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GEL ELECTROPHORESIS, IMAGING, AND ANALYSIS

METHODS, DEVICES, SYSTEMS, AND MATERIALS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} The present application claims the benefit of U8, Provisional Patent Applications
Nos, 61237287 fded August 26, 2009, 617237,195 filed August 26, 2009, 617236793 filed

August 25, 2009, and 61236293 filed August 24, 2009, which are mcorporated herein in

thetr entireties by reference.

FIELD

{66021 The present disclosure generally relates o svstems for performing electrophoresis.
The disclosure further relaies to electrophoresis systems capable of stmulianecusly tmaging o
gel daring electrophoresis, The disclosure relates yet further to electrophoresis systems

capable of analyzing an mmaged gel during or after electrophoresis.

BACKGROUND

{0003} Gel electrophoresss s a common procedure for the separvation of biological molecules,
such as DNA, RNA, polypeptides and proteins. In gel electrophoresis, molecules can be
separated into bands according to the rate at which an imposed electnic field causes them 1o
nugrate through a filtening gell A gel enclosed in a glass tube or sandwiched as a slab
between glass or plastic plates can be utilized.  Gels have an open molecular network
structure, defiming pores that are saturated with an electrically conductive buffered solution of

a salt. These pores are large encugh to enable passage of the migrating macromolecules

through the gel.

{0004} Polvacrylamide gels are conumonly used for electrophoresis. Qther gels sunable for

electrophoresis include agarose gels and starch gels. Polyacrylamide gel electrophoresis or
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PAGE 15 popular because the gels are optically transparent, electrically neutral and can be
made with a range of pore sizes. Methods of making PAGE gels are well known, See, for
example, B. Hames and D. Rickwood, Gel Electrophoresiy of Proteins {2d ed. Oxford
Uniiversity Press, 1990 and A, Andvews, Elecrrophoresis {2nd ed. Oxford University Press,
19863 In general, stock sohdions comaining acrvianude monomer, a crosslinker such as
bisacryiamide, gel buffers, and modifving agents sach as sodivm dodecy] sulphate ("SDS™)
ave prepared. These stock sotutions can be stored unnl a gel 15 needed. To manafacture 8 gel,
the stock solutions are muxed with water in proportions according to the final desired
concentrations of the vanons constituents. The gel 13 placed 1 a chamber in contact with
buffer solutions which make electrical contact between the gel and the cathode or anode of an
electrical power supply. A sample containing macromolecules and a tracking dye can be
placed on top of the gel. An electric potential can be applied to the gel causing the sample
nmacromolecules and tracking dve to migrate toward the bottom of the gel The

electrophoresis is halied just before the tracking dye reaches the end of the gel.

[0005] The locations of the bands of separated macromolecules are determined by staining
the macromolecules in a sample staiming apparatus and then imaging the gel m a sepwate
imaging apparatus. Oftentimes, the tmage from the mmaging apparatus must be manipulated
in order o review the results and dentily the positions of the varions bands. By comparing
the distance moved by pwticulsr bands i companison o the tracking dye and
macroniolecules of known mobdiy, the mobility of other macromolecules can be
determined. Thereby, the size of the macromolecules can then be calculated.  Existing
methods of electrophoresis require multiple nme consuming steps and multiple pieces of
larpe equipment to perform the electrophoresis, the gel staining, the muaging, and the image
manipulationdanalvsis. A neged exists In the art for better gel electrophoresis methods,

devices, systems, and materials.

o
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SUMMARY

{0006} The methods, devices, systems, and rnaterials described hevein address these needs by
providing a gel electrophoresis device that performs at least one of the gel processing, Image
capture, and hmage analysis, resulting in, among other things, reduced time for conducting
electrophoresis, reduced instrument cost, and reduced mstrument footprint compared to

existing mstramenis for and methods of electrophoresis.

{6607} According to various embodiments of the present teachings, a gel electrophoresis
device 13 provided that may comprise at least one of a gel processing systam, a gel
tltapupation system, an ymage captare system, and an image analvsis system. The present
teachings alse provide one of more system alone or m combination.  In some embodiments,
the gel processing device may inchide a gel processing system, a gel Hlumination system, an
wage caplure sysiem, and an bmage analvsis svstem.  In some embodiments, the gel
processing device may include one or move gel buffer veservolrs, two or more gel buffer
reservoirs, one or more gel holders, or two or more gel holders. In some embodiments, the
gel processing device may inchide one or more imaging systeras. In some embodiments, the
gel processing device may include one or more image capture systems.  In some
embodiments, the gel processing device may inclade one or move image analysis systems. In
some embodiments, the gel processing device may include one or more processors. In some
embodiments, the gel processing device may include any otber suitable components for
processing andfor analyzing a gel, including but not Hmited to coupling, purification,

isolation, or any other component for downsiream processing of the gel

[6608] According o various embodiments, a method of performung gel electrophoresis is
provided that may comprise at least one of obtaining a gel electrophoresis system, obtaiing

at least one sample labeled with a Huovescent dye, performing electrophovesis on the at least
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one labeled sample, and imaging the at least one labeled sample. 1o some embodiments, the
method of performing gel slectrophoresis may include obiaining a gel elecirophoresis system,
obtaining at least one sample labeled with a fluorescent dye, performing electrophoresis on
the at least one labeled sample, and maging the at least one labeled sample. The meihod
may fivther include analywing the boaged sample, obtmning a hard copy of the analyzed
mage, andfor electrophoresing a labeled protein standard simulaneously with the lubeled
sample.  In some embodiments, at least two proteins are included in the labeled protemn
standard and are labeled with the sume fluorescent dve as the labeled sample. In some
embodiments, the method may forther mchude determinimg the molecular weight of the
labeled sample, determimng the relative amount of at least one labeled protein in the sample,

andfor deternuning the absolute amount of at least one labeled protein in the sample.

BRIEF DESCRIPTION OF THE DRAWINGS

{00091 A better understanding of the features and advantages of the present disclosure will be
obtaingd by reference {p the accompanyving drawings, which are imended to idlustrate, not

fimit, the present teachings.

[6610] FIG. 1 15 a schematic representation of a gel elecirophoresis device i accordance with

an embodiment of the present teachings.

{0811} F1G. 2A s a perspective view of the gel electrophoresis device shown in FIG, T with

the houosing lid open and showing the gel nmming tanks removed from the system.

{6612} FIG. 2B 15 a perspective view of the gel electrophoresis device shown in FIG, 24,
wherein the housing {id is open and the gel running tanks are positioned i the gel runmng

chamber.
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{8613} FIG. 34 is a schematic represeniation of an exploded perspective view of a gel

running assembly in accordance with an embodiment of the present teachings.

[6014] FIG. 3B is a perspective view of the gel running assembly shown m FIG. 3A in an

assembled state.

{8615} FIG. 4 1s an exploded perspective view of the gel electrophoresis device shown in
FIG. 1.

0016} FIG. SA is an exploded perspective view of the electronie assembly of the gel

electrophoresis device shown in FI1G, 1.

0017} FIG. 5B is a perspective view of the electronic assemibly shown in FIG. SA, n an

assembled state.

[0018] FIG. 64 15 an exploded perspective view of the hmaging systemn of the electrophoresis
device shown in FIG.1, including the camera assembly and the hight emitting diode {LED)

assembly,

[8619] FIG. 6B is a backside perspective view of the imaging svstem shown m FIG. 6A

an assembled stage.

[6020f FIG. 7A 15 an exploded perspective view of the LED assembly of the gel

electrophoresis device shown in FIG.

{8621} FIG. 7B s a fvont perspective view of the LED assembly shown in FIG. 7TA, in an

assembled state.

{8622} FIG. 7C is a rear perspective view of the LED assembiy shown m FIGS. 7A and 7B,

w an assembled staie.



