
Protein isoelectric focusing with the
Agilent 3100 OFFGEL Fractionator

Introduction
This Technical Overview demonstrates performance characteristics such as repro-
ducibility and recovery for isoelectric focusing (IEF) of protein samples using the
Agilent 3100 OFFGEL Fractionator. The fractionator was used to separate in parallel,
identical IEF standard marker mixes into 24 fractions. The results indicate an average
protein recovery rate of about 70% and excellent reproducibility of the focusing posi-
tion across lanes and instrument trays. 

Overview
OFFGEL fractionation is a new development in separation science that fractionates
peptides and proteins based upon their isoelectric point (pI), using immobilized pH
gradient gel (IPG) strips.1,2 The pI-based separation using the Agilent 3100
Fractionator takes place in a two-phase system: an upper liquid phase divided into
multiple compartments and a gel phase as a conventional IPG strip. In contrast to
traditional isoelectric focusing (IEF), the fractionated sample is delivered in liquid
phase (OFFGEL mode). The Agilent 3100 Fractionator can also be used for traditional
IEF (INGEL mode).3 The data presented here focuses on the separation performance
for proteins in OFFGEL mode for the Agilent 3100 OFFGEL Fractionator.

Experimental
Materials and equipment
Proteins were obtained from Sigma-Aldrich Inc. (St. Louis, MO, USA). Unless other-
wise noted protein stocks were prepared in water at 4 mg/mL: soybean trypsin
inhibitor (TI), bovine milk β-lactoglobulin A (βLG), bovine serum albumin (BSA),
bovine erythrocytes carbonic anhydrase II (CAII), human erythrocytes carbonic anhy-
drase I (CAI), 5 mg/mL chicken egg ovalbumin (OA), chicken egg conalbumin (ConA),
0.8 mg/L rabbit muscle glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in 7 M
urea, 2 M thiourea, 1 % DTT, 5 % glycerol  and bovine pancreas trypsinogen (TG). 
E. coli protein sample (lyophilized, 2.7 mg) was purchased from Bio-Rad Laboratories
Inc. (Hercules, CA, USA). SDS-PAGE mini-gels, buffers and equipment were from
Invitrogen (Carlsbad, CA, USA), and  PhastGel Blue R-350 gel stain from GE
Healthcare (Freiburg, Germany). The Agilent 3100 OFFGEL Fractionator, the Agilent
3100 OFFGEL High Resolution kit pH 3-10 (p/n 5188-6424), and the automated lab-
on-a-chip platform were provided by Agilent Technologies (Waldbronn, Germany).
TIBCO Spotfire Decision Site software was purchased from TIBCO Software Inc.
(Sommerville, MA, USA).
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Sample preparation
The protein mix containing nine differ-
ent standard proteins (Table 1) was pre-
pared by diluting 40 µg of each protein
per lane in OFFGEL protein buffer (7 M
urea, 2 M thiourea, 1 % DTT, 5 % glyc-
erol, 1 % IPG buffer pH 3-10) resulting in
a final concentration of 5 µg/mL each.

OFFGEL electrophoresis
The protein mixture was separated into
24 fractions in a pH range of 3 to 10 by
the Agilent 3100 OFFGEL Fractionator
and the Agilent 3100 OFFGEL High
Resolution kit as described in the user
manual.4 The focusing was performed
using the preset method OG24PR01.
Electrophoresis was stopped after
achieving 64 kVh. Run times ranged
between 25 and 30 hours. 

Fraction analysis by on-chip
electrophoresis 
OFFGEL fractions were analyzed for pro-
tein size and concentration by microflu-
idic on-chip electrophoresis. After
focusing, 4 µL of each OFFGEL protein
fraction were analyzed with an automat-
ed lab-on-a-chip platform. Data analysis
was done using corresponding software
in conjunction with the TIBCO Spotfire
Decision Site. 

Results and discussion
A mixture of nine IEF marker proteins
that vary by molecular weight and pI
(Table 1) was fractionated using the
Agilent 3100 OFFGEL Fractionator.

The protein fractionation based on pI
was followed by an on-chip protein
electrophoresis of the 24 liquid fractions
using an automated lab-on-a-chip plat-
form. In this case, protein detection was
performed using laser induced fluores-
cence detection (LIF) providing electro-
pherograms for each sample, returning
information on individual protein con-
centration and size for each fraction.
The results are summarized in Figure 1.
The data obtained for two different trays
is compared in Figure 1 to determine the
tray-to-tray reproducibility of the frac-
tionation.

