REVERS| BLE CURRENT GEL ELECTROPHORESI S DEVI CE FOR SEPARATI NG Bl OLOG CAL
MACROMOLECULES CROSS REFERENCE TO RELATED APPLI CATI ON 5The present

appl i cat iw0 201128826t he benefit of U.S. Provisional PateRCTASpI0O&S6DN NO.
61/ 239,017, entitled "Reversible Current CGel Electrophoresis Device for
Separ ating Bi ol ogi cal Macronol ecules,” filed Septenber 1, 2009, the

di scl osure of which is incorporated by reference. 10FIELD Thi s

di scl osure concerns a device for the el ectrophoretic purification of

bi ol ogi cal macronol ecul es and net hods of using such devices. BACKGROUND
15El ectrophoresis is a nethod used to separate and analyze bi ol ogi cal
macr onol ecul es, |nclud|ﬁ¥¥ roteins exes of these

nol ecul es. Nuner ot EQ%EHEWIFEQBE%E%PE&GEI%d

including capillary el SEPARR’TQN@SBFOLGQC&LMACR@M()@%}@JLWDGr _
el ectrophoresi s, and i mmunoel ectrophoresis. 20A common el ectrophoretic

nmet hod i s gel electrophoresis. In gel electrophoresis, a gel is forned

usi ng conpounds such as: ISE%?E oad quimﬁeﬂ)ﬁlgfi&gtflqj\ﬁecont ai ning the

desi red conpound(s) is pla onto one end gel, and the
gel is thenSplaced Ehyrnresent applidatign ¢1ﬁ1q1§|t1@ hso¢fitert U.STRreyidigngliPatetyuf f er

contains salts i s uffer

Bi ol ogi cal no|é'@Ph§&é¥§h§§%?0§f%h%‘% REQ%HB¥Qﬂag@g%bFﬂxéﬁ%ﬁﬁﬁgntacted W th
eIectrophoreS|@ebuiﬁeSqwﬁmmgBxampuebﬁﬁmumﬂ@MhegakﬁQEMymbhdr@%H tha common

el ectr ophor esi er d h 0S e. groups inits backbone.
Ther ef or e, mheﬁmg’%% Hﬁ@nch%g%# ﬁg%g) ghﬁ %0 the ends of the gel, the

bi ol ogi cal nol ecul es nmove 30 t hrough the gel fromone end to the ot her .
Dependi ng ?g their size, shape, and chaﬁEED sone nol ecul es nove through the
gel faster ‘than others. As the m xture

This disclosure concerns a device for the electrophoretic purification of

biological macromolecules and methods of using such devices.

BACKGROUND

15 Electrophoresis is a method used to separate and analyze biological
macromolecules, including proteins, DNA, RNA, and complexes of these molecules.
Numerous electrophoretic techniques have been developed including capillary
electrophoresis, gel electrophoresis, paper electrophoresis, and
immunoelectrophoresis.

20 A common electrophoretic method is gel electrophoresis. In gel
electrophoresis, a gel is formed using compounds such as agarose or
polyacrylamide. A mixture containing the desired compound(s) is placed (or
loaded) onto one end of the gel, and the gel is then placed contact with a liquid
buffer. This liquid buffer contains salts, which, when dissolved, form ions within

25  the buffer.

Biological molecules are typically charged, for example when contacted with
electrophoresis buffer. For example, DNA is negatively charged in common
electrophoresis buffers due to the phosphate groups in its backbone. Therefore,
when electric current is applied to the ends of the gel, the biological molecules move

30  through the gel from one end to the other. Depending on their size, shape, and

charge, some molecules move through the gel faster than others. As the mixture
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noves through the gel, nolecules of one size, shape, or charge are
separated fromthose of a different size, shape, and/or charge. The speed
at whi ch wheonmi2eg2dl es pass through the gel and the sep&catiseeolerseeen t he
various types of nol ecul es al so depends on the concentration and type of

the gel. In general, nolecul es pass 5through thicker gels slower than they
do through thinner gels, though thicker gels typically provide better
separati on. The gel s can be run horizontally and/or vertically. Wen

run horizontally, the gel is generally subnerged in the buffer. The sanple
m xture is | oaded at one end and run to the other end. Wen the gel is run
vertically, the sanEIe m xture is 10l oaded at the top of the % and run
towar ds the bof¥shhiRugiethe pelamolgeries o opeties shapy: %6]93%%5%6&’@@&? itfPbuf f er .

Rather it is f&B&Qﬁa&ﬂﬁﬁ&ﬁ%&é%ﬁh&ﬂﬁﬁMﬁcﬁﬁ@@“ﬁk%ﬁahﬂ@kh&ﬁﬂk@mﬂ&mﬁmbUffef
chanber at the top and the bottom of the ge Conventi ona

el ect r ophor esi Basappetrehtthpseel prd th@&epérag%'?@cte%entﬂpﬁamawetypvmf awlacyles dlee par al | el

gl ass plates h@éﬁén RAthe Y SRAGET Shd tﬁ%%&lﬁtgepﬁn%ﬁneﬁ’él%%&ﬁéﬂp%% wi thin an
15el ectrophoresi's gel is easily achieved; however, subsequent col | ection of

the isol at el nthr@ghltaekef gels floyerihgn th%adwtbxoggleﬁlmnbegqlmémgfcih&k@r gehd

difficult. Thi en the individual bionolecules or
conpl exes contgpﬁ?%gﬁﬁsﬁé RS%D %%ﬁ %2 have different physi cal

characteristics, suﬂrﬁmqmlbeuuﬂwnzmﬂgflme/oammmlych\éhegelm hoﬁ'uonteligarrpl e, in
traditional ge he glelel% nepa Pf 5§ Snllefsfgeda% thebrqffxlI ulflf% sgmplg mix Hre 1&1’(‘)21&% ABNES

20t hrough the g are separated
fromthose of axﬁmﬂﬁerenha@hﬂends%ameme@mdénmwehaa@ﬁﬂmihmpkrmkmnnbecules of

casi 1y accdbsi DR e8P bt sLRL GrfiBESq " fﬁﬁ?@ﬁé@l&?%}l@”ﬁﬁhﬁ?&??t

appar at us t hat naddiiessesinbhfse Ratdr Ridren oh 85 eleSropBaress AR that
overcone the problenBIE% q@ nvent ti onal h el ect gioretic separatlon and
B Dl i

purification dESH® e?%?‘%%%%?% ¥ AYB Uit &eul es of interest in a

conpl ex from free bi@ehmbI &&t@ﬂ@r&ﬁtabpﬁmm‘ncmé OFsckBOBR aﬁ’@?fbl@ﬁﬁf are
di scl osed 30 herein. Wiile the devices are described with reference to the

separation of Bﬁh%ﬂ%%bga%ﬂmﬁﬁéﬁﬁvﬁﬁ%Pe§m6FS|%ﬁ@@%@QOfW?m9W$%“B@t&b%¥e0|ated
by those ofj5o0r dicfi@fphoresis gel is easily achieved; however, subsequent collection of the isolated

molecules for further analysis can be inefficient and difficult. This is especially true
when the individual biomolecules or complexes containing the biomolecules have
different physical characteristics, such as molecular weights and/or charges. For
example, in traditional gel electrophoresis, as a mixture of biomolecules moves

20  through the gel, molecules of one size, shape, or charge are separated from those of
a different size, shape, and/or charge. Thus, biomolecules of interest can be spread
apart within the cross-linked gel, leaving them not easily accessible. There thus
remains a need for improved electrophoresis apparatus that addresses these and other
issues.

25

SUMMARY
To overcome the problems with conventional gel electrophoretic separation

and purification devices, devices for separating biomolecules of interest in a
complex from free biomolecules and methods of using those devices are disclosed

30  herein. While the devices are described with reference to the separation of

complexes of biomolecules of interest, it will be appreciated by those of ordinary
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skill in the art that any group of |arge nol ecules can be separated froma
set of smaller nolecules by the disclosed nethods and devi ces. One
enbodi mrerwoab11a28eessette for use with an el ect rophor esi $CHASREO/0¢BAPT | Ses
5a proxi mal end and a distal end opposite the proximal end, a front face
and a back face substantially parallel to the front face, and at |east one
chanber defined between the front face and the back face, the chanber
havi ng an upper portion and a | ower portion, wherein the upper portion

i ncl udes an upper opening at or near the proximl end of the cassette and
the |l ower portion includes a | ower opening at or 10near the distal end of

the cassette, and wherein the front face conprises at |east one w ndow
openi ng i nto t A& ipBerrt B8k inysrowrof {asee wnlseHiescan be separajed foghsebbhodi nent s,

the cassette cgharfedhboRefileSYMRE 18B0RITRMIPITRARLE MENDrane covering at
| east a portion of the at |'east one w ndow opening. The sem perneabl e

menbr ane can be r enBWaNRPdEeay plecapstie e upe Witk af fecdrophoresifedeyiggset te. 15 The
seni - per neabl e, tane can be configured to all ow passage of a buffer
solution surrounding at |east a portion of the cassette, and to at |east
partial |y bfockppaswdged afd alislend penositethe proxmiah eetl, wittohi face 49d albpgter porti on
of the at |eas i - abl e menbr ane
can substantiaFF§B§F%CE18?@?3@20%@qgngﬁgﬁg%ggg%é“% C?ﬁ?%?@%@?ﬁthus
substanti al | y petevarth¢ frgntifacefand the Dackefacd, ihegharhleer blmang@r upphr wugdn ande Wi ndow
openi ng. So nbodi f S e according t he present

0 scl osure consTbEBTPYMETNGS nfber RubaT REMS GRPRUhDTn . BGrllrse s
unitary body. fiassei tebofabcarditagnd e toher prréseimtludéssdbwsupeniagm doe

integrated with one or nore. other conponents.tpo form an el ectrophoresis
dovi ce. 258le BsbAGIRHEGeT B Ut S sheraahe ot Ompfiss ARE 9% qesot t e,
wherei n the cassgbivepe@nPinks®s uppeppaxbimat thectnded a di stal end opposite the
proxi mal end, a front facehgﬂd a back face substantially parallel to the

front face, and at PESLf “HRAINALHRKCashshs FARJUIRE GRBNIC HSCNFBAN3YUE e and t he

back face, thenghanhetoRars Rgecadi PREGT of IR 4t QR AB & RlokQWBhiInROTd Rhi- Wher ei n
t he upper portion includes an upper 30opening at or near the proximl end
of the cassett@ﬂgﬁﬂﬂ?H@H¢6m%?mﬁﬁﬁﬁpﬁﬁbWﬁ€F the front face of the cassette.

15  The semi-permeable membrane can be configured to allow passage of a buffer
solution surrounding at least a portion of the cassette, and to at least partially block
passage of a biomolecule contained within the upper portion of the at least one
chamber. In some embodiments, a semi-permeable membrane can substantially
block passage of a biomolecule of interest, thus substantially preventing it from

20  exiting the chamber through the window opening.

Some embodiments of a cassette according to the present disclosure
comprise acrylic. Some embodiments of a cassette comprise a unitary body.
Cassettes according to the present disclosure can be integrated with one or more
other components to form an electrophoresis device.

25 One embodiment of an electrophoresis device comprises a cassette, wherein
the cassette comprises a proximal end and a distal end opposite the proximal end, a
front face and a back face substantially parallel to the front face, and at least one
chamber defined between the front face and the back face, the chamber having an
upper portion and a lower portion, wherein the upper portion includes an upper

30  opening at or near the proximal end of the cassette and the lower portion includes a

lower opening at or near the distal end of the cassette, and wherein the front face
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| ower opening at or near the distal end of the cassette, and wherein the
front face conprises at |east one wi ndow opening into the upper portion of
t he chanbwo.2ofiessbect r ophor esi s devi ce can further conpciras2@ofourssy buffer
solution in fluid contact with the | ower opening of the |ower portion, a
second buffer solution in fluid contact wth the wi ndow opening of the
upper portion, and at |east one electrode electrically 5 coupled to each
of the first and second buffer solutions. Fluid contact can include both
direct and indirect fluid contact. For exanple, fluid contact can include
fluid contact through a nenbrane, such as a sem -perneabl e nenbrane.

In sonme enbodi nents of an el ectrophoresis device, the cassette further

conprises a seRRSEFHH AP ORRIRIORRPCRIGY B1LY thy vBRer PREign obthshambsh dhe t he

wi ndow 10 opengR@rdpholti€dMRRREn RRMET QhpriSUe RrsBSurfr SBINAA BuIRERELST NY
cel lul ose or cell ophane. Di scl osed devices can be used to perform

reversi bl e cur Mehthedpwuetapeproeidls wespRrAoR. B 4¢confh B e gelpden iniflyid qeRtarth g

first d! recti oy teQGndRY @;[%'ﬂln%%f ﬁlelﬁrpﬁeripef'tfant He ané_EJt Bhe é&ctﬁoﬁ@el@étﬁ@a{l‘lgf end of
t he device. Then the cassette body can be placed into a new bath, ~15 the

current rever sedpledneleache! e dint hetisc el toffer solwioas tHleidvorthdsampokidé n t he
opposi t e di rechinir kg Bl Ayid e @N foRAGk R LR PUL FludAIHS | ON &t
the proximal end of the cassette oay, ere they can then be easily

col | ect ed fronreteet thewigh e mefdranexanipheq sconpemetblodicobrajepar ati ng a

bi onol ecul e of intere from. l e, c rises, providin | e, wherein
the sanpl e containé&gg%?8%D&%%ﬁﬁ§g§¥unﬁgﬁﬁgpggfbgﬁ%Y??gggggg gg? | oadi ng

t he sanpl e ont comapriged a semi-pen@able nparbring ko Giing aClasss e péréototiyie window

el ectrophorgsi ng the _sanple by. applying a current for i me period
Sutti o ent for BaeCARE Rrrpoiof B pren B iR sAU bt of a
di stal end of tdiephaaer portion, into a first buffer solution in a first

buf fer container, |eaving the biopplecule of interest within the gel,
renoving the first ]ﬁ’tﬁ?lf)% dEYFSrD ?usﬁﬁmeﬂ‘i%ﬁﬁrede%) KB R HORSYGS on i n

fluid contact Wichfhat hBed @At iPamtih @mir@dirtdiien CagsediéRles ERWARGIRInRe current
wth respect to the gel, and eLectrophoresingwthe samle for a tine period
sufficient foradipdsaifndf ihy dgyife. ofhep fe Bissiiphady GredoRlaged indy agew bathel ut e

out of a proxi fRlcuBEH rQbrstd@nd QWBIonRRALIOBS infeRlsQcaf tdRRRE iP@E bhRRiOf the
cassette body. Disclosed nethods can further conprise collecting

bi ool ecul e of direstiar.@yt of thpeebaing bagkiiplg thenaflst spiios @lithe Peskimy eeg eldhe can

conprise wi t hdravwiRody, kAR Qhn Bith bEsHPLTLRA rofNh&iRiRY the bionol ecul e
of interest fromthe upper portion of the cassette

For example, one method of separating a biomolecule of interest from a
sample comprises providing a sample, wherein the sample contains a biomolecule of
20 interest and free probes, loading the sample onto a gel in a lower portion of a
cassette body, electrophoresing the sample by applying a current for a time period
sufficient for substantially all of the free probes to elute out of a distal end of the
lower portion, into a first buffer solution in a first buffer container, leaving the
biomolecule of interest within the gel, removing the first buffer solution, providing a
25  new buffer solution in fluid contact with the lower portion of the cassette, reversing
the current with respect to the gel, and electrophoresing the sample for a time period
sufficient for substantially all of the biomolecule of interest to elute out of a
proximal end of the lower portion, into an upper portion of the cassette body.
Disclosed methods can further comprise collecting biomolecule of interest.
30  Collecting the biomolecule of interest can comprise withdrawing a volume of buffer

solution containing the biomolecule of interest from the upper portion of the cassette
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body. Collecting the bionolecule of interest can conprise securing a

sem per neabl e nenbrane over at |east part of the upper portion, so as to
prevent swbspbanessbly all of the bionol ecul e of interesPCTSAMPASEOEN]

t hrough the sem perneabl e nenbrane into a second buffer solution in fluid
contact with the upper 5portion of the cassette. In sone nethods,
reversing the current with respect to the gel conprises switching the
polarity of a first and second electrode in electrical contact with the
first and second buffer solutions, respectively. In sone nethods, reversing
the current with respect to the gel conprises changing the orientation of
the gel with 10respect to a first and second el ectrode in electrical
contact with t R iGodectiag theRicmplec W A RPCE SRR EPIBRTESC SqCHERBE IS e v .

Renovi ng the fh&flalitfnb@braf @bl hOBast fdh SARPEIpSEpdHicH, B o bRedii r st buf fer
solution froma buffer container. Providing a new buffer solution in fluid

contact with thbsiapipdly afef thebipngrlecelge! éngew fiom Ragrincbragel §& sefi | | i ng t he

buffer cont ai nﬁérm%ﬁl@m}é%ﬁﬁe ey QUbLESurRPIMidoR kil cOihE Rvitﬁ‘%ﬂé\%ép _renoving
the first buffer solution conprises renoving the cassette froma first

buf f er cont ai neertionttaé easrget he first buffer solution, and providing a new
buffer solution in flyid,coREAGL M &?fgh% rg%}%@tb%. %%nfe? fiscassette

conprises placing the cassetté in a“secon cont ai ontaining the
new buffer sol switdhmg ROFH@iy of efjoi my servald etehierdeabpledtisy] coreat witbghe and
ad"a.”t ages of %1ps aﬂdns\f/:gont !b?lﬁervgoiultiorpse?eg r%%%iné?r.elfnasgr%glhl%ﬂ}todg,I}OVrfT:}sEnh %hf]:c ol | OW ng
detail ed description, ich proceeds h'teflerence 10 the a conpanyi ng
figures. 25BRI GkredESHRIdRTdcON thaFgeT HimpRANMNESng the oriBdtBionbofits gal witlont

o evatt o Yo eL P, IR TERL 200 S APRORL RIS TR EH ol o
one enbodi ment beferasiuebBCiespephenesi s cassette body. 30FIG 3 is an
alternate perspecti lx\/eem(yviineg\/\tlhg Ers?glueffe? rsTBStgoinncgrrl] tcon?f;ris% r;liraining the first buffer
solution from a buffer container. Providing a new buffer solution in fluid contact
with the lower portion of the cassette can comprise refilling the buffer container with
15  the new buffer solution. In other methods, removing the first buffer solution
comprises removing the cassette from a first buffer container containing the first
buffer solution, and providing a new buffer solution in fluid contact with the lower
portion of the cassette comprises placing the cassette in a second buffer container
containing the new buffer solution.
20 The foregoing and other objects, features, and advantages of the invention

will become more apparent from the following detailed description, which proceeds

with reference to the accompanying figures.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a front elevation view of one embodiment of an electrophoresis
cassette body according to the present disclosure.
FIG. 2 is a perspective view of one embodiment of an electrophoresis
cassette body.
30 FIG. 3 is an alternate perspective view of one embodiment of an

electrophoresis cassette body.
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el ectrophoresis cassette body. FIG 4 is a cross sectional view taken
across line 4-4 in FIG 2. FIG 5 is a perspective view of one

enbodi mrerwoab112028826b t hat can be used with cassette bodiP€3/Uskomiog75ps esent
disclosure. FIG 6 is a perspective view show ng the placenent of conbs
into a cassette 5body. FIG 7 is a perspective view of a cassette body
havi ng a nenbrane, according to one enbodi nent of the present disclosure.
FIG 8 is a schematic cross sectional view of a cassette body in place
within a buffer bath. 10FIG 9 is a schematic cross sectional view of the
cassette body and buffer bath of FIG 8, after current has been applied.
FIG 10 is a schematic cross sectiagnal view of the cassette body of FIGS.

8- 9, in place in aﬂﬁeﬂvi%ﬁrPséﬁe%iQPﬁ.Vi% ‘é(enlafrﬂs%h%? ‘béf‘ns]f)[é}cgi ve view of an
el ectrode insert. NLg6l Gis dgerdpectfie WeQNdt caL BMBEdiABNI\Gk 8WoRb HaNGn®Fhed ment  of
an electrode insert. FIG 13 is a bl ock diagram of one nethod of performng

an el ect r ophor &&h sasgeite bodies of tirg presepypdipdosgirper specti ve vi ew from the back of

anot her enbodi ment @f; g @5&@%&9@mmb%i@%ma&ﬁmwxoﬁﬁwﬂ Dekef© the
present disclosure. 20FIG" 15 is a front perspective view of the

el ect r ophor &si Bodvassett e body of

FIG. 7 is a perspective view of a cassette body having a membrane,
according to one embodiment of the present disclosure.
FIG. 8 is a schematic cross sectional view of a cassette body in place within
a buffer bath.
10 FIG. 9 is a schematic cross sectional view of the cassette body and buffer
bath of FIG. 8, after current has been applied.
FIG. 10 is a schematic cross sectional view of the cassette body of FIGS. 8-
9, in place in a new buffer bath.
FIG. 11 is a perspective view of an electrode insert.
15 FIG. 12 is a front elevation view of one embodiment of an electrode insert.
FIG. 13 is a block diagram of one method of performing an electrophoresis
gel.
FIG. 14 is a perspective view from the back of another embodiment of an

electrophoresis cassette body according to the present disclosure.

20 FIG. 15 is a front perspective view of the electrophoresis cassette body of
HIG. 14.
FIG. 16 is a perspective exploded view of the electrophoresis cassette body
of FIG. 14.
FIG. 17 is a perspective exploded view of the electrophoresis cassette body
25  of FIG. 15.

FIG. 18 is a cross-section of the electrophoresis cassette body of FIG. 14,
taken along line 18-18 in FIG. 15.
FIG. 19 is a top view of the electrophoresis cassette body of FIG. 14.



FIG 14. FIG 16 is a perspective expl oded view of the el ectrophoresis
cassette body of FIG 14. FIG 17 is a perspective expl oded view
of the elwotwuphss2esi s cassette body 250f FIG 15. PETES2018/04 56 R
cross-section of the el ectrophoresis cassette body of FIG 14, taken al ong
line 18-18 in FIG 15. FIG 19 is a top view of the el ectrophoresis
cassette body of FIG 14. DETAILED DESCRI PTION |I. Terns Unl ess

ot herwi se noted, technical terns are used according to conventional usage.
Definitions of common ternms in nolecular biology my be found in 5 Benjanmn
Lewin, Genes VI, published by Oxford Uni versity Press, 2000 (I SBN
019879276X); Kendrew et al. (edsg}IJ The Encyc edi a of Ml ecul ar Bi ol ogy,
publ i shed by Bl ackwel | Publi sheP A@@E’Q]F%%N 9%21829); Robert A. Meyers
(ed.), Mlecul gr Bi gbggy and Bi ot echnol ogy: a Conprehensive Desk Reference,
published by Wley, John & Sons, Inc., 1995 (1SBN 0471186341); and George
P. 10 Redei, Encycldpesiothepyiss naserhloghaieal @ame piegisedaspoifing £ conentiopdt eni ni o,

2od Edition, 2003 (baBNiond of dohirt&BRAiEh molecular ﬂ_laﬁ) %%a&@@’fcﬁ'ﬂd?ﬁ(p! anations of

terms and nethodS are provided to better describ he” present di sclosure
and to gui d& tBelsernmflﬂwdl(hafsyVlémpblnshﬁdnbx @efoalrUanWsmmlérem HO0I(BBMT t he

o more than o i ard R Bl K Teme ey Al P RRIechRERCLEL (P o0
exanpl e, the tpuhlishaldypgilackivel Pablph@b,el‘)% ﬂSBNdlé§20§2il&§9)eR<ohertp4 Melerspr obes and
tormrort rof e Mok By Pt BB B A LA ke PO IR S o o
conbi nati on of pmbh@hadrbynml@ bharfe Ros;, Inan ll 9 ISHN 04aN8&3dt ); ahdGedryge Pndi cat es
otherw se. 1@5 HSE&H Ene s&wea‘}a SHetionary of Genetics, Genpmics, and Proteomics, 2nd
Editten, 2003 (ISBN: 0-471-26821-6).
The following explanations of terms and methods are provided to better
describe the present disclosure and to guide those of ordinary skill in the art in the
practice of the present disclosure. The singular forms “a,” “an,” and “the” refer to
15  one or more than one, unless the context clearly dictates otherwise. For example,
the term “comprising a probe” includes single or plural probes and is considered
equivalent to the phrase “comprising at least one probe.” The term “or” refers to a
single element of stated alternative elements or a combination of two or more
elements, unless the context clearly indicates otherwise. As used herein,
20  “comprises” means “includes.” Thus, “comprising A or B,” means “including A, B,
or A and B,” without excluding additional elements.
Although methods and materials similar or equivalent to those described
herein can be used in the practice or testing of the present disclosure, suitable
methods and materials are described below. The materials, methods, and examples
25  are illustrative only and not intended to be limiting.
To facilitate review of the various embodiments of this disclosure, the
following explanations of specific terms are provided:
Antibody: A polypeptide ligand that includes at least a light chain or heavy
chain immunoglobulin variable region and specifically binds an epitope of an

30  antigen. Antibodies can include monoclonal antibodies, polyclonal antibodies, or

fragments of antibodies.



20 "conprises” nmeans "includes." Thus, "conprising A or B," neans
"including A, B, or A and B," w thout excluding additional elenents.

Al t hough wethodessaad materials simlar or equival ent toPChASe1dM$7563 bed
herein can be used in the practice or testing of the present disclosure,
sui tabl e nmethods and materials are described below. The materials, nethods,
and exanples 25are illustrative only and not intended to be limting.

