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Introduction

Comprehensive analysis of the
human plasma proteome is chal-
lenging due to the complexity and
wide range of protein concentra-
tions. Efficient protein prefraction-
ation is critical to detect low abun-
dant plasma proteins. A well-estab-
lished method to reduce sample
complexity is the immuno-deple-
tion of abundant proteins!.
OFFGEL electrophoresis, on the
other hand, fractionates proteins
or peptides according to their iso-
electric points2. Since the pl based
fractionation of proteins and pep-
tides, respectively, is orthogonal,
both approaches can be combined
in multidimensional separation
schemes. With the Agilent 3100
OFFGEL Fractionator this can be
done in parallel, as shown here for
immunodepleted plasma. After
depletion, human plasma proteins
were either directly fractionated by
protein OFFGEL electrophoresis,
digested and analyzed by
HPLC/Chip-MS. As an alternative,
low abundant proteins were first
digested, then fractionated by pep-
tide OFFGEL electrophoresis and
analyzed by HPLC/Chip-MS.
Results from both experimental
setups were complementary and
allowed a more in-depth character-
ization of the sample.

Instrumentation

Immunodepletion

Lyophilized human plasma con-
taining 3.8 % trisodium citrate as
anticoagulant (Sigma, Taufkirchen,
Germany) was reconstituted with
water. For the depletion of the top
six high abundant proteins the
Multiple Affinity Removal system
from Agilent Technologies was
used as described elsewhere3. The
fractions containing the low abun-
dant proteins were pooled, concen-
trated and desalted by ultrafiltra-
tion using Vivaspin 4 concentra-
tors (MWCO 5 kDa, Vivascience,
Hannover, Germany). The sample
was first concentrated to a volume
of approximately 400 . Then, to
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desalt, 3.6 ml of 10 mM sodium
phosphate buffer, pH 7.4 were
added and the sample concentrat-
ed again. This step was repeated 3
times. Protein concentrations were
determined with the Coomassie
Plus Assay Reagent (Pierce,
Rockford, IL, USA).

Protein OFFGEL electrophoresis

For pl based protein separation,
the Agilent 3100 OFFGEL
Fractionator with a 24-well setup
(3100 OFFGEL High Resolution
Kit, pH 4-7, Agilent part number
5188-6426) was used according to
the protocol. One mg depleted
human plasma was diluted with
Protein OFFGEL Stock Solution,
loaded and focused. For protein
digestion with Trypsin, 5 uL 1 M
ammonium bicarbonate and

10 uL 1 M iodoacetamide (freshly
dissolved in 50 mM ammonium
bicarbonate) were added to every
fraction. After 30 minutes incuba-
tion in the dark, non-reacted
iodoacetamide was quenched by
adding 10 uL 1 M DTT. Fractions
were desalted by gel filtration with
0.5 mL Zeba Desalt Spin Columns
(Pierce, Rockford, IL, USA). As an
alternative, the Agilent mRP-C18
High Recovery Protein Column can
be used for rapid desalting and
supplemental concentration of
plasma proteins?. After adding of 5
uL 1 M ammonium bicarbonate,
Trypsin (freshly dissolved in 50
mM ammonium bicarbonate;
Pierce, Rockford, IL, USA) was
added at 1:30 enzyme:substrate
and fractions were incubated
overnight at 37 °C. The digest was
stopped with 20 nL 1 % formic acid
and peptides were lyophilized,
resuspended in 0.1 mL 0.1 % formic
acid, lyophilized again and stored
at -20 °C.

Peptide OFFGEL electrophoresis
Depleted human plasma was
reduced and denatured using 50 %
2,2,2-trifluoroethanol with 200 mM
DTT at 95 °C for 20 minutes fol-
lowed by alkylation with iodo-
acetamide at room temperature for

one hour. The reduced and alkylat-
ed sample was diluted 1:10, Trypsin
(Promega, Madison, WI, USA) was
added at 1:20 enzyme:substrate and
then incubated overnight at 37 °C.
The digest was aliquoted, dried and
stored frozen until use. For pl-based
peptide separation, the Agilent 3100
OFFGEL Fractionator with a 24-
well setup (3100 OFFGEL High
Resolution Kit, pH 3-10, Agilent
part number 5188-6424) was used
according to the protocol. 200 ug
sample digest were resuspended in
Peptide OFFGEL Solution and
loaded. After focusing, fractions
were acidified with formic acid,
analyzed directly, or stored frozen
until use.

1- and 2-dimensional electrophoresis
1- and 2-dimensional electrophore-
sis were performed as described®.