WO 2011/025781 PCT/US2010/046491

{80231 FIG. 8A is an exploded perspective view of the camera assembly of the gel

glectrophoresis device shown in FIG. 1.

{80624} FIG. 8B 15 a front perspective view of the camera assembly shown in FIG. 8A m an

assembled state.

DETAILED DESCRIPTION OF THE BISCLOSURE

[0025] According o various embodiments, the present teachings provide a gel
electrophoresis device, an embodiment of which is shown by reference numeral 20 in FIG. 1
Gel electrophoresis device 20 comprises a housing 22, a base 24, an LCD display 26, a user
interface 28, and a housing hid 30. LCD display 26 may be operably associated with user

mterinece 28,

[00826] A perspective view of gel electrophorests device 20 m an open configuration s shown
in FIG. 2A. As can be seen, g gel tank chamber 32 may be provided within housing 22 of gel
electrophoresis device 20, Gel tank chamber 32 may provide an interior compartment for a
gel running tank 34, As shown in FIG. 2A, gel running tank 34 15 removed from or in a
disengaged position from the gel running chamber 32 of housing 22, Within gel running tank
34 may be at least one buffer reservoir 36 and operably associated with buller reservoir 36
may be af least one gel cassetie 38, As shown in FIG. 2A, gel runmng tank 34 may melude a
buffer reservoir 36 divided i two portions; however, i some embodiments, one or more
portions may be provided rather than two in particular. Similarly, as shown in FIG. 24 two
gel casseties 38 are shown operably assoctated with buffer reservoir 36, but for vavious
embodiments one or more gel casseties 38 may be provided. Also shown in FIG. 24 15 1 gel

imaging system 40, which may be operably associated with gel tank chamber 34, FIG. 2B

afye
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shows the gel electrophoresis device 20 of FIG. 2B i a perspective view and in an open
confliguration in which gel ronming tank 34 15 inseried into and operably assoctated with gel
tank chamber 32, in both Figures 2A and 2B, housing Iid 30 is i an open configuration in

respect to housing 22,

{8627} FIG. 3A s a schemautc representation of an exploded perspective view of gel
glectrophoresis device 200 Gel cassetigs 38, two of which are shown for demounstrative
purposes, may be provided as well as respective wedge well combs 46 capable of operatively

associating with the pel casseftes. A gel holder 42 may be operably associated with boffer

P

reservolr 36, allowing sertion of gel cassettes 38, At least one [ivst electrode 50 may be
capable of being operatively associated with buffer reservow 36, At Jeast one second
electrode 32 may be capable of being operably associated with clamps 48, Rubber gaskets 44
are also shown and are capable of bemg operatvely associated with the bufter reservoir 36

and gel casseites 3.

{0028} FIG. 3B is a perspective view of gel running tank 34 shown disengaged from gel tank
chamber 32 of electrophoresis device 20 and including the baffer reservoir 36, with gel
cassettes 3R nseried into buffer reservoirs 36, In some embodiments, also inserted nto and
aperatively associated with bufler reservoir 36 may be rubber gaskets 44, clamps 48, and
electrodes 52 Electrodes 30 are also shown as operably associated with gel running tank 34
and reservoir 36, Electrodes 50 and 32 can together form electrode pairs across which an

electrokinetic Held may be estabhished.

[6629] FIG. 4 s an exploded perspective view of gel electrophoresis device 200 The
following components are collectively operably associated together snd form parts of gel

glectrophoresis device 20, Upper housing 54 is operably associated with housing 22 and

formms parts of the same. Housing lid 30 is operably associated with upper housing 54, for
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example, through one or more hinges. A display cover 56 can include a forward-facing
poriton constibuting user interface 28 (FIG. 1), Display cover 36 i shown operably
associated with upper housing 34 and at least partially rests above displav 26, Operably
assoctated with the display 26 s processer 58 A profective window 64 i3 operably
associnted with the gel tank chamber 32, Within gel tank chamber 42, Is gel running tank 34
and buffer reservoir 36, Gel cassettes 38 are mserted and operably associated with bufter
reservolr 36, A running tank seal 62 is operably associated with and forms part of gel tank
chamber 32. i some embodiments, a fow level controller 64 may be present. A chassis 66 s
operably associated with the gel tonk chamber 32, as well as other compartiments of
electrophoresis device 20. A camera assenmbly 68 is provided and s operably associated with
gel tank chamber 32, A light emiting diode (LED) assembly 70 is provided operably
associated with camera assembly 68, A safety switch 72 15 operably associated with LED
assembly 70, A first power supply 74 15 provided and a second power supply 75 may also be
provided. In some embodiments the first power supply 74 may comprise a low voliage
power supply, second power supply 75 comprises a high voltage power supply, or vice versa.
Power supplies 74 and 73 may be integrated to fornt a continuous power device. An offton
switch 76 may be operably associated with at least one of first power supply 74 and second

power supply 75, A fan 78 may be operably associated with housing 22,

18030} FIG. SA is an exploded perspective view of gel electrophoresis device 20 with
housing 22 removed. Shown in FIG. SA are the followmg components that are collectively
operably associated with each other and with and within gel slectrophoresis device 20
Processer 5§, touch screen display 26, chassis 66, fow level controller 64, [irst power supply
74, secondd power supply 75, electrode connectors 31 and 53, camera assembly 68, safety
swiich 72, LED assembly 70, as well as on-off switch 76, fan 78, and Ethernet port 80,

Corresponding to FIG. 5A, FIG. 5B is a perspective view of assembled gel electrophoresis
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device 20 with housing 22 removed. Shown in FIG. 3B are the following components which
are collectively operably associated fouch screen display 26, chassis 66, LED assembly 70,

power supply 74, and on-~off switch 76,

[8831] FIG. 6A s an exploded perspective view of gel imaging system 44, including camera
assembly 68, camera holder 82, and LED assembly 70, FIG. 6B i3 a perspective view of gel
maging sysiem 68 i an assembled confizuwation corresponding to the exploded view shown
in FIG. 6A.  LED assembly 70, camera 6%, and camera holder 82 are shown in operable

association.

{8632} FIG. 7A 15 an exploded perspective view of LED assembly 70, Shown are LED
printed cirouit board (PCB) assembly 84, membrane hight protective tube 86, of which there
may be one or more, and camera protective tube 88, of which there may be one or more
present. A primary filter 90 is shown operably associaied with lier bracket 92, which in turn
is operably associated with filer colenoid 94, Also shown i a secondary filler 96 and
diffuser 98, FIG. 7B shows a first perspective view of one side of LED assembly 70. A
secondary filter 96 is shown as are sample well hghts 100, 102, and 104, The nuwber of
sample well lights can be one ov more.  Lights 106, 108, 110, 111, 112, 114, and 116 are
shown, but the number of membrane lights can be one or more. The namber of sample well
lights and membrane lghts may be varied as appropriate for a particular embodiment. LED
PCB assembly 84, diffuser 98, and a secondary filter 96 are also shown. FIG. 7C shows a
second perspective view of LED assembly 70, from a side opposite that shown in FIG. 7B.
Depicted m FIG. 7C, and operably associated with one another, ave the following components

- primary filter 90, filter bracket 92, {ilter solenoid 94, and LED PCB assembly 84,

5.
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[8633] FIG. &A shows an exploded perspective view of camera assembly 63, FIG. 3A shows
camera PCB 11X, lens holder 120, and lems assembly 122, FIG. 8B s an assembled

perspective view of camera assembly 68 corresponding to that shown in FIG. 8A,

[8834] In accordance with vatious aspects of the presemt disclosure, a gel electrophoresis
device is provided that can comprise a gel processing system, a gel illapunation system, an
mage capture system, and an image analysis svstem; wherein the systems can be operably
associated and avtomated. In some embodiments, the gel processing systems comprises at
least one gel bulfer reservoir. In some embodimenis, the gel procassing gysiem comprises al
least two gel bufler reservons. In some embodiments, the al least one gel buffer reservoir
comprises at least one gel bolder. In some embodiments, the at least one gel buffer reservoir
comprises at feast two gel holders. In some embodiments, the gel processing system
comprises at least one anode and at least one cathode. In some embodiments, the gel
processing system comprises at least one anode and at least one cathode for each of the at
least one gel holders. In some embodiments, the gel processing system may also comprise at

least one power supply.