To facilitate review of the various enbodi nents of this disclosure, the
foll ow ng expl anati ons of specific terns are provided: Antibody: A

pol ypeptide ligand that includes at |east a |light chain or heavy chain

i mmunogl obulin variable region and specifically binds an epitope of an

30anti gen. Antlbodfg§t@&ﬁkpﬁ%@%ﬂébﬁﬁﬁd@&ﬁﬁ%ﬂ“&ﬁ?ﬂﬁ&dpégamﬁﬁPQ%?onal

anti bodi es, felRABMsSocRlioR Bt AnDQAHH &S -or ohBLl a8, Th WhPR Gk harE lith¥y bi nds”
refers to, mntﬁ respect to an antlgen t he preferentlal associ ation of an

anti body or ot ﬁf@?lﬁplpgbm@tldﬁ rhugias| aesDesiilipdguple-spipnded DN BRI erosinyept i de,
such as a specpfnfidoiGiptibh ARASLLNA i 060 RLQLBlSh rbBF. £XaMIe a

transcription factor, such as an activated transcription factor. A specific
5bi ndi ng agent blbdlmagg@ub@dawbﬁtamiayy only yo @éefaledléifrgemeﬂ i ragqgatzed that 4 s

recogni zed thap.a, x % fql%gr ge%if%finﬁé oﬁﬁrﬁﬁ’ ddctie Be%e%ﬁ%%dl%ﬂlen?&éh Qe ur

bet ween a nol ecu specl di ng agent a’ non-target
pol ypepti de. hﬁm@ﬁthewegggmspmdmmbnwhgm@Dhgqmuﬂ NeWMh@t$ngnmﬁh@mmag

medi ated thr ougah cﬁ?l fi. %edgc%g&ate{lﬂmug é}ec%w N g%oﬁ ﬂhgh%ufgh sel ectively

reactive anti bo Bind Pflnlty
Speci fic bindi Aghdiqulseledtivylyrra&u{/et zmubnd@rt&m ﬁmgelhmyZaridﬂ szb,wﬂuloh/ as greater
t han 5-f ol ater.th

e NI RN A e A RN
pol ypepti de, sgghidagefanpari@doldootyraudt-tiarigefolp dlcypephiad@untAf vadndet y of
| munoassay  f Ogntl ogy g‘rroether %gandp({)flzraﬁtmet tlfmeg to a target polypeptide, such as compared to
a non-target polypeptide. A variety of immunoassay formats are appropriate for
selecting antibodies specifically immunoreactive with a particular protein. For
15  example, solid-phase ELISA immunoassays are routinely used to select monoclonal
antibodies specifically immunoreactive with a protein. See Harlow & Lane,
Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York
(1988), for a description of immunoassay formats and conditions that can be used to
determine specific immunoreactivity.
20 Antibodies can include a heavy and a light chain, each of which has a
variable region, termed the variable heavy (VH) region and the variable light (VL)
region. Together, the VH region and the VL region are responsible for binding the
antigen recognized by the antibody. This includes intact immunoglobulins and the
variants and portions of them well known in the art, such as Fab' fragments, F(ab)2
25  fragments, single chain Fv proteins (“scl'v”), and disulfide stabilized Fv proteins
(“dsFv”). A scFv protein is a fusion protein in which a light chain variable region of
an immunoglobulin and a heavy chain variable region of an immunoglobulin are
bound by a linker, while in dsFvs, the chains have been mutated to introduce a
disulfide bond to stabilize the association of the chains. The term also includes

30  recombinant forms such as chimeric antibodies (for example, humanized murine

antibodies), heteroconjugate antibodies (such as, bispecific antibodies). See also,
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sel ecting anti bodi es specifically immunoreactive with a particul ar protein.
For 15 exanpl e, solid-phase ELI SA i nmunoassays are routinely used to sel ect
nonocl onawoantl/dsgtbes specifically i munoreactive w th RCHASREV04756ke

Harl ow & Lane, Antibodies, A Laboratory Manual, Cold Spring Harbor
Publ i cati ons, New York (1988), for a description of inmmunoassay formats and
conditions that can be used to determ ne specific imrunoreactivity.
20Ant i bodi es can include a heavy and a |light chain, each of which has a
vari able region, terned the variable heavy (VH) region and the variable
light (VL) region. Together, the VH region and the VL region are
responsi bl e for binding the antigen recgg&jzed by the antibody. This

i ncl udes i nt actiershidty 98 dlandRoobn'd ¢ e Vdiareefthemigtd Coo RETHEPHE: 1395 t hem wel |

known in the aktpy $MERANASeY 3R . AUTEH&mah(a0)., RewYotiagpent s, single chain
Fv proteins ("sc Vn‘g and disul fide stabilized Fv%})rot eins ("dsFv"). A scFv

protein is a fusi on*pPepesienal antipdycis an 4nfiberty reprhicer! Riad 1128 €lonelfi on of an

i mmunogl obul i npe [ i - i j ulin are
bound by a1 nkar P ooy et AU SRS (A e TR

i ntroduce a5 di sniibpilyieave beeh tta_@isfsﬂztabiMpmlqnh]eanébgb@ia_awroﬁmﬂ by @éthéflmi ns. The
term al so incl pges, 30,J8600] iﬂ%‘etdalr{e, ggrrﬂ?sﬁa%%@y fﬁﬁkiﬁ%h %ﬁ'aﬁti%gg hES (for

exanpl e, humani zed nurine anti bo et eroconjugate an i es” (such as,
bi speci fi c ant tddbdioes) fusiSe el mydoma Rillsvad iGatuat egecarvdlldHalrhdizdoted cgd04- 1995
(Pierce Chem cal ... Rockf or L) s » ANJaunaol .o rd Ed., WH.
trcoman & Co. . INEGRPRRShEhthed bodoHL: sRRRLARbad Il 1 T oy
produced by a Bungliedolcndoed aBibogiephocyt es or by a cell into which the

vonocl onal Tt bod: SROSRE: spghoRE: B¢ Fer ARt TRRN b4 URace" 66 el | i n

the art, for insteadiesullyasmkigadibdledult @midooeytd @imedg. cel ls from a fusion
of nyeloma cells with _jnmune l.,een cells. These fused ce|Jls and their
b il bingjg

progeny are terned PRIMEHS o MOHEICIAIGE PHYATEY O SHRYAME Hurmani zed
monocl onal ant aRANES suchGAMATBIdiz80R bl oRURLRIcGcRIGhSle@le Baptthdter ol ecul es

that bind a specific target nolecule, such as a target bionplecule or
bi onol ecul e of itjelfs Be @gspciation of an antibody with a peptide, or the association of a protein
15  with another protein (for example the binding of a transcription factor to a cofactor)
or nucleic acid molecule (for example the binding of a transcription factor to a
partially double-stranded nucleic acid probe).
Binding can be detected by any procedure known to one skilled in the art,
such as by physical or functional properties of the molecular complex. For example,
20  binding can be detected functionally by determining whether binding has an
observable effect upon a biosynthetic process such as expression of a gene, DNA
replication, transcription, translation, and the like.
Physical methods of detecting the binding of complementary strands of
nucleic acid molecules, include but are not limited to, methods such as DNase I or
25  chemical footprinting, gel shift and affinity cleavage assays, Northern blotting, dot
blotting and light absorption detection procedures. For example, the method can
involve detecting a signal, such as a detectable label, present on one or both nucleic
acid molecules (or antibody or protein as appropriate).
The binding between an oligomer and its target nucleic acid can be

30  characterized by the temperature (T),) at which 50% of the oligomer is melted from
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Bi ndi ng or stable binding: An association between two substances or

nol ecul es, such as the hybridization of one nucleic acid nolecule to

anot her owoOi20H8128826t he associ ati on of an anti body wi th RCpaseé1dm47563 t he
associ ation of a protein 15w th another protein (for exanple the binding of
a transcription factor to a cofactor) or nucleic acid nolecule (for exanple
the binding of a transcription factor to a partially doubl e-stranded

nucl eic acid probe). Bi ndi ng can be detected by any procedure known to
one skilled in the art, such as by physical or functional properties of the
nol ecul ar conpl ex. For exanple, 20 binding can be detected functionally by
determ ni ng whet her bindi ng has an observabl e effect upon_a biosynthetic
process such a¥s BigsH e §igher (G Beaps ASUonsRpORYMF Peble CORPICE Felatiye (9 9t i on,
translation, apgnfibewlh k®wer (T,). Physi cal nmethods of detecting the binding
of conplenentary strands of nucleic acid nol ecul es, include but are not
limted to, nmethodsBigmelecals: pnaslecyle Biat cas bp defiveadiTopgoliRg EIHYY S8l shi f t
and affinity Ch@@%ﬁﬂﬁp@§§QXdeﬁ@ﬁ&Q@hﬁmpéQﬁﬁlﬂ&waﬂ@&uﬁh@ﬂ&iﬁﬂs&%@ l'i ght

absorption detection procedures. For exanple, the nethod can involve

det ecting ad si graiplesswigthre&genge tetieneladlla poabers, syshaspelypepidornedor both
nucl ei ¢ aci d npl g6ul &% &Brseq%ﬁée%?ﬁéﬁ R REQL&H 5&%&9@&9@%&%&)@ The Dbi ndi ng
bet ween an ol i goner and 1ts targe Aucl e c acid can be 30 characterized by
t he t enper at ur pro(dgg)l @ maker 50%inS blodke, soth goweleolides pml dngido figidsnIni t s
target. A higher. (Tm, nmean tronge . M st abl e. conpl ex rel.ative to a
cormex i t-asjoslady e TEHOReR nSbd GRACIWR TR A BRI FEUERER CTRHL,
derived from afrbinvirggison giae bsdead Sucdxampleauploic\apidpp ol geeptidescartvbhydieat e, a

lipid, a small . .mglecule and th i ke.. | me Sexanples, w.th reference to
bi birol ecut a7 pbPgisvan fofieiet s iR EoR AR SHatPar Bt FhE" Soquence
of pol ymer neechnt@tartfeidligpasdiutdl Metdils, suokhs @esmtieanp pagppedesf muemsidrononmer
bui | di ng bl ocks,. such as nucl eotid nd amng acids. In addition, the
mononers need AGES Baép‘?héaﬁﬁfsilwl‘?%afq?ﬁg?glﬂc%‘?s&%ﬁ@?‘&fﬁeﬁ‘&rﬁarﬁ ®obt ai ned from
organi sms | i vep@moledes cah®e pRxiaraalsenthetehBy 6 rd€intisnapay yRepik dRsnples, a

car bohydrates, 10lipids, small nplecules and the like isolated from an

organi sm Bi onBiBlseds isA wigleicaqidygnchas p RN HNA o ombérsgondeseli 8s, such as

recombi nant s polyREALINPRS a HiMHRI&IE 186 pERide CREDRANYHb@IES, |ipids, small
nol ecul es and the |ike. For exanple, bionolecules can be produced

synthetical |y or reBiogimgniiat Nyegiphorppiotcd Angeie 85id uph 8ckNa. P52 g
nucl eic acid, §dlﬁl£]nzﬁ§)n%e%’ to %h%he@nﬁ%ﬁ%@&&ﬂl?&n&.hﬁrﬁgfexanlllﬁe, a
binding site is the site on a DNA molecule, such as a partially double-stranded
nucleic acid probe, that a double-stranded DNA binding protein, such as a
20  transcription factor binds (referred to as a transcription factor binding site).

Buffer solution: An aqueous solution consisting of a mixture of a weak acid
and its conjugate base or a weak base and its conjugate acid. It has the property that
the pH of the solution changes very little when a small amount of acid or base is
added to it. Buffer solutions can keep pH at a nearly constant value in a wide variety

25  of chemical applications.

Complementarity and percentage complementarity: A double-stranded
DNA or RNA strand includes of two complementary strands of base pairs (or one
strand with a hairpin). Complementary binding occurs when the base of one nucleic
acid molecule forms a hydrogen bond to the base of another nucleic acid molecule.

30  Normally, the base adenine (A) is complementary to thymidine (T) and uracil (U),

while cytosine (C) is complementary to guanine (G). For example, the sequence 5'-
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15sonme exanples, a bionolecule is a peptide, such as a protein. Binding

site: Aregion on a protein, nucleic acid (such as DNA, RNA, or a

conbi nat w0 20t1emes2b) to whi ch ot her nol ecul es stably bi rdT/USRO10ME756Xan]l €,

a binding site is the site on a DNA nol ecul e, such as a partially

doubl e-stranded nucl eic acid probe, that a doubl e-stranded DNA bi ndi ng

protein, such as a 20transcription factor binds (referred to as a

transcription factor binding site). Buf fer sol ution: An agueous

solution consisting of a mxture of a weak acid and its conjugate base or a
weak base and its conjugate acid It has the property that the pH of the

solution changes very little acid or base is added

to it. &Mer%%ﬁ%@%ﬁ%&%ﬁ%ﬁ%%&MW%&&%WW%%M%awde

variety 250f chgmiacBbNaPahitGatiaf, the sequen@FTRITETENEARE te@fd per cent age
conplenmentarity: A double-stranded DNA or RNA strand includes of two

conpl ement ary StPRlpENtOf 3IHAECPairs (or one strand with a hairpin).

Conpl ement ary b'nd'N&ﬂ&@&&éﬁmﬂ@ﬁ@u&ﬂ%e@@ﬁﬁkﬁ&ﬁ%&%a&Rﬁb%k?a%ﬁk@h&ﬂ'eCU'e
forns a hydrogen bond to the base of anot nucl eic acid nol ecule. 30

Normal |y, the baspetatehipgra-foa)ing of dbppstsertenathanglecude. thioy pkadiple (T) and ur aci
(YU), while cyt xanple t he
sequence 5- &%%?gw&§a%ﬁ€ag8ﬁﬁﬁﬁﬁgﬁgg gtg%ga%@ag%cén qm§§g of anot her

ssDNA t o for m eordgORAOL differirtyi sgringrnyph whiChheomekquemwllﬁvmdAT@@a@but ingt t he
reverse conpl egent o AGC-5". Nucleic acid nol ecules can be

conpl enentary ?omggx%de?ﬁer even without 5 conplete hydrogen-bondi ng of al
bases of each m)l echEwanmtteommgbérmntdnybmaldet Zaidsi form whthibie aupianqﬂt tepient ar y

nucl ei ¢ ac 0 copdj.tion ffer stringency in
Which a ol oRaH Bes g HordBE o G0R Hlset & Prfe Metide™Bos 1 one.

Mbl ecul es mrtthquk@ﬂembamyH@y@ket&mapmﬁss&pkﬂmah@;@mewmpph@x or triplex
10 when the strands bi ridize ach_ot her orm.n

Wat son- Cri ck, %&Etl‘é‘eﬁ er“élgé‘?fgf’énﬁ—&%eé&a&éf UL tpréf"rféde@taé‘ﬂlsgq“&fl‘r?di ng
occurs when anuglet genetpleOtdndRion®| ecul e remai ns detectably bound to a

target nucleic acid sequence under the required conditions. npl ementarity
is the degree to whi %WPE%§E§“YWt@%@%Hﬁé?éﬁEhﬁéﬁﬂ”§Fﬁéﬁﬂm5&§€S%@H&P?’mnth

the bases i a éﬁ&ﬁﬂdm%ﬂ&kﬁi§&%&kﬂn§kkﬁ@@sﬁ%&ﬂﬂhﬁﬂﬁaﬁéﬁhﬁym'S conveni ently
descri bed by percent e, that is, the proportion of nucleotides that form

base pairs bet gepnienity desrihpdiay prrcapiaghithat s, Sis@Epitionoégidivtides iiaith of two
strands. For exagBhi& betfeeh QvdMEBOL B Rbpefifl PedMitCdreBhiaf&r Al GRRYC! eoti de

form base pairs
For example, if 10 nucleotides of a 15-nucleotide oligonucleotide form base pairs

with a targeted region of a DNA molecule, that oligonucleotide is said to have
20  66.67% complementarity to the region of DNA targeted.
In the present disclosure, "sufficient complementarity” means that a
sufficient number of base pairs exist between an oligonucleotide molecule and a
target nucleic acid sequence to achieve detectable binding. When expressed or
measured by percentage of base pairs formed, the percentage complementarity that
25  fulfills this goal can range from as little as about 50% complementarity to full
(100%) complementary. In general, sufficient complementarity is at least about
50%, for example at least about 75% complementarity, at least about 90%
complementarity, at least about 95% complementarity, at least about 98%
complementarity, or even at least about 100% complementarity.
30 A thorough treatment of the qualitative and quantitative considerations

involved in establishing binding conditions that allow one skilled in the art to design

S11 -



with a targeted region of a DNA nol ecul e, that oligonucleotide is said to
have 20 66.67% conpl enentarity to the region of DNA targeted. In the
present dwechususes "sufficient conplenentarity” neans PORUSAISOFTSEEI ent
nunber of base pairs exi st between an oligonucl eotide nol ecule and a target
nucl ei ¢ acid sequence to achi eve detectabl e bi nding. When expressed or
nmeasured by percentage of base pairs forned, the percentage conplenentarity
that 25fulfills this goal can range fromas little as about 50%
conplenmentarity to full (100% conplenentary. In general, sufficient
conplenentarity is at |east about 50% for exanple at Ieast about 75%
conpl ementarity, at |east about 90% conplenentarity, at |east about 95%
conpl enent ari t?/Ppr%ﬁ“aFeé%@?n”él?BH‘{l“é@W%B%F @ﬁé‘ﬁ’ilfziflic?‘ifﬁu%‘ﬁ isgRedesby east about

100% conpl enenggiid &Y. 189t BRASBONOD: Q@@tgﬁenﬁssoanctﬁ}esmdkt@az ¥Q)and

quantitative considerations involved in establish |ng bi ndi ng condltlons

that al | ow oneMekicyrledionist AdabgraopoMaesi.gad edpptl ol i GléSeineddHbdl eot i des

for use under ih& desipad @@gbrgﬂgq@ﬁbdrsl\]yrp)gpded by Beltz et al. Methods
Enzynol . 100: 266- 285, 1983, and by Sambrook et al. (ed.), Ml ecul ar

Cl oni ng: A %abor at o@GyHth%IPlaczmdnte@ldlreovmyswél-&@SOC@@DId f@xpmple Hahbor

Lfabor atory Pre otid f&% gnd?ﬂ 1111 p(g*uﬁ_l?orntl)lgfdr e{i\m E%laeé‘é‘\égﬂ I éﬂog&n cgh enent in

di rect physi ca associ a orm an in
l'i quid form (fworthexanpker etdmequbalmqrsmel mfcoatagrvathea somtlom,rsudczts aM t h a sanpl e

or an electr OpQQ%Foikgre%eéqf%en) qR Q(%Iﬁlé: éxamlp}es conf%gt%ngtctaﬁ) oCcu? s vztro SN,

el ectrophoresis occur in vitro

with isol at ed elated celis cmsllﬂﬁtaamllyaiellyreeektkacfsr meh exnucaem &,trastlslch as nucl ear

extracts. Corresp ndi ng: Th [.m “corres gr {15 a rel attlve term

i ndi cat i ng i milaritY W B‘é‘é‘Ft. f e“Bu?%’E?é%on %Star BRER &M BgF e BEanpl e, a

nucl ei c acid segiengen pRit@RSPOPEeNg stroctare g B xphPIDE Ricldiduticaescs hat t he

nucl eic acid se uence is simlar tot not er ound in an or alnlsm
S il

Cross- | i nked pSTATRININA L bR PHHUFST ARtk efC&F‘r?egaq‘feP%erths
15chemi cal reatz)tth@pmﬁlfoteﬁm@m@ @pMhist.Cr oss- 1 i nker.

Cross-linked polymer: A three-dimensional network formed from the
15  chemical reaction of monomers and a cross-linker.

Double-stranded nucleic acid binding protein: A protein that specifically
binds to regions of double-stranded nucleic acids, such as duplex DNA, for example
the double-stranded region of a partially double-stranded nucleic acid probe.
Transcription factors are particular examples of double-stranded nucleic acid

20  binding proteins, as are sigma factors in prokaryotic organisms.

Emission or emission signal: The light of a particular wavelength
generated from a source. In particular examples, an emission signal is emitted from
a fluorophore after the fluorophore absorbs light at its excitation wavelengths.

Electromagnetic radiation: A series of electromagnetic waves that are

25  propagated by simultaneous periodic variations of electric and magnetic field
intensity, and that includes radio waves, infrared, visible light, ultraviolet light, X-
rays and gamma rays. In particular examples, electromagnetic radiation is emitted
by a laser, which can possess properties of monochromaticity, directionality,
coherence, polarization, and intensity. Lasers are capable of emitting light at a

30  particular wavelength (or across a relatively narrow range of wavelengths), for
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Doubl e- stranded nucl eic acid binding protein: A protein that specifically
bi nds to regions of doubl e-stranded nucl eic acids, such as duplex DNA for
exanpl e tWe 2doubBeést randed regi on of a partially doubl @stusandadrsazicl ei c
acid probe. Transcription factors are particul ar exanpl es of
doubl e- stranded nucl eic acid 20binding proteins, as are signma factors in
prokaryotic organi sns. Em ssion or em ssion signal: The light of a
particul ar wavel ength generated froma source. In particular exanples, an
em ssion signal is emtted froma fluorophore after the fluorophore absorbs
light at its excitation wavel engths. El ectromagnetic radiation: A series of
el ectromagneti c waves that are 25propagated by sinultaneous periodic
variations of ©1a8Wlsjueh Qaengrgyhent be {45 P ARG Hyoroplner jok atothsic| udes
radio waves, ipfi§8piReb. Vvisible light, ultraviolet light, X-rays and gamma
rays. In particular_examples, electromagnetic radiation is emtted by a

| aser, which can poBleeisepheresise e @eocess EHPS e tetie o) chagged aelecglsal ity

coherence, po'8&&&6&H@%ﬁﬁﬁ&@nﬁﬂﬂ@ﬁéﬂﬂ%ec&ﬁ&%ﬁﬁﬂ&ﬁﬁm%ﬁ&%ﬂh&ngﬁnﬁﬁhkﬁing
light at a 30particul ar wavel engt'h (or across a relatively narrow range of

wavel engt hsy, ¢leetric exceanpl 4 patieHan thee of @tesirgphofesig i gehele¢teppboresianihexci t e one
fl uor ophore not, a r . hS: process of
separating a nﬁyﬁﬁﬁégfkﬁ@‘gggggaﬁ%ﬁggﬂﬂg%“Bgégﬁh%ﬁﬁt‘%%gﬁﬁfg%gﬁ% nmobility
of these char gedlendksod ssidershaps pohselateocharge apphgsedhel Eod mpligufrent . A

particular typ f el r.ophor esi S, i |, el ectrppharesis. e nobility of
a nolecule is §€%€W§FF§hﬁéﬁ§§8%ﬁ?§“%%%%§R%¥%%?8?ﬁ§ ﬁ%%a%ngﬁgzcharged
nol ecul e, suchcaspamsitioe of hhalerophodsis yelf Hoeexahalegehambagsdtrophdretis. The

oot 117 900, TR SR e e o AL ETRSE S S S S5 REBR G0 o,
t he el ect r ophos@ylamide in the gel reduces the size of the resulting pores in the gel and retards the
mobility of a molecule relative to a gel with a lower percentage of acrylamide
(larger pore size). Gel electrophoresis can be performed for analytical purposes, but
can be used as a preparative technique to partially purify molecules prior to use of
15  other methods, such as mass spectrometry, PCR, cloning, DNA sequencing, array
analysis, and immuno-blotting.
Excitation or excitation signal: The light of a particular wavelength
necessary and/or sufficient to excite an electron transition to a higher energy level.
In particular examples, an excitation is the light of a particular wavelength necessary
20 and/or sufficient to excite a fluorophore to a state such that the fluorophore will emit
a different (such as a longer) wavelength of light then the wavelength of light from
the excitation signal.
For a period of time sufficient: A phrase used to describe a period of time
in which a desired activity occurs, for example the time it takes for a biomolecule or
25  acomplex of biomolecules (molecular complex or biomolecular complex) to pass
through a portion of an electrophoresis gel under the influence of an applied electric
current. For example, the time it takes for a free biomolecule to travel from a
proximal end of a gel to the distal end and elute from the distal end of an
electrophoresis gel. In another example, it is the time it takes for a molecular
30  complex, such as a complex containing a biomolecule of interest, to pass from a

position within an electrophoresis gel to the end of the electrophoresis gel, and elute
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10mediumis cross-1linked acryl am de (pol yacrylam de) increasing the
percentage if acrylamde in the gel reduces the size of the resulting pores
in the gevoand/n2es2ards the nobility of a nol ecul e rel at iPCE/USQ1Q/0¢Eb3 W th a
| ower percentage of acrylam de (larger pore size). Cel electrophoresis can
be perfornmed for analytical purposes, but can be used as a preparative
technique to partially purify nolecules prior to use of 15 other nethods,
such as mass spectronetry, PCR, cloning, DNA sequencing, array analysis,

and i nrmuno- bl ot ti ng. Excitation or excitation signal: The light of a
particul ar wavel ength necessary and/or sufficient to exci te an el ectron
transition to a higher energy level. In particul ar exa an excitation

is the |ight ofom thaiepd. é&}sgppaﬁfaeféilehawqfé)éfég%raﬁlgﬂlzn@ﬁam&}at%Pﬂl%i%fnt to

excite a fluor gRRQE@icR Br St BoiMEAId BFasstRfn HAUAT PO MWphdrefild @
different (such as a longer) wavel ength of light then the wavel ength of

| i ght from t hetodRepthes Pighe GingHatkes for a molgrglar gorpples, serhad acpmelesuf fi ci ent: A

phrase used toc&@&ﬁﬁﬁ% B8iothoRehik Ofnfirest, 't@Fas% ﬁomlﬁﬁt@n d@finrgd activity
occurs, for exa he tine it takes for a bionolecule or 25 a conpl ex of

bi omol ecul 8 ( dmtemmra?ls 20 ipthe kndef the @moemlﬁ%@rgeé@nfbb@@)thft endpadk t hr ough a
portion of an 8ép%ﬁ<§:6198ﬁ9 ?a%?cirssas‘?cﬁ(lhcolﬁ%?ﬂho]iﬁ pﬁ%ﬂé E #&Hgtﬁ oPlhe @féc%? Rli&d

el ectric current tme ree bionolecule to
travel from a prdgke pimswelmlial@ttelastlgebf th@brphleledmlsi @lcompldxesndt iehlsb e from t he

di stal end Of n el a?é:cf té%%‘e%g & ‘I%I iel%edls c?_ln b Varlgé Qe{hfz g%(a%PEorlt%r acc%rdlng t(tﬁ H%‘ time it

t akes for

bi onol ecul e of onhﬁreasexelst to pass froma p05| t| on WI t hi n an eI ect rophoresis
gel to the end ofteelectr haresi s gel mthat end. It is
appr eci at e(]jgby t hos a'5?'“6’|r(5'|“ﬁ§1ﬁfc§j§?a|“ip%?'n‘h\flﬁ elﬁf‘f ISW% turfggnﬁg P8 of tine
sufficient for s1ﬁg1'é &teaeldbjf aiaMdie adidl. eTEeOStlﬁﬂ(SéthHll@mlﬂa@n@ﬂﬁer@fﬁltﬁmuch that the
electrophore3|s t he ot her time it takes for a nol ecul ar

conpl ex, such 3%0 %C %Cb béB‘ihZE%Wtﬂéft???nﬁmé‘l%adﬂ?ﬂ BOBT ¥%f interest, to pass

froma position w tnymrleﬁﬂatﬁﬁk eGk LB ROsfRSMmpleGihtatyi hesi@RekaadNA BERNA
el ectrophoresi s and elute the end, wll dep en§ on such factors as the

conposi tion of totff%]én adrplexsmplepple fplsgrelered té’laéép}’li’r&h@ﬂ@? eMpplexadnfuelis physi cal

characteri $§i Caei@hytrfaaRbPRBIRREE &5 RUs&RBRNEXBBridikAlidnToRAbRARRYLE! at ed
that these tinme periods can be varied by the practitioner according to his

or her needs. 20M&fspFasdhe singd¢-grapdecopaationg! apiaritallndopipdd-wiagdeddiugleist r uct ur e
formed froma ,.q probe and an indexing probe.

