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APPARATUS AND_METHOD FOR ELECT ROPHORESL S

FIELD OF THE INVENTION 5 7 The present invention relates to
el ectrophoresis generally and nor e particularly to apparatus for
conducting a phoresis test therein. 3
EACKGROUND CVBSESRERS e A great deaf or g Ronostic
procedures and | aboratory research are 10 carried out wherein DNA, RNA

or proteins are separ atARPABATIUS ANDIMETHOD FOR ELEGTROPHORESISd cheni cal
properties via electrophoresis. This process is widely used and has
many applications. For exanple, it is used to anal yze DNA nol ecul es

according to their resultant size after being digested by
restriction enzynes. It is also used to anal yze the products of a
pol ymerase chain reaction (PCR). 15 Typi cal |y,

el ectrophoresis separation is carFig® Of THE INVENAON | on medi um
such as a gel of agarose or acrylam de or a conbination of the two.

Usual 1y, 5 agar Osﬁmﬁ@} ésehh inveibn rBlbiEkeib blgtrop ﬁ?ﬁsfsog éi'alﬁ} afd more
whereas acryl am de gels are cast et ween two at es.

20 " “gel s arkiBEuaiy fo BpBahar I UGG Blecifphortgs Mol T O 1Ne
connect ed by
BACKGROUND OF THE INVENTION
A great deal of diagnostic procedures and laboratory research are

10 carried out wherein DNA, RNA or proteins are separated according to their physical
and chemical properties via electrophoresis. This process is widely used and has
many applications. For example, it is used to analyze DNA molecules according to
their resultant size after being digested by restriction enzymes. It is also used td
analyze the products of a polymerase chain reaction (PCR).

15 Typically, electrophoresis separation is carried out in a separation
medium, such as a gel of agarose or acrylamide or a combination of the two. Usually,
agarose gels are cast in open trays and form a slab m;hereas acrylamide gels are cast
between two glass plates.

In order to effect the electrophoretic separation, two opposite ends of the

20 gels are exposed to an electrically conducting buffer which is connected by
electrodes, typically carbon or platinum, to an electric power source. Once the
electrical power source is switched on, the electric field forces negatively charged
molecules to move towards the anode and positively charged molecules to move

towards the cathode. One characteristic of conventional electrophoresis is the use of
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el ectrodes, typically carbon or platinum to an electric power source. Once

t he el ectrical power source is switched on, the electric field
forces negatively charged "ol ecul es to nove towards the anode and
positively charged nol ecul es to nove towards the cathode. One

characteristic of conventlonal el ectrophoresis is the use
WD 96/ 34276W096/34276 Persseosess
PCT/ US96/ 05653 | arge volunmes of buffer having a relatively | ow salt

concentr at i jlafgd Qolliftiest 61 bufiérchaving a relativgly lowd salt @onhcentrétionl . maintain the
DNA is negatively charged and therefore, in the agarose or acryl am de

gel s whi ch Rigoired eldeti/field. action, DNA nol ecul es nove towards the anode at
arate whi ch depends on t hei r size, wherein the smaller the

mol ecul es t he faster fN&Ys RBY&ively charged and therefore, in tﬁélagsl%bébr atiyldraide
desirable to visualize and t0 docunent the results of the

el ectr ophorﬁ,g th?(ﬁ'Pﬁ!'bgfde%ie\;lﬁiractlé DNA fidisUuisy Mblé t&ﬁﬂﬂé%é ﬁﬁodg atdlfate

nol ecul es one by I mmer si ng the gel slab after the

Pl or e8con: Whist SBRRASE bh kit e, wherein ing SFRIGE D foIBel 81 BBier e inle
Convent i onal el et 'rl)ﬂﬁref-@ﬁv 5%1%?%%@%%%@%@%@%%“ the
Cl et r ophor FEORNaSAIC SPRATat Ieitain. SleCtBAnaral seprraton,of DN moleddid, !
The tuo 15788 bR Hne Rk FRBETG. 1R 48 ek FBAT HiescleBpRarRG PoRe AR Tencr
product s. Elt)ehelndclzgn%leted in a solution of a fluorescent compound which emits visible light when
10 exposed to a ultra violet (UV) light. A widely used compound is ethidium bromide.
Conventional electrophoretic separation systems are deficient in many
respects, a few of which are listed below. _
Prior art electrophoresis separation systems are a potential source of
contamination to the working environment in which the tests are performed. The two
15 major sources of contamination are ethidium bromide and PCR products. Ethidium
bromide is a hazardous chemical due to its mutagenic activity and therefore, exposure
to ethidium bromide may induce malignant tumors.- PCR is an extremely sensitive
method to the extent that a single molecule of DNA product from one PCR (out of the
trillions of molecules being produced) may interfere with the subsequent PCR such
20 that it will produce incorrect result.
Conventional electrophoresis is also deficient in other respects, one
being that it is time cénsuming.
Various attempts have been made to solve the deficiencies of

conventional electrophoresis. Most attempts have been addressed to overcome the
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brom de is a hazardous chem cal due to its nutagenic activity and
therefore, exposure .10 ethidiumbromde may induce malignant

tunors. PCR is an extrenely sensitive met hod to the extent that a
singl e nol ecul e of DNA product from one PCR (out of the trillions
of nol ecul es pgoduced) may interfere with the subsequew,ﬁg 20
that it will gjrao cekl ncorrect result. nvent | o%gl

el ectrophoresis is also deficient in other respects, one bei ng t hat
it is tinme codefickenay. of conventional electrophoresis systama.withraspept to thewsefduftensie
to solve the deficiencies of conventional el ectrophoresis. Mst

att enpt s havetheeain. addr essed to overcone the

2 WD 96/ 34276

PCT/ US96/ 05653 US. iFaterl 4y87, 4 Do/ Stalbery deseribestanglectrephicresis Systom
with respect to the use of buffers t herein.

U.S. Patent 4dnhévifig aNigh @oRbénthRaiol biffes coRRINIAG gel. ectrophoreSI s system

havi ng a hi gh concent ratl on buffer containing gel.

U.S. Patgnt 4,892,639 tg, SSP"afdn?E 892,689 to Safird &tar d@&rﬁe@@nr@éﬁifﬁﬁﬂés@bﬁi&

wi th inproved buf f er CI rcul at1on’
5,045,164 to bes an electrophore5|s pl at e
havi ng t hi cke‘ﬁgﬂ?ﬁe‘ s as %@Fer reserv0| rs. U. S.

Patent 5,209,831 to MGG ¥ateil %048, P64 1 TR dnh' 5T dlstRBSL RN Blectrophoresis
plate having thickened ends as buffer reservoirs.
U.S. Patent 5,209,831 to MacConnel describes a bufferless disposable

10 cassette having open ends and conductive film electrodes.
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10  cassette having open ends and conductive film el ectrodes.

WD 96/ 34276 _ . _ . )
PCT/ US96/ 05653 ' SUMMARY OF THE | NVENTI ON
It is therefore an object of the present invention to provide an inproved
apparatus for_ el ectrophoresis. _ A maj or_object of the
present i nveMA%M¥€ o provide a closed cassette 5 fo?cr’dsgm“s%

el ectrophoresis which is substantially closed before, during and after an

el ectrophoresis test conduct ed SUMMARY. OF THE INVENTION According to
an aspect of the present invention the cassette is a di sposabl e

cassette. Itis theref?!e-gl?\gotﬁ&ft%? iﬁ@pn‘é&eﬁﬁﬁvﬁtﬁrﬁ%br&iﬂé’ﬁﬁ liAProved

over conmes drawbacks assocl ate with prior art electrophoresis

cassettes, p r FB&U | the cassette is a cl osed one, its
outer envi roér%aﬁmlgsfoﬁ% sug@?&p l:ébl e to contam nation. Mreover, since it
S ready to u A el | | | ' Welg
art cassettes i 5 saveds MAOFOBbE b bRébeht HushfidhIe @prbhlle ¥ GBG Bldite”:

i nventign is,to provide an electrophoresi.s 3 stem i.n Whrin?h ot h _the
el ect roghoretf’f ce'g‘étf)%ﬂ'}ﬂ@ﬂﬁ &'hﬁ’?'t i ﬁ”gﬁk’?yatq'ﬁ?dop h@ B@Qﬂgtg 1&fter an
thereof are done while the cassette is.in situ.

Accor di ng toeci foploresis t%?tqoﬂguﬁng'é?fP"\'nvention, there is provided a

substantially cl osed di sposabl e cassette with openings for introducing a

sanpl e of nol AGEOEding Heren Aspect; ak they dresant ipvention ther eassetie Br8ned
only just before the
disposable cassette.

The cassette of the present invention overcomes drawbacks associated

10 with prior art electrophoresis cassettes, plates or slabs. Since the cassette is a closed
one, its outer environment is not susceptible to contamination. Moreover, since it is

ready to use, the preparation time required for preparing prior art cassettes is saved.

Another object of the present invention is to provide an electrophoresis
system in which both the electrophoretic separation and the visualization of the results

15 thereof are done while the cassestte is in situ.

According to one aspect of the preseht invention, there is provided a
substantially closed disposabie cassette with openings for introducing a sample of
molecules thereinto, the openings being preferably opened only just before the
electrophoresis test. |

20 According to another aspect of the present invention, the cassette
includes all the chemical compounds required to drive the electrophoretic separation,
and, when DNA molecules are separated, the compounds required to stain the

separated DNA.
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el ectrophoresis test. 20 Accordi ng to anot her aspect of

the_present invention, the cassette Locludes all the chem cal
conmpounds required to drive the el ectrophoretic separation, and,
when DNA nol ecul es are separat ed, the conpounds required to stain the

separ at ed DNAg, 9cJ0S653

WD 96/ 34276 09614276 FCTIOR

PCT/ US96/ 05653 According to yet another aspect of the
i nvention, the vol une cﬂccpnbngdmyet another aspegt otthatinvention, ther valuroeiod itihgjiarme
lons required for the el ectrophoresis separation is smal | er than

t he vol une of sauree yiilized fori previding thecions eequingdhfor dbé elecimophatesisnseparation is
and preferably smaller than the volune of gel utilized for actual

separ ati on dusmalierdhan the volume: ot theppelntitized hethe electrophoresis separation matrix
According to a preferred enmbodi nent of the present invention, the ions

(cations and gwd preferabBCsthalRs thah the vilurhs ©f BbEGiIEze fer £tiia) sepaRLioh idRngah

provi,ded by a cation exchange matrix and an ani on exchange nmatri x,
respectigely. electrophoreSIs test. According to another preferred
enbodi nent of the ‘present i1nvention, the 10 cation exchange matrix al so

D SurUES. ncor el sy P 3Rl AR Sl precot [y BB g ord,
(cations and anions) required to drive the electrophoretic separation are provided by
a cation exchange matrix and an anion exchange matrix, respectively.
According to another preferred embodiment of the present invention, the
10 cation exchange matrix also provides the cations required to stain the separated
molecules in order to enable visualization thereof when the cassette is illuminated with
a UV light source.
According to an altemative embodiment of the presentinvention the ions
required to drive the electrophoresis separation are provided by a reservoir, preferably
15 a breakable ampoule containing a buffer characterized by relatively high concentration
of these ions.
One advantage of the cassette of the present invention is that it is
disposable.
Another advantage of the cassette of the present invention is that the
20 user is not exposed to any hazardous chemical constituent, such as ethidiurh bromide,
as in prior art cassettes.

Yet another advantage of the cassette of the present invention is that

PCR-DNA products are contained within the cassette and are disposed therewith so
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a W light source. According to an alternative
enbodi nent of the present invention the ions required to drive the

el ectrophoresis separation are provided by a reservoir, preferably 15 a
br eakabl e anpoul e containing a buffer characterized by relatively high
concentration of these ions. e a t age
of the casseVP0H27 e present invention is that it is m’%ﬁ? abl e.

Anot her advantage of the cassette of the present invention is that the 20

user is not g@t@ubstahfialynedied tiglsortamiriion of theowerkirig @nVironfriehl irbwhich itheli um
brom de, as in prior art cassettes. Yet

anot her advagdta @fe peribffed:assette of the present invention is that
PCR- DNA products are contained within the cassette and are di sposed

therewith so i i ;
WO 96/ 34276 There is thus provided, in accordance with a preferred embodiment of

wor ki g ey RraSSTt nvontih, A gpaid'ir Sonjiucl ieiuiopfofeRl ipehdiortiefin | 1

There 12 <yl AKAE o O A0S e B as oDl BEFARL afoer,

Separati on Lerah e champal Ibiubs th dERRCR wRRHAEeN A bBdy 3 defB5F cARARG ™
therein the electrophoresis separation, at least one ion source for providing ions for
driving the electrophoresis, the at least one ion source having a volume smaller than
the volume of the body of gel, and electrodes for connecting the chamber to an

10 external electrical power source, thereby enabling to drive the electrophoresis

separation.