The results obtained with two different
trays match very well. The IEF marker
proteins are found in the same wells

Protein Abbreviation pI MW [kDa]

Trypsin inhibitor TI 4.6 24.0
from soybean

β-Lactoglobulin A βLG 5.1 19.9
from bovine milk

Albumin OA 4.5, 4.9 44.3
from chicken egg white

Albumin BSA 5.4, 5.6 66.4 
from bovine serum

Carbonic anhydrase II CAII 5.4, 5.9 29.1 
from bovine erythrocytes

Carbonic anhydrase I CAI 6.6 28.8
from human erythrocytes

Conalbumin ConA 6.0, 6.3, 6.6 77.8
from chicken egg white

Glyceraldehyde-3-phosphate dehydrogenase GAPDH 8.3, 8.5 35.8
from rabbit muscle

Trypsinogen TG 9.3 25.6
from bovine pancreas

Table 1 
Mixture of nine standard proteins with isoelectric point (pI) and molecular weight (MW).

Figure 1 
A mixture of nine IEF marker proteins (Table 1) was fractionated in OFFGEL mode with two individual
IPG strips on two different trays followed by on-chip electrophoresis. The % of input protein in the
individual fraction was plotted against the fraction numbers: (A) displays results from tray 1, (B) from
tray 2. (C) For comparison, conventional 2D-gelelctrophoresis was performed with the sample as
well. 
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after focusing, independent of the
instrument tray used. For example, the
major peak of BSA is always found in
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well 10 and the major peak of CAI is
always found in well 15. For compari-
son, the same sample was subjected to
conventional 2D-gelelectrophoresis as
described previously3 (Figure 1 C).
Proteins that focus in a single spot on a
conventional 2D gel are found in one or
two fractions only (for example β-lac-
toglobulin), whereas those displaying
multiple isoforms are detected in sever-
al fractions (like conalbumin).

The average protein recovery for all
nine proteins fractionated in the experi-
ment was determined to 65 ±10% of
the total input protein while recovery
levels per individual protein varied
between 50% and 80% (Figure 2).
Protein recovery from OFFGEL fractions
is influenced primarily by protein solu-
bility at higher concentrations, followed
by its focusing position. If a protein in
this experiment is focusing between
two wells such as trypsin inhibitor and
beta lactoglobulin (Figure 1), recovery
is reduced as more protein is retained
between the OFFGEL comb and under-
lying IPG strip.

Figure 3 demonstrates reproducibility in
terms of fractionation quality with
trypsin inhibitor and bovine carbonic
anhydrase II. The data was collected
from the analysis of one marker protein
with eight individual IPG strips run on
the eight lanes of one tray of the
Agilent 3100 OFFGEL fractionator (A to
H). The position of focusing was very
reproducible. Trypsin inhibitor was
recovered from wells 4 and 5 with a
clear dominance in well 4 for all 8 lanes
(A to H). As trypsin inhibitor is focusing
under the experimental conditions
described here in between two OFFGEL
fractions, overall recovery does vary,
depending upon the positioning of
OFFGEL comb to IPG strip that varies
slightly from lane to lane. In contrast,
bovine carbonic anhydrase is separated
out by OFFGEL electrophoresis into its
natural isoforms recovered in 5 frac-
tions with the main isoform of the pro-
tein always found in fraction 14. 

Figure 2
Protein recovery for all nine IEF marker proteins is shown.  Overall protein recovery ranges from 50%
to 80%, in average across all proteins it was calculated to 65%.
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Figure 3 
Reproducibility of Protein OFFGEL fractionation. (A) Trypsin inhibitor was always and predominantly
recovered in fraction 4, (B) carbonic anhydrase II in fraction 14.
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Conclusions
The Agilent 3100 OFFGEL Fractionator is
a versatile instrument for isoelectric
focusing of peptides and proteins. It per-
mits both the INGEL mode and the
OFFGEL modes. This experiment shows
that OFFGEL fractionation of proteins
provides reproducible data considering
IPG-strip-to-IPG-strip and tray-to-tray
variability, focusing position of a protein
marker, and protein recovery rate. The
OFFGEL fractionation quality is indepen-
dent of the amount of protein loaded,
protein pI, or molecular weight. These
experiments illustrate that the OFFGEL
separation technique offers good reso-
lution, high sensitivity, and excellent
fractionation reproducibility for proteom-
ic research.
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