Hybridization conditions resulting in particular degrees of stringency will

vary depending upon the nature of the hybridization method and the composition

20  and length of the hybridizing nucleic acid sequences. Generally, the temperature of
hybridization and the ionic strength (such as the Na+ concentration) of the
hybridization buffer will determine the stringency of hybridization. Calculations
regarding hybridization conditions for attaining particular degrees of stringency are
discussed in Sambrook et al., (1989) Molecular Cloning, second edition, Cold

25  Spring Harbor Laboratory, Plainview, NY (chapters 9 and 11). The following is an
exemplary set of hybridization conditions and is not limiting:

Very High Stringency (detects sequences that share at least 90% identity)

Hybridization: 5x SSC at 65 C for 16 hours
Wash twice: 2x SSC at room temperature (RT) for 15 minutes each
30  Wash twice: 0.5x SSC at 65 C for 20 minutes each

High Stringency (detects sequences that share at least 80% identity)
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single strand of nucleic acid. The strand exhibits self-conplenentarity,
such that the nucleic acid hybridizes with itself, formng a | oop at one
end. WORytwa28828at i on: The ability of conpl enmentary ®CmglSes1vionznsdied DNA
or RNAto forma duplex nolecule (also referred to as a hybridization

conpl ex). Nucleic 15acid hybridization techni ques can be used to form
hybri di zati on conpl exes between a probe, such as the single-stranded
portion of a partially doubl e-stranded nucl eic acid probe and an i ndexing
pr obe. Hybri di zati on conditions resulting in particul ar degrees of
stringency wll vary dependi ng upon the nature of the hybridization nethod
and the conposition 20and | ength of the hybridizing nucleic acid sequences.
General |y, thelyBifi&ttistur e ofXRYBrFd out §dA §ﬁ¥¥@ébWQ#ﬁc strength (such as

t he Na+ conceniyaf ival): of theyx Rybni @ zatsannbuict eschw |1 determ ne the
stringency of hybridization. Calculations regarding hybridization
condi ti ons for Wash &Yigd:ng par tk&dfar>ddgrees for30sninpisyeasBy are di scussed in
Sanbrook et al y oy GLA8NcyNBLEG M cahient QR Rehre $QERNSHoEHIchd Q. Col d 25Spri ng
Har bor Laboratory, Plrainview, NY (chapters 9 and 1I). The followng is an
exenpl ary s&t biybidiationi zat i 6nSECAURT twois @fd 1p0mewrs| i miting: Very Hi gh

Stringenc de ce 04 | |t
FNbrigiza?ign:Eﬁgﬁggggﬁﬁég'Cé?%g§§gaﬂgﬁﬁéﬁ§dg%ﬂ?&fﬁgﬁ%gggg%ya¥)room
tenperature (RT) f olsolatedmmnitiedatalddpl@icaldsmpanmit¢erch abxpi88d.at 65 C for 20
m nutes each Tk{l%?:cégrr cio?l%?e@;?él nlgc?e? e?c% Srogfg a E‘Qf&%gmgﬂa}le)%gg Ee%nas‘ltlbsta%agﬁy 80%

identity) -

separated or purified away from other biological components in the cell of the

10 organism in which the component naturally occurs, for example, extra-chromatin
DNA and RNA, proteins and organelles. The term also embraces nucleic acids and
proteins prepared by recombinant expression in a host cell as well as chemically
synthesized nucleic acids. It is understood that the term “isolated” does not imply
that the biological component is free of trace contamination, and can include nucleic

15  acid molecules, proteins or molecular complexes that are at least 50% isolated, such
as at least 75%, 80%, 90%, 95%, 98%, 99%, or even 100% isolated.

Label: An agent capable of detection, for example by spectrophotometry,
flow cytometry, or microscopy. For example, a label can be attached to a specific
binding agent, such as an antibody or a protein, nucleic acid, and the like, thereby

20  permitting detection of the specific binding agent or a biomolecule bound to the
specific binding agent. Specific, non-limiting examples of labels include
fluorophores, enzymatic linkages, and radioactive isotopes and nanoparticles, such
as semiconductor nanocrystals. Methods for labeling are discussed for example in
Sambrook ez al. (Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,

25 New York, 1989) and Ausubel et al. (In Current Protocols in Molecular Biology,
John Wiley & Sons, New York, 1998).

Molecular complex: Two or more molecules, such as biomolecules, that are
stably bound together, for example a nucleic acid binding protein and a nucleic acid
molecule, an antibody and an antigen, a ligand and receptor for the ligand, and the

30 like. In some examples, a molecular complex is a transcription factor bound to a

nucleic acid that has a binding site for the transcription factor.
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WO 2011/ 028826PCT/ US2010/ 047563 Hybri di zati on: 5x-6x SSC at 65 C-70 C for

16- 20 hours Wash tw ce: 2x SSC at RT for 5-20 m nutes each Wash twi ce: | x SSC
at 55 C AOQof1am8Re mi nutes each Low Stringency (detect #CTAFE00EE63 hat
share at | east 50%identity) 5 Hybridization:6x SSC at RT to 55 C for
16-20 hours Wash at |east twce: 2x-3x SSC at RT to 55 C for 20-30 m nutes
each. | sol ated: An "isol ated" biol ogical conponent (such as a protein,
a nol ecul ar conplex, a nucleic acid probe, or free bionol ecule) has been
substantially separated or purified away from ot her bi ol ogi cal conponents
in the cell of the 10 organisn1in whi ch the conmponent naturally occurs, for
exanpl e, extra-chromatin DNA a ﬁroteins and orﬁgpelles The term

al so enbraces nucl el}/lé‘taé@f‘ds’*‘é’ﬁwe&f&eé? S SprusparelatByo ey Haritd-expr essi on

in a host cell (a8 dabdceadr & ﬁlalpy NN S Ae dn B3 @biEnRE adutaddn 1S
understood that the term"isolated” does not inply that the biol ogical

conponent is fékalistachageericdneldhs RAYY savengh doreannplp dlediding dagioedblesaci d
mol ecul es, pro{eips l%dl })I%Eéﬂl t%rtheCﬁNR's %ﬁ%ﬁcet habta@®ng itludk 823 kur@fhibg ol at ed,
such as at |east 75% 90% 95% 98% 99% or even 100% i sol at ed.

Label : An a@enpomfarplabtll@scﬁeledenseemd ipyertidng ps wrlh aptombinatigpseberedphot onet ry,
flow cytonetry GRN ched to a
specific b|ndlH%ﬁgﬁgk%k%gggﬁﬁggﬁgﬁrgﬁt 0 in@%hgggf%tel%ganﬁ%%glglaC|d and
the |ike, ther by &@mples.mimitatng, geh ect inprtiod intthepropeer $dqoeroe ntia gtgleagent or
a bionol ecul e ho acifie, bindin ent 184S mting
axanples of | abanbouhdiife RS Lt ERsPE e SRRRLG Lo dRA b

radi oactive ismﬁmpeﬁaamddnanmpmmﬁmﬁkésudauahd@ﬁbsenlconductor nanocrystal s.
Met hods fo

abel i r.e dISC for e anbr o et al
(Mol ecul ar rle oni ngnlq%\cei '88‘39&? ‘%ﬁ htf: en"ﬁgpé%g%’?ypﬁ ”ﬁ% %e °f 25New York,
1989) and AusuliBdnueleotitle. polynier Qd[LﬂBiQ'[Wlﬁ’lb@lﬂﬁﬁl@iuSnIcI]])MAﬂnﬂCNIAﬁg’en&hmm&, John
Wley & Sons, New York, 1998) . Mol ecul onpl ex: Two or r
mol ecul es, suchnda?n‘g %?CZ@L% Chnicgllygynt ?Sézeéflélﬁﬁf%%r & QYR REPD Ofor
exanpl e a nucl pNa a@iRNAI NGk AGcIAE atiehbdlrnd can TluBleGratied ((¥Wbeeidie, an
anti body and an an a ligand and receptor for the ligand, and the 30

ti
like. In sonme &l é§(“5WWﬁP @UYQWlébﬁﬁP@%lﬁ@“%???%ﬁ§ﬁ@ﬂﬁ%ﬂﬁﬁmfé@tor bound
to a nucl eig aﬁdl&jnﬁ)l&@ﬁle RASHANDIAN RenSbit Be ffedsPOrdntiaR@EIEicREION factor.

molecules can include natural nucleotides (such as A, T/U, C, and G), and can also

include analogs of natural nucleotides. In one embodiment, a nucleic acid molecule
is an aptamer.
Nucleotide: The fundamental unit of nucleic acid molecules. A nucleotide
20  includes a nitrogen-containing base attached to a pentose monosaccharide with one,
two, or three phosphate groups attached by ester linkages to the saccharide moiety.
The major nucleotides of DNA are deoxyadenosine 5'-triphosphate (dATP or
A), deoxyguanosine 5'-triphosphate (dGTP or ), deoxycytidine 5'-triphosphate
(dCTP or C) and deoxythymidine 5'-triphosphate (dTTP or T). The major
25  nucleotides of RNA are adenosine 5'-triphosphate (ATP or A), guanosine 5'-
triphosphate (GTP or ), cytidine 5'-triphosphate (CTP or C) and uridine 5'-
triphosphate (UTP or U).
Nucleotides include those nucleotides containing modified bases, modified
sugar moieties and modified phosphate backbones, for example as described in U.S.

30  Patent No. 5,866,336 to Nazarenko et al.
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Mut ati on: A change of the DNA sequence relative to the native or wld-type
sequence, for exanple in a pronoter of a gene. In sone instances, a

mut at i on WDI2b11128%826 a characteri stic of the DNA sequenc@®CTfuseolexarsps e t he
bi ndi ng of a doubl e-stranded binding protein to the DNA sequence. Mitations
i ncl ude base substitution 5point nmutations, deletions, and insertions as
wel | as conbi nations thereof. Mitations can be introduced, for exanple by
nol ecul ar bi ol ogi cal techniques. In some exanples, a nutation, such as a
mutation in the pronoter sequence of a gene, is introduced during synthesis
of an oligonucl eotide, such as an oligonucleotide that is part of a
partially doubl e-stranded nucleic acid obe., 10Nucl eic acid nolecule (or

sequence): A deoxyrE%@ﬁﬁ?P@H@ﬂ@@dB%GPFﬁﬁﬁﬁﬂpﬁBPWH@”ﬁﬁiVﬁ%?”Wncludlng

wi thout 1'im tahh@hiid&ANm n ol A9 AIcErONAud@ P Y RbBLilea td:S4ich as
chenical |y synthesi zed) RNA or a conbinati on of DNA and RNA. The

nucl ei ¢ aci d ndreevrel éd’ﬁo@@lréfé]u%1C@0§1‘1F3§Hd%tﬂ>d@ﬁ’s‘9ﬂ BYPosppibing *apthideded (ss)
or even parti a&éeyylg@&me es_ Al FRRASHox RIS 13IrRG §-cbbARdeankilemaRal el ¢

15aci d nol ecul e can be the sense strand or the antisense strand.” Nucleic
aci d nDIecuﬁesmwwwdmndiQG@HHH@ﬁanHmm@ﬂ®@ﬂwdbémy@nwhmh§mAI)T/U C, and G,

and can al so :Tgeﬁlédgﬁs? gﬂ@cﬁ% 112950 8He, Nak% glﬁée%ﬁmte P%%thyl 2fIRE (€Mbodi ment, a

nucleic acid I'S an aptaner. anental unit of
nucl ei ¢ aci d nokéglimese, %QdumNQQUMweeZDmmhwh¢maE Anmﬂwkm@@maéontalnlng base

attached Lo 2 RER RIS IR RRRGLALHI NI MDA S e 1 o0 PhOSPRAL @

groups attache 0 Uhe Saccharix The maj or
nucl eoti des ofmBNAMam&mdﬂg&yaﬂbnm&mmpnﬁnmhmhphbmpha&ﬁt@dAIP or A,

deoxyguanosj ne 5'-tr| 0S dGIP or i di ne. hosphate
(aeTtoor O Ao RS e AR ST ER S b GhRSy. 2k

nucl eot i des OfNRN&p&ﬁ&n&ﬁEﬂﬁ&MﬁQﬂS?m@@ﬂﬂh@&@hﬁ&ﬁb@ﬁ&Pc@&mﬁ% zguan05|ne 5
tri phosphate ( P or CE tidine 5 - hosphat e nd u, idine
5' - triphosphat O GFBe oF Eﬁ%yl 2-thiouracil, &’é?ﬁl ﬁggm}féfe g&‘éﬁﬂiy%écg]’ H‘iﬁ‘&lﬁ‘eoti des
cont ai ni ng nodskplelazaBmedPéri ﬁdaﬁg@ﬁ-{/acgﬁd £id, 8snamnd 2rmdufatigd-@hosphat e
backbones, for exanple as described in U S 30Patent No. 5,866,336 to

Nazar enko et afmino-3-N-2-carhexyprapydsuragil, AR P ILNIBRYENS D] et i es whi ch can be

used to nogsfy nucl@;&&ﬂpq@%falbd@e&s@qﬁnbfee& WicH ffy B dsug tun&aifyncl ude, but
are not limted to: 5- fluorouracil, 5-bromouracil, 5-chlorouraci

5-i odouraci |, hwam%a%eposst@hpﬁitﬁétmca%@tnykuévtbefsqrﬁéot limited to: arabinose,

5- (Carboxyhydr9¥Mbﬁﬁ&B%b&:H%@&'&uﬂéx&éﬂﬁ%%%ﬂﬁ&%%% RATBLRY Jodshate
5t hi ouri di ne, 5-carboxymet hyl am nomet hyl uraci |, ydrouraC|I bet a- D
backbone, such as phosphorothioate, a phosphorodlthloate a phosphoramldothloate,

a phosphoramidate, a phosphordiamidate, a methylphosphonate, an alkyl
20  phosphotriester, or a formacetal or analog thereof.

Oligonucleotide or “oligo”: Multiple nucleotides (that is, molecules
including a sugar (for example, ribose or deoxyribose) linked to a phosphate group
and to an exchangeable organic base, which is either a substituted pyrimidine (Py)
(for example, cytosine (C), thymine (T) or uracil (U)) or a substituted purine (Pu)

25  (for example, adenine (A) or guanine (G)). The term “oligonucleotide™ as used
herein refers to both oligoribonucleotides and oligodeoxyribonucleotides.
Oligonucleotides can be obtained from existing nucleic acid sources (for example,
genomic or cDNA), but are preferably synthetic (that is, produced by
oligonucleotide synthesis).

30 Partially double-stranded nucleic acid probe: A nucleic acid probe that

includes both a region that is single-stranded and a region or portion that is double-
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gal act osyl queosi ne, inosine, N 6-sopentenyl adeni ne, 1-nethylguanine, 1-

nmet hyl i nosi ne, 2, 2-di net hyl guani ne, 2-net hyl adeni ne, 2-net hyl guani ne, 3-
met hyl cytwei2ng/028826et hyl cyt osi ne, N6- adeni ne, 7-net hyl gka@miuse10947563

met hyl am nonet hyl uraci |, methoxyarni nonmet hyl-2-thiouracil, beta-D
10mannosyl queosi ne, 5'-nethoxycarboxynet hyluracil, 5-nethoxyuracil,
2-met hyl t hi o- N6-i sopent enyl adeni ne, uracil-5-oxyacetic acid, pseudouracil,
gueosi ne, 2- thiocytosine, 5-nethyl-2-thiouracil, 2-thiouracil,
4-thiouracil, 5-methyluracil, uracil5-oxyacetic acid nethyl ester,
uracil - S-oxyacetic acid, 5-nethyl-2- thiouracil 3-(3-

anino-3-N—2-carbox%fropyI) uracil, an 6- dlantno urine,. 15Exanp|es of
modi fi ed sugarsﬁﬁ? V%Emﬂﬁbﬁﬁmhﬁﬁuﬁ%bﬁ§@amfH”ﬁﬁﬁ?? BSHRIEHPHSS at any

posi tion on it goubld dahdtiainll AbHER habPldtsirdle&uBfded! Wilrdig thetBublakaitap@se,
2-fl uoroar abi nose, xylose, and hexose, or a nodified conponent of the

phosphat e backBshanglsiemdedpasnss mcs:patqﬁteéefpéexaalp}%@wmﬂydmk@ch| lpaeee a

phosphor am dot Qia?fﬂ)tle% th@d&ﬁ%ggﬁﬁ(ﬁe%rpoﬂﬁ)thnch?deQ h gﬁlﬁﬁ'@ sRd A, ABlfe-standed
net hyl phosphonat e,  an al kyl 20phosphotriester, or "a formacetal or anal og

t her eof . 5 n@ﬂmg@n@bmémgpﬂéﬂmﬁuﬂnﬁwgmhﬂim@mtﬁgbe nucl eoti des (that is,
nmol ecul es i ncludin K f | inked to
gl;eg)tlﬁlﬂ,‘@%te af?"é | & of thgé%% reﬁret%{{{otcﬂ%? 61

a phosphate group to an exc eabl e organi c ase either a
substi tut ed pymhmbdﬁdeM@Pyﬁnmﬁamubxahpt@aunytm@dhsp@ﬁwebbmymrpqnﬂa) or

ur aC! I (Y)) or ];f.x?}l dsnﬁl?nsehcst ullth%(tiwgnler Pe{tural(l%gc)pulzrélg Pn a}g;?mn(? thelrg%n r]?tt QA) or

guanine (Q). otl ascUset bot h
oIigoribonuclemkhﬂﬁslamdmmkmgmﬂeamymbb@numbemt|des A i gonucl eotides can be

obt ai ned from exi st nucIE|c sour.ces enom c. of cDNA),
but “are. pr o or abl v RYFPRREIENT 1RSSR GRS Robeh o B TS s Pao P Gis®

synt hesi s). 30Ractidnad tqmdmuhtc«halﬁt sreanéied- dnufﬁis@ng:l naGiodk @ﬂm&ner,éhaﬂmscllﬁl c acid
probe that includes oth i on that %ﬁ% ded and a. region or
portion that i§" guent, erpé’ &‘éeﬂpol(a%}élf“[nt I“f “8 Roéyr‘if&?é‘aa‘r?@ eic acid

probe has a pogdrii@mideR@iheipseséiRy bl £cBtsade edhandn @omntuoaﬁndn&atm N-
si ngl e- stranded, wherein the doubl e- stranded and S|ngle stranded portions

are connect ed, DeBYIeRDISHEIY AU BN {[Rpn thedRiEuction & sRaEXDRp| es, t he
doubl e-str @ﬁdegd?ﬁéﬁiaﬁl?n bineideae MdBRPRGediviea frQ radicHohRh gt rapded
i

S5nucleic acid nding protei'n, such as a transcription factor.
Pept i de/ Pr ot ei ﬁlpp@p@ﬁ@ptsm@n ofgatalysfc ipiatien ipwyas thegmreduction of fsloyrase of ani no

acids and/or a i Epgg J or peptide
bond m netics. Hﬁﬁgh?ﬁéﬁ?gﬂﬁ%tur%ﬁﬁgkéggﬁPﬂgﬁg&%ﬁgﬁgB%E%gs angﬂﬁﬁelr

si ngl e-l et t er angeNhNSBN-strearethlediylgnetidngns (TAMNERhatnughrothdréreg radical

10Po|ynerizatig&wzlgga&QQ%hbﬂgegf nononmer nol ecul es together in a chem cal
reaction to formlinear charne or a three-di mensional network of pol yrer

chains. In20ne e rrboﬁrlymmharidlae Apelyme of pokigaity Wkadswersi 3he swgresdndkigm t he
pol ymeri zati on o a cross-linker, which in

he 8{@(&10 b tﬂ saleSnENoF dl?iitere bi 1S.

some enmbodi ment% T & ?ﬁltéhe |sacr?1 F t§? Upon the

i ntroducti on of catBdoysiter: tAi‘tEarray of nucleic acid control sequences, which directs
transcription of a nucleic acid. Typically, a eukaryotic a promoter includes
necessary nucleic acid sequences near the start site of transcription, such as, in the

25  case of a polymerase II type promoter, a TATA element. A promoter also

optionally includes distal enhancer or repressor elements, which can be located as
much as several thousand base pairs from the start site of transcription, such as

specific DNA sequences that are recognized by proteins known as transcription

factors.
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15 polynerization of acrylam de and BI'S proceeds via a free-radical
mechani sm The nbst comon system of catalytic initiation involves the
product i omoab1fa2e26oxygen radi cal s by ammoni um per sul f alPET(UARB)/0#T563 he
presence of the tertiary aliphatic am ne

N, N, N, N -tetranet hyl et hyl enedi am ne (TEMED) al though other free radical
generators can be enpl oyed. 20Pol ysacchari de: A polynmer of covalently

| i nked sugars. The sugars making up the pol ysaccharide can by the sane
sugar or different sugars. Pronmoter: An array of nucleic acid contro
sequences, which directs transcription of a nucleic acid. Typically, a
eukaryotic a pronoter includes necessary nucleic acid sequences near the
start site of trans@PFPLRNGHES: SRIEROEELS reqepipd byRNA palygrrase YW amer ase |

type pronoter, ;@odMd\siShe Rk, wHHh @R LR brétl o8P AL promalet BNIANG] dades di st al
enhancer or repressor elenents, which can be |ocated as nuch as several

t housand base PiVRET POt RIRENS todstong [P IA 5¢qUeReEISEPY pt i on, such as specific

DNA sequences that RERrde Cﬁ%ﬂaﬁg‘éjdiﬂ%ticﬁ{ diﬁy@éiﬂ%%héﬁﬂf?i‘é’[‘di?e%ti&{ gihp S{einﬁatlé, an
factors. |In prokaryotes, a pronoter 1s recognized by RNA pol ynerase and an

associ at ed $i gabiomatecule is wivelbte dvy fionmpaition iy owgtstposigon Rereperoindt er  DNA by
an activator Pﬁﬁ’écﬁbﬂ'wghlﬁ%eQﬁ Pl e QUMY %%&U&@g%vﬂgﬁfoﬁﬁfposﬁ@{ grse: To
change direction opposite the initial direction. r exanple, If ba

bi onol ecul e i stavrad/@sitiog Aavieyefsmg thepbsttidnor travdl ohvabidnmpbsile ioan B, rever si ng
di rection woul an that .that the hi lecule is traveling away from

posi 11 on' 8t ot TR pBgr T b e Sk OEp A RIS i kB PRSI B aer ot o

bi onol ecul e i nelattropheretis gphnrnesiosexgalpladane esigcho dpédtishefithbyurreaver si ng t he

larit | ect hor.esis. t f le b [ th
G ecti on_ 00 KBl EERE R EouAI B Ra e 1 A R R & 7 ospect 1o

t he el ect r ophoreesisihig @Rpaicattisn ofake gebWathséspet tdv@e aspliemtiadtioturgdht.t he gel wi th
respect to the appljed electric current.

substance that incl € 8%8W@%HV€§Sﬁ@ﬁﬁﬁeg@“ﬂé@%@kgmgﬁgébgﬁggi%%gefas?
for exanpl e dowhligc &did andeceygbaixempRidduht REinaed icRli€idshindihat can be used
in a nmethod disclosed herein. The sampl e can be a
proteins) that can be used in a method disclosed herein. The sample can be a
15  biological sample or can be extracted from a biological sample derived from
humans, animals, plants, fungi, yeast, bacteria, tissue cultures, viral cultures, or
combinations thereof.
Sequence identity/similarity: The identity/similarity between two or more
nucleic acid sequences, or two or more amino acid sequences, is expressed in terms
20  of the identity or similarity between the sequences. Sequence identity can be
measured in terms of percentage identity; the higher the percentage, the more
identical the sequences are. Homologs or orthologs of nucleic acid or amino acid
sequences possess a relatively high degree of sequence identity/similarity when
aligned using standard methods.
25 Methods of alignment of sequences for comparison are well known in the art.
Various programs and alignment algorithms are described in: Smith & Waterman,
Adv. Appl. Math. 2:482, 1981; Needleman & Wunsch, J. Mol. Biol. 48:443, 1970;
Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444, 1988; Higgins & Sharp,
Gene, 73:237-44, 1988; Higgins & Sharp, CABIOS 5:151-3, 1989; Corpet ef al.,
30  Nuc. Acids Res. 16:10881-90, 1988; Huang et al. Computer Appls. in the
Biosciences 8, 155-65, 1992; and Pearson et al., Meth. Mol. Bio. 24:307-31, 1994.

-19 -



15 bi ol ogi cal sanple or can be extracted from a biol ogical sanple derived
from humans, animals, plants, fungi, yeast, bacteria, tissue cultures,

viral culworesyo28s26conbi nati ons t hereof. Sequence PCT/US2010/047563
identity/simlarity: The identity/simlarity between two or nore nucleic
acid sequences, or two or nore amno acid sequences, is expressed in terns
200f the identity or simlarity between the sequences. Sequence identity
can be neasured in terns of percentage identity; the higher the percentage,
the nore identical the sequences are. Honol ogs or orthologs of nucleic acid
or am no acid sequences possess a relatively high degree of sequence
identity/simlarity when al gﬂ% u5|n st andard net hods. 25Met hods, of

ali gnment of sAOYibHEE foMok aﬂ%‘@ﬁ & DWereserisdwistalef ¢meideaion afar i ous

prograns and aldqgarent ﬂeﬂ%b&@d@néh@m%gﬁédmﬁﬂloh@ Smith & Waterman, Adv.
Appl . Math. 2:482, 1981 Needl eman & Winsch . Bi ol . 48:443, 1970;

Pearson & Li pman, PHsdNCREBasic Igealdiliggaient &%mh%f)lz@MSTig‘Sleﬁchwe@@ As &

Sharp, Gene, 73;i,2%{545.46388; 1ddb919'a9ﬁla§1e%ﬁf RyverBLER, RichriieIne 1989; Cor pet
et al., 30 Nuc. Acids Res. 16:10881-90, 1988; Huang et al. éo uter Appls.

in the Biosti eN@@@laBCemﬁgolﬂﬁologlg@anoarn@tlopébiﬁ%d\laélpnéIleraW@f Medwme Bi 0.
24: 307-31, 199, SGOW oo, nolnesHPlvin By o255 A0R il 49805 Pr esent s
er a

a detail ed consi I on o sequence i gnnment ” et s and hono ogy
cal cul ati ons. connectloiﬁh\ethhhfﬂequl: mab@s@kogﬁamsjﬂmfola%ablm Tdedtn, @BLAST)

(Al tschul et a ) o] rom sever al
sources, incl ucPlatStX t lf!lan]':S)u d%conalllfa uc elca dseg ‘éﬁh@% tI%%S&S%Jatl on (NCBI,

Nat i onal Li br acgmpmfre dvizidb acid esquiuees. dAdlt@tl(ﬂﬁlﬁmfcmmmrﬁ:IhlﬂﬁéfouBéhﬂ’thSNQBIND 20894)
and on thelgnt er ne£ for use in connection with the sequence anal ysis
prograns bl stﬁ/ Bfastn, blastx, tblastn, and tblastx. Blastn is used to
conpare nucl ei ¢ aci @ncfeeaqgh&aldcms nuMl?ér|0€nﬁicﬁé‘st19dét8rnﬂ1$ﬁd>ytc@urﬁﬁ§}ﬁ&rrﬁlnﬁ)ﬂi no acid
sequences. Addl%%) onal informmtion ca % found at. the NCBI

Once al i gned, PHOSHGRDERTHRN SRR ECARICICQUdEt @R ac! rﬁi}g‘i?d&ﬁﬁe?‘?i‘ B"thurrber of

posi tions wher gqathckylerteipeRbntRbGletatillchity0k daBinifedasi dvilliag ltld:l-iﬁrﬂbér @r esent ed
in both sequences., The percent sequence identity is determ ned by dividing

the nunber of  FaiBEbE K lepgsh phiBe peHEcR gffone tRsiderstiicd SSWENE it h i n t he

identifi ed;sequencsicied RRYh dRcRAL I0WbALEdivE a0AtRidtSsGhiASacdPRsigersecut i ve
nucl eotides or am no acid residues froma sequence set forth in an

i dentified seqffemaspqueng sebipgh imgn identificd sehupiset. hellowed by piuliplxiag e by 100.
For exanpl e, aughelfudG oS eaUEAN 1et Qﬁﬁclé@écldléeg@eﬂz@th%ﬁé 1\6eRa@hdsgned

with a test sequence havi'ng 1554 nucl eotides is percent i1dentical to
the test sequenben {IRNGEWILIHE HsIQQueRs: ID)vingTIAS4 pecientides is éyeseent iddandal t y val ue

'72 igr g‘rjgded R hdRMERIAS (186824 B34 T8 X PhSperchRe shduendPiadtiny Yaackd: and
20  rounded to the nearest tenth. For example, 75.11, 75.12, 75.13, and 75.14 are
rounded down to 75.1, while 75.15, 75.16, 75.17, 75.18, and 75.19 are rounded up to
75.2. The length value will always be an integer. One indication that two nucleic
acid molecules are closely related is that the two molecules hybridize to each other
under stringent conditions. Stringent conditions are sequence-dependent and are
25  different under different environmental parameters.