There is also provided, in accordance with a preferred embodiment of
the present invention a substantially closed cassette for conducting therein
electrophoresis separation which includes a closed chamber which includes therein

15 a pody of gel for carrying therein the electrophoresis separation, at least one ion
source for providing ions for driving the electrophoresis separation, and electrodes for
connecting the cassette to an external electrical power source, thereby enabling to
drive the electrophoresis separation.

There is further provided, according to a preferred embodiment of the

20 present invention an apparatus for conducting electrophoresis separation therein
which includes a housing having at least bottom and side walls defining a chamber
which includes in contact therebetween a body of gel for carrying therein said

electrophoresis separation, at least one body of ion exchange matrix for providing

ions for driving the electrophoresis separation, and electrodes for connecting the
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wherein the chanber includes in contact therebetween a body of gel for

carrying therein the e|lectrqopharesis separation, at |least one jon
source for providing ions for driving the el ectrophoresis, the at

| east one ion source having a volunme smaller than t he vol une of the

body of gel, |l ect rodes for connecting the chanber to an _10
external el ec{wge&?‘zﬁ%wer source, thereby enabling to drive t RET/US6/05653

el ectrophoresi s separati on. There is al so

provided, in hambErnrean éktefnd)’ slestritaldpewdp dolrce] théreby enablinghtd K06 cthb
I nvention a substantially closed cassette for conducting therein

el ect rophoresidemgig)geyﬁ}“bn.i ncl udes a cl osed chanber which includes
therein 15 a body of gel for carrying therein the el ectrophoresis

separation, at |east on@chSflingtoa pref?%& Eﬁg&ﬁiﬁ}egﬁ, e JoINehe Siife bPleall 6rﬁ]igﬂ

the el ectrophoresis separatiorn, and el ectrodes connecti ng

Cesect {2 12, e et el br BB of Gt Yl Bk,

drive the el ectrophoresis separ

provi ded, acc%r é@ 0 a preferred enbodi nent of the 20 pr esent

I nvention an ﬁ s for conducti ng el ectrophoresis separation therein
whi ch includes a housi ng havi n%ﬁtﬁﬁ% bott om.and side walls

chanber ~which i MARGIE B, g Btjeesions ign 88555’933&@'%35' A fpdy
o1 on' exchandk ki e¥ehangs mayis. Futhey. the body ot IBR gxesANGe PHJNEHRes & body of "
‘é' ectrophores ic“':éticsn(ra péixrc?\%ingen ’mgtrs]ig 1%|r eﬁr%rv%?n? tl'];e0 rcaﬁgnnsn %:rt é!rrl]\%né ht(tale electrophoresis
separation and a body of anion exchange matrix for providing the anions for driving
10 the electrophoresis separation. Still further, the cation exchange matrix is disposed at
one end of the body of separating gel and the body of anion exchange matrix is
disposed on a second end of the separating gel.
In operation, the cation exchange matrix exchanges protons derived from
electrolysis with the cations for driving the electrophoretic separation and the anion
15 exchange matrix exchanges hydroxyl ions derived from the electrolysis with the anions
for driving the electrophoretic separation.
According to a preferred embodiment of the present invention, the cation
exchange matrix and the anion exchange matrix includes phrticles immersed in a
support matrix. Preferably, the support matrix is formed of the gel as the body of gel
20 for carrying the electrophoresis seiaaration therein.
in accordance with yet a further embodiment of the present invention,
the apparatus also include an additional body of gel of low gel strength disposed
between the side wall of the chamber and the anion exchange matrix, the body of gel

of low gel strength shrinking during the electrophoresis separation, thereby providing
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PCT/ US96/ 05653 ___chanber to an _external_el ectrical_ power source,
t hereby enabling to drive the . el ectrophoresi s separation.
According to a preferred enbodinent, the volune of the at | east one ion
source is smaller than the vol ume of the body of gel utilized in the

el ect r ophor eWOH634236  separ at i on. : | n PETNB0S6Pc
enbodi ment, the at |east one ion source includes a body of ion
exchange mat{ ivejurhaih"Rhich! Gsdsopibaibed o thEHERRAF oftdr aliodd G U6 ScifariBe
of cati1on exchange matrix tfor providing the cations for driving
the el ect ro%ﬁ'ﬁjlétes separation and a body of ani on exchange matri x
for providing the antons for driving 10 t he el ectrophoresis separation.

Still further, the catd X L Xe ] ' : .end
of the body of separ at'&i"ﬁg‘eg’e%&g%ﬁq ﬁé @E%’?*’%P%ﬁ‘fbﬁ'ﬁ@%&%g rens;aep F fﬂy&ﬁg&q'
di sposed on second end,of the se ti L. .
operat on. e SpRANINS Beuiles alyer Bolabn Kredffed winins hody ot sepereting gg. e
el ectrolysis with the catiopns for driving th | ect rophoretic separafion
Sa < heSant caf leas) one badn.oh i exshenge Satis A00.the srcyeges: Erelerady; Tebvio,
the electrolysis with the anions, for driving_the electrophoretic
separ at i on. isa TAE buffer, thus the cationgxchapgematrix releases driscations, and the anion
the present invention, the cation . exchange matrix and the anion
exchange nateXcRange matex relgases acefaterAnioRsd in a support matrix.
Preferably, the support matrix is formed of the gel as the body of gel 20
for carrying the el ectAdditionally aceargdingata @ préferrednembodiment of the present
In accordance with yet a further enbodi nent of the present invention,
t he appar at uaveritioo, thre tatibh exchande matriaindhadgs ethidijgh cafionsow gel strength
di sposed
10 in accordance with an alternative embodiment of the present invention,
the least one ion source includes a closed reservoir having therein a buffer solution
having higher concentration than a concentration of a buffer solution of the body of
gel for carrying therein the electrophoresis separation, the closed reservoir being
opened just before the electrophoresis separation for providing the ions for driving the
15 electrophoresis separation.
In a preterred embodiment, the closed reservoir is a breakable ampoule.
Further, the breakable ampoule may be surrounded by a space, the space at least
partially filled with the buffer solution in a concentration generally similar to that of the
body of gel for carrying therein the electrophoresis separation. Preferably, the buffer
20 is a TAE buffer. In addition, the buffer may also include ethidium cations.
The apparatus and cassette of the present invention are further

characterized by any combination of the following features:
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bet ween the side wall of the chamber and the anion exchange matrix, the

body of gel of low gel strength shrinking during the

el ectrophoresi s separation, thereby providing

7 WD 96/ 34276

PCT/ US96/ 05653 a volunme in which gases produced at t | .Cl. 1 of
an anode of tN2 84 ber accumnul at es. Ii’%ﬁﬁsﬁj&'@lﬁ#’?/her
according to a preferred embodi ment of the present invention, t he
apparatus includes a bufietchamber érafie !chGﬂ'hhg@ﬁclt\Mé &t lbh&t dmtoperiing thereintfong
gel, the 5 at | east one body of ion exchange natrix and the _

el ectrodes. Rnpgb8h@Rgkt iddst oRbtédt'sample into thébady OFgéllPfelérably! tfe A1 1@aSPonen
exchange matri x releases Tris cations and the anion eéxchange matri x

rel eases acet | rinﬁ;qitié’glﬁs?%gypar comb prior to the electfophdrb88 FebiratigCor di ng to a

preferred enb I nvention, the cation exchange

matri x includes et hidi u@?"c?ﬁ%‘“ﬂg@"e %réd;l@r the cover may be lﬁ&ﬁﬁ&f{éh{éﬂfﬁﬁg%i&ﬁt ft{]gh

al ternative enbodi nent I 'nventr on, east one
source i BCl ude l?ﬁ- cl osed reservoir having therein a buffer solution

havi ng hPgher ©Bntration than a concentration of a buffer solution of
t he body of

separation, the cl osgglT@é"%%yﬁ%ﬁ'g&e{“gynalég]e %ﬁéﬁrlgggoﬁ%?s’g hole which
el ectrophoresjs separation for providing the ions, for driving the 5
el ect r ophor esiBsCiagsdh rRiiarate. the eectrophoregls test and is being opene% just be]fore the
electrophoresis test.
Further, according to a preferred embodiment of the present invention,
10 the electrodes thclude a conductive material capable of adsorbing at least part of at
least one of the gases produced during the electrophoresis separation. Preferably, the
at least one electrode capable of adsorbing is substantially formed from a material
selected from the group consisting of aluminum and palladium.
Additionally, the gases include oxygen created at the vicinity of the
16 anode during the electrophoresis separation and 'reacting with the aluminum.
Alternatively, the gases include hydrogen created at the vicinity of the cathode during
the electrophoresis separation and wherein the hydrogen is adsorbed by the
palladium.
In an alternative embodiment, the at least one electrodes includes a strip
20 of conductive material. Preferably, the strip of conductive material is mounted on a
ramp, the ramp being inclined at an angle relative to the bottom wall, whereby gases

produced at the vicinity of the strip during the electrophoresis separation are being

directed to an empty volume receiving the gases.
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In a preferred enbodi ment, the closed reservoir is a breakabl e anpoul e.
Further, the breakabl e anpoul e may be surrounded by a space, the space at

| east partially filled with the buffer solution in a concentration
generally simlar to that of the body of gel for carrying therein
the el ectrophoresis separation. Preferably, the buffer 20 I s a TAE

buffer. In al¥R%¥386 t he buffer may al so include et hidi um cRGTBIFE603653
The apparatus and cassette of the present invention are further

characterized by any ) ' ' '
c an gg/f{gglly; gﬁé aPparatis 6r dadsbR¥niy AISS inthRfe at least one empty

PCT/ US96/ 056g6lume for acgumulating gases protiiBed '&%Hﬁg ﬁh&éldcﬁﬁpf@éﬁ& tgaty | ncl ude

at | east one opent ng I ntrotduci ng at one test

sanple into the body of,gglg af;h?‘g\ﬁec ,Jn acel %ﬁﬁ%gregé}f%dngmbodimewsﬂ%g

I's closed by a conb prior to resis separ

T CTAToC ot nbuch A 5o ol AT B bohls e it M
2o OB, DRl oot rron. il Sobbd Soob Sl SofioReLp ISy b
e e Necdssarily the apparatiis or Cassetis Of the present Invention, and & SOt for
supporting the substantially closed cassette and for connecting the electrical power

source to the conductive elements of the cassette.
Further, the system may also include a UV light source and wherein the

10 cassette is transparent to UV light, and wherein the cassette also includes a UV
sensitive material capable of interacting with the molecules undergoing electrophoresis
separation and of emitting light, thereby enabling to conduct the electrophoresis
separation and to visualize it while the cassette is in situ. In a preferred embodiment,
the UV sensitive material is ethidium bromide.

15 Still further, the system may also include camera means for documenting
the results of the electrophoresis separation. The system may aiso include a computer
which includes at least one image analysis application for analyzing the results of the
electrophoresis separation.

Additionally, the system may include a cooling system for cooling the

20 cassette during the electrophoresis test.