[0035] In some embodiments, the gel dlumination system may comprise at least one hight
source.  The at least one light sonrce may be configured to Hlununate at least one

electrophoresis gel when the gel is placed in the gel processing system. In some

embodiments, the at least one light source may conwprise at least one blue light source. In
somne embodiments, the at feast one fight source, emits light in a wavelength range of from
about 400 nm to about 800 nm. For example, in some embodiments, the at least one light
source may emit light in a wavelength range corresponding to blue light (~475 um). In some
embodiments, the at least one light source emits light in a wavelength range of from about

500 nm to about 700 nm. In some embodiments, the at least one light source emits light i a

wavelength range of from about 520 nm to about 640 nm. In some embodiments, the at least

-10-
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one light source comprises af feast one LED such as, for example purposes only, at least one
LED blue Heght source. In some embodiments, the at {east one LED light sowrce comprises
mliiple LEDs such as, for example purposes only, a blue hight soarce comprising multiple
LEDs. In some embodiments, an LED driver may be provided.  Any appropriate type of
LED may be used. In some embodiments, a Cree XREBLU series LED 15 used, available
from Cree Incorporated, of Durham, North Caroling.  In some embodiments, at least 2, at
lenst 4, at least 8, at least 16, at least 32, at least 40, at least 64 LEDs are used with or withowt

a diffuser.

{6636} lu some embodiments, the at least one light source niay comprise at least two light
sources.  The gel sllumination system may comprise at least one light source for each
electrophoresis gel placed in the device. In some embodiments, the gel Hlomunation system
may further comprise at least one light~focusing device or at least one light manipulating
device. The at least one light focusing device or at feast one lght manipulating device may
be selected from the group consisting of lenses, murrors, filters, wave plates, a combination
thereof, and the hike, or any other suitable hght manipulating device. In some embodiments,
the at least one light focusimg device or at least one light manipulating device may comprise
at least one light mtensity controlling compoueni. The at least one hight ntensity controlling
component may be configured to control the intensity of the light illuninating a position at
which an electrophoresis gel 18 placed into the device when the device is being used for
electrophoresis. In some embodiments, the at least one hight sowrce may be pre-configured
stich that no additional manipulation of the gel Hlununation system is required, bevond
automatic or manual activation of the system. The light source may be configured to provide
sufficient iHumination for successful image capture at the position at which an
electrophoresis gel is placed into the device when the device is bemyp used for

electrophoresis.

-11-
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{86371 In some embodiments, the image capture sysiem may comprise at least one digital
camera. The camera may comprise a complementary metal-oxide-semiconductor {CMOS}
device. In some embodiments, the at least one digital camera may comprise at least 1.2
megapixels.  In some embodiments, the mmage caplure system may conyuise ai least one
digital camera for each electrophoresis gel placed n the device. In some embodiments, the at
feast one digual camera may be configured to capture images at the position at which at least
one electrophoresis gel s placed in the device when the device s being used for
electrophoresis. In some embodiments, the at least one digital camera may be pre-configured
such that no additional manipulation of the image capture system i required, beyond
amtomatic or manual activation of the systeny, (o provide successful image capture at the
position at which gn electrophoresis gel is placed into the device when the device is being
used for electrophoresis. In some embodiments, the image capture system may be configured

to provide regl tme maging of at least one electrophoresis gel during electrophoresis.

{0038} In accordance with another aspect of the present teachings, 8 method of performing
gel electrophoresis s provided. The method can comprise the steps of obtaining a gel
electrophoresis device, obiaining at least one sample labeled with a fluorescent dye,
performing electrophoresis on the at least one labeled sample, and imaging the at least one
labeled sample. The performmg and imaging steps may be operably associsted with each
other and automated. In sonte embodiments, the electrophovesis device is automated. The
method may further comprise analyzing the wnaged sample. The method may further
comprise obtaining a hard copy of the analvzed image, for example, a printout. In some
embodiments, the method may further comprise electrophoresing a labeled protem standard
simultaneously with a labeled sample. In some embodiments, at least two labeled protein
standards may be used and may be labeled with the same fluorescent dye as used to label the

sample. The method may [orther comprise determuning the molecalar weight of the labeled

-12-
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sampie.  In some embodiments, the method may further comprise determning the velative
amowt of at least one labeled protein in the sample. In some embodiments, the method may
forther comprise deterpining the absolote amount of at least one labeled protemn in the

sample.

{8639} In some embodiments, an electrophoresis method may be performed in less than
about 30 mimes. In soms embodiments, the method may be performed in less than about 20
minutes. In some embodiments, the method is performed in less than about 15 minates. The
maging may comprise exposing the labeled sample to at least one light sowrce. In some
embadiments, the hnaging may comprise exposing the labeled sample to at least one blue
light source. In some embodiments, the at least one blue light source may comprise an LED
blue hight source. In some embodiments, the at least one hight source emits light in a
wavelength range of from about 400 nm o about 800 nm, such as for example ~475nm
which corresponds to bloe hght. In some embodiments, the at least one hght source enuts

blue Light in a wavelength range of from about 520 mm to about 640 nm.

{66401 The gel electrophoresis device of the present teachings may comprise an integrated
gel-based cassette mstrument and an analysis system for protein analysis. The device may
carry out a workflow for gel electrophoresis, providing a lhmted processing step process that
encompasses introduction of one or more samples o an electrophoresis gel through

genergtion of a results report. 1n some embodiments, the device may be automated.

{0041} In some embodiments, the electrophoresis device may provide for the processing of
an electrophoresis gel from the point of iatreduction of one or wore samples to ap
electrophoresis gel through generation of a report of results. In some embodiments, the
processing may be accomphshed m less than 60 munates, less than 35 minutes, less than 50

minutes, or fess than 45 minutes,
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{8042} In some embodiments, the device mmy provide for real-time imaging of
glectrophoresis gels i the device during an electrophoresis tun.  In some embodiments, the
real-time imaging may include real-time dlumination and mmage capture of electrophoresis
gels v the device during an electrophoresis run. The wmagme may include activation and
imaging of either or both of visible andfor fluorescent bands and band migration during an

electrophoresis run.

8643} In some embodiments, the gel electrophoresis device may be configured to run one or
more gels at the same time, such as muliiple gels at the same time, for example, from two o

six gels, such a

o

2.3, 4, 5, or 6 gels at the same time,

[B844] In some embodiments, the gal electrophoresis device may comprise an integrated
instrument that may run, mage, and analyze one or more gels at the same time.  In some
ambodiments, the device mav be integrated or fully inlegrated in that it may not requirg an
external power supply, & separate conyntter or a central processing unit for control of the
device, control of gel processing such as control of the electrophoresis process (including but
not Hmited to one or move of voltage, carrent, andfor time used for the electrophoresis
process), control of gel dHlumination, control of tmage capture, control of 1mage processing,
audfor control of post-electrophoresis analysis using an onboard user interface. The control of
analysis may comprise, but may not be limited to, control of image analysis and/or conwel of
report generation and display. Tn some emboduments, the gel processing device may include
any other suitable components for processing andior analyzing a gel, including but not
houted to coupling, purification, isolation, or any other component for downstream

processing of the gel.