Target biomolecule or biomolecule of interest: A biomolecule about
which information is desired. A target biomolecule or biomolecule of interest can
be any molecule that is or once was part of a living organism or synthetically
produced. In several non-limiting examples, a target biomolecule is a polypeptide, a

30  nucleic acid, a ligand, or a small molecule. In one example, the information desired

is location of the biomolecule on or within a cell, such as a cell in a biological
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rounded down to 75.1, while 75.15, 75.16, 75.17, 75.18, and 75.19 are
rounded up to 75.2. The length value will always be an integer. One

i ndi cat i oMOt2hH028826 nucl ei ¢ acid nol ecul es are cl osel y PeratSe@oiog7sbhat t he
two nol ecul es hybridize to each other under stringent conditions. Stringent
conditions are sequence-dependent and are 25di fferent under different

envi ronnent al paraneters. Tar get bi onol ecul e or bi onol ecul e of
interest: A bionolecule about which information is desired. A target

bi onol ecul e or bionol ecul e of interest can be any nolecule that is or once
was part of a living organismor synthetically produced. In several
non-limting exanples, a target biomlecule is a polypeptide, a 30nucleic
acid, a I|gandsm%ﬁedh§WﬁWFeﬁﬁﬂ@&dh%mﬂFﬁm%Hﬁh§%éﬁﬁE€P“FﬁEePhﬂﬁﬁﬁﬁPfon
desired is | ocafeib@mdculeN@r BiAPN BGUbSpRNuOK a¥ BibloBica Sﬁﬁtﬂ'e’ ISdptheps a cell
in a biological sample. In another exanple, the information desired is the
presence or abSempd dr inlRenaiopetied in B PrinceRbitpiceandrrdowgtionridhe such as a
bi ol ogi cal Sa”Eb%obbﬂeﬁPQgﬁ%&dﬁ%@HQe%ﬂqﬂﬁﬁm&ﬂk?r”at'0” desired is the
presence, absence, and/or~location of the bionolecule in a gel, such as an
el ect r ophor &ses geITHEWmHMEmﬁ?¢OTohpﬁéﬂndwtK@wﬂmb@@BﬁﬂﬁﬁathT@@MWh@es
transcription i i ndi ng of
RNA pol yrer ase "Sa e it fopp s BREGRABL OB ARGl i o et or
bi nds upstreanﬂmmmmawmsﬁngmnntoomﬁthebmémman@nqw¢w&pmﬂgsnmnmnscr|ptlon of

a gene .by as S| ?&h‘an& ot rfﬁ)cefs lérlls@%%%ort% (1If %gc e ra%sm% ?lloag{l%gﬁ%&o?ymeras

transcription e and: va ranscr|ption
factors. bﬁdmgs@he@hnﬁmmiﬂmkmﬁ&manmﬂm¥pbmhthuwndﬂhahmmﬂote|ns t hat
affect reg on of en expression. Exenplary transcription factors

i ncl ude AA a f‘nsc%‘&g E\‘B%NH AF-1, AFPI, AhR AIIN3, ALL-1, al pha- CBF,

al pha- CPI, al pha- Cpﬁanscﬁbtphﬁfﬁﬂ&bare&&;ﬂb’t&lﬂ@modﬁlaﬁb@kﬁns&h@laﬁéﬁregAlal(mrﬂof aMVEF- 2,
AMLI, AM.la, AM.1b, 15 A c, AML1DeltaN, AM_.2, AM.3, Al 3b, AW-IL,
A- Myb, ANF, ApP2{ne eﬁ@”—‘*’%ﬂng/ﬁﬂnp Iapy. tﬁ‘&f%‘ﬁ&@ faﬂtlgzséﬁcé‘t“g,LA/%@-agb M%B (1),
AP-3 (2), AP-ANFARB], ARG, MR, AHREB@LLAnilphaACBF diphd4- ™ f1pR4 P2ARBhA-,

ATBFI - A, ATBFI -B ATF ATF- 1 ATF- 3del t aZzl P, ATF-a,

ATF- adel ta, ATPEED. alpiip. |a1Pthé%ﬁ11>§aH33a’¥§d4 a%%?%zAN%élAMLlBGkMélb’Bms

bet a- cat enijf), Bivitiic, BvWDe1BPIAMBPAMES AvBBIBNBRCAM Y BI Na 3ayb, RN, 3b,
Brn-4, BTEB, BTEB2 B-TFIID, ‘G EBPal pha, O EBPbeta, G EBPdelta  CACChbi nding

factor, Cart- | APORAP(24)phaspkP (251Phal3381f 2heaAP-2spneEandP B4k OP:3 @EMP-bi ndi ng

f : Kk Cd
o, S O G ERE N, GRRBTDN gtk by, o,

bi ndi ng protelﬁTFORE%11€ﬁEB ATE32ATE§EﬂE@H’Ajﬂ§1$ﬂ§?M@RﬁwﬂﬂﬁﬂaBmﬁﬁF Crx,

cycl in A cyel PR BIRY B J5Es G bt beoneli, o, b ERAr g
DBF4, DBP, QGDbplél;athb,FBRCADlﬂmB,Sa DB, 3b DBDiB- ﬂBTIBBBBTEBDEFTFHEI, CaltReBha, deI t aI\/B.X,
PE 01iL or E]F 2DI X- SC%’Eﬁﬂ%leé éfgégfét%é&éﬁg%gﬁgﬁggfql—ln%%%%{f%f’@%l@)ﬁ( lléTl(:S h%bg(l ,
DUX2, DUX3, DUXEAAH-bikdidg facidl, CEMF-biadlingHa¢te LOF, CEGEF-ACKHAF-QK-1B2F- 3,
E2F-4, BE2F-5, Eobale, Gt eafd B, EbRo, cax-4, crr, cnxio, civit, crivz, onge,
CoS, COUP, CP1, CP1A, CP1C, CP2, CPBP, CPE binding protein, CREB, CREB-
25 2, CRE-BP1, CRE-BPa, CREMalpha, CRF, Crx, CSBP-1, CTCF, CTF, CTF-1,
CTF-2, CTF-3, CTF-5, CTF-7, CUP, CUTLI1, Cx, cyclin A, cyclin T1, cyclin T2,
cyclin T2a, cyclin T2b, DAP, DAX1, DB1, DBF4, DBP, DbpA, DbpAv, DbpB,
DDB, DDB-1, DDB-2, DEF, deltaCREB, deltaMax, DF-1, DE-2, DF-3, DIx-1, DIx-
2, DIx-3, DIx4 (long isoform), DIx-4 (short isoform, DIx-5, DIx-6, DP-1, DP-2,
30  DSIF, DSIF-p14, DSIF-p160, DTF, DUX1, DUX2, DUX3, DUX4, E, E12, E2F,
E2F+E4, E2F+p107, E2F-1, E2F-2, E2F-3, E2F-4, E2F-5, E2F-6, E47, E4BP4, E4F,

221 -



E4F1, EATF2, EAR2, EBP-80, EC2, EF1l, EF-C, EGR1, EGR2, EGR3, EllaE-A,

El l aE- B, El Il aE-Cal pha, ElIlaE-Cbeta, E VvF, Ef-1, El k-1, Enx-1, Enx-2,

Enx- 2, EwW0,208m28326ENH- bi nd. prot., ENKTF-1, EPAS1, epsiPCoABR)10BRS56Er g- 1,
Erg-2, ERRl, ERR2, ETF, Ets-1, Ets-1 deltaVil, Ets-2, Evx-1, F2F, factor 2,
Factor nane, 5 FBP, f-EBP, FKBP59, FKHL18, FKHRL1P2, Fli-1, Fos, FOXB1,
FOXCl , FOXC2, FOXD1, FOXD2, FOXD3, FOXD4, FOXE1l, FOXE3, FOXF1, FOXF2,
FOXGla, FOXGlb, FOXGlc, FOXH1, FOXI 1, FOXJla, FOXJ1lb, FOXJ2 (long isoform,
FOXJ2 (short isoforn), FOXJ3, FOXKla, FOXKl b, FOXKIc, FOXL1, FOXM a,

FOXM b, FOXMLc, FOXN1, FOXN2, FOXN3, FOX0la, FOX0l1lb, FOX02, 10 FOX03a,

FOX03b, FOX04, FOXPl, FOXP3, Fra-1, Fra-2, FTF, FTS. Gfactor, G6 factor,
GABP, GABP- al pHAl' EABBL Btk EBBABPIGR 4D, EIERpBEORE I GRAE GRyla FHAKT

gammaCACl, gaﬁEﬁ@@EHQﬁbﬁGr&i\% E(ﬁ%EPCt%ta EATFAER. 1, B AT hax- GAMY- 2, 5T A- 6
Gbx-1, Gox-2, CCF GF1, G, @3, GRaI%a GR bet a, GRFl,

Gsc, Gscl, GT-Fel ey EMI-barl propaiNKAl-1 gAY Bptilant b ERHipeeh, FredTro|

H2RI | BP, HATF- ERRIMHR 2 ’Eﬂ:‘pﬁ{@]l EE'ANQ%WM%% 2 HRRGL o FIpAGe: 2 kﬂ%%amlaDaXX
heat -i nduced factor, HEB, HEBI1-p67, HEBI-p94, HEF-1 B, HEF-1T, HEF-4C,

HEN1, HEN2, 5 HeERP, f- TR FIQHP|59,1FKH-M& FEHpAAD2, HliFL, IFb%tFé)XB-ll NEXAL EPXE2.B,
G P DS T GRpo O HE o R ot Mo o By FLTF
(Met 123), HLX I 5 E F 1B,
HNF- 1C,  HNF- 3, FOIKIE BaAF(p%@ ] ¢, BNFRIBOEOX] 1, IR B &I | b, Y2 (NEisdipha,
RN K. HO 1T ORERI ef N PR AT, FO R o S AR T e o
hnRNP K, HOX1 EIEO ¢ b% a‘zF6 t?l?APX BT HOXA3,
HOXA4, HOXAS5, HROXA(bL, FDXAT¢, FAGKRN RO XNOXBORNIHEXEO [la, FEIKKRBL, FOXMB2, HOXB3,
Hoxe13, ok, PRI T ORG-S TS oS, Hoxor3.
HOXC13, HO ra- P> HOXDL13,
HOXD3, HOXD4, HeXidor, GIOEPOGABP2Ihha HPABP- bblBP(@&P IRl G AHISE- 1 5 3HSAF, (I ong),
HSF1 (short), HSFZ(HQ p56, %?(? IBeﬁé Eég IAQJ BP | dl
dlH a2, 1 s Ay ety CREpe: BATAEA RS Oividpba
| kappaB- al pha, GlAqappaBybelisaGbi- Iiag&aBRsCF |G(31\45'@CN5—(£F1RELB%LI§-EI6 RF, I NSAF,
|PF1, IRF-1, IRF-2, irl1B, IRX2a, Ir -4, |SG--1, |SG-3, ISGF3aIpha
alpha, GR beta, GRF-1, Gsc, Gscl GT IC GT ITA, GT-IIBalpha, GT-IIBbeta,
15  HI1TF1, HITE2, H2RIIBP, H4TF-1, H4TE-2, HAND1, HAND2, HB9, HDACI1,
HDAC2, HDAC3, hDaxx, heat-induced factor, HEB, HEB1-p67, HEB1-p94, HEF-1
B, HEF-1T, HEF-4C, HEN1, HEN2, Hesxl1, Hex, HIF-1, HIF-lalpha, HIF-1beta,
HiNF-A, HiNF-B, HINF-C, HINF-D, HiNF-D3, HiNF-E, HiNF-P, HIP1, HIV-EP2,
Hif, HLTF, HLTF (Metl23), HLX, HMBP, HMG I, HMG I(Y), HMG Y, HMGI-C,
20  HNF-1A, HNF-1B, HNF-1C, HNF-3, HNF-3alpha, HNF-3beta, HNF-3gamma,
HNF4, HNF-4alpha, HNF4alphal, HNF-4alpha2, HNF-4alpha3, HNF-4alpha4,
HNF4gamma, HNF-6alpha, hnRNP K, HOX11, HOXA1, HOXA10, HOXA10 PL2,
HOXAL11, HOXA13, HOXA2, HOXA3, HOXA4, HOXAS, HOXA6, HOXA7,
HOXA9A, HOXA9B, HOXB-1, HOXB13, HOXB2, HOXB3, HOXB4, HOXBS,
25 HOXB6, HOXAS, HOXB7, HOXBS, HOXB9, HOXC10, HOXC11, HOXC12,
HOXC13, HOXC4, HOXCS, HOXC6, HOXCSE, HOX(C9, HOXD10, HOXD11,
HOXD12, HOXD13, HOXD3, HOXD4, HOXDg&, HOXD9, Hp55, Hp65, HPX42B,
HrpF, HSF, HSF1 (long), HSF1 (short), HSF2, hsp56, Hsp90, IBP-1, ICER-II,
ICER-ligamma, ICSBP, Id1, Id1 H', Id2, Id3, Id3/Heir-1, IF1, [gPE-1, IgPE-2, IgPE-
30 3, IkappaB, IkappaB-alpha, IkappaB-beta, IkappaBR, II-1 R, IL-6 RE-BP, II-6 RF,
INSAF, IPF1, IRF-1, IRF-2, irlB, IRX2a, Irx-3, Irx-4, ISGF-1, ISGF-3, ISGF3alpha,
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| SG-- 3gamma, 1s1-1, ITF, ITF1, ITF2, JRF, Jun, JunB, JunD, kappay factor,
KBP- 1, KERl, KER-1, Koxl, KRF-1, Ku autoantigen, KUP, LBP-1, LBP- |a,
LBX1, LCRvB211B8828, LEF-1B, LF-Al, LHX1, LHX2, LHX3a, PHX3IS2010/65K563

LHX6. 1a, LHX6.1b, LIT-1, Lnol, Lnmo2, LMX1A, LMX1B, L-Myl (long fornm), 5
L-MW! (short form, L-M2, LSF, LXRal pha, LyF-1, Lyl-1, Mfactor, Mdl,
MASH 1, Maxi, Max2, MAZ, MAZ1, MB67, MBFl, MBF2, MBF3, MBP-1 (1), MBP-1
(2), MBP-2, NDBP, MEF-2, MEF-2B, MEF-2C (433 AA fornm), MEF-2C (465 AA
form, MeEF-2C (473 Mform, MEF-2C/ delta32 (441 AA fornm, MEF2DOO,

MVEF- 2DOB, MEF- 2DAO, MEF- 2DA' 0, MEF- 2DAB, MEF- 2DA' B, Meis-1, 10 Mei s-2a,

Mei s-2b, Meis-2c, Meis-2d, Meis-2e, Meis3, Meoxl I\/boxl a, I\/box2 MHox
(K-2), M, M FISOF-ggapmnga, ISIWIiFF Rt TR T0is kg Junigs Junp), kiipay Sactor. -1
MTFL, M|, Mybcrm GrrW Gkok . fbh-13Ku MibartioeMHEU1S 1 BWE 16p- M/OBX IV 1, NO,
NC2, NCX, NELF NERL, Net, NF I11-a, NFIII- NFE 111-e, NF- NF- 1A,

NF- 1B, NF-1X, NERAHALENA. b BN At\#cLHNFaWXNFUﬁB? Mﬂxﬁ 1LH>RJT: 15 AT3,
NE-ALc, NE-AL Dy NG AL xR 0alRA, 1 VBT G021 YT CEDOI NFe! (B3

NFdel t aE3B, NFdel taE3C, Nrdel t aE4A, 'NFdel t aE4B, NFdel't aE4C, e, NF-E,

NF- E2, NF- E3 phMth@BfoerEMyQ I\IIFSFGhﬁRalINFa(Evﬁl NA-1.IM $astorNFad 1l - 2B, NF-j un,
NF- kappaB, NF- B(xl 14K Faka I F- kappaBZ
NF- kappaB2 (p49), E—%g%pg% zg{g éghlg@?r% ggkﬂg%gga%ljﬁl@aga pa 2 H

kappaE3, NF- VHUIHPA] (NRMRPIC, I\EBR\IMEﬂiEIMENBBnhET 2GXF-3ME8f0rII&Fl\B?F13\1F X,

Noo. 5, ricon, U o8 Ml M g b A B b a bR s B
NKX3B, NKX6A, Bhd), MEIMDOB NMEERD24) pHE 2N 'QVIPBeDaB, MEREDBB Meﬁkﬁl 4,
NRe bhor al 10 B MTs 2o Meis R o 2o s o Vet Vb2, on g

Cct-1, Cct-2, MoxdKD), Mi:tMEBJ, Miztl; Riv- 1QKZIDP4PMRQY/IS>€B MeX; MTBCZﬂ 6,

Cct a-fact or C oct OZF, pl107,
p130, p28 mdu&}ﬁ’fmtﬁéﬁgw 3%@% éﬁy“p 1&@%? fp/giv’yf%%J’yf& p65del t a,
p67, Pax-1, Paxtai1,Rax: &sz@XBﬁELF’aXEﬁB,NePM Hi a,RaxHbe, bﬁam@,NfPaX 6/ Pd- 5a,
Pax-7, Pax-8, 30Pax- 8a, Pax-8b. Pax- 8c, Pax- Pax- 8e, Pax- 8f . Pax- 9,

Pbx-1a, Pox-1 bNIPgy NI [N Dg NE-Hpk NI Ay - 4%4VF A BEATA PERBYal pha,

PEBP2bet &, 1B t a%s, iR NFPARKRE- AR NS PKNOCE0. Ra<Er ERONEqe AT, N52,
PPARal pha, PPARbet a, PPAR amnal PPAqIE%ammZ PPUR, PR,_PR A 1\FRb PRD1- BF1,

PRDI - BFc, Pr opNtdelpEph, Nisipitalp3C. pifideligbrita NbHel aFghr pbedelaF46F e INFAE. WiFFganma,
Pu box bi ndi ngEi 6}@15 EQ lf{fbﬁéﬁ b@mé'mGHQCNPrGMM B)-oa Rékh 2 BUKE ﬁll?

factor, Rl, R2, beta, 5 RAR beta2, RAR-gammm, ganmal ,
RBP60, RBP-J kab@ekaplﬂéi NPR@me(R&bBNFF&aRpaBQFNf kappad, PIREXS)T, NEKEPARE- Y,

RORal phal I%E@ Igp %ﬁ @pﬁq RPGal pha,
RREB- 1, RSRFM%%&%& %%Ii-g %ﬁgﬂ)ﬁéﬂbig ﬂﬁﬁ%ﬁ%) B@&ﬁ.b SF-1,
SHOX2a, SHOX2bkapBEEXaNFE- MH'@H?A NSHMH (3B, NFphab], NSI-nbER 1H;-m8EB, INIp$ ANF-S| ML,
Six-1, Six-2, J X~ S 1, 3,
SMAD- 4, SMAD- 5§I égi(ll?%%l%§ ‘%%9“2{‘1@&- ,‘Z%&%Z,’Igipﬁr? RE%%‘,Q’ @pigé,’ Sp4,
Sph factor, SpNHB4, SRKR.S, SREAB, NEREBPNKX2GSREBBA, INKXSREBRNIKCX 3 /SREBP- 2
SRE- ZBP, SRF, SRP t af ha, STATI b STAT STATS3,
STAT4, STATS, ?@3%?%3%5 @E&ﬂ@’m%&Fﬁt‘%ﬁ(ﬁWi 1O AR(1) 48,
TAF(1) 63, TAF( bberal BOOTAN Ot 4 ROl TRE(d U5 IS, TCTANRRE} 11\71@4A2TAE£1I 1) 18,
TAF(11) 20, _TAF Ig 250, TAFIIL\ZSODelta TAFII%8 TAF 30 TAFII)31
TAF(11)55, 2TAFT e BRI 3erangd : YREA f%“?d B TAR- 11,
TAF-L, Tal -1, Tab-bbatrg,oclal od.2, béR . a0doB, OIBR,, J@XAAOcEEBM)ctBS O'EE%(Z TBX4,
TBX5 (I ong |sofor ., TBX5 (short

Octa-factor, octamer-binding factor, oct-B2, oct-B3, Otx1, Otx2, OZF, p107, p130,

p28 modulator, p300, p38erg, p45, p49erg,-p53, pS5, pSSerg, p6Sdelta, p67, Pax-1,

Pax-2, Pax-3, Pax-3A, Pax-3B, Pax-4, Pax-5, Pax-6, Pax-6/Pd-5a, Pax-7, Pax-8,

30 Pax-8a, Pax-8b, Pax-8c, Pax-8d, Pax-8e, Pax-8f, Pax-9, Pbx-1a, Pbx-1b, Pbx-2, Pbx-
3a, Pbx-3b, PC2, PC4, PC5, PEA3, PEBP2alpha, PEBP2beta, Pit-1, PITX1, PITX2,
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isoform, TCF, TCF-1, TCF-1A, TCF1B, TCF-1C, TCF-1D, TCF-1E, TCF-1F, 20
TCF-1G, TCF-2al pha, TCF-3, TCF-4, TCF-4(K), TCF-4B, TCF-4E, TCFbetal,
TEF- 1, TBFVO201112B826 TFE3, TFEB, TFII1 A, TFI | A-al pha/ bet a pC®AISREI0/047563

TFI | Aal pha/ beta precursor, TFIIA-gamma, TFIIB, TFIID, TFIIE, TFIIE-alpha,
TFI | Ebeta, TFIIF, TFIIF-al pha, TFlIIF-beta, TFIIH TFIIH, TFIIH CAK

TFlI I Hcyclin H TFI I H ERCC2/ CAK, TFIIH MAT1, TFIIH M)15, TFI|H p34,

TFI | Hp44, TFIIH 25 p62, TFIIH p80, TFIIH p90, TFII-1, Tf-LF1, Tf-LF2,
TAF, TAF2, TGr3, THRA1l, TIF2, TLEl, TLX3, TMF, TR2, TR2-11, TR2-9, TR3,
TR4, TRAP, TREB-1, TREB-2, TREB-3, TREFl1l, TREF2, TRF (2), TTF-1, TXRE BP,
TX REF UBF, UBP-1, UEF-1, UEF-2, UEF-3, UEF 4, USFl USF2 USF2b Vav

Vax- 2. VDR vHREXBaPKNORE. PRZF\HGNE. Hentingg, PRARpighis PRjRbetay P Reapmal, 30
WL | -del2, WigpaKImum¢M bpOR1ER, PRBPRESBRDY. BPVPNDI-KXe, PY&F%PSE@ i YEBP
YY1, ZEB, ZFl. ZF2. ZEX ZHXL ZIC2.° ZID, ZNFL174, amongst ot hers. An

activated tr anSEFh BliToRIHadphe o TlibstagP Tlidgha Filatmnea Ruox Sindingdectpraly been

activated by apsthpuh ﬁac{o?@!ﬂAtBﬁglﬂ N PR %@%{&QileRQh@Rﬁ%lﬂhﬁl R plat e of
the transcription fac or exanpl'e a post-translational nodification,

such as pho$phBrijt laf{taQoRARr@ﬁh@d KRogammgid RBREO, [RB&elkapps, RolaReldnRelB, a
transcription LagtEfive %)@' XBtRF)@S %PCF' ai@@ﬁal it ﬁSR@%ﬂ%}? kb\ﬁaﬁ%ﬁigr

particul ar DNA seguence of a’ particu te| n as a
transcripti on Rékbonr, %&hﬂgmm&&oad%ldﬂ RPGalphiJrl?dléiB CAtRHG4oRSRFGARF&r mi t

bi ndi ng: A phr S iy S the desired
activity, for g?(%rrgﬁé con et?l gﬁgqglh%&lylbvﬁl\! §’1?8’?(Q£ Sﬁr@?ebp%@%m es, such as
nucl ei ¢ aci d nsHexb| SSP.SU/pat0, STk pes, rSIHqil@;ﬁINHsSmllO Soa) Shvi- Bl,cS1x-8u$ih-

cher cal s {hat S1Hg TPATEE A SP R sr e PEE sras ) SOx e B s,

coani ti onfs t haSoyperS?axts BOX, lrsglasrpe ipm‘sﬂ)éa_ISplﬁ OctoReSpe-BNSPIN, S?@AFound :c n the
nucl eus of a c or uka e r of a
prokaryotic ce§#£B§d&’k§]§E§%gﬁf’Sgﬁg%élﬁné%gé]géwﬁ?gz@g; Sé€%®§%§ﬂ’§%§/ using a
nucl ear extracso, sﬂ@nhl&)ﬁd,)smmwmm $naTyissiAliesTAes, agkewrsmfalpﬁayni t. For
exanple, a unitary rise a sin renova

d
conmponent o. Ded Sk Mo 361wty T 1 TBrBol RS RO SLEOS R B 4°

illustrat e19“%@@9@'3%%@(@17@@@@?1@@&P@I%3'1% setiapdypdip) according
to the present disclosure. hown in and described in further

detail bel ow, ¢A5dbER. gﬁ%ﬂﬁolﬁﬁF@%ﬁ EéF&EEé Tth(Héﬂﬂ ypleas TOHIWQ-hetdne or nore
buffer baths i pApffes s AmREFARE AR PAS L MRLNOAS. 18 PET-HOF AR R FE!

el ectrophoresi s.
TBP, TBX1A, TBX1 B, TBX2, TBX4, TBX5 (long isoform), TBX5 (short
isoform), TCF, TCP-1, TCF-1A, TCF-1B, TCF-1C, TCF-1D, TCF-1E, TCP-1F,

20  TCF-1G, TCF-2alpha, TCEF-3, TCF-4, TCF-4(K), TCF-4B, TCF-4E, TCFbetal,
TEF-1, TEF-2, tel, TFE3, TFEB, TFIIA, TFIIA-alpha/beta precursor, TFIIA-
alpha/beta precursor, TFIIA-gamma, TFIIB, TFIID, TFIE, TFIE-alpha, TFIIE-
beta, THILF, TFIIF-alpha, TFIIF-beta, TFIIH, TFIIH*, TFIIH-CAK, TFIIH-cyclin H,
TFIH-ERCC2/CAK, TFIIH-MAT1, TFIIH-MO15, TFIIH-p34, TFIH-p44, TFIIH-

25  p62, TFUH-p80, TFIH-p90, TFII-I, Tf-LF1, Tf-LEF2, TGIF, TGIF2, TGT3,
THRA1, TIF2, TLE1, TLX3, TMF, TR2, TR2-11, TR2-9, TR3, TR4, TRAP,
TREB-1, TREB-2, TREB-3, TREF1, TREF2, TRF (2), TTF-1, TXRE BP, TxREF,
UBF, UBP-1, UEF-1, UEF-2, UEF-3, UEF-4, USF1, USE2, USEF2b, Vav, Vax-2,
VDR, vHNF-1A, vHNF-1B, vHNF-1C, VITF, WSTE, WT1, WT1I, WT1 [-KTS,

30 WTI [-del2, WT1 -KTS, WT1-del2, X2BP, XBP-1, XW-V, XX, YAI2, YB-1,
YEBP, YY1, ZEB, ZF1, 7ZF2, ZFX, ZHX1, ZIC2, ZID, ZNF174, amongst others.
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Returning to FIGS. 1-4, cassette body 100 can include one or nore upper 25
chanbers 102 adj acent a shelf 106 and one or nore | ower chanbers 104, each
in fluidwormmui2gssi on with one or nore of the upper ch&ebarsg010027563he
terms "upper” and "lower" are used for convenient reference to the figures
and are not neant to be limting in any way. Each upper chanber 102 and
correspondi ng | ower chanber 104 forma 30 respective channel, or through
hol e, passing fromthe shelf 106 at the proximl end 108 of the cassette
body 100 to the distal end 110. Each upper chamber 102 includes an opening
112 at or near the proximal end 108 of the cassette body 100, and each

| ower chanber 104 includes an opening 114 at or near the distal end 110 of
the cassette body 1002ctiypise ranspapHesiactardoa prseRionfaEerilps has Rifhdow 116,

which results hwvae@ﬁ%hE@MmﬁimHﬂ@@ﬂn%Hﬁﬁ&ﬁﬂﬂé@%m@?ﬁ@&:Qﬂ@ﬂf&@ the space
external to cassette body 100. In some enbodi ments, cassette body 100 can

be a ronol i t hi BasedRiiogdetert ioaexample ppfst-frastationy modifcgiqretich 8get her wi t h,

and not renvvapmﬁ &ﬁﬁﬂ%n@nﬁ@&ﬁﬂ&ﬁ%ﬁj&é%keUﬂﬁﬁﬁﬁ@ﬂﬁahﬁﬁﬁﬁmﬁ&ﬁﬂg%fémloz, 104
can be defined be?meen the front face 132 and the back face 134. Upper

chanbers 102 ardull pweshandsanterafinigoramniriselao PNsutsquene padfilaypartivela Osane
si ze, shape, ap%{e?l{, s&ﬁlpd@%h&tﬂer tﬁﬁsc%ﬁ(ﬂf th{GF flfor 8025y, Shapes, and/ or
Fo nple, 1 n the enbodi f

capacities. exa ments shown 1n FIGS. 1-3, the | ower
chanbers 104 can beUsddrghnditiossthht parmiff indiegarngiheyse sded ghddsyrileaany ower , t han

the upper chambers 10g- Rat pe iERodlmant @ ig(f £ BRTHE &AL S dSADL0E
machi ned, shaped: or ol a8d™'s engage W tH one or nore ot her conponents to
form an el ect r ophamase sokpplas, addhsis nidéoncié xmimpliles arclas peidie ntotedyled 00 can be

122" can be Br oV Haa R A 8T HOPa BP B tors o5 GRTeRdne 126,

Some enbodi mentigentéalCiasagadilitete gt fEnCamdeui®] degdnerexahpiey, whiskidner med such

that a plurality of cassette bodi es can he stacked agai nst or top of one
anot her . Casseﬁ?%p%@ﬂgggﬂgéﬁ3%@ﬁﬂ§%3w§P% gonsgdoy 1%6@gﬁﬁﬁﬁégﬁﬁﬁﬁ3k%h one or
nore ot her casggiiph PatthESstid fellan RMSToplakm @F 8 piokaRbRy @8 Suldtngions

can be simulated, for example by using a nuclear extract.
15 Unitary: Having the indivisible characier of a unit. For example, 8 unitary

body can comprise a single body, without removable coraponents.

