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Product survey: Two-dimensional electrophoresis

2-DE Enters New Dimensions

Though Patrick O’Farell and Joachim Klose independently introduced Two-Dimensional Electrophoresis (2-DE) as early
as 1975, it took more than two decades before 2-DE became one of the most popular protein separation techniques.

nly a few labs focused on 2-DE in
Othe pre-proteomics era, probably

because of its reputation as being
rather irreproducible. Especially 2-DE’s
first dimension, which is done by isoelec-
tric focusing (IE), was peppered with pit-
falls. Until the advent of immobilised pH
gradient (IPG) strips, the isoelectric focus-
ing step was carried out in polyacrylamide
gel rods that were formed in glass tubes.
To establish a pH gradient in the gel, am-
pholytes were poured into the tubes togeth-
er with the polyacrylamide solution. These
polyacrylamide rods, however, had two ma-
jor disadvantages. Firstly, the pH gradients
were hard to reproduce and tended to drift
towards the cathode during the IF, leading
to a loss of basic proteins having higher iso-
electrical points (pI). Secondly, they were
extremely fragile. It’s a fair guess that the
hardest part for most people doing 2-DE in
the early days, was to get the gel rod out of
the glass tube and lay it on top of a PAGE
slab gel that serves as second dimension —
without breaking it into pieces.

2-DE breakthrough

Fiddling around with breakable gel
rods came to an end when, in 1982, Bengt
Bjellquist et al. presented an IEF procedure
based on Angelika Gorg’s (then a PhD stu-
dent at the TU Munich) idea of using im-
mobilised pH gradients (IPGs) on plastic
backings. To establish fixed pH gradients,
Bjellquist and his colleagues mixed carrier
ampholytes attached to acrylamide mole-
cules (immobilines) with an acrylamid so-
lution and poured the mixture into a poly-
merisation cassette, made of two glass
plates (one of them covered with a poly-
ester film on the inside) and a thin spacer.
The resulting gradient gel, which they cut
into three millimetre wide stripes before
placing them into the isoelectric focusing
chamber, eliminates one of the major prob-
lems of carrier ampholytes: the pH gradient
on the strip is almost set in stone and does
not move, even if the IEF rests for hours.

Over the years, Angelika Gorg’s pro-
teomic group at the TU Munich has con-
stantly improved the IPG strips; today, they
are applied by almost all proteomic labs per-

36V instead of 12,000V: flatbed electrophore-
sis chamber made from a magarine tub and
connected to 9V batteries.

forming two-dimensional electrophoresis.

Isoelectric focusing devices for 2-DE are
designed to work with commercial or home-
made IPG strips, accordingly. In some cas-
es, up to 12 strips can be assembled in par-
allel and focused applying extremely high
voltages. To keep focusing times as short as
possible and optimise focusing results, the
voltage output of IEF power supplies may
be raised to 12,000V, which is indeed ex-
traordinarily high and equals the tension
produced by power plant generators. The
resulting high voltage electric field vigor-
ously pulls the charged proteins along the
IPG strips, thereby producing a lot of ther-
mal energy. Hence, cooling is an issue for
any IEF device. To prevent overheating of
proteins during focusing, IPG strips are usu-
ally placed on a peltier cooling plate and
the power supply is set to constant power
mode.

Modular systems

Though some manufacturers offer inte-
grated systems compromised of IEF and slab
gel units adjusted to each other, the second
dimension of 2-DE can be done in any verti-
cal or horizontal slab gel fitting the size of
the preferred IPG strips. Most of today’s ver-
tical slab gel chambers are equipped with
external peltier cooling systems as well as
internal buffer circulation pumps and may
be loaded with up to six slab gels that can be
run in parallel. A noticeably large number of

gel chambers come in a rather chic and col-
oured design — it seems that the days of as-
sembling gel cassettes and tanks with rusty
clamps and running gels in boxy, ugly, gray
gel chambers without lids are definitively
over.

IEF units and gel chambers designed
for classical 2-DE may also be instrumen-
tal in Two-Dimensional Differential In-Gel
Electrophoresis (2D-DIGE). 2D-DIGE, de-
veloped in Jonathan Minden’s Lab at the
Carnegie Mellon University (Pittsburgh,
USA) in the late 1990’s, allows the identi-
fication of protein changes between three
different samples, e.g. healthy, diseased and
internal control, in one 2-DE. To this end,
proteins extracted from the three samples
are labelled, each with one of three, size
and charge matched, fluorescent dyes hav-
ing different excitation and emission wave-
lengths. Equal concentrations of the differ-
ently labelled protein samples are applied to
a gel plate and separated by 2-DE. The gel
is then scanned with a fluorescence imager
to visualise differences in protein expression
levels. Since the complete DIGE gel cassette
is often placed onto the image plate, DIGE
gels are cast in cassettes formed by low fluo-
rescence glass plates.

