
toward the base of the cuvette. In the enbodi mrent shown, the two
menbranes divide the Guyette interior into 20 three chanbers 36, 37,
38 arranged vertically. As in the first method descri bed above in
connection with FIG 1, a buffered aqueous solution of the inpregnant
is placed in the Guyette to occupy all portions of the cuvette above
and below all of the sieving nmenbranes, and the cells are placed on

t he exposed surface of the solution at the top of the cuvette. The
lid 32 is then placed over the Guyette to place the negative
positioning electrode 39 in contact with the 25 solution, and an

el ectric potential is inposed between the negative positioning

el ectrode 39 and the positive positi'oning el ectrode 40 at the base of
the cuvette, causing the cells to mgrate by el ectrophoretic neans
into the cuvette interior. The largest cells are retained in the
upper chanber 36, mid-sized cells pass through the upper sieving
menbrane 33 to be retained in the middle chanber 37, and the small est
cells will pass through both sieving nmenbranes and mgrate 30 into
the | ower chanber 38. The potential is maintained until the cells
reach their appropriate chanbers, and the separation is |less tine
sensitive in this procedure than in either of the two procedures
descri bed above in connection with FIG 1. The positioning potenti al
is then



WO 2009/ 105371PCT/ US2009/ 033788 di sconti nued, and the shocki ng

el ectrodes 41,42 are then pul sed, producing an electric field
intensity that is weakest in the upper chanber 36 and successively
stronger in the mddle 37 and | ower 38 chanbers. The resulting
potential drop across the widths of the cells thus inversely varies
with the cell sizes as in the enbodi nents descri bed above. 5[0016]
The electrical circuitry to the two sets of electrodes is
conventional, and the shocking el ectrodes can be pulsed in the sane
manner as those of conventional cuvettes in any of the gene pul sers
that are commercially available as of the filing date of this
applicatdigg;: Cains : 1. A cuvette for el ectroporation of

menbr anous structures of nonuniform size, said cuvette conprising a
vessel having a Iongitudinal axis, a pair of positioning electrodes

SpaCEd %@ﬁ\;eﬁ@lf Pgr 8‘[‘91? rh&gfo %usas)&hétur @BF (ﬁ] Bﬁ'blrm QEe Salfi cuvet'g
el ect rgch?}gr?sﬁﬂg[i & q%ﬁw g?on (? Ga 2 Ehalp £ RIO 1n§ etl)ec roges Spaced 2
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| ongi tﬂa oaésal 1tud1fa $E 10&3 Eic g_esm&ggq{lggtgg (i?oxg%qrallel
el ectri® 1&??8?1’ g AR ¥ida &l °§g§"l“ ngHpdigd#Sr | i ne, both said
centerllnes beln% co- pl anar, mnth sai d Iongltudlnal axis and form ng
an ang?-elhsrcurstis At shdmtl Wh%gg adh efgadisdastrongatinaglectiodes ha agheighiot her .
3. Thecepigylns, bothfsaid|canisr menheingporploandvinepielongitidinphasib oud fminggnesgle
to aboeft r@0 abeyr elsstee tajabonhéS degresstvdthofackbtiem 1 further conprising a
si eving nenbrane spanni ng said cuvette and transverse to said

| ongi t iditeahivetsd of claih.2 Winecio uaidtahgle df frahabont 5 degrebheraboagirdegiaeg a
plurality of sieving nenbranes of different pore sizes spanning said
cuvet t &, TiraGetfaI@ladh 6 ViuABerBHDFSIAE aQlevRidirRdnBrad ¥pHRiRE sdi@ ch@ttd and

| ongi t walish@ke &dafl logdhdinal #ME.Ng menbranes spaced apart al ong said

| ongi tudinal axis and decreasing in pore size along said |ongitudinal

axi s i 8 FheusaFRrdlaiRq! ifRerddnpabite APRIERS 0P S IR mMBldhes of different pore

sizes spanning said cuvette, each said sieving membrane oriented transverse to said longitudinal
axis, said sieving membranes spaced apart along said longitudinal axis and decreasing in pore
size along said longitudinal axis in the same direction as said decreasing gap width.

6. The cuvette of claim 5 comprising two to five of said sieving membranes.

7. A method for transfecting a population of membranous structures of non-uniform size with
exogenous species, said method comprising: (a) charging a cuvette with a suspension of said
population in a liquid mediuvm in which are dissolved said exogenous species, said cuvette
comprising a vessel having a longitudinal axis, a pair of positioning electrodes spaced apart
along said longitudinal axis, and a pair of electroporation electrodes spaced apart on opposite
sides of said longitudinal axis, said electroporation electrodes being elongated and non-parallel
and thereby defining a gap decreasing in width along said longitudinal axis; (b) energizing said
positioning electrodes to distribute said membranous structures within said cuvette substantially
according to size in the direction of said longitudinal axis, decreasing in size in the same
direction as said decreasing gap width; and (c) with said membranous structures so distributed,
energizing said electroporation electrodes to cause transfection of said exogenous species into
said membranous structures,

8. The method of claim 7 wherein said cuvette is filled with a buffer solution prior to step (a),
step (a) comprises loading said membranous structures at an end of said longitudinal axis where
said gap width is greatest, and step (b) comprises imposing an electric potential between said
electroporation electrodes of a magnitude that will effect said distribution by causing differential
migration rates of said membranous structures through said buffer solution.



6. The Guyette of clains conprising two to five of said sieving
menbranes. 7. A method for transfecting a popul ati on of nmenbranous
structures of non-uniformsize with exogenous species, said nethod
conprising: (a) charging a cuvette with a suspension of said
population in a liquid mediumin which are dissol ved sai d exogenous
species, said cuvette conprising a vessel having a | ongitudinal axis,
a pair of positioning electrodes spaced apart along said | ongitudinal
axis, and a pair of electroporation electrodes spaced apart on
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el ectric potential between said el ectroporation electrodes of a
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magni t{dgo et Mikr8bh €ct sai d distribution by causing differenti al

mgration rates of sald menbranous structures through said sieving
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struct 5§n§Pm§ﬂ(%ﬁﬁe St s where said gap width
is greatest, and step (b) conprises inmposing an electric potenti al
bet ween said el ectroporation el ectrodes of a magnitude that wll
effect said distribution by sieving said nenbranous structures

t hrough said sieving nenbrane. 11. The nethod of claim7 wherein a
plurality of sieving nmenbranes of different pore sizes are nounted to
said cuvette, spanning said cuvette transverse to and spaced apart

al ong said longitudinal axis, successively decreasing in pore size
concurrently with said decreasing gap width, step (a) conprises

| oadi ng sai d nenbranous structures at an end of said | ongitudi nal
axis where said gap width is greatest, and step (b) conprises

i nposi ng an electric potential between said el ectroporation

el ectrodes of a magnitude that will effect said distribution by
causi ng sai d nmenbranous structures to mgrate only as far as sieving
menbranes with pores sufficiently small to block further mgration.
12. The nmethod of claim7 wherein each of said el ectroporation

el ectrodes has a straight centerline, both said centerlines being
co-planar with said longitudinal axis and form ng an angle of from
about 1 degree to about 45 degrees with each other.