8045] In some embodiments, the gel electrophoresis device miay be integrated or fully

E=

integrated in that it may include gt least two of! a gel provessing systeny, a gel illumination

- 14-
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system, an uynage capture system, an analyvsis and control svstem, a power sapply, a display, a
computer, andfor a central processing unit, In some embodiments, the device may include a
data transfer system such as a read-write CD ROM Drive or DVD drive, at feast one USB
pot, andfor at least ong Hihernet port.  In some embodiments, the device may include pre-
loaded software andfor Application Speeific Integrated Circuits (ASICS} that may enable the
control of the device, control of the image capture, control of the processing and analysis,
andfor control of displaving andfor exporting the results. In some embodiments, the analysis
may include one or move of molecular weight estimation for each of the individual bands,
band percentage {% purity), and relative or absolute guantification of at least one analyie

front one or more gel images captured by the device.

{6646} In some embodiments, the device may be configared © fmage a blot membrane and
link 1t 1o the gel run data stored within the device. In such embodiments, the device may
additionally include a white Light source, an EPT fluorescence source, and a holder for a blot
membrane. In some embodiments, the device may calculate the molecular weight estimation
for each of the indrvidual bands, calculate lane wdentity, and calculate relative or absolute

gquantification of at least one analyte based from the blot membrane.

{66471 I some embodiments, the device may be used with electrophoresis gel and buffer
systems and methods as described, for example, in US. Provisional Patent Application
614236293, filed August 24, 2009, the contents of which are hereby incorporated by
reference in their entirety. In some embodiments, the device can be used 1 accordance with
the methods and standards and stams described i U.S. Provisional Patent Application No.
617236795, filed August 25, 2009, the contents of which are hereby incorporated by
reference 1n thewr entirety. In some embodiments, the device can be used with gel cassettes

andd combs configured as described ina US. Provisional Patent Application No. 61237 195,
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filed Augast 26, 2009, the contents of which are hereby incorpovated by reference i their

aniirety.

[6048] In some embodiments, the device provides for a user o directly observe sample
loading in wells of an glectrophorests gel when the gel is i the msinument.  The device may
be configured {o {it on a laboratory bench top. In some embodiments, the device has a weight
that is {ess than 35 kg, a height that is less than 33 mmy, a width that i3 less than 60 mm and a
depth that s less than 70 mo  In some embodiments, the device may inclade dve front
racking for molecular weight (MW} calculation and in some embodiments can include dye
fromt tracking as an auvtommbtic run-stop opiion.  In some embodiments, the device may
provide an gutomatic run~-stop based on g fived time, such as a user selected time or a pre-
loaded protocol time. The tming system may inclode a user override capability to stop early

or o extend a ran.

{6649} In some embodimens, the gel processing system may be configured to process one or
maore electrophoresss gel casseties, such as from 1 10 6 gel casseties, from 1 to 4 gel cassettes,
from 1 to 3 gel cassetes, from 1 1o 2 gel casseties, or a single gel cassette.  In some
embodiments, the gel processing system and the device may be configured to process more
than one gel cassette simultaneously.  In some embodiments, the gel processing svstem and
the device may be configured to process at least two gel casseties sunultaneously. In some
embodiments, the gel processing svstem may be configured to mdependently (whether
simuitaneously or serially} process two or more gel cassettes. In some embodiments, the gel
processing system may include gt least one runoing tank, for example, from | o 6 nouvung
taunks, for example, from 1 to 4 running tanks, from 1 to 3 running tanks, from 1 to 2 running
tanks, or a single running tank. In some embodiments, 8 rumming tank may be partitioned into

multiple separate rumung reservoirs, such that multiple gel casseties may be run at the same

fime iy a single rung fank without cross contamination between the running reservoirs. In
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some embodiments, each gel cassette may have a separate running tank. The nunning tank
and/ov ronming veservolrs may mclude a fill level mdicator andfor a hiquid level controller. In
some embodiments, the device may be configwred to provide for active temperatare control
of the bulfer tank. In other embodimenis, the device may be configured for passive

temperature control of the running tank.

[8050] The runming fank may nchude a gel holder for each gel cassette that may hold the gel
cassetie i a vertical ortentation during processing and may help to seal the gel cassetie in the
running tank. In sonwe embodiments, the gel holder may be movable such that a user may
adjust the vertical posttioning of a gel cassette within the gel holder. In some embodiments,
the gel holder may be configured to act in conjunction with a gel cassette assembly and may
comprise at least one sealing gasket, 8 seal and lock frame, and a cam lock handle to seal the

gel cassetie i the running tank.

{66511 I some embodiments, the seal and lock frame may be configured to recerve a gel
cassette.  The seal and lock frame may receive the gel cassette via mteraction between
protrusions or slots on the gel cassette with slots or protrusions on the seal and lock frame. In
somne embodiments, the seal and lock frame may also include anode and/or cathode contacts
and anode andfor cathode wires that may be sealed from the rest of the numng reservoir via a
sealing pasket. Each of the contacts andfor wires can independently comprise any suitable
conducting substance, for example, a metal, copper, platinum, paliadium, gold. alloys thereof,
and the like, or any other suitable conductive material. In some embodiments, the cam lock
handle may be included with the seal and lock frame and may be used to exert pressure
agamnst the seal and lock frame to ensure proper sealing of a pel cassetie within the running
sank. The seal and lock frame may be configured such that real-tume umage capture using

other systems within the device is not inferfered with by the seal and lock frame.
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[8052] In use, & gel cassetie may be loaded inlo a seal and fock frame and a sealing
mechanism, such as a sealing gasket, may be placed along at least one edge of the seal and
lock frame to form a gel cassette assembly. The gel cassette assembly may be placed into a

gel holder in a nomng reservolr of a running tank and a cam loek handle may be engaged o
lock and seal the assembly m place. The cam lock bandle may also be ased to help place the
cassette mto the holder or for removal afler processing. The relevant buffers may be added
into the running reservorr and the gel may be electrophoresed and further processed using the
other device components. In some embodiments, the gel processing system is pre-configured
such that no addittonal mampulation of the gel illumination system andfor the image
capturing svstem and/or the image analysis system 15 required, bevend antomatic or manual
activation of the system. After an electrophoresis gel1s placed into the device, the device may
be used for electrophorests and may provide suitable gel processing, mmage capture, and

image analysis.

{0053} In some embodiments, the gel processing system may be connected to at least one
internal power supply, which may provide the power supply needs used to electrophorese the
gel cassettes for which the device 15 configured. In some embodiments, muliple power
supplies may be used depending on the number of gel cassettes for which the device i
configured to process. In some embodiments, the gel processing system may include contacts
that may be comnected to the relevant power supply via contacts in g hd that fits over the
running tank. In this manner, the gel processing svstem may be wolated from the electrical
system of the rest of the device, while the lid is open, and when the hd 13 closed the electiical
contacts in the Hd may interact with the anode and cathode contacts of the gel processimg
system to provide the electrokinetic fields appropriate for electrophoresis.  In some

embodiments, the arrangement of the various contacts on the lid and the gel assembly may
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prevept running an electrophoresis when the assembly andfor the gel cassette is wnstalled

backwards.

{80654} In some embodiments, the gel electrophoresis device may include a gel illumination
sysiem.  Any switable dlumimation systemy may be used.  In some embodiments, the gel
ilunination system may include at least one light source. The Hght source may emit white
{ight, or may emit any suitable wavelength of highi, for example, light of 2 wavelangth useful
o excite hght sensitive molecules that can be in the sample andior are included with
standards that are being processed v a gel casseite of the device. In some embodiments, the
at least one hight sowrce may be configured to lluminate at least one electrophoresis gel when
the gel 1s placed in the gel processing systemy.  In some embodiments, the at least one hght
source may comprise or consist of a single lamp Heht source, a multiple lamp light source,
one or more LEDs, or one or more arrays of LEDs. In some embodiments, the at least one
Light source may enut white hght and may inclode one or move filters that exclude light of

gel cassettes in the device. The wavelengths

i

undesirable wavelengths from itluminating the
that may be filtered out as undesirable may nclude those that are not suttable for exciting the
relevant light sensitive molecules 1n a manner to provide a clear signal for the image capture
system to wentify, or may include wavelengths that overlap with enussion beams that are to

be imaged.

|0055] For examaple, in some embodiments, the light source may comprise a blue light
source, such as a blue LED. a blue lamp, or a white LED or lamp used with a blue filter. The
blue hight enntted from the blue light source may be i the wavelength range of from about
435 nm o about 500 nmy, from about 440 nm o about 490 am, for example, from about 450
nm 1o about 475 am, from about 460 nm to aboutl 470 am, or about 475 nm.  In such an
example, the light sensitive molecules that may be used (o Iabel a sample or a standard that 1s
being processed on a pel cassette may have an excilation wavelength within the wavelength
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range of from aboat 440 am (o about 490 am, for example, from aboal 4530 nm 1o about 473

wn, [rom about 460 nm to about 470 am or aboul 473 nm.