IL. Description of Several Embodiments
A. Devices
20 FIGS. 1-4 illustrate one embodiment of an electrophoresis cassette body 100
according to the present disclosure. As shown in FIGS. 8-10 and described in
further detail below, cassette body 100 can be used in conjunction with one or more
buffer baths in order to perform various methods of performing gel electrophoresis.
Returning to FIGS. 1-4, cassette body 100 can include one or more upper
25  chambers 102 adjacent a shelf 106 and one or more lower chambers 104, each in
fluid communication with one or more of the upper chambers 102. The terms
“upper” and “lower” are used for convenient reference to the figures and are not
meant to be limiting in any way.
Each upper chamber 102 and corresponding lower chamber 104 form a
30  respective channel, or through hole, passing from the shelf 106 at the proximal end

108 of the cassette body 100 to the distal end 110. Each upper chamber 102
-25-



FIG 5 illustrates a perspective view of a conb 500 that can be used with
cassette body 100. As shown in FIG 6, conb 500 can be shaped to engage
Wi t h casswote11yas8z6100. For exanpl e, conb 500 can i ncl u@€TAIS2MOPPE3 502, an
el ongate 25portion 504, and a projection 506. The stopper 502 can rest
within the shelf 106 of the cassette body 100, such that a surface 508 of
the conb 500 rests on a surface 510 of the cassette body 100. In this
configuration, the elongate portion 504 can be positioned within the upper
chanber 102, and the projection 506 can extend into the | ower chanber 104.
In the enbodi nent shown in FIG 6, the vol une, or size, of the 30elongate

portion 504 is substantially the sane as the v ze, of the upper
chanber 102. THEUdeY aRfReRipe H%“BFH?@@FPHH“B@@“@ém%ﬂ%%?%ﬁ¥?%PWV’%WhlIer t han

the volunme of ydh@ch RWRE cHalBLEN id@dues X@Bpetnh% Wit gt &3 nQdr tﬁeh&st@lréﬂﬂ g¢g bon 506
and the | ower chanber 104 is substanti all e sane. O her arrangenents,

however, are pB§spt¢tes bodp 1. t‘é@ﬂ%@@ﬂ@ﬁ@d@ hetesincldes windaydd @ yoett i on 504

and the proj ectdQn 159901551@51 o%pﬁfaéhaffn'bt\ﬁelbﬁ bef rﬁglo &l to@e s Qdfegﬁ{erﬂ@ﬂ foh:ags@tcf‘é)ec'[ to
t he upper chanber 102 and | ower 5chanber respectively. he conbs

500 can be 8i zbalysl@Bhln feate embedlmeo@p@ﬁwtgb@lysl@ﬁgmama abpoyitiy b<|>dyt8h@h vol une
of t h.e shel f 1 gt apfr%ﬁttPf?Ceggé Egg%‘?edt?(gg%ﬁleﬁ&gh 58 hoGe& ?e frdnlil aso%%fa e
e Co ar

enbodi nment s, en t Inserted into t and T ower
chanbers 102, 184, UpnpaeasitloppehsnBi1@ 1@d§aade Kitfu(edrlvbtsvemwle@@mt bee 132
substantlally fkﬂ%ebm%fmm13}0|ea5t very near, one another, such that edges
512, 514 of nel orirng conbs contact one another Conmb edges 516, 518 can
al so be in contact M@mmcmmﬁkﬁ1®dgm$bi@8dmﬁ$&$10@&pﬂm&ﬁvﬂkmnuMhem:the conbs
500 are inigrted into.the up %gr cq‘ Frﬁff102 E% erna e enbodi nment s,
there can S8 TP AR HePREEY ¢ 8 135@%%”%1 AP Oﬁﬁﬁwg’e%etmeen
conb edges 516F0151:8mplﬁdn$ﬁkfﬂrﬁboedlgﬁ& sh@¥n 1n113GS I- SStﬁ@IDWeVﬁiambeﬂsSDm can
preparation fo esi s using a c accordi ng

runni n n electropho
to the presentgﬁﬂggﬁﬁggﬁgr U FEATBE: ?ﬁé“%%g@ Ff&wﬁgﬁyq? ?@ ﬂﬁ?Q% FI GS.
1-4, a conpound suChHmB&liRGRS S @ssefic RMick a6 vd @AdhdRd ChRpdaCor iidldduced i nt o
the | ower chanbers 104. One or nore conbs, such as a conb, 500 shown in FIG

5, can then beC$d8s Vith AREPIRITh PHCT(OBIPARSIET Lo 207 AnGIGSHORIRESSPRAAIBY 104, as
shown in Fi& G e%%ﬁ]@magéaaé pddye 0Dl @é:;srb@a&i SR BLE1POBIslh@A&d Wi thin the

| ower chanber 104 di spl acing a volunme of the conpound equal to the

vol une of the p@rapl@clﬂpoms@dge Erdenstle. 128 gpbbriorebidsong agjalore fajed conbs
500 can be renpygd Hyowy nbdg@sm%ﬁ‘éﬁz%t ts8mi QRibodEh@SBeaksicnk Bif&lan p@N thus be

formed in the | ower cha rs , having an
molded or otherwise formed such that a plurality of cassette bodies can be stacked

against or on top of one another. Cassette bodies can be used alone or in
20 conjunction with one or more other cassette bodies in an overall electrophoresis
device.

FIG. 5 illustrates a perspective view of a comb 500 that can be used with
cassette body 100. As shown in FIG. 6, comb 500 can be shaped to engage with
cassette body 100. For example, comb 500 can include a stopper 502, an elongate

25  portion 504, and a projection 506. The stopper 502 can rest within the shelf 106 of
the cassette body 100, such that a surface 508 of the comb 500 rests on a surface 510
of the cassette body 100. In this configuration, the elongate portion 504 can be
positioned within the upper chamber 102, and the projection 506 can extend into the
lower chamber 104. In the embodiment shown in FIG. 6, the volume, or size, of the

30  elongate portion 504 is substantially the same as the volume, or size, of the upper

chamber 102. The volume of the projection 506 is substantially smaller than the

-26 -



indentation in the upper portion forned by projection 504, adjacent the
upper 25 chanmber 102, wherein a sanple can be | oaded. Cassette bodies
accor di ngvoaotinesgazsesent di scl osure can be integrated WPCH/USRIIO/047563
conponents, such as menbranes and/or electrodes in order to facilitate
providing electrical current to a sanple |oaded into the chanbers of the
cassette body. 30In sone enbodi nents, as shown in FIG 7, a nenbrane 700
can be coupled to a cassette body 702. In sonme enbodi nents, a nenbrane 700
can cover at least a - 27 - portion of at |east one window 704 provided in
an upper chanber 706. The nenbrane 700 al so can substantially cover the
entire wi ndow 704 of each upper chanber 706. Alternativelg,é a_separate

menmbr ane 700 cEMfUBe opthelnves ghandier Hile etiRenuigih oF e preisctivmld anbibeiaehit s wit h

a plurality of (BIFF ANESsufP@niBQ ek ARMOHRErA0EAN hBRerHhsd ARibRI | Y the
same thi ckness, and can conprisé the sane material. |In other enbodi nents

with a plural i fyRlsmapempedimestsibe clopgiée Rtiorptl ape Hsaredion 006 exdrbebe

di fferent fromapgesmiBi®r RS yiRIRERRER: 48R MR &P Y 1RGN a
different thickness and/or conprising a different material. \Wile nenbrane

700 i s showh tchasbestMntepectiyelcover the entire front face 10 708 of the

cassette body 702 iR .F I | | , g@p@f e 700 can
cover only a portidﬁKG#g%ﬁéw%%%%?S%§£§%@gg?%PQ%gégg%?guggﬁy’ 0 } or

exanpl e, in sordumebbdie shetit 196 of the cametizrtade 17Q0Fa axaniyde, 3h seee such that it
extends fromth - oxi mal d 71 t he cass e body 2 I t he
istal end 7o IR0 RR sC0f AR RITRLLE B (RS BHER S & enc
718. The nenbr &k 1049 0hecappbie 562 afedljatés woinbd $itcan be sldbe@ntiudty fexHi, ena

substantial)y further than the distal end he .wi ndows .704. The

bt ane. ot b GRE gt o e’ phit £ SR S AR Rl y on ¢ e

front face 708omfanbiner. casseddees DGAY1SMAR alsb Be &l doatatiavieh webedicsend, 930,at | east

a portion of the ne raqg 700 gﬁn &e in contact with %ndéor ecured to one
Y& &3 ¢

or nore of the™EREEMY-@h5BLRF c8 Uzafpy Inseries inlo e HRpefchpgpess Fanes 700
can be renovabhyer@ite GEECMBRGIK, ttredtah BE AEFhcObr gap between comb edges 512, 514,

and/or between comb edges 516, 518 and shelf edges 128, 130, respectively.

15 In preparation for running an electrophoresis gel using a cassette according
to the present disclosure, such as the cassette body 100 shown in FIGS. 1-4, a
compound such as agarose or polyacrylamide can be introduced into the lower
chambers 104. One or more combs, such as a comb 500 shown in FIG. 5, can then
be positioned within the upper and lower chambers 102, 104, as shown in FIG. 6,

20 such that the projections 506 are positioned within the lower chamber 104, thus
displacing a volume of the compound equal to the volume of the projection 504.
Once the compound becomes a gel, the combs 500 can be removed from the cassette
100. A cross-linked gel can thus be formed in the lower chambers 104, having an
indentation in the upper portion formed by projection 504, adjacent the upper

25  chamber 102, wherein a sample can be loaded.

Cassette bodies according to the present disclosure can be integrated with
other components, such as membranes and/or electrodes in order to facilitate
providing electrical current to a sample loaded into the chambers of the cassette
body.

30 In some embodiments, as shown in FIG. 7, a membrane 700 can be coupled

to a cassette body 702. In some embodiments, a membrane 700 can cover at least a
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coupled to any portion of a cassette 702 in any suitable fashion. For
exanpl e, a nenbrane 700 can be secured to a cassette body 702 such as by a
tape or owvbes1iidkssi ve. I n ot her enbodi ments, one or noOPETASREI0AKES3 700 can
be fixed to a cassette body 702 with screws, clanps, thermal bonding,

el ectrostatic force, or any 25 appropriate nethod. Menbranes 700 can be
used to keep the sanple physically separate fromthe electrodes in the

buf fer pool outside the cassette body, thus substantially avoiding
degradati on of the bionolecule of interest, which can occur if the sanple
directly contacts or cones very close to the electrode. Menbranes 700 can
conprise any nmaterial suitable for_ the particular 30 application. In sone

embodi nent's, nBEFHPRNE FOY @a i iBlevsEhPryilefdni wreibrpRiiYyoa Thuf f er sol ution

to pass throughehBRnE®MPLa G (R ARAL L& thd\ hiHPRRIOW NOMBES cH 8er but not
al | owi ng ot her conpounds, such as bionol ecul es of interest, to pass through

t he menbrane 700Wibgt PG HEteHfiTAy. asepaiats BRMBLNG Vfecapbe Pryidss hereagdhanber 706.

For exanpl e, iQﬁ%@@@oQ”ﬁﬂ%hﬁ%ﬁ%%&nﬁﬁ@@ﬁﬁﬁﬁmﬂ%ﬂy%ﬁﬂmﬁﬁﬂm&iﬁﬁ,@wh
sem - per neabl e nmenbrane having a nol ecul ar wei ght threshold that all ows

smal | nol eclul egembrapadd) Gnibe selghantidlyl the sagtedhigkngss, had garcomptlissdhd 81¢ such as
free bionol ecu of bj o t ul ar |.ght

t hreshol d can l%@t%i“fﬂo %}P%@%ﬁnﬂ%ﬂ{ﬁ%}ﬁ%ﬁ %‘%%S%E%aﬁf mt-ggl%éﬁg%ﬁﬁ)\?é% %\Iﬁdﬂgr greater.
Sui t abl e nenbr emebrmesciiahsbé differgdiefron yneyerynaé obxamphleranad 780, eé¢hsastbiyl t r at i on
material, such regen | ] ul ..cel l.oaphane, or cellul ose ester.
10l n addition P%E%%8@%&%&%%%%?g§“%%ﬁ§$§%%§g%%%%“%ﬁ%%ﬁ?ﬂbnts of an

el ectrophoresi s devivhge aembradé N ik shdwnao putesatidllydiosal thsentiee fcamn ficacl ude an

Bl et rode Iheert® ATt e FABTHGE Dt Tof oPes enpBer a3 38K, i hat

can position acatdo@erbhB6 potitsrewshelies feaniSerddscasbelygor r Beexuaplojinal s
and/ or can secure wire 1106 to the 1 ectrode insert. 1100, The enbodi ment
shown in FI GS. SoMe eppodieqniiqibg nﬁiﬁ@”’é%‘%?&%ﬁ“d?‘?§lzf‘ié‘?i et X CRIHEM Bihodi ment s,

however, can i pekie DT 18 @ihef@Welic BJagnol wivaaktienEiensd 71 Dot hecdstduyst r at ed
embodi nrent, wire 1106 enters a via 1110 near a first side 1112 of the

el ect rode i nsePtdyigcbut deeg netreerhdhgdigipl g, 7 freThe pembraes’ Wsapbsyzed om t he

proxi mal eng 1kf uof ildb& Rk @;&&Jd%qgstédﬁﬁﬁf furthdiQRant (Be &Btal dHaenBLLAT y 20surface
1116, and further around a first extension 1102, such that the wire 1106

passes t hr oughWiidewy et 1hheanasptagnedarbe epnfigercd pycsithag {restssiubiantiapy near t he

di stal end 111@nt9£1y5991€%0%@fa€9¢(% (Sf@l?eegarssegté-g(giy 7Bb.¢lnvg1{eﬁlageje%oﬁmnfshﬁn pass
through a second via 1122, returning to the proximl end 1114 of the

el ect r ode i nsetepst agation @hthe pienibmane 700 can be in contact with and/or secured to one or
more of the cassette body sides 710, 712.

20 One or more membranes 700 can be removably or permanently attached or
coupled to any portion of a cassette 702 in any suitable fashion. For example, a
membrane 700 can be secured to a cassette body 702 such as by a tape or other
adhesive. In other embodiments, one or more membranes 700 can be fixed to a
cassette body 702 with screws, clamps, thermal bonding, electrostatic force, or any

25  appropriate method. Membranes 700 can be used to keep the sample physically
separate from the electrodes in the buffer pool outside the cassette body, thus
substantially avoiding degradation of the biomolecule of interest, which can occur if
the sample directly contacts or comes very close to the electrode.

Membranes 700 can comprise any material suitable for the particular
30  application. In some embodiments, membrane 700 can be semi-permeable, allowing

a buffer solution to pass through the membrane 700 and into the upper chamber 706,
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through a third via 1124, through grooves 1120 of second extension 1104,
and 25finally through a fourth via 1126, thus exiting the el ectrode insert
1100 at twe2prignsszal end 1114, secured with a screw 1108Cmameowiog7ss&cond
side 1128 of the electrode insert 1100. The wire 1106 of el ectrode insert
1100 can be electrically coupled to a source of electricity (e.qg.,
current), such as a battery or power source. In sone 30 enbodi nents, the
wire 1106 can be connected to a positive term nal at one side of the

el ectrode insert 1100, and connected to ground or a negative term nal at
t he opposite side of the electrode insert 1100. The polarity of such

el ectrical connections can be reversible. Electrode inserts 1100 can be
nol ded or nachPHEat Yfowing Lhsrapapaipdh sud as Ripgolqgales pf BEErst 41 Passrarek h t he

cassette body. nEl@aiviadeoh RSt uf@oRBoSHANEIotiRe hfpeflRABRCRK. B6r Mate Wi th
di scl osed cassette bodies such that, for 5exanple, extensions 1102, 1104

proj ect into tRENppErsopKkEMberigcap, mepkgrcet0eaneR)risa A depihRerneabé nedi ary

surface 1116 r g3l B0 hé)vring,j a{‘mBl_'a@ula?rh&‘éight BresREIQ AT RHOVENEh a@ i d1DG1e6 assite body.
Wre 1106 can conprise any suitable tonductive material. For exanple, wire

1106 can cobrpr hsenghmhilpegtaihing targes mplecales, gych ds fireg bipmodagloslprheeimaleculdsr e 1106
10can be coated;. j . M§i@B nt ai ni ng
a sanple fron1g%%%ﬁgé{%%5&%$%%g?%%gﬁ%§%$ﬁ§%§ﬂ%gﬁgp%%g§{?gﬁg. oragﬁanple,

t he el ectrode camt H& ldyairedawrt Suipbktmemimnetmatainisingludeahy ahyiof exhabieon,

and/ or conbina&hgn 4:- 1 er

thereof . Fl GS. il rate an
erodi ment of SASS ELPFAE Reisat v akePept ol SLRAE ARBWAEE,
present discl osiwre. As shown in FIGS. 8-10 and 15 descri bed bel ow, cassette

body 1400 n be used.in conjunction with one or re buffer baths in order
Lo bert or mitar i ous TaeHBeE ROk Bk 8 htkyPalf SRt et PufReit e "The use of
menbrane W th tlbarpassat i@idadyordidDO wapreant aveldsare @hywiwakn slepadat i on

bet ween the sanpple and the e] ectr ?8 there2¥ gr Y né@ng %ggradqb’on of the
sanpl e that calfSsbsuihasergi dli‘ff"ég Qb ind1Q 'eﬁt odgectogronsetet O] phody
1400 can i ncl ugs igddeQine FPMBreCRaNiBHsS1 102, 1AbARE ks JARRN aResti16€en in FI GS.
16 and 18) from a proxi mal opening 1412 at or near a proximl end 1408 of

the cassette bOty™WLAbE epsavepselegfodsyemiipgs amlio cap seppre paigrl 196 ¥kt al end

1410 of thescagg@ldie ikRedY1tA0fe chBsImBATRENSinI4E8. fiurdihenddsigbude a wi ndow
1416, which results in an upper portion 1404 of the chanber 1402 bei ng open
to the space extensions 1102, 1104. Other embodiments, however, can include more or fewer

than two extensions. In the illustrated embodiment, wire 1106 enters a via 1110
near a first side 1112 of the electrode insert 1100. Via 1110 can allow the wire 1106
to pass from the proximal end 1114 of the electrode insert 1100 to an intermediary

20  surface 1116, and further around a first extension 1102, such that the wire 1106
passes through grooves 1120 provided in the first extension 1102 near the distal end
1118 of the electrode insert 1100. The wire 1106 can then pass through a second via
1122, returning to the proximal end 1114 of the electrode insert, and can continue
through a third via 1124, through grooves 1120 of second extension 1104, and

25  finally through a fourth via 1126, thus exiting the electrode insert 1100 at the
proximal end 1114, secured with a screw 1108 near the second side 1128 of the
electrode insert 1100.

The wire 1106 of electrode insert 1100 can be electrically coupled to a

source of electricity (e.g., current), such as a battery or power source. In some

30  embodiments, the wire 1106 can be connected to a positive terminal at one side of

the electrode insert 1100, and connected to ground or a negative terminal at the
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25external to cassette body 1400. For exanple, the w ndows 1416 all ow for
fluid conmuni cati on between the chanbers 1402 and a buffer sol ution

adj acent wheofwmasg2ef ace 1422 of the cassette body. PCOSoG00¢756he front
face 1422, a rear face 1424 can include bored portions 1418 adjacent the

di stal end 1410 of the cassette body 1400. Such bored portions 301418 can
allow for fluid flow around the entire periphery of a | ower portion 1432 of
t he chanbers 1402. In sone enbodi ments, the bored portions 1418 can all ow
for better thermal conditions, such as keeping the contents inside the
chanbers 1402 cool er than would be the case if fluid flow was not permtted
around the entire periphery of the |ower portion 1432 of chanber 1402.
Chanbers 1402 SRROSENdGPIAR desheduimgrial 10)- &ﬁ Py ebfuchelesttietll ar chanber s

51402, but ot hgnneQidhi GARLERABIA Ble@todO ilROEST 10D 8an Fedhol8XAIRhRhinthanber s
havi ng substantially oval, square, rectangul ar, triangular, or other shaped

cross- sect i onsMateaaly gachjapthese described Agr use witth Hlssriciinbady GElectorlednidts 6, one or

nore conbs 144Qanadé(1h£§é9_%oi%&?&nﬁ&?oﬂﬁ&t&@zﬂﬁ'dwlo% M6k Mdidd sc@sR|t e body
1400 to forma gel wthin chanber 1402. 10Conb 1440 can include a stopper

portion 1442, exnwioagjenseonpdid?, dH4gjdct iniatheappershembdroel adsstte Bslyb 1440

can be shaped {0 tg@&?&&emfggg@&%%?%é 1{%%@89& A% Fr Of %r%?éiﬂﬂf’é&ro tfpe stopper

portion 1442 can be positi suc at at least a portion of surface 1450
of the conb 14dBsatedbdy.on a recessed surface 1406 and/or a raised surface

1448 of the cassettg. 1400. I.n this nfiguration, .t el onpgate portion
151449 and the proj SEETode Fhaameit S TERTbARGR bR PiSBBiE e Da02.
I n the enbodi meirt 1$ban compieseding metador wétal diley.eincngatabpdinentewildddoi s

substantially t hebescarEg as t he b\éto}ltu or t;~:ai Z e O tohe r(1:thlan’o%r 1402. The
vol e of {he BPoreatren saagtt entilE srShe iy S S P RER CAE of ume- of
the chanber l4G2dmabairganerdatityonan wibrhegdgoade.toraxaaylie: dalidd®cadno be
el ectrophor esege icore]ltetdbvelthcp?astlsrnelﬁlt, telt'anilclxmt]teeéltalum, Nafion, and/or combinations thereof.
FIGS. 14-19 illustrate another embodiment of an electrophoresis cassette
body 1400 according to the present disclosure. As shown in FIGS. 8-10 and
15  described below, cassette body 1400 can be used in conjunction with one or more
buffer baths in order to perform various methods of performing gel electrophoresis.
The use of a membrane with the cassette body 1400 can allow for physical
separation between the sample and the electrode, thereby preventing degradation of
the sample that can result from contact with the electrode.
20 Cassette body 1400 can include one or more chambers or channels 1402
(best seen in FIGS. 16 and 18) from a proximal opening 1412 at or near a proximal
end 1408 of the cassette body 1400 to a distal opening 1414 at or near a distal end
1410 of the cassette body 1400. The chambers 1402 further include a window 1416,
which results in an upper portion 1404 of the chamber 1402 being open to the space
25  external to cassette body 1400. For example, the windows 1416 allow for fluid
communication between the chambers 1402 and a buffer solution adjacent the front
face 1422 of the cassette body.
Opposite the front face 1422, a rear face 1424 can include bored portions
1418 adjacent the distal end 1410 of the cassette body 1400. Such bored portions
30 1418 can allow for fluid flow around the entire periphery of a lower portion 1432 of

the chambers 1402. In some embodiments, the bored portions 1418 can allow for

-30 -



20arrangenents are al so possi bl e. A cap 1420 with a seal near the
distal end 1430 of the cap 1420 can be positioned such that the cap 1420

cl oses ofwotha/udsgbal openi ngs 1414 of the chanbers 140PCTIUS2@oagE6at i on
for running an el ectrophoresis gel using the cassette body 1400, a conpound
such as agarose or pol yacrylam de can be introduced into 25 the chanbers
1402. One or nore conbs 1440 can then be positioned within the chanbers
1402 such that the projections 1446 displace a volune of the compound equal
to the volune of the projection 1446. Once the conmpound beconmes a gel, the
conbs 1440 and cap 1420 can be renoved fromthe cassette 1400. As shown in
FIG 18, a cross-linked gel 1426 can thus be forned in the chanbers 1402,
havi ng 30 an |Hﬂ@ﬁﬂ%ﬁ?%ﬁm¥W§@&ﬁHd%ﬁé@ﬂﬂﬁﬁpe6@F?F%W“ﬂ%¢ﬁﬁ@“ﬁ?fbV@Fectlon
1446 wherei n ac&ARhA RN Raht 0 8duidide vad RITBYRlinQf arbi}A Aidd 20, the

di stal opening 1414 of the chanber 1402 can be in fluid conmunication with
a buffer bath pgirheletthedpriymesios 144 elehpabinddy a pre-made gel can be
inserted into Cha”ﬁ@hn&%ﬁ%ﬂoﬁQm%ﬁ%&Hﬁé&%%&ﬁ%ﬂ@%%h%&%&léﬂgmﬁﬁﬂﬁmﬂ&§9 woul d
not be used. As best seen in FIGS one Or nore nenbranes 1452 can be
coupled to % th@ﬁc@§§émtGME@EWUQWGGHHWHnbﬁﬁﬁeEmizgnméammméﬂ&h@@mio keep a
sanpl e physica e I ut si de
R R s e

bi onol ecul e of pessiblr est, which can occur if the sanple directly contacts or
cones very close to,th | ect ,
menbr anes 1452 can %o@%?ﬁl %Ieas éhﬁ%fﬁpﬁﬁf%ﬁ afﬁ%§#4q6“HﬁQSMAndom/1416
provided in a chanhemﬂ&4@ﬁgﬁhmﬂnmheaemeddomenbﬁnagﬂemﬁmnﬂmnﬁemEﬁ@ranes

