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OVERVIEW

• Proteomes contain a complex mixture of proteins,
present over a wide dynamic range.

• Prefractionation of intact proteins will reduce the
complexity and dynamic range encountered
during subsequent processing and analysis.

• Multiple modes of biochromatography (e.g. size
exclusion, ion exchange, and reversed phase
separations) can be combined to create highly
resolving multidimensional protein separations.

• In this work, E. coli cytosol was fractionated
using multidimensional LC, and analyzed by
online ESI-TOF MS of the intact proteins, and
MALDI-QTOF analysis of trypsin digested
fractions.

• Prefractionation was shown to produce simplified
protein mixtures when used as an online
separation coupled to ESI-TOF MS, or in
preparation for an analysis of a protein digest.

INSTRUMENTATION

Symmetry300™ C4 RP
(2.1 x 50 mm)

1525µ

2796 Waters Nonporous SP 
(4.6 x 35 mm)

10

1
2

3
4

5

6
7

8
9

Waste

2D Column 
SelectionValve 

2487 UV WFC III

(pH/Conductivity)/ Waste

Union

2487 UV WFC II

LCT Probe

Split ratio ? 8:1

Valve 1
Port 7

LCT
ESI-TOF MS

Salt Diversion 
Valve

Figure 1: Multidimensional LC and LC/ESI-TOF MS
Configurations. A Waters® Alliance® 2D
Bioseparations System was used for offline IEX/RP
protein separations, and online IEX/RP separations
coupled to a Waters Micromass® LCT™ ESI-Tof MS.
The 2796 Bioseparations Module controlled
sample handling and 1D SCX gradient production,
while a 1525µ Binary HPLC Pump delivered the 2D
RP gradient. A 10-port 2-position valve facilitated
2D column selection, while a second 2-position
valve was used for salt diversion during the first
few minutes following each column switch, to
prevent non-volatile salts from reaching the MS
source. A post-valve split permitted simultaneous
MS analysis and fraction collection. MassLynx™ 4.0
was used for instrument control, data acquisition,
and data processing.
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METHODS

Figure 2: 1D IEX AutoBlend™ Gradient. A
quaternary AutoBlend technique permitted
adjustment of both pH and ionic strength for the
first dimension ion exchange separation. Solvents
A and B are balanced to adjust system pH, while
C and D set system ionic strength. 

Figure 3: Program for Comprehensive 2D (IEX/RP) Step Chromatographic Separation. For this application,
proteins are eluted off the 1D SCX column by increasing salt steps (0-1 M NaCl) at constant pH(4), then
at increased pH(7) to remove tightly bound proteins. The length of each step equals the salt divert time +
length of the selected 2D gradient for that step. The first dimension AutoBlend IEX gradient (Solvents A-D)
is delivered by the 2796 module, while the second dimension reversed phase (Solvents E-F) is delivered
by the 1525µ module. The column selection valve automatically switches between each step, while the
salt divert valve automatically switches at the beginning and end of each salt divert cycle.

Figure 4: TIC and Analog Channels Collected
During the Comprehensive 2D Step 
LC/LC/ESI-TOF MS Analysis of E. coli Cytosol
using the Method in Figure 3.
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RESULTS

A 

B

Figure 6: MALDI QTOF MS/MS Identification of 
E. coli Periplasmic Ribose Binding Protein from a
Step 3 fraction digest. The collected fraction
yielding the intact mass identified in Figure 3 was
dried down and resuspended for trypsin digestion
in the presence of 0.1% RapiGest™. Data directed
MS/MS analysis for this fraction was performed
on a Waters Micromass Q-Tof Ultima™ MALDI MS.
The output from the ProteinLynx™ Global SERVER
v2.0 software identifies an E. coli periplasmic
ribose binding protein in this fraction from 14
observed peptides in the survey scan (A) and 3
MS/MS identifications (1 shown in B). An overall
sequence coverage of 54% was obtained with an
average mass error of 25 ppm, for a protein with
a predicted MW of 30,950.