There is also provided, in accordance with a preferred embodiment of
the present invention, an electrophoresis method which includes tﬁe steps of
introducing at least one test sample into a body of gel, applying an electrical field to

the body of gel and driving an electrophoresis separation by providing ions required

10
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10 the el ectrodes include a conductive material capabl e of adsorbing at

| east part of at | east one _of the gases produced duri ng—the

el ectrophoresis separation. Preferably, the at | east one el ectrode
capabl e of adsorbing is substantially forned froma materi al

selected fromthe group consisting of alum num and pall adiu
Additionallyf”?ﬁ@méa§es I ncl ude oxygen created at the vicin?%gng?mpﬁga 15
anode during the el ectrophoresis separation and reacting with the al um num
Al ternati vel Yor divingBrosledtrophotiesis separgtion by etleast arie ionesouree havipg afvolunae
cat hode during the el ectrophoresis separati on and wherein the
hydrogen is gghep@hrbthetvtfume of the gek! | adi um | In an
alternative enbodi nent, the at | east one el ectrodes includes a strip 20
of Sonductive material Fingiif! thetel ¥s 4166 fdvidedO' inC aBerdhhte Witheai prefored
nounted on a ranp, 'the ranp elng Inclined at an angle relative to

the bottom wal béadé\?gﬁthhﬁgﬁgéselnt inventionPa PHBth6d ftﬁ’fgrﬁg@d“ﬁ @ dlibsyaritially BRsed

strip during ctrop S separatron are directed to

an_enpt i vol %ggs L flr ‘donbudidig ﬁgéﬁéphqgle%iglspwra[ﬁﬁn theremﬁﬁ‘ﬁ%ﬂglzaes the steps

PCT/ US96/ 056 e apparatus or cassette may
pr oduced. dur PRrovEn 8Bl Nadng tosom ERa i Walis Uiy Eh' e B ve.
pr asent | nvoMesRDRTG PN feceHarih, By Fartie BRepeiRLe tody i gel Pt arying
Ichng :03223 e gmg?r{' @faél QSW.? \ggﬁgl:sa%gﬁ,cgt’ Iegstsolﬁgsigr? ra]?,toiulz%:lel tor %lrgvslgi% ions for

driving the electrophdresis separation, the at least one ion source having a volume

10 smaller than that of the body of gel and electrodes for connecting the chamber to an
external electrical power source, and closing the open housing with a cover, thereby
forming a substantially closed cassette capable of carrying the electrophoresis

separation therein.

1



not .necessarily the apparatus or cassette of the present invention, and a

support for supporting the substantially closed cassette and for
connecting the electrical power source to the conductive el enents
of the cassette. Further, the system nmay al so include
a W light source and wherein the 10 cassette is transparent to W
light, and wh¥P&3#2{6e cassette al so includes a W REHUS6036S3

mat eri al capable of interacting with the nol ecul es undergoi ng

el ectrophoresis S BIEF DESCRIPTION OF THERAWINGS t her eby enabl i ng
to conduct the el ectrophoresis separation and to visualize it

while the cassette is mﬁﬁsgntlb(?erﬂiog{vﬁﬁ%ﬁﬁébrﬁfﬁae‘i'napa'ﬁbrecnatedmor? Tl.ﬂl?.ﬁ'ow

sensitive material is rom

Iﬁgt Pg;hl Egeg)@@ﬂ gg%:btt?% oresb{sig'gte%gﬁla%ﬁﬁﬁ#ﬁe sys?‘e%%y a sd'c')av}"ﬂ ude

“a conputer . Wwhich i ncI udes at |east one image anal ysis applicati on
for anal yzi n&“ﬁ%‘é results of the el ectrophoresi s separ at i on.

Cothet e 1 T e i 10 S ens

cassetté& during the el

al so- provi ded, i.n accordance with a refer £ed enhodi

D ecent 1 nveRoRSCIE AR BETatAL & ARTRRTeA Embedimens of meeegesspt
i nt roduci ng F Ieast one test sanple |nto a body of gel, applying an

el ectrical finvept t he body of gel and driving an el ectrophoresis

separation by prOV|d|n ions required
10 ig. 2 is a schematic cross section illustration along lines Il - Il in Figure

1;
10 Fig. 3 is a schematic isometric exploded illustration of the electrophoresis
cassette of Figure 1;
Fig. 4 is a schematic cross section illustration along lines IV - IV in
Figure 3;
Fig. 5 is a schematic isometric exploded illustration of an electrophoresis
15 cassette, constructed and operative in accordance with a second preferred
embodiment of the present invention;
Fig. 6 is a schematic cross section illustration along lines Vi - VI in
Figure 5;
Fig. 7 is a schematic isometric illustration of an electrophoresis cassette,
20 constructed and operative in accordance with a third preferred embodiment of the
present invention;
Fig. 8 is a schematic isometric exploded illustration of the electrophoresis

cassette of Figure 7;

12



WO 96/ 34276
PCT/US96/ 05653 for driving the electrophoresis separation by at

| east one ion source having a vol une smal l er than the volune of the
gel . Finally, there is also provided, in accordance

wi th a prefer iasossza276 enbodi nent of the present invention, pepii&sidegsf or
produci ng a substantially closed 5 cassette for conducting

el ectrophoresis separation therein which includes the steps

provi ding a housing havifigy $da aosniumﬂgumsa@echorddmstrah@ alengplu'nesCﬁérrﬂKrm
assenbling within the chanber in contact therebetween a body of gel for
carrying Figurel®rei n the el ectrophoresis separation, at |east one ion
source for providing ions for driving the el ectrophoresis
separation, the at |easFigml ia schematic cross geetior lustratichDalongslines! Xr- Xhian
t hat of the body of gel and el ectrodes for connecting the chanber to an

ext ernal el ectRigurel 7Zpower source, and closing the open housing with a
cover, thereby formng a substantially cl osed cassette capabl e of

gg; 52“29% ghe el ectrophoFRei Bl is a schemafi® 8réks Settiohaitiation along lines XI - X1 WO

PCT/ US96/ 0565§igure 7. BRI EF DESCRI PTI ON OF THE
DRAW NGS The present invention will be understood and

e o Sanyonee | on' s FRRTTR '35 acherafe, Gohlhs ol ot 45 “Gpbabinose
cassette, constructed and operatwe in accordance with a fourth preferred embodiment
of the present invention;

10 Fig. 13 is a bottomn up cut away schematic isometric illustration of the
electrophoresis cassette of Fig. 12;
Fig. 14 is a schematic isometric exploded illustration of the
electrophoresis cassette of Figure 12;
Fig. 15 is a schematic cross section illustration along lines XV - XV in
15 Fig. 14; and
Fig. 16 is schematic isometric illustration of system for electrophoresis,
constructed and operative in accordance with a preferred embodiment of the present

invention.

13



6 Fig. 1 is a schendatic isonetric illustration of an

el ectrophoresis cassette, constructed and operative in accordance
with a preferred enbodi ment of- the present i nventi on; o

Fig. 2 is a schematic cross section illustration along lines Il - Il in

Fi gure . 1; 10 Fig. 3 is a schematic isonetric
expl oded i | | wex96342%n of t he el ectrophoresis cassetRGIUPNYFure 1;
Fig. 4 is a schematic cross section illustration along lines IV - IVin

::: ?323 2t ion of an el ggrﬁglpl,i,lgg@%ﬁl@ohﬁo@gﬁ%ﬁﬁ;@%ygﬁm@"%gl oded
operative in accordanCﬁe%rte't}ceaissn%%orﬂgdB;tgéfgra:r g4i"§hi3h"§|g§tgﬁgb[aﬁgé|€$gé@%e§ige

present invention;

section illustration along lines V| - VI in i qur,e 5: . ,
Fig. 7 is a diSRorablec @?E&@q'r se"?ﬁ'msﬁ\{aﬁ"&ﬁd oﬁoarF%SEU&FGpﬁBPeﬂ’?mt've in
cassette, 20 constructed .and, operative i,n accordapce with a third
preferred enBeeRABREe with;3 preferred embggdiment;of;the present invention.

Fig. 8 is a schematic isonetric exploded illustration of the

el ectrophoresis Cassefin-10capbest seeninyFig. 1, is a closed disposable cassette
12

preferably, but not necessarily, used for a single electrophoresis test. Cassette 10
includes all the chemical compounds required for driving the electrophoresis
separation and for enabling visualization of its results when DNA as well as RNA or
protein molecules have been separated.

10 As best seen in Fig. 3, the cassette 10 preferably comprises a three
dimensional chamber 11 which is preferably substantially flat, having bottom wall and
side walls, referenced 12 and 14 respectively, and a cover 16 which forms the top
wall of the cassette. The bottom wall 12 (Fig. 4) and the cover 16 are preferably made
of any suitable UV transparent material, such as the TPX plastic commercially

15 available from MITSU! of Japan or the PMMA plastic, commercially available from
Repsol Polivar S.P.A. of Rome. In a preferred method for producing cassette 10_a
plastic molding process is employed utilizing a Rohaglas Molding Powder,
commercially available from Sidas GmbH of Damstadt, Germany.

As best seen in the cross section illustration of Fig. 4, chamber 11

20 preferably comprises a gel'matrix 18 which may be any suitable gel matrix for
electrophoresis, such as an agarose gel or a gel made of acrylamide, a cation
exchange matrix 20 and an anion exchange matrix 22, collectively referred to as the
ion exchange matrices 20 and 22. Chamber 11 further comprises two conductive rods

referenced 24 and 26, such as stainless steel rods which, when connected to an

14
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PCTAUS26L 05653 - —Elg. 9 is a schematic cross_section
illustration along lines I X - IX in Figure 7,

Fig. 10 is a schematic cross section illustration along lines X - Xin
Figure 7. Fig. 11 is a schematic cross

Il lustration gf%%@“ﬂsnes Xl - Xl in Figure 7. Sy%ds%}osssa
Fig. 12 is a schematic isonetric illustration of an el ectrophoresis
cassette, Conséﬁémhﬁﬁréétd:uﬁléﬁf @C) Sledthca power aaa@evwbbm the eldckricietd Paquired
enbodi nent of the present invention; Fig. 13
s a bot t om URoGive SEBIrophBRIR!depaldtiRRbHthe |Ilds{r§®*dre?hbéﬂin@ﬁt r®24 is the anode
el ectrophoresis cassette of Fig Fig. 14 is a

schemati ¢ | sOrgid jod @ﬂ%ﬂé@%ﬁh%ﬁéﬁbbpﬁ Rintigh Bomprises twe by HltA6E 26%nd

cassette of Figur S a sc tic cross

cect 011 St bt Wit i o Oncup i oy scoumite
o oot O o Sramaiely. 1 BHBh ALSRe o ) ARCHA e nBRE  BRE Sa hdh oty
in Fig. 3, for venting the gases accumulated in the empty volumes 28 and 30.

A partiéular feature of cassette 10, as best shown in Figs. 3 and 4 is that
the volume of the ion source, the ion exchange matrices 20 and 22 in the illustrated
embodiment, is smaller than the volume of the gel 18 utilizéd as the electrophoresis

10 separation matrix and preferably smaller than the volume of gel utilized for actual
separation during an electrophoresis test.

It will be appreciated that if cassette 10 includes vent holes 32 and 34
they are sealed prior to the beginning of the electrophoretic test, and are opened just
before the electrophoresis test begins and are closed again after the test is completed

15 to substantially reduce the possibility of contamination originated therefrom.

Preferably, each of the gel 18, the ion exchange matrices 20 and 22 and
the conductive rods 24 and 26 are in contact and are immersed in a relatively small
amount of an agarose matrix produced and including a buffer solution, such as a TAE
buffer, which facilitates the mobility of the molecules undergoing separation and of the

20 jons provided by the ion exchange matrices 20 and 22.
it is a particular feature of the present invention that the ions required

for driving the electrophoretic separation are provided by the ion exchange matrices

20 and 22, preferably, by exchanging with protons and hydroxyl ions derived from

15
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PCT/ US96/ 05653 DETAI LED DESCRI PTI ON OF THE PRESENT

| NVENTI ON " Reference is now made to Figs. 1 - 4 which
~illustrate an el ectrophoresis di sposabl e cassette, generally

. referenced 10, constructed and operative in accordance with a
preferred enVRIPeR4RT of the present invention. 5 PCT/US96/05653
Cassette 10, as best seen in Fig. 1, is a closed disposabl e cassette

preferably.  DypchiflsB St FEG operatio b bElcufredt igglhgliﬁé GR"bER BAAY' 2B initiate

gajssette ﬁo ncl a emca dounds require
vi :sﬁ;{‘:gz‘at ioﬁ*héié'{aﬁiél?%»f Wc&dmﬁgm a@qﬁs’;‘“&éﬁ&a@mﬁ%ﬁﬁ” Wchdlthe ratrices:
1 . AS . i N _FLg.,.na3,
Re“CanCat 2 10" or o Ay o shGarae 20 and v R ot et
ich is pre

bl y, subst antial Ly, flat, having, bott 1l _and sid
vl 15, 1ol or cfpSRPe] e ions anik piions Fedyired i UrvBig, ScEpnarPaR seppmion, n

top wal | of the cassette. The bo_t{ﬂom_wall 12 (Fig. 4) and the cover
16 are pPef er @¥AMPIRR{& suitable catian ig ipe Jiist gatien and: anaxyAPle0f fvitable anion
such as the TPX pl as} I c commerciall 15 available from M TSU of Japan

? -Bratenablya buy nat necessaely; thenions released by the ion exchange

matrices 20 and 22 are exchanged with adsorbed protons and hydroxyl anions,

or the PWA pBanstate

respectively. Alternatively, or in addition thereto, the ions adsorbed by the ion
exchange matrices 20 and 22 may also be provided by the rods 24 and 26.