1452 can supst cove entire of .ea nber 1402.
Rk cil et LN R S ERAL S A R T R T P M
1452 can be prpﬂ&ﬂ&@1PMB.eﬁﬁblwmmd@Mmiﬁﬁﬁd&nﬁgQ§SMﬂﬂhh¥u¢&xﬁuze@ F@ over

the entire w ndow. sone enbodi ts wt ura of menbrapnes 1452,
each 15 nenbr aﬁ@ﬂ%p}ﬁg,%eémpggog{%slmﬁngﬁpymy% S %tﬁ?llé%ﬁéggmo%lﬁ can

conprise the saﬁﬁcmf@rdfa{e cohb 104 &kts 6R el BN S Ve t4h6an@br Alstd y of
menbr anes 1452, one or re nenbranes 1452 can be different from one or

mor e ot her nenﬂF%ﬁ%%“@4§§w(§ﬁ€ﬁ”§§y5§mbépﬂﬁs%“@%WF@WEH%”*H%@RH@@@“and/or

conprisingi& dﬂi&ﬁﬁ&ﬂ&qﬂ@é&ﬁh@h46&RQm%Bmﬂﬁk@“mﬁﬂhh@&ﬁﬁméﬂﬁQQCﬁﬂh@e
removably or pernenently attached or 20coupled to gﬁé_portlon of a cassette

1400 in any sufmbgsiimerty Ibﬁw(W%Wﬂ%%ﬁﬁﬁﬁbmgﬁeﬁﬁﬁﬁ@ i pbstagtiphly e secur ed

to a cassette Body, I4OQLINMEBr 85, BY it BRGRE 18N 8he %ﬂ?ﬁébff’ﬁe ldpecabher
enbodi ments, one or nore menbranes 1452 can be fixed to a gassette body

1400 wit h scr et ie bubstgrtially lvepiie|thap dhedvohene e theehambdealtde alﬁfbg@erallmarany
appropriate meghod,, %@@a?%"r?ﬁo e vtate ¢ gt% b BSpiratd GG S%ﬁ mEgn be
? nt rane ﬁ.f SO % { fs

posi tioned adjacen as to preven age around the
nmenbrane 1462. afrogewxanpt elso posstbhe speci fic enbodi nent shown, a recess 1456

can be provided in z&henLé{QBr\]x;lthf ag nearztg (91sta1t n(c:"l 12%%?}16 capqqg(%can%oo adj acent

each wi ndow 1416. A‘fehbrane 1452 'Can be p03|t|one I hteaCh recess 1456
such that it cpmml&é@kmhdmvme:eaﬁ h@O\MdaekM‘f thd iGtal 3rAIngedM 141484 (e.g., a thin
silicone Ubbe{:has %%45)148? r'In pre aglﬁlortl %o? rr‘t?n?nn%ea%WF ctropthgreesis gel using the cassette

body 1400, a compound such as agarose or polyacrylamide can be introduced into

25  the chambers 1402. One or more combs 1440 can then be positioned within the

chambers 1402 such that the projections 1446 displace a volume of the compound

equal to the volume of the projection 1446. Once the compound becomes a gel, the

combs 1440 and cap 1420 can be removed from the cassette 1400. As shown in

FIG. 18, a cross-linked gel 1426 can thus be formed in the chambers 1402, having

30  an indentation 1428 in the upper portion formed by projection 1446 wherein a

sample can be loaded. After removal of the cap 1420, the distal opening 1414 of the
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menbr ane 1452 and the wi ndow 1416, as shown in FIGS. 17-18. The seal 1454
can be secured in the cassette body in any suitable fashion. Solely by way
of exanplwQ 20r/ase6enbodi nent the seal 1454 can be ret aPe@E@Semw4meseal cap
1458. The seal cap 1458 can be held in place by welding or bonding it to

t he cassette body or by using a renovable retaining clip 1460 if necessary.
5Menbranes 1452 can conprise any material suitable for the particular
application. In sonme enbodi nents, nenbrane 1452 can be sem - perneabl e,
allowing a buffer solution to pass through the nenbrane 1452 and into the
chanber 1402, but not allow ng other conpounds, such as bionol ecul es of
interest, to pass through the nmenbrane 1452 into the buffer solution

out si de of t heladrbEI02 tapbe inflyidrpmupnigapwith g balberbadipodsaeptEcsisrenbr ane

1452 can conpr z\&€maiw8Th BRUNRRIEca®I a1 iR\chghd 1081, GCuhiak ciei ght
threshold that allows small nolecules to pass through while retaining

| ar ger ol ecul 8¥bsslddtangscapy HEOPYWHOI%REYIES- or bi onpl ecul es of interest.

The ol ecul ar wei ghi tif @30RI MGSaTY-PE ofid AL dnblankid | 29RLE ANcJufBRo T O
about 300 kDa or greater. Suitable menbrane 15materials include, by way of

exanpl e, dial ySiesadsitiethody ilgN). Mderehrangs 1450 e bagsaddgberprazeanlepbydiclpse,
cel | ophane, or se@glla[e"ﬁoqéﬁig%%tcﬁédes in the bu@?ﬁ&'oﬁgmteﬁheogass(é&éﬁcﬁlg tﬁupom es can be
ed, Oor no e t W t

machi ned, shap 0 engage one or nore o f conponents to
form an el ect r ophiongdly avapipadegragitiorof the kimmpleeyle af mgsse mthechvedycawaid be

provided with fas IS, . al | i shel ves, 20.raise S or
depr essi ons inﬁ%P%ﬁﬂgﬁgﬂgﬁgaﬁgﬂ§mg%§§53i C%ﬁ??éyzlgﬁﬁaagggénenbodinents of
cassette bodi esmb@alimées,wod cadore meatbiraew 458 chiocavedatdesstn fida@dn & aplesstal ity of

cassette bodi es can.be cke ai nst, or top of .one another. Cassette
ROPTPORPIG i N L mal i RIS P EUEARL R AR D TR e
bodi es in an owematahesl4se tirnpbanekils caleyihe entird Mkiowel 41 b ef et chantghown i n
FIGS. 1-4 conprises two upper chanbers 102 and two | ower chanbers 104 and
the devi oe Shodd? rltermady e 45 showadh it Labaedsmbrdiienr $50u0% Mg

enbodi ment s of 1432idanbt frodRISS B LRNBAAIRS | F@ANG OBIADIN i98ed Obvek BMdRALIChanber s,
each of which can recelve a separate gel to perform el ectrophoresis on a

separat e sanpl ¥indeyr Ipsomanebodupanis vy PleBydt msmbsangt 192cket t e body can

30 contai n19nl yeABRNE NATRGR bé Albs@RAGAIY RREGME RAAREES, A1 BEN AW sahanber) .
Simlarly, other enbodinents of cassétte bodies can contain three or nore

chambers. Cass&gtcgaldupbsr eehvdisecnisorifi griralLyfab mopbranee HS2epg/o6 MoKor i zont al
el ectrophor esi frembranes 1452 can be different from one or more other membranes 1452, such as

by being a different thickness and/or comprising a different material.
One or more membranes 1452 can be removably or permanently attached or

20  coupled to any portion of a cassette 1400 in any suitable fashion. For example, a
membrane 1452 can be secured to a cassette body 1400 such as by tape or other
adhesive. In other embodiments, one or more membranes 1452 can be fixed to a
cassette body 1400 with screws, clamps, thermal bonding, electrostatic force, or any
appropriate method.

25 A seal 1454, such as a silicone seal, can be positioned adjacent the
membrane 1452 so as to prevent leakage around the membrane 1452. For example,
in the specific embodiment shown, a recess 1456 can be provided in the front face
1422 of the cassette body 1400 adjacent each window 1416. A membrane 1452 can
be positioned in each recess 1456 such that it completely covers the window 1416.

30 A seal 1454 (e.g., a thin silicone rubber seal) can be positioned between the

membrane 1452 and the window 1416, as shown in FIGS. 17-18. The seal 1454 can
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Cassette bodies can be constructed froma variety of materials, such as

gl asses and plastics, such as, for exanple, acrylic, polycarbonates,

pol yst yr eno0113p882¢ et hyl met hacryl ate, pol yet hyl ene polpgfTiuseroms1sgs ene,
pol ypr opyl ene pol yur et hane, pol yet hyl ene terephthal at e,

pol ytetrafl uoroethylene and the like. In sone enbodi nents, a cassette body
can be nol ded or nmachined or otherwise fornmed froma resin or hard plastic,
as appropriate for particular applications. Wereas conventional

el ectrophoresis devices conprises two parallel glass plates, cassette
10bodi es according to the present disclosure can conprise a unitary or

nonolithic glass or plastic body, for exangle a machj ned acrylic body,
whi ch can pr ovPaisscuad grihe gpssetic hedy Banyaighls deshionn Jolslydy waypresmple-so al | ow

for easy movempiine@hbbdifiesidBS@hE R1sROsYbe SUFRI a8 hsemegnesBuTheteababh to
anot her. Cassette bodi es can be conbined with an electricity source and one

or nore 15buf f &385an heheld ingplereby s ldipoirgadiasitét Be cropgidicds Psbyalspgraat us.

Cassette bodi e RRehiElRGHMOPIPIRBIScARRAY At Us according to the present
di scl osure can be used in fethods of running el ectrophoresis gels, to, for

exanpl e, separat e aHdmpiangsf i452 cisi compriscanyenasdrial siti@ble $or thapaxtquirgds

20Enbodi nent s . t f ; 1 t S| operation

are illustrat e%;pélgﬁgﬁnh?l? %a |e§‘p" ?E&%ﬁ&ﬂ%%aggﬁg Clgllﬁgg;%ﬁ?%ﬁmg?lg’gr amin FIG

13. A cassett ealbodys 80dffwhihadn thpas tiyohghrhe inembepe éd€ndintothechactasset t e

body 100 or caggst {6 800 4 Me SARLE AP 56, BRURRSE: SHATRET | AOLL T on 802
g y menbrane :

e
with a wi ndow opéenhing cover a g%hlipernea e
Sem - per neabl ethi@rgh tienee a8l 462 ints tp dntitresotulien oygée ofthachaermepigidRi on 802
froma firi@ bgffer splution 8 6.coqtai§&g ig first container 808.
Cassette by SUTEHRCH S HRPIHEE S GRS C AaEB OB 611810, cont ai ni ng
a f:ross- I(i nkedpﬁﬁkh&@mﬁ?@ﬁn@ﬁdvi@lﬁnﬂa&ﬁﬂeﬁme@gtﬁ&ﬂ&ﬁh@ldéﬁi&ﬂalﬂ@@dﬁﬂll?;\ tog of the
gel 812 (e.g., | n indentation at the proxi nd of the gel), adjacent
t he upper chanﬁ@ﬂmgﬁ??ﬁ%ﬁt EQJWW’lﬁgFmgﬁﬁgPHg%ﬁ%SSo%ﬁ a%&%hber 30 portion

810 can be in hiotofc@BNdragdmMbdules af mEeaNATHRUAbIEF 1S Sleitht BResBAS c&omt ai ned i n

a
from about 1 kilodalton (kDa) to about 300 kDa or greater. Suitable membrane

15  materials include, by way of example, dialysis filtration material, such as
regenerated cellulose, cellophane, or cellulose ester.

Embodiments of cassette bodies can be machined, shaped, or molded to
engage with one or more other components to form an electrophoresis apparatus.
For example, a cassette body can be provided with fasteners, raised lips, shelves,

20  raised bumps or depressions in order to securely engage a buffer bath. Some
embodiments of cassette bodies can be molded or otherwise formed such that a
plurality of cassette bodies can be stacked against or on top of one another. Cassette
bodies can be used alone or in conjunction with one or more other cassette bodies in
an overall electrophoresis device.

25 While the device shown in FIGS. 1-4 comprises two upper chambers 102
and two lower chambers 104 and the device shown in FIGS. 14-18 comprises two
chambers 1402, other embodiments of suitable cassette bodies can contain more or
fewer chambers, each of which can receive a separate gel to perform electrophoresis
on a separate sample. For example, alternate embodiments of a cassette body can

30  contain only one chamber (or one upper chamber and one lower chamber).
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second buffer container 818, such as via a small opening in the bottom of
the container 808 adjacent the | ower chanber portion 810. The second
buffer sovOototwn2886 is in fluid contact with the gel 81PCHUiS2019/0¢15h&r wi se
separated fromthe contents of the container 808, including the first
buffer solution 806. An electrical circuit can connect the first buffer
solution 806 and the second 5buffer solution 816 via el ectrodes 828, 830
(e.g., wires) subnmerged in the solutions 806, 816. For exanple, a negative
charge can be applied to the first buffer solution 806, and a positive
charge can be applied to the second buffer solution 816. Such charges can

be applied for perlod of time sufficient to separate any free probes 820
in the sanple §T& ﬂVdﬁ@%ﬁ?bﬁﬁgﬁﬁFéEﬁ?%@eB@hWﬁP%F@§¥nﬁ?%”“§%€ﬁd5@le“

DNA/ prot ei n 10CeQER! 1Xie8 24 b @hfi EXANRL SortiCd BF DG hofidshid eletBRhbR6is f or about
thirty mnutes. During such time, as shown in FIG 9, free probes 820 can

elute out of a di st@ssugeniiagcaapechsipgdionisarbey opprerigh ssdosand m gr at e

into the secon o I ex 822 can
i L B S e R RS

cassette bodly B@MmmmBM@QE%TﬂﬁeIﬁb@@ybnpbé$ﬂ®ﬂ@mhéwe Iedpopyéepar at ed out, the
second buffer ﬁ&kﬁ%fh?& §31§ ﬁ&%e%@l@@aﬁt@%%@teft{aﬁﬁorg&f?)g% 4 theGR0. Be

di scarded. For e 'secon nt al ner can be drai ned of
t he second bumeme@mMﬁhmmu 8tBsetiampddypcandgnpldeder nedhintd @rtheansdemadded t o

the second buf I”rgm argsnf‘l I!I’Q:l?([ %lgjt% asI Eprglalg at I%gulgrgggg%lﬁg%; %’Vhetrh%‘ cassette

body 800 and first tal hé canPpete rom thei r
connecti on mnthnﬁhﬁm&ﬂ&mmdo@mhﬁeKbmaﬂkanmﬁmm8&6pmﬂmﬂgpkaﬂﬁd;bmmmmnnection

with a new, buffer cont r.conta er _solution
onbod mont 10"t heleSRBEREH PEPRLS) thdlent AR HonttBumaRy bk pRBu A el e
reused when t her ikt ®6dy, & ek anEe 8 ﬁﬁchlﬂéﬂ 4degic bbdyg ehhindl canvprokidGadvk@tages
illustrates a frﬁsh buffer sol uti é %pq%alned in a pﬁg buf f er
25cont ai ner 828N @ panyfpcluring cage an %‘b §P By foseasy PNyt SUBRCHAE the first
buf fer sol uti oBod0fch &s fromfhelbetteGORhascinoMeth the seni - per meabl e menbrane
804 and the | ower chanber portion 810 is in fluid contact wwth the fresh
buffer solution 82 4(,Ias§eﬁ@ bodies can be combined with an electricity source and one or more

15  buffer baths in order to provide an electrophoresis apparatus. Cassette bodies and

electrophoresis apparatus according to the present disclosure can be used in methods

of running electrophoresis gels, to, for example, separate and purify a biomolecule

of interest.
B. Methods
20 Embodiments of a method of performing an electrophoresis gel operation are

illustrated schematically in FIGS. 8-10 and in a block diagram in FIG. 13. A
cassette body 800 (which is a schematic representation of cassette body 100 or
cassette body 1440) can comprise an upper chamber portion 802 with a window
opening covered by a semi-permeable membrane 804. Semi-permeable membrane

25 804 can separate the upper chamber portion 802 from a first buffer solution 806
contained in a first container 808. Cassette body 800 can also comprise a lower
chamber portion 810, containing a cross-linked native page gel 812 having a sample
814 loaded on top of the gel 812 (e.g., in an indentation at the proximal end of the
gel), adjacent the upper chamber portion 802. The gel 812 in the lower chamber

30  portion 810 can be in fluid contact with a second buffer solution 816 contained in a

second buffer container 818, such as via a small opening in the bottom of the
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polarity of the charges can be reversed. For exanple, a positive charge can
be applied to the first buffer solution, and a negative charge can be

appl i ed twotha/R8&sh 30 buffer solution 824 for a peri o®CofUseé®4s6s fi ci ent
for the DNA/protein conplex 822 to mgrate up fromthe | ower chanber
portion 810, out of the gel and into the upper chanber portion 802 (e.g.,
the DNA protein/conplex 822 can mgrate towards the proxi mal end of the
cassette body 800). For exanple, a reverse current can be applied for
around forty mnutes. A controller 840 (FIG 8) can be used to
automatically control the current polarity. For exanple, a control | er 840

can be 5programed to ‘f y a current in one direction for a first
predet ermi ned FEY3HY 88? ingvRt thejover thamberostim 810 The pecant bytlsr tieiodpposi t e

direction for giegaPed I@(‘Srﬁﬂ‘?%ﬁ'ﬁﬂe‘"g%%%dt R Rkwisé S8 araeli MohAhé Yondne
controller 840 can be p grarme to switch the current polarity at

prescri bed int @ﬁt\%F@tal%%ég ®dngletinghe fipebyf&spoluieyntOpol | er 840 can i ncl ude,
for exanple, a procgs §195tr1ceﬁcgé1§@aﬁ‘¥®nn@&(1h@fn§t R Rigiocn @06 bl (nd Q¥hd ches for

varyi ng paraneters. As shown in FIG 10, the DNA/ protein conplex 822
can be cont i nb‘eff%S@lhilcvn Hl6rvia Qéctiotes BTN g olvires) subrsagdin tHeisalutips upper
chanber 802 of t hr ough
the sem - perma8(§)(r }ngplggjxgﬂqﬁgg%n%éjeﬁﬁ%ggﬁﬁn%m%s% lﬁ?wffe%& illj(%hlgon 806

can pass freel §04, hanuwurvenmwm@na@ApplmEMﬁhb@eoph@blld'femmih@(mﬁlé 8fich nt er est
822 subst anti al l gnznléet aggﬁescifo} Eéeg of El 1mgnt6t%) ﬁfg)%%‘tl r}}é% iprotbes 3 0

DNA/ pr ot ei n co ai‘ned i Ve vol une
of the upper Chﬁhd‘aelﬁnpﬂm$lt4lfmm wmlorasle@msmgnﬂerew@m sﬂidhasqupromi ume of one

of the buffer pool.s his can allow for easi on .of

o il taneond BT 2 rSr S el Rtk P G B PReREbiS s g ea 1o
2? ﬁonventi Onabucmmpﬁb?she\f/rll lpﬁlrfr’Go9 rﬂd&g)rclﬂieegl()’@ﬂfgﬁﬂtelﬁﬁjtﬁaﬁ@tﬁl @¢aiRpbe, i PStEag
(0] avi ng tor ve a a e ass at es n Sl ross-1|i nke
gel to gain ac ng wer gh ‘ﬂé’rB?IB%gLoc 8r|ﬁ“ilﬂtto ee%"’fond;’éﬂj?rsso?% SFéd W th

typi cal conveniyhod@b DNAFIDPORNRH 2N teafitn withih @el@ﬂ@@&ltm isuef the
present cassette body and el ectrophoresis device, the bionol ecul e of

i nterest can siOWsT Shamberasion HO! thy cassotsshady B0 ol ume of buffer sol ution in

the upper ¢hanber TRis tﬂlé)ﬁ-&et;ir%s 850 £NE bENALPIALELR, BOIRbEKOBRE si@bnal SO
al l ow of the cassette body (e.g., easily accessible near the proxi mal end

of the casset t 81tbewianing Hosetes P%@QS 830ran b diserrdacu itier @famples e seqon¢an be

col I ected in apskdyRbRaile¥1s SHER: @FindVothd RASAMAY: RRRML 3P0Andh fEQ! 1 ters of
solution fromthe upper chamber of the cassette body via openings along the

upper buffer solution can be added to the second buffer container §18. In alternative
embodiments, the cassette body 800 and first buffer container 808 can be removed
20  from their connection with the second buffer container 818, and placed in
connection with a new buffer container containing a new buffer solution. In other
embodiments, the second buffer solution need not be discarded and can be reused
when the current is reversed, as described below.
FIG. 10 illustrates a fresh buffer solution 824, contained in a new buffer
25  container 826. Once the cassette body 800 is arranged such that the first buffer
solution 806 is in fluid contact with the semi-permeable membrane 804 and the
lower chamber portion 810 is in fluid contact with the fresh buffer solution 824, the
polarity of the charges can be reversed. F'or example, a positive charge can be
applied to the first buffer solution, and a negative charge can be applied to the fresh
30  buffer solution 824 for a period of time sufficient for the DNA/protein complex 822

to migrate up from the lower chamber portion 810, out of the gel and into the upper
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30edge of the cassette body, such as by using a mcropipette. Buffer

sol utions 806, 816, and 824 can be any solution that supports

el ect r ophpesi1gn28d2a some enbodi ments, solutions 806, 81BCTAISAU10/04BB3 can be
a salt solution. In sone enbodi nents, solutions 806, 816, and/or 824 can be
a buffer solution. Exanples of salt solutions include: NaCl, KCl1 and the

| i ke. Exanples of 5 buffer solutions include: Tris, HEPES, MOPS, PBS, EDTA,
Tris Buffered Saline, Tris-Borate-EDTA (TBE), TAE, TGE, glycerol, glycine
and the like, and m xtures thereof. In certain enbodinents, the first
buffer solution 806 (referred to as the collection buffer solution)
conprises glycerol, Tris, glycine and EDTA. In a specific inplenentation,
the first buffetndst m&@%@dege%&%@g@t@%@w@é% cap BYeralg IQRAEY , 0. 75M

Tris pH 8.4, 38roRMdILNCdMNEs cadlRfle BodyNMOBP YT example, a\Wiek@ chién esfrdi nent s
shown in FIGS. 8-10 show a cassette body having a nenbrane covering an

openi ng to t heRPipefor erapdEXtY iRt o) cottioler RHBIEH feemndedsd teonmpri se an

el ectrode inSG&hm&Qﬁ%ﬂ?HQﬁ%f@@%mﬂ%nﬁ&%ﬁ&.ﬁmﬂﬁ&&bﬁﬂu&%&é&%@ﬁ@c&ﬂ%o the upper
chanber of the cassette body, in addition to or instead of nmenbrane 804.