HPLC-Chip/MS analysis

For analysis by LC/MS, 10-20 % of
each fraction was injected onto an
LC/MS system consisting of an 1200
Series liquid chromatograph, an
HPLC-Chip Cube MS interface, and
an 6330 Ion Trap mass spectrome-
ter (all Agilent Technologies). The
system was equipped with an
HPLC-Chip (Agilent Technologies)
that incorporated a 40 nL enrich-
ment column and a 150 mm x 75
um analytical column packed with
ZORBAX 300SB-C18 5 um particels.
Sample were loaded onto the
enrichment column with 97 % sol-
vent A (water with 0.1 % formic
acid) and 3 % B (acetonitrile with
0.1 % formic acid) at 4 uL/min. They
were then eluted with a gradient
from 3 % B to 40 % B in 60 min, fol-
lowed by a steep gradient to 80 % B
in 1 minute at a flow rate of 0.3
1L/min. The total run time of the
gradient used, including column
reconditioning was 65 min. The IPI
Human database was searched with
the Agilent Spectrum Mill Server
software. An iterative searching
strategy was employed for all
searches. Autovalidation flagged the
high confidence identifications so
that no false positives are included.



Results and discussion

First, six high abundant proteins
(albumin, IgG, IgA, haptoglobulin,
transferrin and antitrypsin) were
depleted from human plasma in a
single chromatographic step. These
proteins account for 80-90 % of the
total protein content. The efficien-
cy and specificity of the employed
method has been shown
elsewhere!. In the next steps,
depleted human plasma was either
directly fractionated by protein
OFFGEL electrophoresis or first
digested and then fractionated by
peptide OFFGEL electrophoresis
(figure 1). Protein and peptide
OFFGEL electro-phoresis were per-
formed in parallel by running the
two sample sets on individual
trays. As a control, an aliquot of
depleted human plasma was digest-
ed and directly analyzed by HPLC-
Chip/MS without prior OFFGEL
fractionation (dotted line in figure
1). The quality of the protein
OFFGEL fractionation was checked
by one and two dimensional gel
electrophoresis. The good repro-
ducibility of the method was
demonstrated by strikingly similar
SDS-PAGE results of three indepen-
dent OFFGEL runs (figure 2).
Figure 3 shows the resolution of
the method. Four neighbouring
fractions of a single OFFGEL run
were analyzed by 2DE. Proteins
focused into sharp fractions with
little overlap between neighbouring
wells. HPLC/Chip-MS analysis
results of the protein and peptide
OFFGEL runs are shown in figure
4A. Compared to the control exper-
iment without OFFGEL fractiona-
tion two- to threefold more pro-
teins and three- to fourfold more
peptides were identified in experi-
ments including a protein OFFGEL
or a peptide OFFGEL fractionation
step. Three proteins with plasma
concentrations between 10 and 100
ng/mL were identified in the pep-
tide OFFGEL fractionation (table
1). This concentration range is typi-
cal for tissue leakage proteins’.
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OFFGEL fraction analysis by 2DE (pH range 4-7).
The target resolution of the OFFGEL fractions (0.

2D gels of fractions 11-14 are shown.
11 pH/well) is indicated with a red bar.
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Analysis of human plasma proteins by immuno-depletion, protein and peptide OFFGEL electrophoresis and HPLC-Chip/MS. A) total number of non-
redundant proteins and peptides respectively identified in a control experiment without OFFGEL fractionation (1), the experiment with peptide
OFFGEL fractionation (2), the experiment with protein OFFGEL fractionation (3) and the combination of datasets (2) and (3). B) overlap of the protein
identifications in datasets (2) and (3) and C) overlap of the peptide identifications in datasets (2) and (3).

and®), the isoelectric points of pep-
tides cluster in specific pH ranges2.
This indicates a more efficient
reduction of sample complexity in
the case of proteins and hence
could explain the higher number of
identified peptides in the protein
OFFGEL compared to the peptide
OFFGEL fractionation. The
HPLC/Chip-MS results from pro-
tein and peptide OFFGEL elec-
trophoresis respectively were com-
plementary (figures 4B and 4C).
Only 40 % (34 %) of the identified
proteins (peptides) were present in
both datasets. This overlap is much
lower than the overlap of datasets
produced by merely combining the
MS results of two independent pro-
tein or peptide OFFGEL runs done
under identical conditions (data
not shown). By running two
orthogonal separation techniques —
protein and peptide OFFGEL elec-
trophoresis — in parallel it was pos-
sible to substantially enhance the
number of identified proteins and
peptides (figure 4A).

Conclusion

The complexity of human plasma
or serum can be efficiently reduced
by a combination of immunodeple-
tion and a pl-based fractionation
on a protein or peptide level.
OFFGEL electrophoresis is a flexi-
ble technique that can play a role
in various steps of multidimension-
al separation schemes. Running
protein and peptide OFFGEL elec-

Conc. ng/mL  accession_number pl entry_name

97 1P100004373 539  Mannose-binding protein C

59 IP100018305 9.03  Insulin-like growth factor binding protein 3
15 1P100297284 7.48 Insulin-like growth factor binding protein 2
Table 1

Protein hits with plasma concentrations < 100 ng/mL. Concentration data were taken from Haab et al.®.

trophoresis in parallel can be a
time and resource saving alterna-
tive to serial approaches.
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