10 It will be appreciated that the use of the ion exchange matrices 20 and
22 provides a generally uniform pH throughout the cell since any proton buildup near
the anode 24 is compensated by absorption thereof by the neighboring cation
exchange matrix 20 and hydroxyl buildup near the cathode 26 is compensated by
absorption thereof by the anion exchange matrix 22.

15 According to one preferred embodiment of the present invention, the
cation exchange matrix 20 and the anions exchange matrix 22 may be immersed in
one of the materials used for preparing the gel.

A suitable cation exchange material is the CM-25-120 Sephadex and
suitable anion exchange materials are the WA-30 and the A-25-120, all of which are

20 commercially available from Sigma Inc. of St. Louis, U.S.A.

Cassette 10 preferably also includes welis 36 in the gel 18. Wells 36 are
used to introduce samples of the molecules which are to undergo electrophoretic
separation. The wells 36 may be formed by any suitable method, such as by

introducing a comb like structure 40 (Fig. 2) to the gel during the assembly of the gel.

16



Repsol Polivar S.P.A of Rome. In a preferred nmethod for producing cassette
10a  plastic_onlding process is enplayed utilizing a Rahaglas
Mol di ng Powder , comercially avail abl e from Si das GrbH of Eanstadt
Ger many. As best seen in the cross section

Il lustration ﬁﬁoiﬂd%nw4’ chanber 11 20 preferably conpri seg-@Bushelosddft i X
18 which nmay be any suitable gel matrix for el ectrophoresrs, such
as an agarose gel or a gel nmade of acrylam de, a cation exchange
matri x 20 and The xomb140is introgiacedito the §él via cbiresponding operiings 88 (Fig.ah) inithe
i on exchange matrices 20 and 22. Chamber 11 further conprises two
conductive rodecover 16. The &peningsc38 Athyabd uied as'@n additidridl 'Spase fot doading dhe
whi ch, when connected to an

14 cifarYainisled fust before the onset of the electrophoresns test after the comb 40
PCT/ U896/05653 external direct current (DC) electrical power

source, providg felfyvagectric field required to drive
el ectrophoretic separation. In the illustrated enbodinment, rod 24 is the

anode 8 e Gnd o0 26ncnif 13 f1afrad BABRAIGH] of el e ROIEHER okt
T6 oy Tnel o SesrE bl B, 2T WARGS are covered by fid Grhtl Go\sed W”ﬁ“@""@%ﬁ"
A et Doul o STER 16 M8 the cBine Beinda i inSuith ot A boRft alicurs intoythe ool via
L uerrareq” the openinga g i ine (o6, dover 16, the <armh belng Ritled,put oniy kst Befors ahe

utilized as the el ectrophoresis
electrophoresis test.

10 it is a particular feature of the present invention that the cassette 10 is
a closed cassette covered by the comb 40 which is removed just before the
electrophoresis test itself.

The cassette 10 also includes a source for ethidium cations which are
used for ultra violet (UV) visualization of the separated DNA molecules. Unlike prior

16 art electrophoresis systems, in which ethidium bromide is introduced after separation
of the molecules, typically by immersing the gel in an ethidium bromide solution, the
cassette 10 includes an internal source for ethidium ions source. Preferably, the cation
exchange matrix 20 releases not only the TRIS cations but also ethidium cations
which interact with the molecules undergoing electrophoretic separation.

20 Iin a preferred embodiment, the cation exchange matrix 20 provides a
continuous flux of ethidium cations during the eléctrophoresis test so as to stain the
DNA molecules so as to enable their visualization and analysis, in situ, utilizing a
suitable elactrophoresié systemn, such as the system described with reference to Fig.

16 hereinbelow.
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a

10 separation matrix and preferably smaller than the vol une of gel
uti'lized for actual separation during_an el ectrophoresis test.

It will be appreciated that if cassette 10 includes vent holes 32 and 34

t hey gr_e seal ed pri orbt]? t he begi nning of the el ectrophoretic test, and are
opened | ust efore the el ectrophoresis test begins | osed
again after WOSBEHE | s conpleted 15 IOto subst anti al |3 rea’gﬂ&s%&
possibility of contam nation originated therefrom

Preferably, each of thenhgqblioling eiEémples, Whithairg Aot Thtended 2o Aitane sédpeoithe
the conductive rods 24 and 26 are in contact and are imersed in a

rel atively S[ﬁ?ééent inveﬂﬁ%rgrﬁgﬁﬁ?fpﬁéafhﬁ theaE4ton BRdHahye PMAtiC 20 and thecamighng -

a buffer sol I oh, Ssuc buffer, which facilitates the

nmobility of t n rgﬁp e@{g ' Gk t; '
provi ded by t%ghgﬁégzﬁgctﬁ%r?géegﬁa r % Eehsdéz aﬁ{l}b@@g n?éIe i8or &Gassené Wholste
Is a particul ar feature t pk t o JaN t| i(qg?ﬁ'e I I
for driving t%ereﬁ%'?#ﬁbdﬁgv‘egﬁg gg@?a?ﬂeo\r?%gr gﬁi E?‘é@?%e@n@b t erf'oﬁnggﬁénﬁge
t . :

hodr oxviB | Gl dh a7 bB Spredidted tiat £ CERaNM BY ikde’ oble?! ARiendRAs is
hydr oxyl® | ondesReqtiyely- it \Vib %58
PCT/ US96/ 05653 . el ectrolysis of Her]O |In operation, a DC current
i s applied visybstantiahy fldtaq 26 to initiate the el ectrolysis which in
turn initiates the operation of the ion XE e matrices.
The cation exchange matrix 20 and the sﬁm Eg change matrix 22
rel ease the cations and anions required for _driving el ectrophoresis
separation. An 5 Theration exchangs matibe2@ wasqeparedas fPﬁP’yf'err] cation
and an exanpl e of a suitable anion

A. About 5 grams of CM-25-120 Sephadex particles were washed using

10 three volumes of TAE solution in a concentration 50 times higher than the
concentration of the TAE buffer used during the electrophoresis test (herein X50 TAE
solution). In this example, the coﬁcentration used in the electrophoresis test itself was
0.04 Molar of Tris Acetate with 0.002 Molar EDTA.

B. The CM-25-120 Sephadex particles were washed by distilled water.

16 C. Two grams of the washed CM-25-120 Sephadex particles were mixed
with 50 ml 0.5 X TAE buffer and 5 microliter of ethidium bromide.

D. The mixture was left without agitation for an hour so as to let the CM-25-
120 particles to settle.
E. 25 mi of the mixture were filtered out so as to obtain a 25 mi solution

20 including the 2 grams CM-25-120 Sephadex patticles.
F. The obtained 25 ml mixture including the CM-25-120 Sephadex particles
were immersed in a 4 percent agarose gel to obtain the cation exchange matrix 20.

The anion exchange matrix 22 is prepared as follows:

18



Is acetate[err]. Preferably, but not necessarily, the ions rel eased by the

i on_exchange matrices 20_and 22 are pxrhanged w th adsorbed
protons and hydroxyl anions, - respectively. Alternatively, or in
addition thereto, the ions adsor bed by the ion exchange matrices

20 and 22 nm e provided by the rods 24 and 26. 10 pcpusesnsess |t
w il be appré’cﬂagéégﬂ?t hat the use of the ion exchange matrices 20 and

22 provides a generally uniform pH throughout the cell since any proton

bui | dup near A. t iAbout Gdgrats ofWAorBleparticles wareaashegiusing thres velumes

t he nei ghboring cation exchange matrix 20 and hydroxyl buildup near
the cathode 26t the Wﬂﬁ@i agedto wash the cativhoexthange tpacticles. by t he ani on
exchange matri x 22. According to one preferred

enbodi ment ofgfhe pr eseme WA/E8D ga cIééWere washed bpdistiledwalternge mat ri x 20
and ‘'t he ani ons exchange matrix 2 be i Mmersed I n one of the

material s used for pr eR?ﬁé Q&rﬁ BﬁhG‘WA 30 pagticles was immersed in 4 4péréetitlagarose
a

cation exchange mat er i the CM 25-120 Sephadex and sui tabl e

an| on exm §a:'fpto%ﬁ|ﬁltt e ﬁntél&hX\@yé%a?ﬁg?he A- 25- 120_, all of which are

y avai from of St. Louis, U S A

Cassette 10 preferably aI so I ncl udes V‘%)WM i the gel 18. Wells 36 are
used to introduce sanples of the nolecules \%EE%: are to undergo

el ectrophoretic ration. The I f by any

sui tabl e method, such a.tg"eo ion °"°ha"9ﬁ{'?%ﬁ’&%§A%gaﬁﬂggﬁfﬁ@“% ructure 40

(12' 9- 2) to tR.e gel dur) ngratnr\]seo gvsvgpbn EM £5-128 é’ephadex particles were placed in a
standard column and washed with 500 ml of 1.2 Molar TAE solution, having a pH of

10 9.3 as adjusted with HCI.

B. The CM-25-120 Sephadex particles were washed with 7 volumes of
distilled water.
C. " The CM-25-120 Sephadex particles were removed from the column and

kept in two volumes of 0.6 X TAE buffer.
15 D. 1 mi of swollen CM-25-120 Sephadex were adsorbed with ethidium
bromide to saturation end the Bromide ions were washed out.
E. 1.2 ml of the particles CM-25-120 kept in the TAE buffer (step C) and
3 microliter of the particles adsorbed with ethidium (step D) were immersed with 1.5
mi of 2% agarose gel which forms the agarose matrix to obtain the cation exchange
20 matrix 20 for cassette 10.
The anion exchange matrix 22 was prepared as follows:
A, 25 grams of DEAE Sephadex A-25-120 particles were placed in a
standard column and washed with 500 m! of 1 Molar Sodium Acetate solution of pH

7 adjusted with Acetic acid.
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WO 96/ 34276 :
PCT/ US96/ 05653 The conb 40 is introduced to the gel via

correspondi ng openings 38 (Fig. 1) in the cover 16. The openi ngs
38 may be used as an additional space for |oading the nmol ecul ar

sanpl es just before the onset of the electrophoresis test aft e c nb 40
is removed. W8 96534276 According to a preferred eﬁ%ﬂﬂm 9
t he present invention, as best seen fromFig. 2, the wells 36 are

covered by th@conb 40 e A-25-120 Partidéswarervhsiied with 7 volumés ot disslléd watr.
the conb nmethod involves insertion of a conb structure into the gel via

-the openings @ in the TP A% 900 Bophkbéx ﬁﬂﬂ?éle@%é\ﬁ rerioved from tﬁé‘bdluirlhsénd
before the el ectrophoresi s test. s a

particul ar feg b%ﬁc%e‘}r&gﬁ“ @ﬁgrgxl-mgg ._that t he cassette 10 |s

-a closed casset y t he conb which is renoved just before the

el ectrophoresigs test i tf% | of the particles A-25:120 adsorg&?\nﬁﬂlsﬁc%dtéﬁolgaﬂs?%ég C)

‘includes a source for I Um ca Ions which a

2t ol ect ophbﬁﬂi@'@ﬁ?&é’d«ln@ﬁ 6 ﬁ‘ﬁa%ﬁﬁa?%ﬁewgfﬁ%“@% i daliosbL s &7

separati on of t.he nol ecul es | cal nrersing the gel- in an
et hi di um br onPgi2iR 18 anign exchange fratrix % %’P{G&% ncl udes an internal
source for ethidiumions source. Pref erabl ., the cation

matrix 20 rel eases not R@ieyenge: ?H‘@”cﬁiﬁden@ bigsal & card hﬁd\‘miﬁ’hcil”ﬁgﬁ'? an
which interact with the nol ecul es undergoing el ectrophoretic separation.
20 electrophorpgis cagsatiey genemilyotaferenced 25 constryptedand aperativer in

20 provides a continuous flux of ethidiumcations during the
el ect r ophor especordanceswith & second:preferred embodimentefthecpresentdpventions t o

. enable their visualization and analysis, in situ, utilizing a
10 Cassette 25 is generally similar in construction and operation to cassette

10 (Figs. 1 - 4), i.e. it is a closed disposable cassette preferably used for a single
electrophoresis test which comprises a gel 18 and an ion exchange matrices 20 and
22. Therefore similar elements of cassettes 10 and 25 are referenced by similar
reference numerals {e.g. comb 40).