{8056} In stime embodiments, the wavelength range of the Hight souwrce is within about 20 nm
of the maximum exciation wavelength of the light sensttive molecales. It should be
anderstood that any switable hight sensitive molecules may be used and that sach light
sensitive molecules may have different excitation wavelength ranges than the ranges of blue
Iight exemplified above. In such cases, suitable lamps, LEDs, filters, and other optical

componenis may be used that provide appropriate exciation wavelengths,

{8057} In some embodiments, the gel ilumination system may inclade more than ope light
source. In some embodiments, the gel iHlunynation svstem may have at least one hghi sowrce
for each numing reservoi/gel cassette assembly in the device. In some embodiments, the gel
tlumination system may mclude more than one highi source oy each nowing reservoirigel
cassette assembly, such as 2-10 light sources, 3-8 light sources, or 4-6 light searces. In some
embodiments, the hght source may comprise an arvay of LEDs. In such a manner, a single
hight source may mclude, for example, from one to 30 LEDs, from two to 40 LEDs, from
three to 30 LEDs, from five to 23 LEDs, from six to 20 LEDs, from seven to I8 LEDs, or

from eight 1o 16 LEDs.

{0038} In some embodiments, the gel lummation system may include one or more hght
focusing andfor lght manipulating devices that may be associated with all, some, or one of
the light sources of the fllumination system. In some embodiments, the light focusing or hght
manipulating devices may be selected from filters, colored filters, neatral density filters, low
pass filters, high pass filters, bundpass filters, dichroic filters, murors, dichroic mirrors,

lenses, collimating lenses, wave plates, wave guides, prisms, defraction gratings, baffles,

bean splitiers, combinations thereof, and the Hke, In some embodiments, the hght focusing

-20-



WO 2011/025781 PCT/US2010/046491

or hight mampulating device may comprise a light intensity controlling component. In some
ambodiments, the hight intenstly controlling component may comprise a neuiral density Dlter
or a voltage controller for controlling the voltage supplied to {and thereby the intensity
antted from) the hight source. In some embodiments, controlling the intensity of the hight
source provides for improved dynamic range over existing gel ifhanination systems. In some
embodiments, the at least one light soprce may be pre-configured such that no additional
manipulation of the gel Huminmion system andior the gel processing system s required,
bevond automatic or manual activation of the system or a combination of both manual and
automatic, to provide sufficient humination for successful image capture. The configuration
may provide image capture af the position at which an electrophoresis gel s placed mto the

device when the device 1s being used for electrophoresis.

[8039] In some embodiments, the device may include an image capture system that may
capture real-time 1mages of 8 gel during processing and provides the images to & computer
control and analysis svstem of the device. The image capture system may be configured o
capture a pre-processing image of electrophoresis gels, prior to nitlation of the gel
processing, for use by the mmage analysis svstem for background subtraction. In some
embodiments, the tmage capture system may comprise a digital camera.  In some
embodiments, the image capture svstem comprises a digital camera capable of producing
output tmages of greater than 300 DPL, such as 300 DPI o 3000 DPI, sach as 300 DP 1o
2600 DPL, such as 400 DPI to 2200 DPY, 460 DPI 1o 2000 DPL, 300 DPI o 1600 DPL, 300
PP to 1200 DRI 300 DP o 800 DPL or 300 DPL 1o 600 DPL I should be understood that
anty suitable output mmage DPI 15 acceptable, for example, at least 300 DPL In some
embodiments, the image capture sysiem may be configured to provide the captured image m
any suitable mmage {ile format, for example, as a pdf file, 3 TIFF file, or a bumap file

Simlarly, the resolution of the captered image may be greater than about | megapixel, for
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example, from about 1 megapinel to about 6 megapixels, from abowt 1 megapixel o about §
megapixels, from about 1.1 megapixels to about 4.5 megapixels, from shoutl 1.2 megapixels
to about 4.0 megapixels, from about 1.3 megapixels to abowt 3.5 megapixels, from about 1.4
megapixels o aboul 3.2 megapixels, from about 1.5 megapixels {0 about 3.0 megapixels,
from about 1.6 megapixels to sbowt 2.8 megapixels, from about 1.7 megapmxels to about 2.5
megapixels, or from 1.8 megapixels to abont 2.2 megapixels. It should be understood that
any suitable fmage resolution is acceptable, for example, a resolution of at least about |
megapisel. In some embodiments, the image capture system may include one or more tmage
focusing or image mampalating devices such as devices selected from filters, marrors, tenses,

and the hike,

{6660} In some embodiments, the gel electrophoresis device may include at least one image
capture sysiem for each rumming reservoir/gel cassette assembly in the device. In some
embodiments, the image capture system includes move than one digital camera for each
mmning reservoirfgel cassette assembly.  In some embodiments, the at least one tmage
capture system is configured to coplure images at the position at which at least one
electrophoresis gel is placed in the device when the device is being used for electrophoresis.
In some ermbodiments, the at least one tmage capture system 15 pre-configured such that so
ackditional mampulation of the image capture system s required, bevond sutomatic or manual
activation of the system, to provide successiul image captuve. The configurstion may provide
image capture af the position at which an electrophoresis gel 15 placed mte the device when

the device is being used for electrophoresis.

[8061] In some embodiments, the image capture system may be confipured o provide real-
tme maging of at least one electrophoresis gel during electrophoresis. o some
embodinents the image capture system may be configured to provide real-time imaging of an
electrophoresis gel, in a gel cassette assembly, from an mitiation of the gel processing

I
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through at least completion of the gel processing. In some embodiments, the gel
glectrophoresis device mav be configured {o captire an image of an electrophoresis gel in a

gel casseite for use as a background subtraction image.

{80621 In some embodiments, the gel electrophoresis device inchade a suitable imtegrated
systemy display, an integrated computer system or compuster processor, and saitable miegrated
memory 1o run and store software, and ron data, and meet the parameters of contvolling the
processing, imaging, and analysis of gel cassettes inserted into the device. In some
embodiments, the displav may display one or more real-thine images of gels during the
various background fmage caphure, gel processing, 1mage capture, and analysis processes.
The display may be any suttable display such a flat screen display or a touch screen display
systemn,  In some embodiments, the display systemn may have a viewable wmage size to
approximate an actual gel sive ov larger. The display may provide for outpat of multiple gel
fmages at once, or for cutput of images of multiple gels at once. The display may compnise a
touch screen display through which a user may interact with the device to provide user mput
such gs run data, for example, voltage, current, power, time, gnd data about the standards
being used, to provide manual control of the device or manual haput of run protocols. User
mput may also be provided {o provide selection of pre-loaded protocols, selection of pre-

ioaded standards, or other run information.