Old but not outdated
Although most labs favour IPG strips,
gel rods are still in use in non-equilibrium
pH gradient electrophoresis (NEPHGE),
which is also attributed to Patrick O’Farell
and Joachim Klose. The first dimension of
NEPHGE differs in two crucial points from
the classic 2-DE. The protein probes are
loaded on the acid site of the gel rod and
the voltage-time product applied during
isoelectric focusing is usually lower. Due
to this slight variation, a non-equilibrium
pH gradient is established in the gel that
allows separation of proteins, which are of-
ten poorly processed by IPG strips, e.g. basic
proteins, membrane proteins and very big
proteins. Equipment for the first and sec-
ond dimensions of NEPHGE is basically the
same as for classic 2-DE, however, gadget-
ry tailored especially for NEPHGE is rather
expensive.
HARALD ZAHRINGER



| Products 2-2009 Lab Times PAGE 59

2D Electrophoresis Systems

Name of Gel format/ Price [EUR]
product Number of gels per run?

PROTEAN IEF u Up to twentyfour 7 cm strips 6.825,-
System = Up to twelve 11,17, 18, or
24 cm strips
w Broad, narrow and micro pH
ranges available

MicroRotofor Cell n 10 fractions per sample 3.710,-
= Micro to milligram protein load
u Customizable pH gradient

Mini-PROTEAN m Up to 4 gels 635,- to 1.065,-
Tetra Cell m 8.6 x 6.8 cm (precast)

= 8.3 x 7.3 cm (handcast)

m <1h perrun

Mini-PROTEAN 3 m Up to 12 gels 3.190,-
Dodeca Cell = 8.6 x 6.8 cm (precast)

= 8.3x 7.3 cm (handcast)

u <1h perrun

Criterion Cell n Up to 2 gels 515,
m 13.3 x 8.7 cm (precast)
m <1h perrun

Criterion Dodeca m Up to 12 gels 3.320,-
Cell m 13.3 x 8.7 cm (precast)
u <1h perrun

PROTEAN II XL Cell u Up to 4 gels 1.905,-
= 18.3 x 19.3 cm (precast)
= 18.3 x 20 cm (handcast)

PROTEAN II XL u Up to 6 gels 5.245,-
Multi Cell = 18.3 x 19.3 cm (precast)
= 18.3 x 20 cm (handcast)

PROTEAN Plus m Up to 12 gels 9.100,-
Dodeca Cell = 18.3x19.2 cm

= 18.5x20 cm

n20x20.5cm

= 25x20.5 cm

=25.6x23 cm

m Hinged spacer plates

Criterion Stain Free = Criterion gel format (1-12 gels On request
System per run)

m 13.3 x 8.7 cm (precast)

= <1h to run and visualize

Dodeca Stainers n Up to 24 Criterion gels 3.685,-
m Up to 12 PROTEAN Il XL or
PROTEAN Plus gels

Horizon Plus 1st dimension: From 1.923,-
System HPTV-SY u 30 IPG strips, 70 x 3 x 1 mm to
240x3x1 mm
m 1 IEF gel 245 x 125mm
m 2 |EF gels 125 x 125mm

2nd dimension:
m8x85cm/ 16.5x17.5cm
m2x7cm/2x18 cm IPG strips

PowerScan 900 / m Max. scan size 203 x 254 mm From 2.095,-
1100 (PowerScan 900) or

309 x 420 mm (PowerScan

1100)

MF-ChemiBIS 3.2 m Max. scan size 260 x 190 mm From 37.950,-
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2D Electrophoresis Systems