15 Chamber 60 comprises similar to chamber 11 a gel matrix 18 and an ion
exchange matricas 20 and 22. However, chamber 60 differs from chamber 11 in
construction and operation with respect to the anode and cathode and the gas
accumulation and venting mechanism.

Chamber 60 comprises iwo conductive strips 21 and 23 which form the

20 cathode and anode, respectively. Cathode 21 is diagonally supported by a diagonal
ramp 27, ramp 27 preferably forms an integral part of chamber 60. Anode 23 is
positioned under ion exchange matrix 20 and an additional gel mafrix 29 which
shrinks during electrophoresis due to eleciroendosmosis as described in detail

hereinbelow. Gel matrix 29 is preferably the same gel as gel matrix 18, however its

20



sui tabl e el ectrophoresis system such as the system described wth
reference to Fig. 16_herei_nbhel ow

17 WO 96/ 34276
PCT/ US96/ 05653 The foll ow ng exanpl es, which are not

I ntended to 1iy) M scope of the present invention,_j e
how t he cati onv% ge matrix 20 and the anion excha A’W 22
are prepared. The followi ng exanple is for a cassette whose out er

I ength, width gjul strehglitis dswerlth@n that ofrgel d8s Fonesamplegelanatriknt8 is comprised of
respectively. It will be appreciated that a cassette of these outer

~dimensions is 2% agaroseWAeAtHe q_éllrMaﬁ'ikf'ﬂQ comprises 0.3% agarose. |
EXAVPLE 1 he cation exchange matri x 20 was prepared

as follows: A In operia_gorﬁthltﬁr? z roélasFoptorédié foat, Wete SRS B the anode

particles were washed using e vol urmes of TAE solution in a

concentration ud o[iﬁé cgitﬂﬁ%rsiﬂ 3thk¢Rl matrgcef duﬁ‘wﬁ%g@f&%h%is.t@&sﬁﬁenﬂy.

buffer used during ectrophoresis tes herern

FOL) 005 i B b AR ol B ok o BN G ipiheo
B or 15 o) ) R AR B, Ve oshed by ot o] ed
particles were mxed According to a further preferred embodiment of the present invention,
cathode 21 and anode 23 are made of a conductive material that is capable of
adsorbing gases produced during the electrophoretic separation process.
10 in a preferred embodiment, cathode 21 and anode 23 are made of
aluminum. During electrophoresis, the oxygen produced at the vicinity of anode 23
reacts with the aluminum anode to form aluminum oxide, whereby less free oxygen
is produced at the anode side. The reduction in the volume of gas produced, together
with the space created for gas accumulation by the shrinkage of gel matrix 29,
15 alleviates the need for a vent hole in the anode side of cassette 25. Thus, cassette
25 may include in its cover 62 only a single vent hole 35 above empty volume 30
which is adjacent to the cathode.
in an alternative embodiment, the anode is made of aluminum as
described hereinabove whereas the cathode is formed of paliadium or any other
20 suitable conductive material which adsorbs hydrogen at the cathode side.
Yet another particular feature of cassette 25 is that cathode 21 is
diagonally supported by ramp 27. This facilitates continuous contact between the

cathode and the surface of the anion exchange matrix 22 overlying cathode 21,
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W|th 50 M 0.5 X TAE buffer and 5 microliter of ethidium bron de.

D. The m xture was left without agitation for an hour so as to |let

t he CM 25- 120 particles to settle. E. . 25 m of
the m xture were filtered out so as to obtain a 25 m solutlon 20
including the 2 grans CM 25-120 Sephadex parti cl es. ) The
obt ai ned 25 WP 9ﬁ8§&7€|re includi ng the OM 25-120 Sephadex parFFE’IU@%‘m

were inmersed in a 4 percent agarose gel to obtain the cation exchange

][ralt Ir i x 20. whereby release of gas bubbles Brbduteddt the S}l%iﬁmtdfiaatmgf 31 BfeRE&d as
ol | ows:

A About 3 ﬁs - 30 partlcl es were washed usi ng three
vol umes of the fgrhg i &W
particles. B. lr?g>i>r§ ed aﬁ'% ﬁ@lgeﬂt P?;Q&fgﬁ@é%&%hdgg gP t';tlcifed

wat er. champer 60 and Q]ﬁclﬂfﬂ?gﬁégmﬁﬁwwm?% Rt 'ah 4l rggée ?oﬁtrﬂgaééﬁgeén a

4 percent agar 0S€ € ani on excha

EXPLE .. motroneo By WERHC AR e, edioatis™

g? ' t1| (2:I ﬁ,& \gfrcepgge Cfggp'p?ﬁlpy rﬂfg\lﬁrpﬁ?d 123.408:p§ructecdoa opea}g we\l\fri\sahc%gragntcg w5|9| yet

another preferred embodiment of the present invention. Cassette 125 similarly to
cassettes 10 and 25 is a closed disposable cassette used for a single electrophoresis
test and including all the chemical compounds required for driving the electrophoresis
10 separation and for enabling visualization of its results when DNA as well as RNA or
protein molecules have been separated.
Cassette 125 comprises a three dimensional chamber 160 generally
similar to chamber 60 of cassetie 25 and a cover 162 generally similar to cover 62
of cassette 25. Cassette 125 differs from cassette 25 in its ion source for driving the
15 electrophoresis separation. In the illustrated embodiment, elements which are
generally similar to elements of cassetteé 10 and 25 are designated by similar
reference numerals (e.g. gel 18).
In chamber 160, the body of gel 18 is disposed intermediate two spaces
120 and 122 containing a buffer solution, such as the TAE buffer solution described
20 hereinabove. Each of volumes 120 and 122 compriées therein a closed reservoir
which includes the same butfer however in a higher concentration so as to provi&e the
ions for driving the electrophoresis separation. In the illustrated preferred embodiment,
the closed reservoirs are breakable ampoules 116 and 134 including buffer solutions

124 and 132, respectively which are of higher concentration than that of volumes 120

22



10 , 9.3 as adjusted with HC. B. The CM 25-120 Sephadex

particles were washed with 7 vol unmes_af distilled water, ____ -
C. The CM 25-120 Sephadex particles were renoved fromthe col um and
kept in two volunmes of 0.6 X TAE buffer. 15 D. 1 m of

swol | en CM 255 cpbhadex were adsorbed with ethidium ) de to
saturation anwggom de ions were washed out. E. mngE 2 m

of the particles CM 25-120 kept in the TAE buffer (step C) and 3
mcroliter of &ink122rAs alnon liiing éctple | the Sohtehtrationsdf eplubibns\e24 ahd1TB2 jetfifty
with 1.5 m of 2% agarose gel which forns the agarose matrix to
obtain the catforhhighen tigrthal Of the BEfferisolutidns of sPaéésemeaihema

The ani on exchange matrix 22 was prepared as foll ows 25

grams of DEAE Sephadex At gt b&%@eémﬁhq&aw%oale@cm R34 are formed of any
standard col um and washed wth 500 nl of | ar Sodi um Acet ate sol ution

‘ig pH | sgal%ug%ﬁlg 4%{66?Iaf\ﬁﬁﬁél’ﬁléﬁléjto water, such as plastic or glass, thus the

P oL 85 meeptetpflyr soiohd i 140 it Sy SEEGHRENEH o blndr
particles veregfaiEnelild Fouhiss 28 41221

in the illustrated embodiment ampoules 116 and 134 are supported by
ampoule supports 106. In operation, the user breaks ampoules 116 and 134 so as to
provide the ions in the high concentration buffers 124 and 132, respectively, in order

10 to provide the ions required to run the electrophoresis test, preferably, after the DC
current is provided to cassette 125.

in the illustrated embodiment, each of ampoules 116 and 134 is
supported under a flexible cover 110. Flexible covers 110 are formed of any flexible
material responsive to mechanical force, such as rubber, so as to enable breaking of

15 ampoules 116 and 134 once pressure is applied thereon, thereby releasing their
contents into buffer spaces 120 and 122 respectively.

Optionally, concentrated buffer solution 124 also contains a suitable
material for DNA staining, preferably any source for ethidiurﬁ cations, such as
ethidium bromide so as to enable UV visualization of the separated DNA samples as

20 described hereinabove. In this case, chamber 160 is formed of a UV transparent
material.

Reference is now made to Figs. 12 - 15 which illustrate an
electrophoresis cassette, generally referenced 225, constructed and operative in

accordance with yet another preferred embodiment of the present invention. Cassette
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kept in two volumes of 0.6 X TAE buffer D. 1.2 M of the
particles A-25-120 adsorbed with Acetate ions (step O 5  were inmmersed
with 1.5 mM of 2% agarose gel which forns the agarose matrix to

obtain the ani on exchange matrix 22 for cassette 10.

Ref erence is now made to Figs. 5 and 6 which illustrate an

el ectrophor e¥PP6E&Cet te, generally referenced 25, const rucPEHUSIRPSESS
operative in accordance with a second preferred enbodi nent of the
present i nvemdosoR. simi@r to cassétte 125 and SRMEAY t6 o&Esétt‘asgﬂﬂaha'éS/ ahdmdsis &N
construction and operatlon to cassette O (Figs. 1 - 4), i.e. it is
a closed di spassyy &dasBii6 LssdRina éiﬁﬁﬂ eiélft Phéresis!t6st and including all the
electrophore5|s test I ch conprises a ge 18 an an I on exchange matrices

20 and chefifoal SHESHGE Riclirkd fof R Ble%ﬁégﬁérkéﬁ dpatort B for

referenced by sirm erence nu

xchange mat FERIA pinlidi %‘B%"?Wnéﬁb@% it 4o, PR o RRoAgR hBoyips |

construction t|o th respect to the anode and cat hode and the
gas Cé Q?X%,ﬂ_ﬁo gl venting nechani sm Chanber

60 conprises two condutlves ps 21 and 23.which formthe 20 cat hode
and anode, respectivel {~asgels, éé'%gemr Va%fB'r‘%[l'Pyc%s&ﬁ 1%Bd"tﬁp“§tr5%bﬂ§
ranmp 27, ranp 27 preferably forns an inte art of, ¢chanber 60. Anode, 23

is pGPPﬁ"&ﬁb@"Qn&@?"aF Rlemepis, AR "Fﬁ' & by Similan reiRIeDCe NUMesa)s.
matri x 29 which shri nks durlngaelectrophore3|s due t

el ect r oendos faassette 228 differs from ¢assgtie 125 in its ampoulpand; 'tﬁlﬁ'@?%n'%fm’rhi??'mg 29

S preferably the sane gel as gel matrix 18, however its
20

10 Cassette 225 comprises two ampoules 216 and 234 generally similar to
ampoules 116 and 134 which are capable of melting by passing an electric current
therethrough. As best seen in Fig. 1-3, a conducting wire 240 is embedded in the wall
of ampoules 216 and 234. In the illustrated embodiment, conducting wire 240 is a
high resistivity single wire having two ends 226 to which electric current in a closed

15 circuit may be applied. |

In operation, ampoules 216 and 234 are melted just before the
electrophoretic test is started by passing a current through conductive wire 240 by
connecting an electrical power source to contacts 226. Preferably, the portions of
conductive wire 240 not embedded in ampoules 216 and 234 are coated with an

20 insulating material so as to insulate them.

Reference is now made to Fig. 16 which is a schematic isometric
illustration of a system for conducting a piurality of electfophoresis tests and which is
suitable for visualizing and documenting, in situ, the results thereof, constructed and

operative in accordance with a preferred embodiment of the present invention. The
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WD 96/ 34276

PCT/1S96/ 05653 gel strength. is lower than that of gel 18. For
exanple, gel matrix 18 is conprised of 2% agar ose whil e the gel
matri x 29 conprises 0.3% agar ose. I n operation, during
an el ectrophoyes] st, water flows fromthe anode | t e
cat hode si de Sﬁ’#‘%é%el matrices due to el ectroendosnosis. Co%gwfég

5 gel matrix 29 gradually shrinks, thereby creating a space in which
gases gener at egystemn, generallj réféfencedi100] pretérab pHses e holdbrdesupport housing
According to a further preferred enbodi nent of the present invention,

cat hode 21 andi@m ¢6lcsdppattig steftes d0; 195y & 2686228 a tfdWer supphiP 304 Hor
of adsor bi ng gases produced during the el ectrophoretic separation

process. 10 providing theaf!iréét &xrwngggﬂgﬂwgh%} gﬁgipg thé eltAiBpRdredit sapitafion

23 are made o um num ctro si's, the oxygen

e e L e ek R

to form al um num oxi

i tnt he SpaccpRL Y84 A8 Arlulrd ok AV i 5o R 68 or fumbBe f&/cmssaties 19,

29, 15 al | |1a£5e§ need for a vent hole in the anode side of
rségg‘t

cassette 25. s,—¢C e 25 may include in its cover 62 only a
. single vent hole 35 aboy vol u 30 . which is, adjacent to th
Sat hode. HoidaP1da praferalby Eomarisentwa SHRtAGtoRMS GRESHEIILS Weich

made of al um num as descri bed herei nabove whereas the cathode is
formed of pal I1B8irods 8f and\26.efihe cassette 10, or strips 21 and 23 of cassettes 25, 125 or 225

are connected so as to provide thereto the electric field required for the
10 electrophoresis separation.