Figure 5: Comprehensive 2D LC (IEX/RP)/ESI-TOF
MS Step Chromatographic Separation of acidified
E. coli Cytosol. E. coli cytosol (12 mg protein) was
acidified in 20% acetic acid to facilitate removal
of nucleic acids and residual cellular debris by
centrifugation. This treatment typically biases the
solubilized protein fraction toward smaller
proteins. The acidified cytosol was analyzed by
online 2D LC(IEX/RP)/ESI-Tof MS as shown in
previous figures. Mass spectra were acquired at
0.5 Hz sampling over a 500-3000 m/z range.
Fractions from the post valve split were collected
at ~3 minute intervals. An example m/z and
resultant deconvoluted spectrum from this analysis
is shown.
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A GENERIC PROTEOMICS PREFRACTIONATION
STRATEGY?

Figure 9: 2D (IEX/RP) Offline Separation of an E.
coli Cytosolic Protein SEC fraction. E. coli cytosol
(10 mg) was fractionated on a Waters 8 x 
300 mm BioSuite™ SEC Column, and 2 min
fractions were collected. A 9 step offline
2D(IEX/RP) separation of a LMW SEC fraction
(MW ~10,000 to 60,000 ) was produced.
Collected fractions (3 min.) during the 2D run
were dried and resolubilized for trypsin digestion
in the presence of 0.1% RapiGest SF. The resulting
step chromatograms show reduced complexity of
fractions relative to the non-SEC fractionated
cytosol, facilitating additional identification of
proteins by peptide level MS analysis.

Signal Sequence Processed Protein    Calculated Mass : 28,476.0 Da

MNMKKLATLVSAVALSATVSANAMAKDTIALVVSTLNNPFFVSLKDGAQKEADK
LGYNLVVLDSQNNPAKELANVQDLTVRGTKILLINPTDSDAVGNAVKMANQANI
PVITLDRQATKGEVVSHIASDNVLGGKIAGDYIAKKAGEGAKVIELQGIAGTSA
ARERGEGFQQAVAAHKFNVLASQPADFDRIKGLNVMQNLLTAHPDVQAVFAQND
EMALGALRALQTAGKSDVMVVGFDGTPDGEKAVNDGKLAATIAQLPDQIGAKGV
ETADKVLKGEKVQAKYPVDLKLVVKQ 

Figure 7: Identification of a Processed form of the
E. coli Periplasmic Ribose Binding Protein Lacking
an N-terminal Signaling Sequence. Combining the
data from intact and digest MS analysis we were
able to identify a truncated form of the E. coli
protein lacking the N-terminal 26 amino acids.
The loss of this sequence reduced the calculated
mass from 30,950 Da to 28,476 Da, in line with
our observed mass (28,475 Da, 35 ppm mass
error). A search of the SWISS-PROT database
(http://www.expasy.org) confirms the processing
event predicted from our mass data (Protein
RBSB_ECOLI Accession Number P02925).

Figure 8: Use of Offline SEC as an Additional
Intact Protein Fractionation Step for the Analysis of
Complicated Proteomic Mixtures. Protein
fractionation by size, charge nature, and
hydrophobicity creates pools of similar proteins,
less likely to experience competitive suppression
during online MS analysis of intact proteins, and
more uniform peptide mixtures during digest
analysis.
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CONCLUSIONS

• Complex proteomic samples were fractionated
using multiple modes of biochromatography to
reduce the complexity and effective dynamic
range prior to intact protein and tryptic digest
MS analysis. 

• A quaternary AutoBlend strategy for the first
dimension IEX analysis permitted control of
both system pH and ionic strength to effectively
modulate protein retention profiles.

• The combined analysis, yielding both intact 
ESI-Tof MS and typtic digest MALDI MS/MS
data, was shown to unambiguously identify a
biologically significant proteolytic processing
site of a periplasmic E. coli protein.

• The combination of intact protein
prefractionation, intact mass, and digest
information provides a powerful methodology
for full characterization of complex proteomic
samples.
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