[60637 1o some embodiments, the gel electrophoresis device or the software or firnvware
may provide for, may include, or may meet one or more of a number of desivable conditions
or chargeteristics.  In some embodiments, external tnterfaces are provided. For example, a
USE Host support and file systeny interface may be provided to support use of a USB stick.
A USB Device support and lile system interfuce may be provided to support direct
connection (o a PC {mass storage device). An FTP server and file systemn tterface may be

provided to support network file fransfer.
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{8664} In some embodiments, the gel electrophoresis device or the software or finmware
may provide [or, may inchude, of may meet one or more on-board capabnlities. For example,
the software or firmware mav provide output of relative quantitative analysis results
mcluding estimated molecular weighi, estimated amount, estimated percent purty (hand
percentage within a lane), and estimated resolution (band/pesk width).,  Internal memory
sufficient for storage of at least 100 gel images and thewr associated data and report files can
be provided. Capability of calculating refative molecalar weight (MW}, quantitation, and
purity may be provided. Idemtification of bands on membranes, based, in part, on image
analysis may also be enabled. On board lane and band wacking, based either on image
analysis or user mput of the relevant information from the gel cassette being used, may also
be provided by software or firmvware.  Multiple relative standard alignment capability for
calcuiating molecular weight over peak position (MW/RI} for analytes between lanes
coutaining standards, may be provided.  An onboard Protein andfor Nucleic Acd Standard
Database, some of which may be pre-loaded and some of which may enable a user to add
new unique sets of standards, may also be provided. In some embodiments, real-time
snapshots of the gel during elecirophoresis, shown at a refresh rate of 35 seconds or less, and
at a user’'s request, may be provided, The time of the currently displayed last snapshot was
taken may be displayed with the snapshot on the GUI screen.  User comtrol over defanlt
separation parameters (time, vollage, current) may be provided. User control over image
capturg paramseters (hrightness, exposure, coufrast, gamma} may be provided. Export of
wnages i TIFF format may be provided. Reports and gel images in inage file format may be
provided that may be printed directly from a memory device inserted into a photo printer.
Field apgrades (o on-board software using USB stick inderface may be provided. Generation
of MS Excel compatible files may be enabled. A re~compute function for editing which

fanes, which standards, correct lane numbaers, and load quantity used, may be provided. User
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selection of an image and then astomatically palling associated fites for re~-processing may be
provided as may a user warning when the memory i3 fudl. Outpat files may be provided with
a time and date stamp. Output files may be named in such a way as to differentiate multiple
runs. Moreover, a display of the most recent output file location may be providad so a user

nray easily retrieve ther data from internal or external storage.

{88651 In some embodiments, the gel slectrophoresis device or the software or fumware
may provide other conditions or characteristics. In some embodiments, a “real-time” image
may be geseraled. For example, a display of “real-time™ imases of gels dwrmg
electrophoresis may be provided.  One or multiple gel images way be simultancously
displaved side by side on the displav. The lane overlay may be displayed horizontally across
the top of each gel image, and R tracking marks may be displaved vertically along the sides
of the gel. The R marks may dynamically update, with RY 1.0 tracking the dve front. Gel
images may be presented with black bands on white background or configurable as white
bands on a black background. Image display modes may inclade: a) two gels simultaneous
~80% scale, h) or a single gel at 100% scale. User may select and toggle on thuwmbnail
images for various imaging display modes; thumbnall may highlight what is being shown.
The gel mmage display may be updated as fast as possible, but no more frequently than the
inage caplure rate. A pause option during the run may be used 1o allow the user to examine
the zel image before the run is complete. Initiation of the pause option twrns off the power
supply to the gel and then allows the user o have the option to collect any relevant data,

resumme the run, of terminate the run and collect any relevant data.

[0066] In some embodiments, the gel electrophoresis device or the software or firmware
may provide for, may include, or may meet one or more of the following desitable conditions
or characteristics. In some embodiments, sutomation s provided, for example, one or more

of the following: tracking of the dye front with feedback to the run contreller to auto stop
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once the front has advanced as far as desived, configuration to allow for entry of user-defined

standards {MW andfor guantity); and incorporation of inage noise reduction.

[6067] In some embodiments, the gel electrophoresis device or the sofiware or finmware
may provide for, may mclade, or may meet one or more of the following desirable conditions
or characteristics assoctated with method files. Method files may generally be repositories of
parameters controlling the gel electrophoresis device, analysis, and report generation. They
may consist of user edutable fields with default valoes. The method files in the gel
glectrophoresis device software may be read by the computer control sysiam to sel the
imaging and power supply setings for the vun.  Method files may be available for user
defimuon. In some embodiments, at least 30 files are available. One method file may be
ased for each run of the device or separate method files may control the runs in separate
rmning reservoirs. Rumn specific parameters, mclading voltage, corrent, stop mode, running
buffer, and the like, may be separate from gel specific parameters (standards, lanes, and the
like} within a method file.  User may set the defaalt rolling disc radius for background
subtraction. A user may set the running buffer type. A user may select/input the expermment
voltage, current, thme, maximu current Himit, combination thereof, and the hke. A user may
select/input run modes, for example, constant power, constant voltage, or constant current, A
user may selectmput an auto stop mode. for example, comprising run time in nunutes, or dye
fromt tracking. A user mav opt to select/input from a database, for example, select one lane
assignmient for a standard. Each gel mayv independently use s own standard or @ may use
the standard from a different gel. For instance, in a {wo running reservoir run, the right gel
may select Lane 1 of the left gel to use as a standard for calculation. A user may select/mput
a load volume of a standard. A user may select/input electropherogram lanes which will be
prited. A user may select/mput MW chart parameters and dats table units (Rf or mm}. A

user may select/input geantity corve units, for example, ng, gl or picomoles. A user may
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select/input a quantity calibration cwrve, for example, left or right gel. & gser may
seleciinput 3 curve fit type for an MW calibration. A user may select/input reports to print,
for example, 10 select which lanes get electropherogram reports. A user may select/input
reports created and options defined v an oulput report sechion. A usar may speafy to copy

output files to an external storage device.

[0B68] In some embodiments, the gel slectrophovesis device or the software or firmware
may provide for, may mchide, or may meet one or more of the following desirable conditions
or characleristios associated with awtomatic lane creation. The method may aslomatically
create lanes afler acquisition of a gel mmage. The method way use bar code or prinied
mformation from the cassette image 1o establish lane boundaries, for example R = ) may be
set by a user or may be identified from the barcode or printed information. Gaps between
gels may be identified and prevented from being defined as a lane. Lane numbering may be
restarted for each additional gel. Tilt in lanes may be taken into account with the same width
at top and bottom of the gel as defined, for example, by a comb, vertically aligned to centroid

of bands in lane. A manual selection of an ares of interest may he provided for lane creation,

{00691 In some embodiments, the gel electrophoresis device or the sofiware or firmware
may provide background subtraction aller image acquisition. A background image of one or
more gels may be captured prior to the start of gel processing, the image may be used for
hackground subiraction. A display electropherogram showing background subtraction may
be provided. The eleciropherogram timage for background subtraction purposes may display
peak histogram, gel/lane number, background hine, and assoctated gellane shice unage. The
scale of the eleciropherogram may match the lane image scale and the bands may align with
the peaks. Background subtraction may be conducted using g rolling disc method before

band detecnon. The user mayv adjust the radius for a rolling disc method from 100 to 900 in

100G merements using a rolhing value mdex and up/down arrows.  An electropherouram may
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be displayed for live display of rolling disc adjustinent effect after each run. Rolling disc
values mav be saved i the method file associated with a particular gel. Default rolling dise
radius may be sef and may be aser adjustable. The rolling disc radias may be annotated on
slectropherogram images and reports, for example, as background subiraction: rolling disc,
radios = X, Other suitable background sobtraction methods may be supported.  Peak
numbers, widths or other annotation may be shown. User-selected onits from a method file
may be shown,  Pixel Intensity may be shown  The electropherogram image used for
background subtraction adjustment may be from the lane with the most band/peaks as
determined with a specific default rolling disc radins, for example, of 800, In some cases, a

user may select any other lane from a particular gel to make an adjustment.