Optionally, system 100 also comprises a second cable 107 for providing
the current required to heat conductive wire 240 in case cassette 225 is used.
Accordingly, holder 102 includes an additional pair of contacts to which contacts 226
of cassette 225 are connected so as to provide thereto the electric current required

16 for the heating conductive wire 240,

Ancther optional feature of system 100 is means for cooling any of
cassettes 10, 25, 125, or 225, during the electrophoresis test, such as a flow of
cooled gas, fof example, liquid nitrogen, schematically iliustrated by the balloon 112
and the tube 114.

20 in a preferred embodiment, system 100 also comprise means for
documenting the electrophoresis separation results. In the illustrated embodiment
these include a camera, preferably a video camera 116 and a computer 119
operatively connected to camera 116 and executing any suitable application for

image analysis of the results of the electrophoresis separation.
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20 sui tabl e conductive material which adsorbs hydrogen at the cathode

si de. _Yet another particular feature of cassette 25 is
that cathode 21 is di agonal | y supported by ranp 27. This
facilitates continuous contact  between the ~cat hode and the surface
of the anion exchange matri x 22 overlying cathode 21,

21 WO 961346 06/ 34276 - PCT/US96/05653

PCT/ US96/ 05653 wher eby rel ease of gas bubbl es produced at the

vicinity of cathode 2l @r it RSt Rature of RORF I
In a preferred enbodi ms*ntéepér]l?;trr'}ﬁ)Ia % tu 190?‘{%6 mﬁg&nt egra ?“par r?Qstest

Gogrogs. . oo uhiatof 5 e ‘agﬁ"*bg*n%'gaﬁ Bt spndly b ﬁ?%"ﬁe‘%‘“ﬁ‘%ﬁ# i
1 ustrat e el WABBPRAPhStomen wherf B GideSine 46 CGR) L8 6 BpRi RS, 125

constructed anda operative 1n accor ano erred

Casset fes 10 and 25 | SAkeAEEA Mertipele bl O +§&95§'°§. Sgegetion

| ect h | udij th h
bou 1 oB T oyt ie el fg 18ken &1 ahﬁv%éé’e ”-%811*/ seg@wiﬁ ?wm M 0GR sfhidim g
visualization of its results when rotein

mol ecul es hd?f@"lﬁ%rﬁ@p@?éﬁ% cassettes 10 25 125 and 225 eégfg@b[l)éi e gthidina:

a three dinensional chanber 160 generally simlar to chanber 60 of
cassette 25 Gatigng asdescried hereinabove s ﬂ$ tarenable: thesvisyglization and thus the

documentation and analysis of the electrophoresis test results.
In the embodiment illustrated in Fig. 16, the holder 102 is a stand alone
10 open box-like construction which includes a support surface 108 on which any of
cassettes 10, 25, 125 or 225 is placed. Alternatively, it may include a UV transparent
bottom surface.
Another particuiar feature of the system 100 is that relative to prior art,
a smaller number of operations is required from the user in order to conduct an
15 electrophoresis test employing any of cassettes 10, 25, 125 or 225. These steps, for
electrophoresis separation of DNA molecules, include:
A A sample which includes the DNA molecules to be separated is

introduced in wells;

B. For cassettes 125 and 225 only, ampoules 116 and 134 are broken;
20 C. The electrical current is switched on;

D. If it is desired to expedite the separation the cooled gas flow is also

used;
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of cassette 25. Cassette 125 differé fromcassette 25 in its ion source for

drinving the 15 el ectrophoresi s separation—ln-the illustrated

enbodi ment, elenments which are generally simlar to elenments of
cassettes 10 and 25 are designated by simlar reference nuneral s
. (e.g. gel 18). I n chanber 160, the body gf‘{g S
di sposed i nt é'\!m'{‘e two spaces 120 and 122 cont ai nll,‘géma ﬁ%?er
solution, such as the TAE buffer solution described 20 her ei nabove.

Each of volungs 120 andA$Z2resOnpf steps Atdmet € A, B aniddS;ekl C asdDyor A, B, C and D;
whi ch includes the same buffer however in a higher concentration so as to
provi de the poth electréptorbsis séparatiomand interaction ofehUVaistectable eompound with thee

illustrated preferred enbodi nent, the cl osed reservoirs are

br eakabl e anmpgubéindd NI Fholekbide Yake $é dtthb Yanfitisi ons 124 and
132, respectively Ich are of higher concentration than that of vol unes
120 ‘ isualize #hé results of the separation.
W06/ 34276 F. The UV lamp 106 is turned on to visua p

PCTT LSOO gyt b Aplegth Sk e e Lo
{hat, of e bRt fer ol sl FUREES oA RuRebal i 10 compyter 119 foron th fht
RGO AR MK gt HERENT W o S
In contact w E-lh t he bu”rre.é user disposesst leuéaisggéef1i0! ling volunes 120 and 122.
It will be appreciated that the preferred embodiments described
10 hereinabove are described by way of example only and that numerous modifications
thereto, all of which fall within the scope of the present invention, exist. For example,
any of the cassettes of the present invention may include a combination of the ion
exchange matrix disposed at one side of the gel 18 and the closed reservoir disposed
at the other end thereof. Another example which is within the scope of the present
15 invention is a two dimensional cassette in which the ion sources are disposed on all
four sides of gel 18.
It will be appreciated by persons skilled in the art that the present
invention is not limited to what has been particularly shown and described

hereinabove. Rather, the scope of the present invention is defined only by the claims

20 that follow:
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In t.he illustrated enbodi ment anpoul es 116 and 134 are supported by
anpoul e supports 106. 1n operatiaon, the user breaks anpoules 116 and 134 so

as to provide the ions in the high concentration buffers 124 and

132, respectively, in order m"mlm,“lﬂmmnwﬂe ions required to run the
electrophore5|s test prefera current is provided
to cassette 1999634276 1 the’illustrated enbBEF S658ach
of anpoules 116 and 134 is supported under a flexible cover 110.

Fl exi bl e covers 110 are formed of any fl tidAlume materi al responsive
to nechanical force, such as rubber, so as to enable breaking of 15
anpoul es 116 and 134 once pressure is applied thereon, thereby rel easing
their contents into buffer spaces 120 and 122 respectively.

Optionally, cgncentrate r

material for st ai m‘r;%l;&}pr'%f é‘?’gb ﬂi?ﬂ%@%é%fh%%”at | ng? fen
as 0 as to enable UV visualization of the

separ at ed DNAngﬂﬁﬁgp&gﬂaﬂ§ descri bed hereinabove. In this case,
Reference i's ﬁoiv"ha”‘éﬂ ranBveiRo hadng Bileast natiom and dF els Gefining a chamber, said
electrophore5| ssette gemgg&&%ghref renced 225, constructed and

operative in cha fc%me etWeRMer preferred enmbodi ment of

the present invention. Cassette ) L. . i
23 VWO 96/ 342 -,q;body of gel for carrying therein said electrophoresis separation;

PCT/ US96/ 05653

at least one ion source for providing ions for driving said
electrophoresis, said at least one ion source having a volume smaller than the volume

10 of said body of gel; and
electrodes for connecting said chamber to an external electrical power

source, thereby enabling to drive said electrophoresis separation.

2. A substantially closed cassette for conducting therein electrophoresis
15 separation comprising:
a closed chamber which comprises 'therein:
a body of gel for carrying therein said electrophoresis separation;
_ at least one ion source for providing ions for driving said
electrophoresis separation; and
20 electrodes for connecting said cassette td an external electrical power

source, thereby enabling to drive said electrophoresis separation.

3. Apparatus according to claim 1 or 2 wherein said at least one ion source

comprises a body of ion exchange matrix.
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225,is simlar to cassette 125 and simlarly to cassettes 10 and 25 and 125
is a closed di spos i ngl e el ectrophoresis

test and including all the _ chem cal conpounds required for driving
the el ectrophoresis separation ﬂlﬂl’ﬂmmu"mmﬂ nabl i ng visualization of

its results n DNA as well as'® 1 ecul es 5 hav een
separ at ed. V%m”‘ Cassefte 295 I's general |y sipﬁrﬂﬁﬁ'ﬁﬁg
cassette 125 in construction and operation and simlar elenents are
referenced by 4imlar refpparatos formeoadicting electropheveie! lsepardtiofli therem, f them
cassette 125 in its anmpoule and its nmechanism for breaking it. 10

Cassette 225 Céb(?é’réﬁg%oiﬂmis oul es 216 and 234 generally simlar to
anpoul es 116 and 134 which girgg capable of nelting by passing an electric

current t her et hraQﬁi@' wﬁfgsé AT mﬂqié ' :
240 is enbedded in the wa mgﬁ C}#éﬁé&‘iﬁ%gttﬁ@gdﬂ?%@%lﬁzﬁ. ?ﬁée}n%ﬂga'd
illustrated e | t ' .S\ & high resistivity
single wire h?\?@%ﬁv%eﬁnggg;@%%p%ﬁgé&é@rl c current in a closed 15

circuit be appli ed. . t] .
~and 234 argr51 )é mel tgg j ust bef Oﬁgognggelforcamgy%ﬁér%ﬁ%ﬁél?@tqp@\?gﬁégéggé%ﬁ%r
by passing a current through nductiye wire 240.b . connecting an
~electrical power source to cﬁﬁ@&éfgﬂﬁeﬁyPfé%?’a’&aé?emf’é"ﬁé?wwﬁ 'g"s for
. conductive wreg, 240 nat enbedded,in anpQul es 216 and 234 are coated with an
20 i nsul at i9flying: g jelgctiophgresis,separation: @ndnem

Reference is now nmade to Fig. 16 which is a schematic isonetric

illustration of a syste@ecpdesfrrrannegting said.chamber tr an exterpaisiesticalpower

tests and which is sui table for visualizing and docunenting, in
situ, the res§ource, thereby enabling toudriveisaid®lectrophoresis separation.
10
5. Apparatus according to claim 3 or 4 wherein said body of ion exchange

matrix comprises:
a body of cation exchange matrix for providing the cations for
driving said electrophoresis separation; and
15 a body of anion exchange matrix for providing the anions for

driving said electrophoresis separation.

6. Apparatus according to claim 5 wherein said cation exchange matrix is
disposed at one end of said body of separating gel and said body of anion exchange

20 matrix is disposed on a second end of said separating gel.

7. Apparatus according to claim 6 wherein said cation exchange matrix
exchanges protons derived from electrolysis with the cations for driving said

electrophoretic separation and said anion exchange matrix exchanges hydroxyl ions
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operative in accordance wth a preferred enbodi nent of the present

I nvention. The 24

WD 96/ 34276

PCT/ US96/ 05653 system ﬁmﬂlﬁ ")"I"E"lﬂrllmﬁed 100, preferably
conprises a holder or support 02 for supportlng anr of
cassettes 1WO9MB427625 or 225, a povver *su pI 104 for CT/us ng the

direct current (DC) required for drivi ng the el ectrophoresis separation

process, a 108§ Qbidf %nﬂﬁ d eleetrdbAoretie t O
power 5 %%3L’§8 83%} '%E}Hpa Vi oI et {%; tf{”e%jt'tﬂ'ﬂgogéice 106 P or

Il lum nating the.cassettes 10, 25, 125 or 225

Hol der 102 %P Iéﬁt'gﬁ'l'y conprises two contact points (not shovvn) to which
the rods 24 and 26 of the cassette 10, or strips 21 and 23 of cassettes 25,
125 or 225 are connected so as to provide thereto the electric
field required for the el ect or e ti

Optional I'y, S&ystem 10@99?543“%59&9’ 'Qgg)& ESP@"T@?" ?5@%8\”‘%%6“

the current required to heat conductive w re 240 in case cassette 225 1S

used. 5 . saidagaioncNehRPge Mmatdk corprise particiasimmersed;in A SYRPOR matriy;

contacts to which contacts 226 of cassette 225 are connected so as
to provide thereto the electric current required 15 for the heating
conductive wre 240. Anot her optlonal feature of

system 100 i@ neans f dppacatus ageardingdd claim 8 whereis said suppod matsix comprisgs
225, during the el ectrophoresis test, such as a fl ow of
said separating gel.