15Exenpl ar y5 el porraodeeditpapnly & cyreat dene dirgssidn yevest prdgerniged parigd of at es a

bl ock di agram Q Qrm OPNQ i's operation

usi ng the eIecﬁ%gﬁﬁgpggﬁgagggé%gghgﬁgﬂ%ggg§@f§£ﬁgﬁfes a%%@rding to the
present di scl opdecrnifing pepohoidang dhimilaty, ddeontrdkdBHcaa bs amgrammdilad | ncl udes

the free bionplecul es and the conplexes .th include,.the hionol | es of
201 nterest (wnleh e Pt g SR TR SRR bRy S ok HE oS RhE ena o

t he el ect r ophoB4fsian igdlde, fooexaapdnp b céoraa daglsgtahéotrodynae canged i n buffer
sol uti ons, @s de.géiped above (step 1300). The sanple can be

el ect r ophor &sed FOF® 97 YUY B HY8PF e sufficient for the free bionol ecul es

to elute fromthe disihalvnentiafloftheDslAgabictidahesiss2 g&l be @u@hel hahint he

period of time is not | nou so. that the 25conpl exes including the
bi onol ecul es of°fHt é?%@ﬁggfﬁwt@n%%pﬁltpwéﬁw@?gﬁha Efn@ﬁ Oéﬁ@&f‘%s‘a &sis gel
and are ther ef gug sistadiiNBdviitdut fassigl @EHER MRREESHEmEMe HEhBRnd&A2)a I n this

way, the conpl exes including t he bi onol ecul es of interest can be separated
fromthe free BARHRNROLINES, Dutiis selptien 08¢aR Pasy ey thrppghmeadrHicdRtl ecul es to

pass through t{&i196k blotdiLRR M Eirest RENsuBUER afIRCIRALEpRShARRA IRd current,
butfer conditi glgrsnbrane 804. Thus, the DNA/protein complex 822 can be contained within the
relatively small volume of the upper chamber portion 802, as opposed to in the large
volume of one of the buffer pools. This can allow for easier collection of and
simultaneous concentration of a biomolecule of interest, when compared to
20  conventional methods of performing electrophoresis. For example, instead of
having to remove a parallel glass plates and slice into the cross-linked gel to gain
access to the biomolecule of interest, as is required with typical conventional
electrophoresis devices, with embodiments of the present cassette body and
electrophoresis device, the biomolecule of interest can simply be contained in a
25  small volume of buffer solution in the upper chamber This location of the
DNA/protein complex 822 can also allow of the cassette body (e.g., easily accessible
near the proximal end of the cassette body). In this way, the biomolecule of interest
can be collected in a simple way, such as by withdrawing about 500 microliters of
solution from the upper chamber of the cassette body via openings along the upper

30  edge of the cassette body, such as by using a micropipette.
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30gel concentration and gel length and the physical characteristics of the
bi onol ecul es. The free bionol ecul es can be di scarded, for exanple by

| etting twermalussef romt he distal end of the gel into arrusandiontebuf f er
or they can be collected, for exanple using a collector attached to the end
of the gel, such as a collector with a sem perneabl e nenbrane that all ows
buf fer through, but retains the free bionolecules (step 1304). 50nce the
buffer solution containing the free bionol ecul es has been renoved, a cl ean
buffer solution can be provided (step 1306) to replace the buffer solution
containing the free bionol ecul es. Renoving the buffer solution contam nated

with free bionol ecul es can substantlall prevent the free bionol ecules from
m grating back up i BRiEer eplticne P0G 04 iBA &7+ eatdistsay sUPLQHBALSHRPQBE t e when t he

current isr eV@lﬁéi?dﬁhoreg-rhﬂd%om@-@mb&@ﬂn@ﬁt?‘%lﬁh&ﬁ@b@@lhean@for koY @nesh seign be
coll ected. However, in alternative enbodi nents buffer solution need

not be di scar dedutism. frginscashodmeenisotlgions 8%8%%@@% cabbt abwfeg t he

bi onol ecul es of, e & Shpled N&ak WIHEIHS ifc®lde PRaCLXRT SRANE BhAtEMRPIR of N
el ectrophoresi s gel, and t he bi onol ecules remaining in the gel can reverse

their directiohul selngansinalusleatiisy BEPES: MOPS] IS, Edorles Botfgefl Stlsreep 1308) .
15Reversi ng th‘f‘n?BBfa?enﬁD?ﬁl(%EV?A%OT&E %12 e?cﬁt g&tﬂeoe{n%%esh e!md%%!tup dgne by

reversing the polarity of an e ectrophoresi s par at us exanp y
reversi ng the thereettlnoertaf embalioents, drtljrsidinlesotution @@6 (re%rrdatbqgtas thft t he sane

position with ct ternatlve
enbodi nent s, (gﬁgt??nebn a ?Oglﬁlogjf Cot?‘itmggse%?ycg%l SFbrls @ veer %necF ]h%h respect to the
applied el ect rspecmunmplnmentmdnhrhutﬁrsteuf&rso]mgortMcbﬁqueecs% gpcendl (bshe current.
The gel the el e or secon f time sufficient for
t he conpl ei(es ot %@uﬁgg% g@?%ﬁgwcﬁﬂ ?“gjsztom%ﬁgT‘gte from the proxi mal
end of the eIectrophmﬂe&men@emnkﬁkeﬁm&&ﬁ@kﬁiRhﬁhmbwm&h@aﬂhﬁﬁyeﬁwh@terest
can then be collected, far exarn le u a coll ector attach to the end of

the gel, such HSMATEHFPEHEPSHIN WePHE L 8 RS ERPRESHP UL e P LHBPAHBE a1 | ows

buf fer thr oughcantidinpa & Bledcisdd igerfth QRBh RGeS 1eadt aipBiRn©sh Wirs i®Pthk312) . I n
sone enbodi nents, the col|ector can be an 1ntegral part of the cassette, as

descri bed abovBPPepfhamberpfAhegassere hosynBriddiion @dn%%dtot‘t geghrane §it sone

enbodi ment 5t heedyi e@@éﬁee;@segga&@&%ﬁg&itabga@ be collected, such as wth a
m cropi pette, fromt er chanber of the cassette body.
HG 13 11 ustrates a block diagram of one method of performing an

electrophoresis operation using the electrophoresis devices and cassette bodies
according to the present disclosure. The methods can include, loading a sample that
includes the free biomolecules and the complexes that include the biomolecules of

20  interest (which can include a detectable label) to the proximal end of the
electrophoresis gel, for example in a cassette body arranged in buffer solutions, as
described above (step 1300). The sample can be electrophoresed for a period of
time sufficient for the free biomolecules to elute from the distal end of the
electrophoresis gel, such that the period of time is not long enough so that the

25  complexes including the biomolecules of interest elute from the distal end of
electrophoresis gel and are therefore retained in the electrophoresis gel (step 1302).
In this way, the complexes including the biomolecules of interest can be separated
from the free biomolecules. The time required for the free biomolecules to pass
through the gel is dependent upon such factors as applied current, buffer conditions,

30  gel concentration and gel length and the physical characteristics of the biomolecules.

The free biomolecules can be discarded, for example by letting them elute from the
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Any bi onol ecul e of interest can be purified using the disclosed nethods. 30
For exanple the nethods disclosed herein can be used to purify nucleic

aci ds of woterigess2er pol ypepti des of interest. Thus, i nPSOAS2e0AMPbES a

bi onol ecul e of interest is a polypeptide, such as a peptide or protein,
for exanple a receptor, a receptor ligand, an antibody, an antigen, a

sol ubl e protein, or an insoluble protein and the like. In sonme exanples

pol ypepti des of interest include one or nore antibodies. In sone

enbodi ments, pol ypeptides of interest include one or nore 5antigens. In
sone exanpl es, the bionol ecules of interest are nucleic acid nol ecul es,
such as DNA, RNA or caonbi nations thereof, In me enbodi nents, the

, RN , , o)
bi onol ecul e of distit @yded thejgel itozgepadinghuftyr. optkey ran Risalsceeds tor sHEE  singl e

stranded, or augRbidREbLPNELERANERE cnd Bf BOBE, KPR HIRIBLS: witthesdaliomol ecul es
of interest are partially doubl e-stranded nucl eic acid probes, such 10as

t hose descri beBersahipmempmpe Bakdllopapalier togpsh, bytrans WoizebBNPrrBlSs, whi ch

i s incorporatedhgngin by reference in its entirety. International Patent
Publ i cation WO 2008/ 147899 clains the benefit of U S. Provisiona

Appl i cati onSNo. 60/98% Ug2gifighiadiiongonthiwmeithciareguemelecildsdpehasn ymaved.er ence
inits entiret I i i i teri.als,

sui tabl e nenbrgﬁgﬁﬁ%#%?%gﬁé,qgﬁgegﬁpggﬁegﬂga§®ééﬂ% g%ﬁ%?Pgﬁsgngﬁials can
be found i n PCionipphg tatfico hioRCRcWSH M IEB B, thevhu G solgtidnegoetayninatelorigor at ed
herein by refe in . its entiret | icatiaon of .the disclosed
met hods 1s ¢ horog i Belt e R Rt yaraem nély SRPLY L b hishEeni ni no
requi renent s f backapgnty ér gdbandlvppstchaniche df the chseéte vaeh thebiundntrigreperaddei n, such

oo L L RROEE T B A BB o P SIS, ARl P

constructing aehbdli@énts, e Hiffef @neioh nekeldok Be Sikdaadrd@drepRroie NGasilad the
determ ni ng whi ch sequences articular transcription factor binds to it,
it is possibl ec?fﬁpl?’gbfﬂ}t‘g‘}nﬁnélg}#ﬂ%ol?% S§Eﬁ‘£?é‘?§&éher<§&ﬁ?t|‘é NeePGr a given
transcription fagtoto thdelctipgbredih s UGh R bisMNBEIes rélfiinigg tl@e 8é1$64 0sed

nmet hods, such doubl e- 25stranded seguences bound by,transcriBtion factors
can be rapi dl yrueRs theis dirgqtigppf travel relative to the electrophoresis gel (step 1308).

15 Reversing the current relative to the electrophoresis gel can be done by
reversing the polarity of an electrophoresis apparatus, for example by reversing the
direction of the current, while the gel is kept in the same position with respect to the
electrophoresis apparatus. In alternative embodiments, the orientation of the gel can
be reversed with respect to the applied electric current, without reversing the

20  direction of the current. The gel can then electrophoresed for a second period of
time sufficient for the complexes of bound biomolecules of interest to elute from the
proximal end of the electrophoresis gel (step 1310). The biomolecules of interest
can then be collected, for example using a collector attached to the end of the gel,
such as a collector with a semi-permeable membrane that allows buffer through, but

25  retains the biomolecules of interest (step 1312). In some embodiments, the collector
can be an integral part of the cassette, as described above, or a separate component
mounted on the gel. In some embodiments, the biomolecules of interest can be
collected, such as with a micropipette, from the upper chamber of the cassette body.

Any biomolecule of interest can be purified using the disclosed methods.

30  Por example the methods disclosed herein can be used to purify nucleic acids of

interest or polypeptides of interest. Thus, in some examples a biomolecule of
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unbound doubl e-stranded sequences. In sone exanples, a partially
doubl e- st randed nucl eic acid probe includes two portions, a doubl e-stranded
porti on amO 2a11928826e- st randed portion. The singl e- st ran@€a/yserwiogrsed ncl udes
a nucl eoti de sequence corresponding to an i ndex sequence, 30such as but not
limted to the index sequences described in International Patent
Publ i cati on WO 2008/ 147899, which is incorporated herein by reference in
its entirety. International Patent Publication W 2008/ 147899 cl ains the
benefit of U S. Provisional Application No. 60/939, 826, which is al so
incorporated herein by reference in its entirety. The second portion of a
partially doubl e-stranded nucleic acid probe is a 5 doubl e-stranded
portion sel ect BErehis RORREPLde. okt PROUGHY RSPICiploB e Pl 1e68P i hdi ng si t es

for doubl e- str apgeek 1¥ded, @h Gnidold aﬁiamqig'gﬂga RN MEHBSin, SUGNnRRuLIS @RS 1 Pti on
factors. For exanple, a partial doubl e- stranded nucl eic acid probe can
contain 1, 2, @dtaelike. Igsome exgmples pelypensiclesedf deisy irclytso8n o1 @Prebi ndi ng si t es

for dOUb|e‘Str%ﬂ@%@eQWSQS&Eeﬁ%&ﬂmghﬂ%b&EqRMQLﬁﬁﬁémmﬁﬁ%ﬂm%ﬁeBfﬁﬂécription
factors, for exanple activated transcription 10factors. The doubl e-stranded

portion of ?heantigses dseempenamiples the owbleeuletafamered amuickicocalohdequabes are
typically grea1§BaE@ﬂﬂaﬁﬁﬂy&x%nﬁgﬁhﬁﬁ%% gcbase pairs in length such as

greater than about out 9, about about 11, about 12, about 13,
about 14, about 15, ImdymetenOdin@bputhe Bdmoddovlavf BGresaby @uucl8ls acidbimuis 40

Shout 120, *opchiodly sy ARRH 08 ur RO b By BOON IncRAy. BITHE cBRoiABRE" 200

300, or even gtedimioldchkn ofib@uist 35 Parialbedqphierssranded heeigt hcig poibeasudd- 50

nucl eoti de 8- 100 nucl.eotides, 8-2 nucl eoti.d - cl eoti des, 8-500
el oot dod0 o BneSrBa it RDR B BBk eR g Hop P wAeh LI, & PO
det ecti on and/ picodpsSaledthbRm Bf refRic@t®Ing6 h@Styo fintbMb@inaBlatenb PaiRh@GNWES of

i nterest can includ | abel.. The, bi ndj artner(s) . of bi cul es of

i nterest 20 caﬂﬁﬁﬁéﬁgg@ﬂﬂn¥Qﬁéﬁpdﬁﬁﬁggi?%W§5W§ﬂéﬂé6%FW€ﬁfé&ggkgm

bi ool ecul es ofyhicAtiLN@ShcARFAGE hdrbigiby rdiéBalicng iPafirfer Burdlkeeddatsect abl y
| abel ed, with angﬁisotopic or non-isotopic |abel known in the art

Non- i sot opi ¢ | SsBrngsuiblegst maigepls suidablq membrare materigly apd swiable SpLferyni nescent

mol ecul e, s Ot LdhuticAmAEZYS W BF fRiAd VTR B UBSHE B4 EPOT/UB0G/BSERICRhich |sS Ot Opi C
| abel s can, for instance, include 35S 14C, 32p, 125-r, 3H isotopes and the

| i ke. 25Met hodBerelyringcaprsptedhbergindy gefpgegede its pnte¢i® choi ce of | abel s

appropriate for var\pus, U3 &R dRsd MGHIRSINE MpiATR Gt N Sanbr ook et
al. (Mol ecular Coning: A Laboratory Manual, Col d Spring Harbor, New York,

1989) and AusuB¢rnenatigh of thg pequence binding requirements for a given double-stranded

nucleic acid binding protein, such as a double-stranded DNA binding protein, for

20  example a transcription factor, such as an activated transcription factor. For
example, by constructing a library of different double-stranded sequences and
determining which sequences a particular transcription factor binds to it, it is
possible to rapidly identify the sequence requirements for a given transcription
factor in a high throughput manner. Using the disclosed methods, such double-

25  stranded sequences bound by transcription factors can be rapidly purified from
unbound double-stranded sequences.

In some examples, a partially double-stranded nucleic acid probe includes
two portions, a double-stranded portion and a single-stranded portion. The single-
stranded portion includes a nucleotide sequence corresponding to an index sequence,

30  such as but not limited to the index sequences described in International Patent

Publication WO 2008/147899, which is incorporated herein by reference in its
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Current Protocols in Ml ecular Biology, John Wley & Sons, New York, 1998).
The net hods descri bed above are depicted schematically in FIGS. 8-10. 30
Agai n wi twonefignssée to FIG 8, a sanple 814 is appli edPCo/us2@ooxisanl end
832 of the electrophoresis gel 812. Wth reference to FIG 9, as current is
applied by the application of an electric field to el ectrophoresis gel

812, the biological macronol ecul es (such as the free bionvol ecul es and

conpl exes contai ni ng bi onol ecul es of interest) are separated by the

di stance travel ed through the gel as a function of time (the direction of
mgration is indicated by arrom1836) StiII with 5 reference to FIG 9, (in
whi ch the free bionol ecul es have a | ecul ar weight) the free

bi onol ecul es wPFFaVrHW%PMWB@FH@Ptagm&HWBHWP@gﬁyﬁv8g?ﬁ@HE g of o

nol ecul ar conpex esovisiahl &ﬁﬁ]ic@ﬂd’ﬁ No.BDOBDRES WhRhQf alldih&sBsthicPRGRHSS t he
nol ecul ar conpl exes have | arger nol ecular weights. The sanple 814 that

i ncl uded the f FeédesE oS! @¢iAtes 820 and nol ecul ar 10conpl exes 822 is

el ectrophoresed fOrT@nﬁ&ﬁhggnBBo?hEﬁuﬁﬁhﬂh&h%ﬂ&ukghu&aéa&&9&b9k%”0|eCU|es
820 to elute off distal 834 of el ectrophoresis gel 812 into the buffer

sol ution 818. Unblpurndad pofticnisplectpdsusbthal i gntenougter e rigntiphendiegpl exes

i ncluding the 4 of
el ct r ophor eai Seae G Sharke hAL 5 oifing PR, MR ASLRNTRGED 2 e
retained in 15&brexkmplplropesily dgeblewsti@dedl' heldie aad ﬂupbﬁrmln@omhlesl 8»2304c,’an be
di scarded, for 66?( ”@"18 r%vet‘nerh(t’) gte}maef %}nd gvélltes%lo dout[;f?‘: ﬁ%rﬁnc[e elc gc:lQUf fer

816, or they can e col a co whi'ch can
contain a seWIMmmmgpﬁbhﬁ;mmhhsamﬁcmmkaaxmnHemnhmpbmemghﬂumhﬁﬁphmid t hat

allows the buffer t S but e bionmpl ecyl e 820
(exenplarylgenﬁy%@%gggﬁPém ‘ﬂ%g“%}%ﬁ é%%”ﬁﬁgaméﬂEV%Thbgg ref er ence
to FIG 10, theudki¢ £6d pohesaire §peally @phariesm Hous midRs@dpuant payrs ievegsed, for
exanpl e by rever the polarity, of electrodes 8, 830. The _bi onol ecul es
of I nter ent " szmehruiret BT Ph i QcHPOH biipts b dbed T iskow Fetion 1 n
which they ori g, raad)dtys,tatbamejoegbo(lﬁg btk e@taBsLit BY, BN, 88 45, BbegsnOPhOr esi s
is continued for @erlod of tine sufficient for the conplexes of bound

bi onol ecul es ofPP5PhtaPEsH0 . gbant 86 aBPO8: 3oPBMOBr BRPinE: Eat BEahept t he

el ect rophorgsi $6@ehouB 18, add 200, about 250, about 300, or even greater than about 350
base pairs in length such as 8-50 nucleotides, 8-100 nucleotides, 8-200 nucleotides,
8-300 nucleotides, 8-500 nucleotides, or even greater than 500 nucleotides in length.

For the detection and/or isolation of biomolecules of interest, biomolecules
of interest can include a label. The binding partner(s) of biomolecules of interest
20  caninclude alabel. Thus, in some embodiments, the biomolecules of interest and/or

their binding partners are detectably labeled, with any isotopic or non-isotopic label
known in the art. Non-isotopic labels can, for instance, include a fluorescent or
luminescent molecule, biotin, an enzyme or enzyme substrate or a chemical.

125 I, ‘H isotopes and the like.

Isotopic labels can, for instance, include 338 14C, 32P,
25  Methods for labeling and guidance in the choice of labels appropriate for various
purposes are discussed for example in Sambrook et a/. (Molecular Cloning: A
Laboratory Manual, Cold Spring Harbor, New York, 1989) and Ausubel et al. (In
Current Protocols in Molecular Biology, John Wiley & Sons, New York, 1998).
The methods described above are depicted schematically in FIGS. 8-10.
30  Again with reference to FIG. 8, a sample 814 is applied to a proximal end 832 of the

electrophoresis gel 812. With reference to FIG. 9, as current is applied by the
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nmol ecul ar conpl exes of bound bi onol ecul es of interest 822 can be coll ected,
for exanple using a collector, which can contain sem -perneabl e nenbrane

wi th a nowecolizresseei ght t hreshol d that all ows the buffePC8052010/0pE63

t hrough but retains the nol ecul ar conpl exes 822 (exenplary sem - perneabl e
menbranes are descri bed 30above). I n other enbodi nents, the bionol ecul es of
interest can be collected fromthe upper chanber 802, such as with a

m cropi pette. Bi onol ecul es of interest and isol ated nol ecul ar

conpl exes can be coll ected and used for any purpose, for exanple for
further analysis. In sone exanples t he bi onol ecul es of interest are
nucl ei ¢ acid nol ecul es, a%p nucl ei ¢ .acid nol ecul es to which

e
transcription ﬂ&@fﬁF@‘ﬁé@@“ﬁBﬁﬁ d terglerdrophasesisget b dhedigiogietl used 5t o

separ at e nucl epc@dmbRciB @6 a8 thetRe MYntdlechlcd BREEIMdxeNcInastifg s have bound
from nucl ei c acid nol ecul es that have not been bound by transcription

factors. The cbeprigdss drempnisgeraiddd Ryrthndisrngsttiageied tisrugh dregshiste

col l ected and ﬁﬂ@&%ﬁﬁ%mmf%&dﬁéﬁﬁﬂb@m%%hﬂ%¢§Hﬁwﬂ@&mﬁgémﬁgﬁﬁrSQEth“
I nternational Patent Publication WO 2008/ 147899 Ich is’ iIncorporated

herei n by réfeﬁéﬂ@éﬁﬁmFﬂlg @mwhmbﬂyprhﬂgnﬁapkshamaﬂ@m@améﬁmwpwbmh@at|on WO
2008/ 147899 C! gilhrﬂ%e% oﬁ)e%ﬂl%g {Vhl t?afveHilﬁh?{aE 9¥ﬁn% y ; e‘rnﬁaéo IIﬂ ﬁﬁhlt@fﬂofépular .

60/ 939, 826 whi I's al so 1 ncorporate erein rence rtnits entirety.
I n ot her exanphemﬂmwhQMWamhmﬂsmdmsbhdseﬂmhﬁﬁehmwaadwumddmtmcgewamate

protein coaneFes frombles, RLokgin, for exanple a conplex of antigen and

anti body from ?gémggjndeal é%nversely fromfree anti body. 15Cassette

bodi es accordi ng tdﬂkhﬁmpkéﬁéﬂhldmbd&bhuﬁeabamohhu&wﬁﬁau&edbmﬂmnethods of

forni ng el ect t d/ les of
ntorest 11 8m SruaRAF 827 iRl ErRTBRERG: BBk 2L ePEekilieR BB BRLctr ode and

t he sanpl e, thb®n®LbsItagN0itakluye AV sAg SBMef dléctlopiafresthad¥bginigioakie denat uri ng

t he bi onol ecul e interest, 20C, El ectrophoresis s Th ods and
devi ces d|scIoggﬁﬂﬁ@P@WHﬂpngg?Qg“gﬁ’“H@é Yt lopg capusler 91 h@?é%@’eﬂﬁl for the

separation andlr@l’udﬁ@"tlheflh@rﬁ@lb@ﬂbs%ff1@&r@§ﬁ@t?&ﬂt’e%nﬁdlsthlrﬁn3|8%bﬁ such as
bi onol ecul es of interest in a nolecular npl ex. Electrophore5|s gel s

suitable for tﬁ@“ﬂ?gﬂﬁ%%%ﬂ8#@@H6@§m¥WEPHHE*@%?%“EHRﬁ@?@@aﬁﬁe@H@ 8 nore

25pol ysacchari gesrdpfstedls A3 sagarisk bidthA&ed shd fnard IRRAMOETS ck@AnMONbI nati on
of cross- |inkable nononers, for exanple acrylam de, that can be

pol yneri zed bybulegingghen flow ano the srrresnding balleg 3U6-orshcryere heeillseled.yorani de) and
conbi nations t Q&%ﬁ)‘ﬂi using a collector, which can contain a semi-permeable membrane with a
molecular weight threshold that allows the buffer to pass through but retains the free
biomolecule 820 (exemplary semi-permeable membranes are described above).

20 With reference to FIG. 10, the direction of electrophoresis is subsequently
reversed, for example by reversing the polarity of electrodes 828, 830. The
biomolecules of interest 822 then travel in a direction opposite to the direction in
which they originally traveled (as indicated by arrow 838). Electrophoresis is
continued for a period of time sufficient for the complexes of bound biomolecules of

25  interest 822 to elute from proximal end 832 of the electrophoresis gel 812. The
molecular complexes of bound biomolecules of interest 822 can be collected, for
example using a collector, which can contain semi-permeable membrane with a
molecular weight threshold that allows the buffer 806 to pass through but retains the
molecular complexes 822 (exemplary semi-permeable membranes are described

30 above). In other embodiments, the biomolecules of interest can be collected from

the upper chamber 802, such as with a micropipette.
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The el ectrophoresis gels for use in the disclosed nethods can be nmade from
at | east one polysaccharide, such as at least 1, at least 2, at |east 3, at
| east 4, WO 20286 pol ysacchari des. I n sone enbodi ment CTUSR010/047563

pol ysaccharide is agarose or an agarose derivative, such as an agarose
derivative which contains hydroxyethyl groups (for exanple, those
disclosed in U S. Patent Nos. 3,956,273 and 4, 319,975, or available froma
comerci al source, such as SEAKEMr), or NUSIEVECLl), and the like. In other
enbodi nents, the polysaccharide is cellulose or a cellul ose derivative,
such as hydroxyet hyl cellul ose, hydroxypropyl nethyl, cellul ose nethyl

cellul ose, or the 5like, Agargse and cellulose are simlar in that they are
both Iinear pol y mer Blompjseylesipfriptatestiagd fsplafed naglecylar eeypriges Gamlescollpgied

gl ycosidic |inkaogsd fo@@ﬁjy l%ﬁp&seefoﬁ@aa Etewomrtﬁgraﬁmgﬁé SIn s¥Mié benfRski wat | zed
celluloses remain in solution at hi | ow t enper at ures, agarose

pol ymers form ’E’lﬁéﬂ?ﬁ‘PlPi/Ofﬂ@@@Ptsﬁ‘if%ﬂl%legfeﬁ%d mplgewgshior xRt a1d t he
p0|ysaCChar'denbﬁm&@J@Qﬁﬂ&ﬁﬂB&ﬂluQ@ﬁ&&ﬁﬂwyéB&ﬁﬁhTh&@M@%wﬂQhH&ﬁﬂmLﬁ&ﬁnan

xyl an, or 10ot her polysaccharlde In specific enbodinents, the

pol ysacchar $ detd sspagianedec agid dhetdacylgs i%l@hieane@fptlomfacwr&:@wbbm@lfmm t her eof .
Electrophore5| | cal contain
fromabout 0.1 ‘%%+§§§§§ g@fgg&g%ug(ghg 3?%% %E%%aﬂg?ﬁﬁgkﬁgdgﬁ as about

. 1% about O. Qc%lplez@@u@ntﬁmﬁg/@ucabtamcnctldl%actatsco;am bOcBRgtedipulanalfzeglygor about

. 7% about O. 15.a % bggi 1. 2% about
. 3% about 1. Qmpl US1 Q@ %8)90(% C?esctn%%]]é]o}n teanﬁ% Ifa?%%ﬂ &m? % about

. 9% about 2. %@8/]@58&1{ which% inedoparhite@ h@®tn b&bﬁuﬂen@ iBUs e]ﬁbﬁyi Ii2erd&@onalbout

. 5% about . 2. ut 2. % ut % about 3. 0% about
o0 about® 3. Roen T8l 53 2 BB s Gt B BRLolbS. BRYnT So¢ Apou

. 6% about 3. K‘fo’pho&b@ﬂNo%O% sa®atich & ﬂ%lnﬁiﬂ@ﬁtedﬁ&mﬂb?%ferﬁﬂ@dﬁ itd. 1% about
. 2% about 4. 3% ut 4.4% abqut 4.5% 4,6% ahout 4.7% about

. 8% about 4. %%retébg’tﬂth% CHRRABo e nepthingls d‘é‘"aBi?gthS eE’O/aofe‘éf’B R e84,  about

. 4% about 5. pfacipbRiflexes fdm fREPeih, fdexambRUlcompBYof ARYA afl UboBbout

. 0% about 6.1% about 6.2% about 6. 3@6 about 6.5% about 6.5% about

6% about 6. 7O [EBADLe oBIENVEBHY {ToB! fgganihodynout 7. 0% pol ysacchari de. The
25choi ce ofi5 per cent @€ ddiPEa BT RG 8R PrBn liRELATS csUs Rustd@ resol ution
requi red and the polysaccharide selecte The el ectrophoresis gels
made from cr osBeliphideponypeslectophorpselojsppardizandias prEEdioRRes 9 can

i nclude the regehi@Roflobhhe, ShRbihe fc&)ﬁﬁctr@me%ﬁkhe%cw&una@ﬁe QR feeactl on
product of a mxture of at |east one nnnoner such as at 30l east R

least 2, at | etws sstandallyaseiding thegsk whdamagreomderaturing dheaionelaatle one cr 0Ss-
l'inker, such ag af,least 1, at least 2, at least 3, at least 4 or nore

cross-1inkers
20 C. Electrophoresis Gels

CoOURARAWWNRLREFLPOO

The methods and devices disclosed herein involve the use of an
electrophoresis gel for the separation and/or purification of biomolecules of interest,
such as biomolecules of interest in a molecular complex. Electrophoresis gels
suitable for the disclosed methods include gels composed of one or more

25  polysaccharides (such as agarose), crossed linked polymers (a combination of cross-
linkable monomers, for example acrylamide, that can be polymerized by a cross-
linker, for example N,N'-methylenebisacrylamide) and combinations thereof.