[6670] In some embodiments, the gel electrophoresis device or the software or firmware
may provide band detection sensitivity, for example, w0 provide adjustment of a band
detection thveshold. The deternunation of band detection sensitivity may be configured to
nerate until band count stabilizes. Sensitivity may be fixed before gel analysis, for example,
with respect 1o final band detection, electropherogram, Band %, MW determination, andior

quantitation.

{66711 In some embodiments, the gel electrophoresis device or the software or firnvware
may provide for automatic band detection.  Correction may be provided for band detection
ervors. The errors may be directly correctable with the software or may be corrected offline
using third party analysis software, The device may be configured such that user adjustment
of background subtraction pargmeters may be made to affect band detection seasitivity. MW
and concentration data from standards may be incorporated. One or naultiple standards may
he used, for each pgel, for calculations. A pre-loaded standards database may be used for
lanes with stundards for establishing the numnber and location of bands. User defined

standards which are not detected correctly may result in a GUI issue warmng and correction
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window for the user. Band numbers within lanes may be displayed in electropheroprams and
assoviated with caloulations. Band numberning way begin with 1 in each lane closest to RE =

0.

[8972] In some embodiments, the gel electrophoresis device or the sofiware or frmware
may be configured to provide, calculate, display, andfor print out one or more characteristics
associated with peak position, molecular weight (MW), peak height, peak area, peak volume,
and band percentage. For example, one or more of the following mav be provided:
generation of peak position (Rf or mm); molecular weight (MWY, peak height (pixel
intensities); peak area: peak volume; band sharpness; and band percentage. These
characteristics may be provided for every peak. Calculations may be background-subtracted.
A display may be provided for peak mumber, RE or nun, wolecalar weight (MW}, quantity,
band sharpness, and band percentage for every peak. The following parameters mayv be
detenmined and/or calealated and the wmuomerical values of each band in a selected lane may be
presented 1 table form, graphically displaved, andfor printed ont. Peak position {Rf) may be
a value between 0.000 and 1000, MW may be determined using the molecular weighis of
one or more known gel standards. Peak height may be the background-subtracted peak pixel
infensity of 9 given band, Peak area may be calenlated using the following equation (band
width is also known as band sharpness): Peak Area = Band Widih x Band Length. Peak
volume may be calculuted using the following equation: Peak Volume = Pegk Area x Peak
Height. Volumes may be used for band % and mass quantitation. A value for % Pury
{Band % per lane} mav be calculated using the following equation: % Punity = (Peak Volume
of Peak number in lane/Sum of Peak Volumes for Peaks i lane) x 100, In some
embodiments, the gel electrophoresis device or the soflware or firmyware may generate lane
images and electropherograms. An electropherogram of selected lanes may be generated, for

example, including lane images and annotations of lane numbers and whether the left or nght
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gel corresponds to the image. The electropherogram’s x-axis may be Rf {defaull) or mm
{user selected) with pixel intensity on the v-axis. R may range, for example, from 0.0 10 1.0,
lefl to sight, n 0.1 merements. Pixel intensities may range, for example from 0 to 255 for a
16-bit gray-scale image. Peak numbers mav be shown on the elecropherogram of a selected
lane. Peak boundaries denoting band sharpness may also be shown on the electropherogran.

The electropherogram may show a background.

{8673} In some embodiments, the gel electrophoresis device or the software or firmware
may comprise or be linked to a standards database. This daiabase may comprise a repository
for files used by the image analysis software and may be added to or edited by the user.

These [iles may be specified i a run method file.

MW vs, Rf Chart: In some embodiments, there may be a pre-defined onboard standards
database contaimming information abouwt MW standards. This mformation may include the MW
for each of multiple sequentially wdentified bands. This database may be added to by the uvser.
Pre~-set standards may be mchided, for example, saved as read-only. The user may select a
standard from the database for each run. A MW “cabbration” curve and chart may be
generated using pre-existing MW data for standards {pre-loaded or user-defined) after a gel
run. This curve and chart may be displayed on the device and may optionally be provided
the report. The chart may be annotated with the gel and lane number as well as with a date
and time stamp. This information may be used to generate the standards overlay displaved at
the end of the gel run. Curve fitting may be cubic spline, for example, by default. Log MW
or other fitting may be selected by the user. The user may select 8 MW standard from the
database, and which lane the standard is in. I no MW standard is identified, MWs cannot be

computed, and a device prompt may notify the user.
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Relative and Absolute Quantitation: The pre-defined onbeard standmrds database may
mclude quantities for identifiad bands. This database may be added to by the aser, but some
pre-set standards may be read-only. The user may select a standard from the database for
gach run o be guantiated. This may be configured by the method file. A quantiiation
“calibration” cwrve and chart may be generated using pre-existing quantity data for standards
after the gel ron. The standards may be pre-set or user-defined. The curve and chart may be
displayed on the device and may be available for the report. The chart may be annotated with
the gel and lane namber. Curve fuiting for quantitation may be hnear or may be selected from
a user selected option. The user may select a quantitation standard from the database, and
which lane or lanes the siandard(s) isfare in. The band may be selected and related to iis
quantity valoe. If no quantitation standard 15 identified, quantities cannot be computed, and a
device prompt may be used to noufy the user. Some standards may be made such that the
software may determine the band from the MW location. One or more, for example, five,
fields may be used for quantitation standard. Exempplary fields may include: approximate
MW as deternuned afier run; gquantity; volume loaded; lane number; and guantitation
standard database file. A user may select previously run calibration curves for quantitation or
the carve from one or more other gels in the sane run. Storage for nuultiple quantidy curves
for each gel type may be provided. Curves may be time and date stamped, for example, with

gel lot number, running buffer type, gel type, and quaniiation standard database selection,

[8874] In some embodiments, the gel electrophoresis device or the software or fitmware
may provide for acquiring an image of a western-transferred membrane. Once acquired, an
analysis nay be used on the sofiware for MW assigaments. This function may include
reflective visible and EPY fluorescent light imaging capabilities on the device. A frame may

be provided to hold a membrane for imaging. The membrane image may be date and time
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stamped, and may be associated with the gel from which # was derived. Membrane images

may be stored.

[6075] In some embodiments, the gel electrophoresis device or the sofiware or firmware
may provide for creating an outpul report.  For example, the generation of a raw gel unage
may be provided at least a 16 bit 300dpt grayscale uncompressed TIFF file, as a separate
output file. The image may comprise owsr quality unage may be embedded within the

report.

Report generation: A phurality of seleciable report formats nway be provided, for exampie, a
defanlt minimal format, a comprehensive format, and a user definable format. Exemplary
report sections avadable for user selection may inciude: electrophoresis parameters, voltage,
aprent, power, and time {digital anddor graphical); gel image annotating which is left and
right from the user perspective; gel band identification marking and lane numbering: standard
displayed in ved~- MW ascignment lines with valaes shown on side overlaid on a gel band
wdentification image; MW calibration carve; cahibrated vohame curve for quantitation; and

calibrated load.

X

For electropherograms, reports may show “pixel intensity.” "R horzontal background
subtracted histogram with band numbers shown above peaks, display background level ag
line, real hovizontal image of lane scaled ahigned with peaks, background subtraction method,
band notse factor and slope {S/N used to deternune peak), bar code information (number of
wells, gel %, and the like), standard type and assigoments, buffer type. voltage, current and

run thme, Hlanunation mode, folder name {lot, serial manber), and power used during the gel

.

[8676] In some embodiments, the gel electrophoresis device or the software or fitmware may

provide a power supply exinbiting an independent output voltage of from about 0 1o about
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400V, for example, 333 V. The power supply may have independent ouipit carvent of from
about § to about 0.5 A, for example, 373mA, and oulput power is from about 0 to about 200

Walts.