10 10. Apparatus according to claim 5 further comprising a body of gel of low
gel strength, disposed between said side wall of said chamber and said anion
exchange matrix, said body of gel of low gel strength shrinking during said
electrophoresis separation, thereby providing a volume in which gases produced at

the vicinity of an anode of said chamber accumulates.

15
11. Apparatus according to claim 3 - 10 and aiso comprising a buffer
solution in contact with said body of separating gel, said at least one body of ion
exchange matrix and said electrodes.

20 12. Apparatus according to claim 11 wherein said buffer is a TAE buffer,

said cation exchange matrix releases Tris cations and said anion exchange matrix

releases acetate anions.
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cool ed gas, for exanple, liquid nitrogen schematical ly i |l ustrated by the
balloon 112 and the—L“hn 114 In a preferred

enbodi ment, system 100 als ‘iﬁil se neans docunenting the

el ectrophoresi s separati on re @m 'ﬂlﬂju,umgstrat ed enbodi nent

t hese includ a, prefe ra 116 and a

operatively S%ﬁ @i‘?&rﬂ to canera 116 anci‘l execlt | ng any sui tabfgﬁg t| on
for i mage anal ysis of the results of the el ectrophoresis

separation. - 13, Apparatus according to claim 5 wherein said catio”RSexchange matrix
WO 96/ 34276

PCT/ US96/ 0565 8yrther comprises ethidium catiorld. | S @ particular feature of system
100 that both the el ectrophoresis test, t he visualization of the

results thereof and optionally the docunentatlon and t he anal ysi s
t hereof are perfornmed when the cassette is in situ I.e in holder 102.

Kﬂ'ﬁ'r c the gel W taken ARHARReRKShGTEoRR 15724 b e oRo 1 pource
or of or abi%y | nEPTRHSES o iid TesbiiBin, BRymgC BRIEh. Pﬁ@%fﬁﬁ%ﬁ%ﬁ%@zﬁi@gg

E)]? f Rgb lef etc[] (ra géhfggu lgq'tig)%%t é)r? at%gggﬁtraga%mn o‘? a buffer soluij ion oFe % %t ' On{ &éﬁo? cr:]éar mg

enbodi nent illustrated in Fig. 16, the holder 102 is a and al on
open box- i ket Wﬁ!ﬁﬁiﬂ:@?ﬁ“"%ﬂ’%ﬂsﬁm@ﬁ% s&'@‘ﬂ?ﬁ%’r’?s%‘ﬁ?'f Bgapen l% PEW'Q

any of
Y said electrophoresis separation for providing said ions for driving said electrophoresis

separation.
10
15. Apparatus according to claim 14 wherein said closed reservoir is a

breakable ampoule.

16. Apparatus according to claim 15 wherein said breakable ampoule is
15 surrounded by a space, said space at least partially filled with said buffer solution in
a concentration generally similar to that of said body of gel for carrying therein said

electrophoresis separation.

17. Apparatus according to any of claims 14 - 16 wherein said buffer is a
20 TAE buffer.

18. Apparatus according to any of claims 14 - 17 wherein said buffer also

comprises ethidium cations.
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‘cassettes 10, 25, 125 or 225 is placed. Alternatively, it may Include a W
- transparent _bhottom surface _.__Anot her particul ar
feature of the system 100 is that relative to pr or a smaller
number of operations is requ”!ﬂw]m H“[imsujw in order to conduct an 15

el ectrophoresi s test enpl oyi es 10, 25, 125 or 225 _ These

steps, for WO9B426 .| oct [ ophoresi s separation of DNA nol ec SFEVSIGOSES  ge-

A A sanpl e which includes the DNA nol ecul es to be separat ed is

i ntroduced i19, wel | s; Apparatus Becordmg to clalrrFWorCﬁaﬁthlétfcélﬁEnﬁﬁd & dbvettoy .
anpoul es 116 and 134 are broken The el ectri cal

current is _%Yésiﬁ‘q:%d%amber, theret@ provndmg a substantially 'cfoséﬂséﬁpﬁ‘athg expedite
the separation the cooled gas flowis also

26 W96/ 34276
PCT/ US96/ 05653 As a result of steps Aand C, A B ad G

Pt er ZQ?. o2 2w dﬁPéﬁ‘?"% zocosdn %“%Fhﬁ?ﬁ“p@“a@%ﬁg@ﬂww
s turioa ot e BEE %%"?%Esa#%g@ﬁfr‘ﬁaw% HRme 5L s ity o o Ceeted A °°

electrophoresis separation.

21. Apparatus according to claim 2 wherein said chamber further comprises
at least one opening therein for introducing at least one test sample into said body of

10 gel.

22. Apparatus according to claim 19 wherein said chamber or cover further
comprise at least one opening therein for introducing at least one test sample into
said body of gel.

15
23. Apparatus according to claim 21 or 22 wherein. said at least one

opening is closed by a comb prior to the electrophoresis separation.

24. Apparatus according to any of the previous claims wherein said chamber

20 is transparent to ultra violet (UV) radiation.

25. Apparatus according to claim 19 wherein said cover is transparent to

ultra violet (UV) radiation.
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5 . The results may be al so recorded by the video canera 116; G
The—results may be tr ] ' to.conputer 119 for on the_flight

guantitative analysis of the el ectro[)horesis test results; and

The user disposes the cassettill Mllllll Hll”llull : It wWill be
appr eci at ed preferredis 3icri bed 10 ég%ﬁ@ﬁle are
descri bed by%eﬁ@"%' exanpl e only and t hat ‘nuner ous mdificat?ﬁ{g

thereto, all of which fall within the scope of the present invention,

exist. For ex26pl e, Apparatus\acebrdifiptocciaine2 and whierdih saidr ciaenbiericomprises at
may include a conbination of the ion exchange matri x di sposed at

one side of tjeasp6he YentRdlel Which! i8 iekadrphior ol daidliefdtdopHoresis.test apll i lbeing
ot her end thereof. Another exanple which is within the scope of the present

15 | inventioa?é,ﬁa@iugy\ge‘g}érggﬁiﬁg@}oﬂﬁggﬂﬁ_i n which the ion sources are
f ' 18.

di sposed on al our sides of gel It wll
be appreciated by persons skilled in the art that the present
invention is not limted to what has been particularly shown and descri bed

Pﬁ;ei:rg?%e' 5 (t hteLét t Pﬁ?ﬁ%‘?‘g dcoldify 1 E&f1 o WheFdth'safd éovel Chinphfed Bt ibalY
27 one vent hole which is closed prior to said electrophoresis test and is being opened

just before said electrophoresis test.

28. Apparatus according to any of the previous claims wherein said

10 apparatus is substantialily flat.

29. Apparatus according to any of the previous claims wherein said

apparatus is disposable.

15 30. Apparatus according to any of the previous claims and wherein at least
one of said electrodes comprises a conductive material capable of adsorbing at least

part of at least one of the gases produced during said electrophoresis separation.
31. Apparatus according to claim 30 wherein said at least one electrode

20 capable of adsorbing is substantially formed from a material selected from the group

consisting of aluminum and palladium.
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VO 96/ 34276 PCT/ US961 / 05653
CLAI V5 1. Apparatus for conducting el ectrophoresis
separation therein, the apparatus conpri sing:

5
a housi ng having at |east bﬁl mm | I|'s defining a chanber, said
chanber conprises, in conta *II ' '!Eﬂmmum a
body of gel WOMBHHFying thereih said elfectrophoresis sepaPST{U§PHo05653
at | east one ion source for providing ions for driving said

el ectrophorgg s, sai dappatatds hosdigingto Sifi & Wﬁdféﬁﬁsﬁdvﬁééﬁﬂnélﬁab'&(ygbﬁa”
the volunme 10 of said body of gel; and el ectiodes

for connecti [ t Neshei r ; : ce,
chéated! &t Hatiemity cg %i% ?@tﬁpgghgtrtrgg S&Ee%'gﬁ?%'s separation® gH&

t hereby enabling to drive sai

A substanti %Aéﬁnﬁl\gﬁﬁgaﬁaaiﬁlﬁfnhﬁf or conducting therein electrophoresis 15
separation conprirsi ng: a cl osed chanber which

conpri ses therein: a body of gel for carrying
therein said el ectrophoresis separation; : at

el act r Sbhor 881 scpar ABPARNA AeRSnb 16 i 31 Whéleli asid Bees insd bycrogen
Cher aby enabreates a8 10 \enb, plsa athols anics sakCpiaPihiaresis separstion and

wherein said hydrogen is adsorbed by said palladium.

34. Apparatus according to any of the previous claims wherein said at least

10 one electrodes comprises a strip of conductive materiat.

35. apparatus according to claim 34 wherein said strip of conductive material
is mounted on a ramp, said ramp being inclined at an angle relative to said bottom
wall, whereby gases produced at the vicinity of said strip during said electrophoresis

15 separation are being.directed to an empty volume receiving said gases.

36. Apparatus according to any of the previous claims also comprising

means enabling visualization of said electrophoresis separation.

20 37. Apparatus according to claim 2 or 19 further comprising at least one

empty volume for accumulating gases produced during said electrophoresis test.

38. A system for conducting electrophoresis separation comprising:

an electrical power source;
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3. . Appar atus according to claiml or 2 wherein said at | east one
| onsource conprises a body of {on exchange matri x.

28 WD 96/ 342 PCT/ US96/ 05653

76
4. Apparatus for c mu I horesi s separation therein,
the appar at us corrpricl mmﬂﬁi“‘mm‘ a housi ng havi ng at
| east bottom%RA¥HM2E wal | s definifig & chanber, said PCTE36(9a¢53
conprises, in contact therebetween: 5 ' a body of

gel for carrying thereig sabstaptiaf r6lo8ed caisposatier shésstie for conducting an
at | east one body of ion exchange matrix for providing ions for

driving said %léi:&bﬁﬁﬂ*&ﬁfs.e§éﬁar§ﬁ8ﬁrt§%§éﬂi‘ .an@"Aavin conductive elements therein said

el ectrodes for conhecting said chanber to an external electrical power
g6 her: BsdE itk Mhorkh, Aoty iS5 16 EARIRG SrBAPeAl digbrophBrsis
cat1 on exchanSePaARP . &nd PAT ISR ons an, spuroe, far papviding ions for’ NG, Bajg
ngﬁ;LSE%OW;tef?@#’gsﬁéﬁtﬁ%?ﬁrﬁpﬁgﬂij%élgni ons for - : @ hody of anion
a support for supporting said substantially closed cassette and for

connecting said electrical power source to said conductive elements of said cassette.

39. A system according to claim 38 wherein said system also comprises a
10 UV light source and wherein said cassetle is transparent to UV light, and wherein said
cassette also comprises a UV sensitive material capable of interacting with the
molecules undergoing elec_:trophoresis separation and of emitting light, thereby
enabling to conduct said electrophoresis separation and to visualize it while said
cassette is in situ.
15
40. A system according to claim 38 or 39 and also comprising camera

means for documenting the results of said electrophoresis separation.

41. A system according to claim 40 and also comprising a computer, said
20 computer further comprising at least one image analysis application for analyzing the

results of said electrophoresis separation.

42 . A system according to any of claims 38 - 41 and aiso comprising a

cooling system for cooling said cassette during said electrophoresis test.
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driving said el ectrophoresis separation. 6. Appar at us
according to claimb5 wherein sai ' atrix is

di sposed at one end of said body of separating gel and said body of anion
exchange 20 matrix is di spoSeHmmllﬂiwmﬂHm of said separating gel.
7. Appar at us accordi ng n said cation exchange
mat ri x WO sRd2¥6nges protons dériVed frlom®el &ctrol ysis VACTAUSPNS6Bat i ons
for driving said el ectrophoretic separation and said ani on exchange

rzrgt rix exchanges %dgg%%gﬂsaccording to claim 33 wherein said UV sensitiye material ,
derived f i d. LVSi | [ f dri vi id
erive rqu%@'\pqlsgg%C%B%?@ts?tﬁﬁd}ntcgﬁo@' og.s or driving sal

el ectr ophor et Appar at us accordi ng '

to claim5 wherein said cation exchange matri x and 5 sai d anion
exchange matri x conprise particles inmmersed in a support matri X.

