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Overview
Purpose: Demonstrate a method for global identification of proteins in complex 

sample mixtures.
Methods: Proteins from neat and HSA-stripped human plasma were digested 

enzymatically and separated by a two dimensional HPLC, using strong 
cation exchange and reversed phase chromatography, then analyzed
by on-line LC/MS/MS with an ion trap mass spectrometer.  Proteins 
were identified using TurboSEQUEST® software to search observed 
MS/MS spectra against a human protein database.

Results: 359 proteins were identified with high confidence.

Introduction
Protein identification using peptide mapping has become an important technique 
for proteomic studies. In this approach, proteins are digested with a site-specific 
enzyme and analyzed by tandem mass spectrometry to generate MS/MS spectra.  
Comparing measured peptide fragment ions with those predicted by protein 
sequence, one can use protein databases to derive the identities of proteins in a 
sample.  Previously, analysis of proteins relied on 1D- or 2D-gel separations, 
followed by MS analysis.   In this paper, we describe analysis of a complex protein 
mixture, human plasma, using an automated 2D-LC/MS/MS system.  Human 
plasma was digested and loaded onto a 0.32mm diameter strong cation exchange 
column and then gradually released to a 0.18mm diameter C18 column by 
stepwise elution with salt steps of increasing molarity.  After reversed phase HPLC 
separation, the peptides were analyzed by a Finnigan LCQ Deca XP Plus mass 
spectrometer with a microspray interface.  Using TurboSEQUEST software, more 
than 350 proteins were identified in one experiment.  Compared to current gel-
based methods,  this on-line 2D LC/MS/MS system has several advantages: more 
peak capacity, higher sensitivity, greater throughput and a higher degree of 
automation.

Methods
Sample preparation:
HSA was removed from samples with Cibachron Blue (Sigma).  Proteins from 
human serum lysates were reconstituted with 6M guanidine to 1 mg/ml.   After 
reduction, alkylation, and proteolytic digestion, the final sample concentration was 
approximate 5 µg/µL.  17µL of sample were analyzed by 1D or 2D LC/MS.  About 
85 µg of total protein was injected for each analysis.
HPLC conditions:
2D LC: Using a Finnigan ProteomeXTM Workstation (Thermo Finnigan), a flow rate 
of 200 µL/min was split and maintained at 1.5 µl/min.  An 11-step salt gradient was 
used for sample fractionation on strong cation column (SCX) (Thermo Hypersil-
Keystone) with steps of  0, 5, 10, 15, 20, 40, 60, 100, 200, 400, 800mM ammonium 
chloride.  After step elution from SCX, peptides were eluted from a BioBasicTM C18 
reversed phase column (Thermo Hypersil-Keystone) with a 120 minute gradient 
from 5% to 65% ACN in water, 0.1% formic acid.  
1D LC: If only the reversed phase column was used for analysis, the gradient 
profile was set from 5% to 65% ACN in 240 minutes.
MS conditions (LCQ Deca XP):
The temperature of the ion transfer tube was set at 140oC.  The spray voltage was 
set at 3.2 kV and Normalized Collision Energy was set at 35% for MS/MS.  
Dynamic ExclusionTM was used with exclusion duration for 3 minutes. The data 
was analyzed by Xcalibur® software and the proteins were identified by 
TurboSEQUEST in the BioWorksTM 3.0 software suite (Thermo Finnigan).

Results 
Figure 1 shows the separation of human serum proteins with and without removal of 
human serum albumin (HSA).  HSA is by far the most abundant protein in plasma, 
representing almost 70% by weight.  Without removal of HSA, low abundance 
proteins will be not detected due to ion suppression my more prevalent HSA 
peptides. 

FIGURE 2. Flow diagram of two dimensional LC/MS/MS.