[89771 In some embodiments, the gel electrophoresis device or the sofiware or frmware
may provide for external iterfaces. For example, the graphical user interface (GUI) module
may comprise an LCD display, a kevpad, andior a touch-screen. The user interface module
may control the screens displaved on the LCD. These control operations may be performed
by receiving wlormation from the user via the keypad andfor touch-screen and by responding
to i via display update andior delegation of “inferpreted” miormation to other modules m the
svsiem. The GUI may be designed so as to not require a pointing device or kevboard. In
some embodiments, file transfer between the instrument and & PC may be accomplished 1
any of a vanety of ways, for example, via USB memory stick, via USB cable directly

counected to the PC, or vig Ethernet network transfer using FTP,

{0078} In some embodiments, a combination of one or more of the following user nput
options may be supplied: itinte ron, defined, allowed, enabled, controlled via method files,
iHumination, abort run, end run, image and analyze, and select report atiributes. In some
embodiments, the following conunanications fiterfaces may be provided: USB Type A
interfaces, USB Type B interfaces, and RI-45 sockets. In some embodiments, the software
may have one ot more of the lollowing atiributes, for example, automation of electrophoresis
runs from msertion of the gels through analysis report generation.  In some embodiments,
multiple types and lanes of MW /concentzation standards may be used on the same gel duning
the same run In some embodiments, sutomatic identification and creation of run lanes may
he provided based on mformation about the gel being inserted. In some embodiments, storage
of lane templates {either pre~stored or user nputted) may be provided for vanous gel

vpesfwell configurations.  In some embodiments, pre-stored information about various
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existing protein standards, storage of uwser-input information abowt protein standards, and
MW data editable for protein standards, arve provided. In some embodiments, mutomaiic real
time detection of bands is provided. In some embodiments, fluworescence calibration
generation of a MW vs Rf chart 15 provided, for example, imchuding cahibration and curve
fitting. detenmination of MW based on a standards calibration, determination of purity (band
percentage), relative protein quantitation, and absolute protewn quantitation.  In some
embodiments, the features and adjastable parameters that way be provided may inchade, but
are not limited o, generate "real-time” mimmum 16-bit color images, save wmage as TIFF,
IPEG, or bitmap, embed gel image {at least 300 dp resolution) to output, image editing
including but not hovted to adjustment of brightness, zoom, crop, and the like and provision
of aunotations, lane boundary editing, lane tlit'warp correction capability, manual band
detection, manually select area of interest {gel region, single lane, band), band-detection
sensitivity adjustment capability, band editing capability, sccommodate different exposure
times, and {luorescence/absorbance band detection doality,  In some embodiments, the
features and adjustable parameters that may be provided may include, but are got finmted to,
generate and display real-time electropherogram image of the detected bands for each fane
including backpround subtraction, including information such as a display of the lane image
with the electropherogram, peak ID/band number in each lane, peak position (pixel, numn, R,
peak height, peak area and peak volume, peak width & resolution based on band sharpness,
peak sphitting with Gaussian peak ftting capability, peak vormalization (band-io-band, lang-
to-lane}, electropherogram subiraction, electropherpgram overlavy on screen, band paltern
maiching (acvoss gels), comparative accwacy, and reproducibity (MWL In some
embodiments, comparative reproducibility (purity), Inter-gel analysis - MW, concentralion,
mass, and purity, and Buter-gel normalization may be provided. In some embodinents, a gel

performance/quality confirmation andfor a final background subtracted electropherogram
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image may be provided. Iun some embodiments, two-way commanication between an NGE
mstrument and a PC wmay be provided.  In some embodiments, dala tramsfler from an
imstrigment to an external source at the end of a run may be provided. In some embodiments,
the features and adjustable parameters that may be provided may mclude, but arg not lamited
to, read and record gel type (Cat #, lot # and vnique identifier) such as from a barcode or
from a gel image. touch~screen GUI, software updating capability and functions, data table
generation (for example, EXCEL formatted), generate and print report formatflayout (for
example, MS WORD]}, Link to other files {imporifexport functions), Punt, high resolution
image {at least 300 dpi), operating System compatbility {for example, with WINDOWS),
exportable (for example, to EXCEL} table files, pre-loaded printer drivers, print capability

without a PC, and macro writing capability.

{80791 Al publications, patents, and patent appheations mentioned in this specification are
hervein ncorporated by reference to the same extent as #f each individual publication, patent,
or patent apphcation was specifically and individually indicated to be mcorporated by

reference.

{0080} While embodiments of the present disclosure have been shown and desentbed herewn,
it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those
skilled wn the art without departing from the disclosure, It should be understood that various
aliernatives o the embodiments of the disclosure described herein may be emploved in
practicing the disclosure. 1t is intended that the following claims define the scope of the
disclosure and that methods and structures within the scope of these claims and their

gquivalents be covered thereby.
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WHATIS CEAIMED IS:

I A pel electrophoresis device comprising,
a housing;
a gel processing sysiem;
a gel Hlummation system;
an image caplurs system; and
an image analysis system;
whevein the gel processing sysiem, the gel illamuination system, the image caplure

system, and the image snalyss system are all housed within the housmg.

b

The gel elecwophoresis device of claim, 1, wherein the systems are operably

assoctated and automaied.

P

The device of clagm |, wheremn the gel processing svstem comprises at least two gel
buffer reservoirs, at least two gel holders, and at least one anode and at least one

cathade for each of the at least two gel holders.

4, The device of claims 1, wherein the gel Hlumination system comprises at least one
Hght source configured to dluminate gt feast one electrophovesis gel when the gel is

placed i the gel processing system,

L

The device of claim 4, wherein the at least one Hght source comprises at least one

blue lght source.
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The device of claim 3, wherein the at least one blue light source emits blue light ina

wavelength range of from about 440 nm 1o about 490 nm.

The device of claim 4, wherein the at least one hiue hight sowce comprizes af least

one LED blue hight source.

The device of claim 4, wherein the at least one hght source comprises at least two

Hight sources.

The device of clazm 4, further comprising at least one light intensity controlling

component.

The device of claim 4, wherein the at least one hight source is pre-configured such that
no additional manpulation of the gel iHumination system is required, beyond
automatic or manual activation of the system, to provide sulficient llumination for
successful image captare at the position at which an electrophoresis gel is placed into

the device when the device i1s being used for elecirophorasis.

The device of clazm 1, wherein the nage capiure svstem comprises at least one

digital camera.

The device of claim 11, wherein the at least one digital camera 1s pre-configured such
that no addibonal manipulation of the unage caplure systen is requured, beyond

automatic or manual activation of the system, to provide successful image capture at
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the position at which an electrophoresis gel is placed into the device when the device

iy being used for elecirophoresis.

The device of clatm 11, wherein the image caplure sysiem Is configured o provide

real time imaging of at least one electrophoresis gel during electrophoresis,

A method of performing gel electrophorests compnsing:

performing electrophoresis on at least one labeled sample in a gel electrophoresis
device

comprising g gel processing system and an image capture system; and

maging the gt least one labeled sample with the image captuve system;

wherein at least the performing and tmaging steps are operably associated with each

other and automated.

The method of clm 14, further comprising forming an analveed tmage by analyzing

the imaged sample with an image analysis system operably associated with the image

caplure system.

The method of elaim 15, further comprising priting a hard copy of the analyzed

image.

The method of claim 14, further comprising electrophoresing a labeled protem

stancdlard stmultaneously with the labeled sample.
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The method of claim 14, further comprising determining the absolste amount of at

least one labeled protein in the sample.

The method of claim 14, wherein the method 1s performed in less than about 30

minues.

The method of claim 14, wherein the method is performed i less than about 15

nunutes.

The method of claim 14, wherein the imaging comprises exposing the labeled sample

to at least one blue light source LED blue light source.

The method of clinm 21, wherein the at least one LED blue light source emits blue

Light i a wavelength range of Irom about 440 nim o about 490 nm.

The method of claim 21, wherein the inage capture system captures images i real-

{ime during the electrophoresis on the al least one labeled sample.
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