9. aratus according to,_cl ai wher ei n, sai ort, matri x . .
conpri ses - said rgtégqqgrqygg to g?agn 39 wherein saig UV'sensitive material is

5 ethidium bromide.

45, A system according to any of claims 38 - 44 wherein said ion source is
at least one ion exchange matrix or closed reservoir of high concentration buffer
solution relative to a concentration of said same buffer solution of same gel.
10
46. An electrophoresis method comprising the steps of:
introducing at least one test sample into a body of gel;
applying an electrical field to said body of gel; and
driving an electrophoresis separation by providing ions required
15 for driving said electrophoresis separation by at least one ion source having a volume

smaller than the volume of said gel.

47, A method for producing a substantially closed cassette for
conducting electrophoresis separation therein comprising:
20 ' providing a housing having bottom and side walls defining an
open chamber;
assembling within said chamber in contact therebetween a body
ot gel for carrying therein said electrophoresis separation, at least one ion source for

providing ions for driving said electrophoresis separation, said at least one ion source
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10, 10. Appar atus according to
body of gel of |ow gel strength—di

aimb5 further conprising a
posed_bet ween said side wall of

cl
sai d chanber and sai d anion trix, said body of gel of

| ow gel strength shrinking durm ﬁ“‘!jw@iﬂjmel ectrophoresi s separation,
t her eby provi ggag olume in ced at LGLnity
of an anode ‘Pb sal é(;hanber accurml ates. 15 11. P&’B&ﬂégﬁg?at us
according to claim3 - 10 and al so conprising a buffer solution in

contact wth bhavidglaodiumé sneglier amihayef said body of gekbad eleetrobes! foradonnecting
exchange matri x and sai d el ectrodes. 20 12. Appar at us

accordi ng to gaidighahibethe ani extermarelufrical powercsolfde; nd' er sai d
cation exchange matri x releases Tris cations and said ani on exchange nmatri x

rel eases acetate anions. closing said open housing with a cover, thereby formlng a
30 13. Appar atus according to cl aimb5 wherein
sai d cation exgliaWalfedibded cassette capable of carrying said electrophoresis separation

5 therein.
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further conprises ethidiumcations. 14. Appar at us

accere-Rg—o—clalm-1lor2 wherein said.at.least one jion source o)

conprises a closed reservoir having therein a buffer solution having higher
concentration than a concentration of a buffer solution of said body of gel
for carrying therein said el ectrophoresis separation, said closed

reservoir bei Ny SP¥A j ust before " said el ect rophor RSEUSSENSESI i o
for providing said ions for driving said el ectrophoresis

separation. 10 15. Appar a according to claim 14 wherein
said closed reservoir is a br eakabl e anpoul e. 16.

Appar atus according to claim1l5 wherein said breakable anpoule is 15
surrounded by a space, said space at |least partially filled with said

buffer solution in a concentration generally simlar to that of
said body of gel for carrying therein said el ectrophoresi s

separ ati on. 17. Appar atus according to any of cIFq(? i4 -
16 wherein said buffer is a 20 TAE buffer.

Appar atus according to any of clainms 14 - 17 wherein said buffer al so
conprises ethidiumcations.

10
~——

FIG.2



31. WD 96/ 34276

PCILLUSO6/ 05653 19. . “Apparatus._according to claimil or 4 and
al so conprising a cover for cl osi ng said chanber, thereby providing
a substantially closed appar at us. 20. Appar at us accordi ng
to any of cl gj 2 - 4 wherein the volune of said 5 atgkg I on
source is s Yfian the vol ume of said body of gel wutili ﬂﬁ%“@@ﬁh

el ectrophoresi s separation. 21. Appar atus according to
claim 2 wherein said chanber further conppgises at | east one opening
therein for introducing at | east one test sanple into said body of 10

gel . 22. Appar atus according to claim 19 wherein said
chanber or cover furtgQer conprise at | east one opening therein for

i ntroduci ng at | east e test sanple into said body of gel. 15
23. Appar atus adgording to claim?21 or 22 wherein said at | east one
opening is closed by a ¢ prior to the el ectrophoresis separat IFITG 3

. . 3 .

FIG.4



24. . Appar atus according-to any of the previous clains wherein said
chamber 20 s transparent to ultra violet (IN) radiation 25.

Appar atus according to claim 19 wherein said cover is transparent to
ultra violet (UV) radiation.

32 WD 96/ 34276

PCT/ US96/ 05653V0 96334276 H¢ Appar at us accordi ng to cl ai mEPCHPRISOMNE ei n
sai d chanber conprises at | east one vent hole which is closed prior
to said el ectrophoresis test and i s being opened just before said

el ectrophoresi s test. 5 27. Appar atus according to claim19
wherein said cover conprises at |east a8 one vent hole which is closed
prior to said el ectrophoresis test and is being opened j ust before
sai d el ectrophoresis test. 28. Appar at us according to any
of the previous clains erein said 10 apparatus is substantially flat.

29. Appar atus acconding to any of the previous clains wherein said

FIG.5
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apparatus is di sposable. 15 30. Appar atus according to any of

the previous clainms and wherein at_least one of said electraodes

conprises a conductive nmaterial capable of adsorbing at | east part
of at |east one of the gases produced during said el ectrophoresis

separation. 31. Appar atus according to cl g rein
said at | eas™OMB*%Fecirode 20 capabl e of adsorbing is WQMI |y

formed froma material selected fromthe group consi sting of

al um num and pal | adi um 48

33 WD 96/ 34276 : PCT/ US96/ 05653
32. Appar atus according to claim 31 wherein said gases include
oxygen created at.the vicinity of sdb@8 anode during said

el ectrophoresis separati reacti | sai d al um num 5
33. Appar at us accor b [
hydr ogen




created at the vicinity of said cathqde'during sai d el ectrophoresis

sep rein saild<hydragen is adsorbed by said

pal | adi um 34. Appar atus according to any of the previous
clainms wherein said at |east 10 one el ectrodes conprises a strip of
conductive ma ' c 35. appar at us accordinqﬂﬁg claim 34
wherein said stTip o1 conductive materi al i s mount ed 96/09653
said ranp being inclined at an angle relative to said bottom wal |,
wher eby gases produced at the vicinity of said strip during said

el ectrophoresis 15 separation are beh&g.directed to an enpty vol une
recei ving said gases. 36. Appar atus according to any of
the previous clains al sojggnpriiggng means enabl i ng visualization of
sai d .el ectrophoresi s separation. 2048 37.162 36Apparat& acces di ng
to claim2 or 193Qrt her, corrpris\ng at efppy vol nr or
accunul ati ng gpges odyiced during said ® \i B 1488.
A system for coqduetiasrseastophor~os] apaiut-l-on—coldesdiciermn —

an electrical po N {-I-2-T-1-C-l-1-2-2-I-2-107 )
34 ~ 2} Jo-C-Zelel-lsl-T=I-2=0"1=0" :




WO 96/34276 ' : _ PCT/US96/05653
a substantially closed di sposable. 3 = for g an

el ectrophoresi s separation therein and haV|ng conductlve el enents therein

sai d cassette conprising therein a body of gel for carrying therein

sai d el ectrophoresis separation and at |east one ion source for

provi ding i oNO2Wri ving said 5 el ectrophor esi s separB{I{i16/05653

a support for supporting said substantially closed cassette and for

connecting said electrical power source t@ sai d conductive elenents of said
o

cassette. 39. A systemaccording to claim38 wherein said
system al so conprises a 10 W |ight source and wherein said cassette is
transparent to WV light, and wherein said cassette al so conprises a
UV sensitive material capzdhe of inygracting V\P%h t he nmol ecul es

under goi ng el ectrophoresi s \¢eparation and of emttingslight, thereby
enabling to conduct said el estrophoresi s Seg jon af\d to visualize it
whil e said cassette i sSN\{n situ. A A system
according to claim38 or 39 and al so_e means for

docunenting the results of said el 41.
A system according to claim40_and al so conprisin . said 20
conputer further conprisingaf | east one inage analys\: 3% i on for

anal yzing the resul {SxQf said el ectrophoresis

FIG.12
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FIG.13



B

42u‘ A system according to ahy'of clai ms 38 - 41 and al so conpri sing

a . cooling systemfor cooling said cassette during_said

el ectrophoresi s test. 35

WD 96/ 34276 PCT/ US96/ 05653 43.

A system according to claim39 wherein said UV sensitive material

conpri ses a sWRPEM& et hi di um cati ons. 44, PCT/ES96()3653 1,
according to claim 39 wherein said UV sensitive material is 5 et hi di um
brom de. 45, A system amcording to any of clainms 38 - 44
wherein said ion source is at | east one ion exchange matrix or

cl osed reservoir of high concentratggn buf fer solution relative to
a concentration of said same buffer . € gel. 10 46.

i ntroduci ng at | east one test sanpl
applying an electrical field to seid body of gedy and
driving an el ectrophoresis sepdrati on by providiﬁﬁh&gns
driving said el ectrophoresigg separation by at | east e
vol unme R

equi red 15 f or
ource having a

38
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L

snmal l er than the volune of said gel. 47. A et hod

for—producing a substantially closed.cassette for. _ conducting

el ectrophoresi s separation therein conprising: 20

provi di ng a housi ng having bottom and side walls defining an open
chanber; assenbling within said_chanber in
contact ther SOSPREER 2 body of gel for carrying t he PGRSUASEH3

el ectrophoresis separation, at |east one ion source for provi di ng
ions for driving said electrophoresis sepggation, said at | east one ion
source 36 WO
96/ 34276 PCT/ US96/ 05653 havi ng a vol une small er
than that of saig A—geh._and el ectrodes for connecting sai d

chanber to an extegl nal jfadec sl power source; and

g LP cover, thereby formng a
substantially cl osed
separation 5




9706'08-9
RTMP
CorPY
CORRECTED
VERSION*
PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(51) International Patent Classification 6 : (11) International Publication Number: WO MZ'IG
1
GOIN 27126, 27/447 A (43) Internationa! Publication Date: 31 October 1996 (31.10.96)
{21) Internationsl Application Number: PCT/US96/05655 | (81) Designated States: AL, AM, AT, AU, AZ, BB, BG, BR, BY,
_ CA, CH, CN, CZ, DE, DK, EE, ES, Fl, GB, GE, HU, IS,
(22) International Filing Date: 26 April 1996 (269496) P, KE, KG, KP, KR, KZ, LK, LR, LS, LT, LU, LV, MD,

SE, SL, SK, TI, T™, TT, UA, UG, UZ, VN, ARIPO
{30) Priority Data; pa KE, LS, MW, 8D, $Z, UG), Eurasian patent (AM,
21911 26 April 1995 £26.04.95) US AZ, BY, KG, KZ, MD, RU, T1, TM), Europcan patent (AT,

BE, CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC,

NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, .
(71) Applicant (for MG only): BRUN, Heidi, M. [US/IL]; 7 Ha'lris GN, ML, MR, NE, SN, TD, TG). :
Street, 99512 Bet Shemesh (IL).

L
Miﬁ(, MN, MW, MX, NO, NZ, PL, PT, RC, RU, SD,

(71) Applicant.. (for TM only): CABILLY, Orly [DE/IL]; 13/5 Bia- | Published
lik Street, 70700 Gedera (IL). With international search report.

(71) Applicant : ETHROG BIOTECHNOLOGIES LID.
(ILAL}; 39, 50293 Moshav GanotA{IL).

(72) inventors: CABILLY, Shmucl; 13/5 Bialik Street, 70700
Gedera (IL). YOGEV, Uri: 4 Hasif Street, 46309 Herzelia

{L).
(74) Agents: GUNNISON, Forrest, E. et al; Skjerven, Momill,

MacPherson, Franklin & Friel, Suite 700, 25 Metro Drive,
San Jose, CA 95110 (US). .

{54) Title: APPARATUS AND METHOD FOR ELECTROPHORESIS

(57) Abstract

A substantially closed cassette for conducting therein electrophoresis separation which includes a closed chamber (11), the chamber

(11) includes therein a body of gel (18), at least one ion source (20, 22) having a volume smaller than the volume of the gel for providing

ions for driving the electyophoresis separation and electrodes (24, 26) for connecting the casseite to an extemat clectrical power source,

:zhzereby enabling to drive the electrophoresis separation. In a preferred embodiment the ion source is at least one ion exchange matrix (20,
).

* (Referred to in PCT Gazette No. 55/1997, Section 11}