Company Name of Short description Gel format/ Miscellaneous, Specialities, Generally Price [EUR]
product Number of gels per run?
Carl Roth Flat Bed Electro- Coolable unit for isoelectric | m Max. 25 x 25 cm m For IPG strips and flat bed gels 1286,-
Karlsruhe, Germany phoresis Unit MULTI | focusing and for all flat u For 1-30 x 3 mm IPG strips = Coolable gel platform (Please ask for a
www.carlroth.com bed gels m For 1-10 flat bed gels m Variable applications using adjustable or tank quotation)
Contact: Stefanie Seipp, mounted electrodes
Phone: +49(0)721/56061038 m Accessories can be bought separately
s.seipp@carliroth.de
Capillary Running | Insert for Vertical Double u For capillaries of 8 cm (MINI) m Flexible application with 1-10 gels in parallel 399,- (MINI)
Module Electrophoresis Units MINI and 17 cm (MAXI) length in m Very user-friendly 656,- (MAXI)
and MAXI maximum m Well-priced module for the vertical electrophoresis (Please ask for a
m For 1-10 capillaries unit quotation)
m Accessories like glass capillaries and gel extraction
platforms can be bought separately
Vertical Double- Vertical electrophoresis units | m MINI: 8-10 x 10 cm m Flexible use for 1 or 2 gels in parallel 699,- (MINI)
Electrophoresis for 2nd dimension gels u MAXI: 20 x 20 cm m Very user-friendly design 888,- (MINI cool-
Units (self-made or ready-made) | m 2 gels in maximum m Including accessories for 2 gels and gel pouring able)
device 1075,- (MAXI)
= Compatible with all standard ready-made gels 1185,- (MAXI cool-
m Available as uncooled or coolable version able)
(Please ask for a
quotation)
Fujiﬁlm Europe FLA-9000 Laserscanner for fluorescent | m Max scanning area is 40x46cm | m Five different lasers covering from 470 nm to 780 nm | Starting from
Diisseldorf, Germany and radioisotopic imaging of = Five resolution levels 50.000,-
www.fujifilm.eu 2D gels and blots m Free choice of emission filters Qdot-application, (Depending on
Contact: Dietmar Struss silverstained and CBB-Gels configuration)
dietmar_struss@fujifilm.eu m Easy customising
FLA-7000 Laserscanner for fluorescent | m Max scanning area is = Four different lasers covering from 470 to 670 nm Starting from
and radioisotopic imaging of | 24 x 40cm m Four resolution levels 35.000,-
2D gels and blots m Free choice of emission filters Qdot-application, (Depending on
silverstained and CBB-Gels configuration)
m Easy customising
GE Healthcare Life Ettan IPGPhor High throughput first dimen- | m 7,11, 13, 18 or 24 cm = Fully integrated system 7925,
Sciences 3 isoelectric sion electrophoresis system IPG strips m Software controls up to four units simultaneously
Uppsala, Sweden focusing unit w 12 strips/run m Lid design allows optimum running with light
www.gelifesciences.com sensitive protein samples
Contact: Rita Marouga
Phone: +(46)186121578 IPGbox Rehydrate up to 12 IPG w7,11,13,18 or 24 cm u Oil-free rehydration 245,-
rita.marouga@ge.com strips at one time IPG strips = Improved quality of results
m 12 strips
Ettan DALTsix Second dimension vertical | w26 x 20 cm6 gels/run = High resolution and reproducibility of 2D gels 4505,-
electrophoresis system = homecast or precast gels = Modular system for large format and medium
throughput 2-D electrophoresis
MultiTemp IV Thermostatic circulator NA m Improved cooling and heating performance 3660,-
m CFC free refrigerant protects the environment
Ettan DALTtwelve High throughput second m26x20cm m High resolution and reproducibility of 2D gels 15800,-
dimension vertical m 12 gels/run m Modular system for large format and high throughput
electrophoresis system = homecast or precast gels 2-D electrophoresis
DALT gel 12.5 and | Precast homogenous gels =26x20cm m Long shelf life (12 months) 410,- (6 gels)

DALT buffer kit

12.5%

= Buffers sufficient for 12 gels

99,- (buffer kit)

DIGE gel and DIGE
buffer kit

Precast low- fluorescence
homogenous gels 12.5%

m26x20cm
= Buffers sufficient for 12 gels

m Long shelf life (12 months)
= Improved resolution

314,- (3 gels)
153,- (buffer kit)

Multiphor Il Complete horizontal system | m 26 x 20 cm m Eliminates the need for large volumes of liquid buffer | 2530,-
for 1D, 2D electrophoresis m 2 x 1D gels/run
and DNA fragment analysis | = 1 x 2D gel/run
SE600 Ruby Complete vertical system = 18x16 cm = Medium resolution and low-throughput 1830,-
for 1D, 2D electrophoresis m 2 x 2D gels/run 2D electrophoresis
and DNA fragment analysis
Ettan DIGE Imager | Multichannel fluorescence | m 1 gel/run m High sensitivity for imaging faint spots On request
imager for 2-D DIGE and m 2-D DIGE allows 3 samples per |m Sealed environment for scanning and protecting
fluorescent applications gel incl. internal standard wet samples
= High resolution, low noise images
Typhoon variable Multichannel imager for fluo- | m 2 gels/run m Superior resolution, versatility and sensitivity for On request
mode imagers rescence, phosphor-imaging | m 2-D DIGE allows up to 3 sam- all imaging applications
and chemi-fluorescence ples/gel incl. internal standard
ImageScanner lIl Versatile densitometer with | m 1 gel/run m Large linear range 4680,-

high linearity

m Consistent scan results
= Quantitative analysis
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Name of Gel format/ Price [EUR]
product Number of gels per run?

Ettan Spot Picker w1 gel/run On request

Ettan Digester m 384 samples/run On request

ChemoCam = Multiple probes possible 22.900,-
HR16-3200

Z0OM Benchtop m Mini gel format and 10 strips
Proteomics System can be run

Sample Fractiona- = Z0OM Disks are pre-cast

tion with ZOOM IEF polyacrylamide gels that

Fractionator eliminate the need for manual
preparation

1D/2D Electro- = ZOOM Gels have a size of
phoresis - ZOOM Mini Gels (e.g. Novex Gels)
IPGRunner covering the full length of
7 cm-IPG strip, 10 strips can be
run in the system

m3mmx 7 cmto3 mmx24cm On request
m 6 gels (IPG strips)

=25x20 cm On request
u 6 gels

SE 260 basic m 8 x 7 cm (cassette: 10 x 10 cm) On request
= 2 precast SERVAGel 2D
cassette gels

Mupid-One electro- = Gel tray (small): 130 mm (W) x 515,-
phoresis system 16.5 mm (H) x 59.5 mm (L)
u Gel tray (large): 130mm (W) x

24 mm (H) x 122mm (L)