The electrophoresis gels for use in the disclosed methods can be made from
at least one polysaccharide, such as at least 1, at least 2, at least 3, at least 4, or more

30  polysaccharides. In some embodiments, the polysaccharide is agarose or an agarose

derivative, such as an agarose derivative which contains hydroxyethyl groups (for
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sufficient to cross-link the nononmer. Suitable cross-Iinkable nononers

i ncl ude acryl am de, acryl am de derivatives (such as N nethylacryl am de,
N, Ndi met wbaorwyi2sszede, N- (hydroxynet hyl)acryl am de, di aeeTarsacphzes de,
Nhydr oxypr opyl acryl am de, and those disclosed in U S. Patent No.

5, 185, 466), other 5nononers, such as those disclosed in U S Patent Nos.
5,840,877 (for exanple N acryloyl-tris(hydroxynethyl)am nonet hane, or
N-acryl oyl- 1-am no-|-deoxy-Dgal actitol), or a conbination thereof. O her
nmononers that can be used in the disclosed nmethods include the acrylic
nononers based on sugar al cohols disclosed in U S Pat ent Nos. 5, 185, 466
and 5, 202, 007 and those disclosed in 105, 319,046. It is
cont enpl at ed t REMPKn{host dlﬁ%@"’%h‘é%?%“ﬁé@é r3i %égmé?‘b‘i‘ ALY HAvEddle i n t he

di scl osed met hads i BnRkYciABRE IR SBUREM® a5 NIMEVesy | hafde 1Re! wirer gel is
capabl e of separating bionol ecules. In sone enbodi nents, the nononer is

acryl ani de, N- A@etspbediyanisnihg @olymcrhagterstcrlylaseoy p spudrse derivative, such as

N( hydr oxynet hy|,) a6l ungciBiosd h?&@iﬁﬁ%frﬂéﬂ%m aéﬁmoé%rﬁéftﬂﬁ%lylﬁésgp&l gacryl ani de,
N- 15acry|oyI-trls(hydroxynethy ) dm nonet han

N-acryl oy1-1- aliknordargte andceiulogadrasiniitapin, thamthea agdwi et priydrer €. | n
specific enbOdh%gfnghent &&@H&H&’e tleé% ﬁp’%oé‘lhl% es a ﬁ[n%éaﬂiﬁtg!%%gmagem ’

such those descri an ttl rophoresi s -219, 1981
or known to t hgs@e Whﬂ@ &@rJlVIatlzed_cclhéosas ten@gnin lseluu@eed htgh ahétaw eheeruoss| i nked

pol ymer gels f d S 0 ked 20pol ymer gels
suitable for t aro& ?c glg“es %@12&? %E’)Vﬁ%z;)l ngéiis CIP(CS‘E%?? rElISen(Esagﬂia%bl e of

cross-1inking p&gwmﬂmﬁmemgahﬁmmmnbedbhenemmxhHam&qﬂmmﬁmhmdmmawhs(ﬂthe
cross-1link is. N N -ne e ebl e eneblsacrylanlde
i acryl am db obheBUT BRI I RERE DR TG bt R BB rad
ethylenureabisaﬁnmﬁaﬂmdﬁofﬁﬁiudnﬁnaudha@ﬁyfale N, N -dial lyl tartardiam de,
N, N -bis acrylylcystam ne, N N 25di Iene |sacrylan1de

N, N- bi sacryly1 cystlgalFﬁtWQﬁorF?? %%%‘F%‘?E%{Hf theﬁj&g%?fﬁ%&%? STl y contain’from

di hydr oxyet hyl gqgt bil &- @c}rsydcmdéeo awupﬁ%@aly@@c@undacsﬁw AR 0. 19, aBout
conbi nation thereof. In certain enmbod S ss-1inker

nethyleneb|sac?%VaﬁWHéO@@P§¥Mth%S§fo%ﬁ%ﬁ@xﬁa%ﬁ%sﬂ§P@)?@pﬁ@%ﬂi§%used in an

amount of aboulhRPb H%, ARAUT.030%60RY 1. M1 Mot D Mo&f E3BBINSuERPKLab3%e t 0 about
15% by 30 wei ght, based on the total weight of the monomer (such as

acryl ani de) and- 5 gboug | §%s ahquhki fgabayehd %, Hoghk? % prhosehagdeuics 1%,
cross-|inker t)(tRJuF@bJ( Y atictiedibd, Ok S, fddato, 54%Ce[b%§§296%nab99t%’7%>’ab@§t the

percent age of cross-[inker increases. I'n some exanpl es, cross-linked
pol ynmer eIectr%@ﬁmﬂ@@i%9ﬁeN@mu%@%uﬂwaiOﬁthﬁi%t%o@@dﬂhﬁ%hﬁﬁsﬂ%ﬁﬁta|n from

about 0. 1% crogs; | § Bkt JIPH 94 ohl3 8204 Houd P74, about 3.8%, about 3.9%, about
20  4.0%, about 4.1%, about 4.2%, about 4.3%, about 4.4%, about 4.5%, about 4.6%,
about 4.7%, about 4.8%, about 4.9%, about 5.0% about 5.1%, about 5.2%, about
5.3%, about 5.4%, about 5.5%, about 5.6%, about 5.7%, about 5.8%, about 5.9%,
about 6.0% about 6.1%, about 6.2%, about 6.3%, about 6.5%, about 6.5%, about
6.6%, about 6.7%, about 6.8%, about 6.9%, or about 7.0% polysaccharide. The
25  choice of percentage can be made based on factors such as the resolution required
and the polysaccharide selected.

The electrophoresis gels made from cross-linked polymers for use in the
disclosed methods can include the reaction mixture from the free radical
polymerization reaction product of a mixture of at least one monomer, such as at

30 least 1, at least 2, at least 3, at least 4, or more monomers, and at least one cross-

linker, such as at least 1, at least 2, at least 3, at least 4 or more cross-linkers
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5 cross-1linked nononer, such as about 0.1% about 0.5% about 1.0% about
1.5% about 2.0% about 2.5% about 3.0% 3.5% about 4.0% about 4.5%
about 5. OW® 20t10128826. 0% , about 7.0% about 7.5% about EBCOXS2&004TIS68. 5%
about 9.0% about 9.5% about 10.0% 10.5% about 11.0% about 11.5% about
12. 0% about 12.5% about 13.0% 13.5% about 14.0% about 14.5% or about
15.0 cross-linked 10 nononer. The choice of percentage can be nmade based on
factors such as the resolution required and the nononer sel ected. For
exanpl e, a percentage of nononmer is chosen that is capable if resolving a
bi onol ecul e of interest fromfree bionol ecul es. The cross-Iinking

pol ymerization can be initiated in the presence of a 15 peroxide and/or
under i rradi at FBHCIER tirrepsling th wpnemgss Suiahle Gresydinkahe Rappnes inglpdher

accel erat ed bya&ﬁaﬁnc@n&rmfﬁfa@luawagoeswch atNtha@nMh@yighideay - As the
pol ymeri zation cataly known | ow t enper at ure-pol yneri zation initiator

can be used, sél@wﬂyéacm%@ée dedudiossgethy)acsilgmidgsipcrtopgratanide Nect r ophor esi s

2:213-219, 198{,qr&8htdp ﬁ&(}laﬁhw%&ﬂhm@cﬁ&r&s&ﬂw §§ja%n12Ng%ol'8%21%6 L@gd; and
Moder n El ectrop%ore& s edited by 20 Aoki and Nagai (Hirokawa Shoten, 1973).

Exanpl es of 5i nhonemas.suéhmsityge daclriedinbe. BatctdNa- ABHEY Hylcankanm Ypi onitrile
and ammoni um per
N,N,N,N -tet rgr@{ﬁ%?@k&?& nec am nelﬂ{ %B}EB N ac&“‘éyrlr#oaﬁ?lﬂ%#ﬁlé?’%xod| sul f at e,

a m xt ur e of TEENEDt@lh drg cdrmnawn thereaf.cOvibr mandnoms bht can he xged nrethgf TEMED,
riboflavin anddlséﬁgseg ﬂloee gfl(ld? E‘IB ?r fic }nlz)r a‘Iﬁieré’Jl Easgg O\M tg?r e{'fcothr d1sc t rays.

The nost 25common sy em of CC Mt ron 1nv fs pro uction of
free oxygen radi@Gal BatetnyNammlr&SLmﬁpmsﬂ(bz‘(ziﬂem(lﬂdagdmdmosb&hmI@SeBzemeJoof t he

tertiary aljph as el e horetlc

rbod ment 40 of Sohr SRS eaT R oy SRR e RS AERERL e £ or rmat
for exanple i nu&ﬂ&ntﬁaﬁdelsseﬂ&ﬁbﬂgﬂbﬁl anlyltb@Binatidiugielhss, the tekilpsi p&ﬁﬁe&@kl | ari es,
and gel s designed f use Wt rotiter plates and ot her h t hroughput

(HTS) applicat }Scfﬁ%ab%a‘?fdeﬁ%mg jegrolqepiesrglngomg pm ‘éql@e‘i‘t?réli‘eda‘énqnf? Ye described

in U S Patent aioigmid, ﬁl&tﬂﬁ&rylﬁnﬁ@%\li}%m@yﬁé}laﬁﬁ& N6, 059, 948; 6, 096, 182;
6, 143, 154; 6, 162, 338; 562,213, U S. Patent Publications 20020134680,

20030127330 an@l@%%&@ﬂﬁi@@ﬂﬂa@ﬁﬁ diRgairnacRdymiseN- AR PRIy BAYASEde. o
95/ 27197, Y© 99&??%@11{%8@3/@0%&%9%1@%@&&& QRAQVIAPRA PR 1SR -BS

Appropriate sa for use in the nethods disclosed herein i ncl ude any
convent i onal bB@F“é@?lfﬂila cemhippéor thereqlhile ppesisis sphedimantariby @?n%%ﬁf ification of

bi ool ecul es of {13 RIeE A crb3-1ARRL 28, shéh r‘ﬁQéE‘%le%@Q&)inQ’i"elﬁ SRS can be
sanpl es of purified bionolecul e§, “for exanpl e bi onol ecul es %econblnantly or

synthetically E@C@Wd@m@é@ AB- 2;38{11981 & kigvonodhds of ggll ethe yoeande uselbh as an
organism In sq tﬁ@‘&gsfélu?léd é)%@mal s fof ie‘igﬁﬁgfr?s%foﬁecf)&&ﬁbdle%r&@ﬁ gexcreted

by or secreted by any |1ving organi sm e organismis live or
dead), sucBO aspaypendedrsypatiefor the disclosed methods contain a cross-linker capable of

cross-linking the monomers described herein. In some embodiments, the cross-
linker is N,N'-methylenebisacrylamide, N,N'-propylenebisacrylamide, diacrylamide
dimethylether, 1,2-diacrylamide ethyleneglycol, ethylenureabisacrylamide, ethylene
diacrylate, N,N'-diallyltartardiamide, N,N'-bisacrylylcystamine, N,N'-1,2-

25  dihydroxyethylene-bisacrylamide, N,N-bisacrylyl cystamine, trisacryloyl-
hexahydrotriazine, dihydroxyethylene-bis-acrylamide, piperazine-di-acrylamide, or
a combination thereof. In certain embodiments, the cross-linker is N,N'-
methylenebisacrylamide (BIS). Cross linking agents are typically used in an amount
of about 2% to about 30% by weight and preferably about 3% to about 15% by

30  weight, based on the total weight of the monomer (such as acrylamide) and the
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organi smor a eukaryotic organismincluding without limtation,

mul ticellular organisns (such as plants and aninmals, including sanples from
a heal t hyworom®2sgzpar ent | y heal t hy human subj ect or a hBERAUSPEVIOETSH3
affected by a condition or disease to be diagnosed or investigated, such as
cancer), clinical sanples obtained froma human or veterinary subject, for

i nstance bl ood or bl ood-fractions, biopsied tissue. Standard techni ques for
acqui sition of such sanples are avail able. See, for exanple Schluger et
al., J. Exp. Med. 176:1327-33 (1992); Bigby et al., Am Rev. 20Respir. Dis.
133:515-18 (1986); Kovacs et al., NEJM 318:589-93 (1988); and Ogni bene et
al., Am Rev. Respir. D's. 129:929-32 (1984) Bi ol ogi cal sanpl es can
be obt ai ned frﬁrﬁﬁsalﬁwltgraé% &gl{efg‘“éﬁf‘é‘ta(g%&flc&&? H@k‘“fétm‘@}%fﬁs ingstsdpaly

speci men, suchiR&ad ih BpRity BE P p¥berhge ©R BroS ORI} SBreikecel | (whether a primary
cell or cultured cell) or medium conditioned by any cell, tissue or organ.

251 n some enbodi menisomg exingllesgiressinkedpplanerelostpplioresisreelspseialder thaucl ear

extract contai §3.1588medfodl BBt ﬁBﬁ'aﬂ&t@QT% abfechked nfohemaus hishs 1 91 a cell,
and includes for exanple transcription factors, such as activated

transcriptidn ¢metlorked mobetherdsich ey abobt i fai fr‘b@u%@ flacibentr 1. @%tabaetl.Xpe wel |

Kk inth A ids R
11011(5) - 1475 By Lo0a AP E s PHRL L0 B S b U PR T oo

the principl esahm‘utﬁh% ;dbaut [/ e cabowmvEFTt | abnutrtelyfo oboa Bl % @bputl%oqshbmtd be
recogni zed tha h I nI rr anpl es of
bl Todul hi5kE P50 EIDAYITRRLR 256, QLY 1 DAL BLLEP £

the invention and’s
i nvention. Rat henug 13(171% Exipebofit ¢, iabwe nd.5Gnot zs)odtelfsm"t&dssbmkéme fol |l owi ng
cl ai ns. Wé her ef ore glaimas our |nvent{)el;&a(i bsagec& comes . W h| n the scope

and spirit Of PRBYRTTAF FROICC GEeeriiishcay TAEP LS Wt h - an

el ect r ophor esi fesd@tércequiRampd ihs ink@omar leoiil MBdr eeﬁldpla,mbeacedtagé a end
opposite the proxinal %d; ga.frorg face and a back f | east one
¥ P

chanber def i neBl°BYtHe 1 H &esgheeHuoBAER gfd%tere?‘&’é”% dnber

havi ng an uppepiopRlettiey) and a | ower portion, wherein the upper portion
i ncl udes a proximal opening at or near. the proximl end of the cassette and
the | ower portion |HP?ICﬁ%?éémlémaP%lﬁ%l?n%?ﬁéﬁf‘%’d”é{““@)t?dH’eta‘?PlieP’Fé‘C‘H‘i’sataI end of

the cassettg, FOEkiWNEIdRIrRinder irradiation of ultra-violet rays. The reaction can be further
accelerated by heat and irradiation with ultra-violet rays. As the polymerization
catalyst, a known low temperature-polymerization initiator can be used, such as
those described in Gelfi and Righetti Electrophoresis 2:213-219, 1981, Gelfi and
Righetti Electrophoresis 2:220-228, 1981; and Modern Electrophoresis edited by
20 Aoki and Nagai (Hirokawa Shoten, 1973). Examples of initiators include a mixture
of beta-dimethylaminopropionitrile and ammonium peroxodisulfate, a mixture of
N,N,N'.N'-tetramethylethylenediamine (TEMED) and ammonium peroxodisulfate, a
mixture of TEMED and riboflavin, a combination of a mixture of TEMED,
riboflavin and hydrogen peroxide, and irradiation with ultra-violet rays. The most
25  common system of catalytic initiation involves the production of free oxygen
radicals by ammonium persulfate (APS) in the presence of the tertiary aliphatic
amine TEMED.
The gel-based electrophoretic embodiments of this disclosure can be carried
out in any suitable format, for example in standard-sized gels, tubes, minigels, strips,
30  capillaries, and gels designed for use with microtiter plates and other high

throughput (HTS) applications, and the like. Formats for gels include those
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10 the front face conprises at | east one w ndow opening into the upper

portion of the chanber. 2. The cassette according to claim11, further
conpri si NyoaoslenBgzeér neabl e nmenbrane covering at | east aPpousz@n/oefses he at
| east one w ndow openi ng. 15 3. The cassette according to claim 2,

wherein the sem -perneabl e menbrane is renovably secured to the front face
of the cassette. 4. The cassette according to claim3, wherein the

sem - perneabl e 20 nmenbrane is configured to allow buffer solution outside
the cassette to pass through the nenbrane into the upper portion of the
chanber, and to bl ock passage of a bionDIecuIe contained Wi thin the upper
portion of the at |east one ch ette according to claim1,

wherein the ca§§%¥W€‘%5%%?@§@§“§5§P3§§m 59221&5605%H33éé§%84§e according to

claim 1, whereknod e, 6395€44;8,1600BY; 6383 283 UNk tidkah: PQXatiod@Zoobnes s set te
accordlng to claim1, wherein the inner surface of the chamber is

substantial ly @%ﬁpﬁﬁﬁﬁQéwj%W@Qﬁ@i&?6@8@@@&@¢P@§?@%@FG&?@%§‘““) 8. The

cassette accorgygguﬁo“@j@yy%&3\pgthggopgﬂppbqugl@mbored portion formed in
t he back face, wherein the bored portion is configured to allow fluid flow

around the éntlre peri ptfemplest at |east a portion of the |ower portlon of
the chanber. %p? o s%lngféfs FRREOHER! SedlG! cffs%los&PﬁEE’&h e any
dassett d a distal end

cassette, mhereln th nprises a proxi end an
opposite the pcwu%MumMémwpgaﬂﬁmmﬂtﬁﬂamgmanmnambanNOMaméwanmxét | east one

chanber def i negm?@ e\gﬁg Qﬁlrﬁgre‘;tgsoﬁ‘és} L3O sgmgfzxamﬁ)lelgs&%.lr(nip ar%l;r),le sa%BP hapber

havi ng an upper over er portion
i ncl udes an uppmﬂkﬂpﬁnmﬂgmh$1bfame@btmhmﬂ@mhxmﬂnhmemﬁboﬁsymaﬂmamﬁette and

Eggsgf\{\gf Eﬁr t) Ogl];cgl Qr Plﬂ‘gsefi?(s) 1r8]é)g£a nslolq e g&ch% anngrggnlgnrl1elndsl()8t al end of the
examples, samples include those obtained from, excreted by or secreted by any
living organism (whether the organism is live or dead), such as a prokaryotic
organism or a eukaryotic organism including without limitation, multicellular
organisms (such as plants and animals, including samples from a healthy or

15  apparently healthy human subject or a human patient affected by a condition or
disease to be diagnosed or investigated, such as cancer), clinical samples obtained
from a human or veterinary subject, for instance blood or blood-fractions, biopsied
tissue. Standard techniques for acquisition of such samples are available. See, for
example Schluger et al., J. Exp. Med. 176:1327-33 (1992); Bigby et al., Am. Rev.

20 Respir. Dis. 133:515-18 (1986); Kovacs et al., NEJM 318:589-93 (1988); and
Ognibene ef al., Am. Rev. Respir. Dis. 129:929-32 (1984).

Biological samples can be obtained from any organ or tissue (including a
biopsy or autopsy specimen, such as a tumor biopsy) or can comprise a cell (whether
a primary cell or cultured cell) or medium conditioned by any cell, tissue or organ.

25  Insome embodiments, a biological sample is a nuclear extract. Nuclear extract
contains many of the proteins contained in the nucleus of a cell, and includes for
example transcription factors, such as activated transcription factors. Methods for
obtaining a nuclear extract are well known in the art and can be found for example
in Dignam, Nucleic Acids Res, 11;11(5):1475-89 1983.

30 In view of the many possible embodiments to which the principles of the

disclosed invention may be applied, it should be recognized that the illustrated
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conprises at | east one wi ndow opening into the upper portion of the
chanber; a first buffer solution in fluid contact with the | ower opening of
t he | owerwQ2por2s82A; a second buffer solution in flPgrdScannarsss Wit h

t he wi ndow openi ng of the upper portion; and at | east one el ectrode

el ectrically coupled to each of the first and second buffer solutions. 20
10. The el ectrophoresis device according to claim9, wherein the cassette
further conprises a sem -perneabl e menbrane covering at |east a portion of
t he wi ndow openi ng of the upper portion. 2511. A nethod of separating a

bi onol ecul e of interest froma sanple, conprising: provi di ng a sanpl e,
wherein the sanpl e contains a hionolecule of interest and free probes;

| oadi ng the safPPEliBeRibarg oglyPraleired examples pidhe inysntign and hauldapt ke Bisay ;

30el ect r ophor egd ifitihH theSasRI0E HRYn RN IFghe® RNcbENT thOihvehtibh RIeRREd od
sufficient for substantially all of the free probes to elute out of a

di stal end of bPheéefJlgaring ey O, therpiors aim as opr ipygntien ald BRigansa WitHing fj r st
buf fer contai nglscdganh Gariddtenell anmisecul e of interest within the gel;
renoving the first "buffer solution; provi ding a new buffer
solution in5fluid contact with the | ower portion of the
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5cassette; reversing the current with respect to the gel; and
el ectrophoresing the sanple for a tinme period sufficient for substantially
all of theokoormabeeul e of interest to elute out of a pr@®xiraskolendses t he

| ower portion, into an upper portion of the cassette body. 10 12.
The net hod according to claim 11, further conprising collecting bionolecule
of interest. 13. The method according to claim 12, wherein

col l ecting the 15bi onol ecul e of interest conprises withdrawi ng a vol une of
buffer solution containing the bionolecule of interest fromthe upper

portion of the cassette body. 14. The method according to claim 12
wherein collecting the bionolecule of interest conprises securing a
sem - per neabl e Yane over at 20l east part of the upper portion, so as to

prevent substantially all of the bionolecule of interest from passing
t hrough the sem - perneabl e nenbrane into a second buffer solution in fluid
contact with the upber pbeassegp fgfuse weh ameleetophoresis device, compriyig: net hod

according to C|ai”‘Jﬁanﬁ@&ﬁhﬂdﬁ%ﬁﬁﬂé&ﬂ&mBQEtﬁyﬁﬁ%ﬁﬁleEh 25respect to the
gel conprises switching the polarity of a first and second el ectrode in

el ectrical Zontact adrem fachend i pask fapstanslecond buf fer sol uti ons,
respectively. at JcaSt on%@ﬁan%} Ba AL tﬂ? frhft f&Je?ahﬁr‘tle%ﬁclé’ﬂS’J, &N
resp the gel conp C

reversing the current wt espect to rises angl ng the
ori entation of ciandegsivingianlyppepprion ahda bwker patio Gdatisibe opgr pbrect r ode i n

?leggte::![ ::\al-lel ;O n}n%ﬁltdesvg{ ﬁeri%QFoJehirn tat (%r}l%arstﬁé: SrG%m%%r‘fdle tt?eoclagjsteéteo AR the Tower
portion includes a distal opening at or near the distal end of the cassette, and wherein
10 the front face comprises at least one window opening into the upper portion of the

chamber.

2. The cassette according to claim 1, further comprising a semi-
permeable membrane covering at least a portion of the at least one window opening.
15
3. The cassette according to claim 2, wherein the semi-permeable

membrane is removably secured to the front face of the cassette.

4. The cassette according to claim 3, wherein the semi-permeable
20  membrane is configured to allow buffer solution outside the cassette to pass through
the membrane into the upper portion of the chamber, and to block passage of a

biomolecule contained within the upper portion of the at least one chamber.

5. The cassette according to claim 1, wherein the cassette comprises
25  glass.
6. The cassette according to claim 1, wherein the cassette comprises a
unitary body.
30 7. The cassette according to claim 1, wherein the inner surface of the

chamber is substantially cylindrical.
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W02011/ 028826PCT/ US2010/ 047563 17. The met hod according to claim 11,
wherein renoving the first buffer solution conprises draining the first

buf fer sovototrn28s26m a buffer contai ner, and wher ei RCPAUS201GIONTF6R new
buffer solution in fluid contact with the | ower portion of 5the cassette
conprises refilling the buffer container with the new buffer sol ution.

18. The nmethod according to claim11l, wherein renoving the first buffer

sol ution conprises renoving the cassette froma first buffer container
containing the first buffer solution, and wherein providing a new buffer
solution in fluid contact 10with the | ower portion of the cassette
conprises placing the cassette in a second buffer container containing the
new buffer solution. 15

8. The cassette according to claim 1, further comprising a bored portion
formed in the back face, wherein the bored portion is configured to allow fluid flow

around the entire periphery of at least a portion of the lower portion of the chamber.

0. An electrophoresis device, comprising:

a cassette, wherein the cassette comprises a proximal end and a distal end
opposite the proximal end, a front face and a back face and at least one chamber
defined between the front face and the back face, the chamber having an upper

10 portion and a lower portion, wherein the upper portion includes an upper opening at
or near the proximal end of the cassette and the lower portion includes a lower
opening at or near the distal end of the cassette, and wherein the front face
comprises at least one window opening into the upper portion of the chamber;

a first buffer solution in fluid contact with the lower opening of the lower

15  portion;

a second buffer solution in fluid contact with the window opening of the
upper portion; and

at least one electrode electrically coupled to each of the first and second
buffer solutions.

20

10. The electrophoresis device according to claim 9, wherein the cassette

further comprises a semi-permeable membrane covering at least a portion of the

window opening of the upper portion.

25 11. A method of separating a biomolecule of interest from a sample,
comprising:
providing a sample, wherein the sample contains a biomolecule of interest
and free probes;
loading the sample onto a gel in a lower portion of a cassette body;
30 electrophoresing the sample by applying a current for a time period sufficient

for substantially all of the free probes to elute out of a distal end of the lower
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10

15

20
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30

portion, into a first buffer solution in a first buffer container, leaving the biomolecule
of interest within the gel;

removing the first buffer solution;

providing a new buffer solution in fluid contact with the lower portion of the
cassette;

reversing the current with respect to the gel; and

electrophoresing the sample for a time period sufficient for substantially all
of the biomolecule of interest to elute out of a proximal end of the lower portion,

into an upper portion of the cassette body.

12. The method according to claim 11, further comprising collecting

biomolecule of interest.

13. The method according to claim 12, wherein collecting the
biomolecule of interest comprises withdrawing a volume of buffer solution

containing the biomolecule of interest from the upper portion of the cassette body.

14. The method according to claim 12, wherein collecting the
biomolecule of interest comprises securing a semi-permeable membrane over at
least part of the upper portion, so as to prevent substantially all of the biomolecule of
interest from passing through the semi-permeable membrane into a second buffer

solution in fluid contact with the upper portion of the cassette.

15. The method according to claim 14, wherein reversing the current with
respect to the gel comprises switching the polarity of a first and second electrode in

electrical contact with the first and second buffer solutions, respectively.

16. The method according to claim 14, wherein reversing the current with
respect to the gel comprises changing the orientation of the gel with respect to a first
and second electrode in electrical contact with the first and second buffer solutions,

respectively.
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17. The method according to claim 11, wherein removing the first buffer
solution comprises draining the first buffer solution from a buffer container, and
wherein providing a new buffer solution in fluid contact with the lower portion of

5 the cassette comprises refilling the buffer container with the new buffer solution.

18. The method according to claim 11, wherein removing the first buffer
solution comprises removing the cassette from a first buffer container containing the
first buffer solution, and wherein providing a new buffer solution in fluid contact

10 with the lower portion of the cassette comprises placing the cassette in a second

buffer container containing the new buffer solution.

15
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