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Introduction 

Characterization of the plasma proteome is a daunting
analytical task due to the large number of proteins
thought to be present and the extremely large dynamic
range of their concentrations. Historically, several differ-
ent analytical approaches have been incorporated to
identify proteins belonging to the low molecular weight
(LMW) plasma proteome, including various enrichment
schemes and numerous bottom-up mass spectrometric
analyses. 

For bottom-up analysis, the protein is digested with
an enzyme to give a mixture of peptides which are identi-
fied from database analysis of their CID fragmentation
spectra to lead to the identity of the source protein.
By contrast, top-down analysis enables the study of the
intact protein, allowing identification, primary structure
determination and localization of post-translational
modifications (PTMs) directly at the protein level,
without the need for enzymatic digests. In this report,
a novel top-down approach is used for characterizing
the LMW proteome and plasma peptidome using the
Thermo Scientific LTQ FT, a hybrid linear ion trap-Fourier
transform mass spectrometer.

Goal

Demonstrate the effectiveness of a specific enrichment
methodology, along with top-down analysis on the LTQ
FT, to detect and identify both intact LMW plasma
proteins and peptides belonging to the plasma peptidome
in an enzyme-free protocol.

Sample Preparation & Experimental

Enrichment of the LMW fraction was achieved by ultra-
filtration as described in the Villanueva et al protocol1.
Preparation of the 30 and 50 kDa centrifugal filter mem-
branes was performed according to the manufacturer’s
specifications. One mL of human plasma was processed
by first dividing the sample into 5×200 µL aliquots, then
diluting with 120 µL of deionized water and 20% v/v
acetonitrile. Proteins were denatured at 40°C for 15 min
then centrifuged at 10,000 ×g for 10 min to remove any
precipitated material that could clog the filters. Cleared
supernatants were then applied to the prepared centrifugal
filters and spun at 1,500 ×g for 90 min at 4 °C. Approxi-

mately 25% of the total volume was passed through each
filter, pooled and concentrated by lyophilization. Aliquots
for MS analysis were dissolved in 100 µL of 5% acetoni-
trile in 0.1% formic acid. For the sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) analysis,
the filtrates were lyophilized to dryness and resuspended
in 30 µL of Laemmli sample buffer, boiled for 10 min,
then loaded onto Bio-Rad Criterion Tris-HCl Ready-gels
using a 4–15% linear gradient. Silver staining was per-
formed per the Rabilloud protocol2. 

LC Separation and MS Analysis

HPLC

Plasma peptides were captured and concentrated for on-
line reversed phase (RP) liquid chromatography using a
nonporous silica-based (NPS) polymerically bonded col-
umn (3.3 cm ×3.0 mm) with 1.5 µm packed particles.
Separations were performed at 60°C at a flow rate of
200 µL/min. Mobile phases A and B each contained
0.1% (v/v) formic acid; acetonitrile was used as the
organic modifier (5% v/v in Solvent A and 95% v/v in
Solvent B). The linear gradient profile increased the per-
centage of Solvent B from 0 to 100% over a 30 min
period, held the percentage of B at 100% for 5 min, and
decreased the percentage of B from 100 to 0% over a
5 min period (total time 50 min). 

Mass Spectrometry

Mass spectrometer: LTQ FT
Ionization mode: Positive µ-ESI ionization
Spray voltage: 4.00 kV 
Sheath gas: 25 units
Capillary temperature: 275°C
Capillary voltage: 100.0 V
Tube lens voltage: 130 V 

Cytochrome-C from rabbit was used to optimize the
instrument for intact protein analysis. Full MS measure-
ments were made using the FT-ICR mass analyzer with
an AGC target setting of 7e5. Two microscans were
averaged for each full MS scan and allowed to reach the
maximum AGC target value in 500 ms. Fragmentation
occurred in the linear ion trap and detection in the FT
with an AGC target value of 4e5 achieved in a maximum
of 3 s with one microscan. 



Spectral Processing and Database Searching

Intact protein spectra were analyzed using a deconvolu-
tion program3 with manual validation of Mr values
reported with isotopic resolution. MS/MS spectral analysis
was performed using the THRASH algorithm4, and the
resulting peak lists, together with the intact protein Mr
values, were sent to ProSight PTM software for identifica-
tion and characterization of the intact proteins5. Precursor
masses were searched against the human proteome data-
base. Peptides matching the precursor mass within a speci-
fied tolerance were checked against the listed fragment
masses to see if any b/y ions matched, according to the
appropriate fragmentation method. Those peptides with
more than three fragment matches were returned in the
output file. ProMass Deconvolution software was used for
deconvolution of intact protein spectra to confirm the
identification of two overlapping proteins.

Results and Discussion

Analysis of the human plasma proteome is considered one
of the most challenging tasks for proteomics researchers
interested in identifying new disease biomarkers. The ana-
lytical complexity of the plasma proteome is due to its
extremely wide dynamic range reported to extend over
12 orders of magnitude. High-abundance proteins such

as albumin and IgG comprise approximately 80% of the
human plasma proteome, leaving only 20% of the total
protein content for low abundance proteins that may have
the most impact in regulating signaling pathways crucial
to disease. For this reason, reduction of sample complexity
is a critical step for the detection and identification of the
LMW plasma proteome, along with a mass spectrometry
technique that provides the highest sensitivity and resolv-
ing power. In this experiment, the LTQ FT was chosen for
its unique ability to provide accurate mass and high reso-
lution data on a fast chromatographic timescale
–without the need for proteolytic digestion.

Figure 1 shows a schematic of the LTQ FT mass spec-
trometer – a hybrid instrument that combines the high
sensitivity and superior fragmentation capability of the
LTQ linear ion trap, with the accurate mass and high res-
olution of FTICR-MS. The analysis conditions listed are
specific for intact protein analysis. Tuning the instrument
in this way ensured maximum transmission of the
multiply-charged ions for the best MS/MS sensitivity and
subsequent protein identification. Note that only one
microscan was used for every MS/MS scan, preventing the
need to average several spectra. 

Ultrafiltration was used to enrich the LMW fraction of
the human plasma sample. Figure 2 shows a schematic of
this process, in which the sample was first divided into five
aliquots prior to centrifugation. This ultimately reduced
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Spray Voltage 
4.0 kV

Flow rate
200 µL

Transfer Tube
275 °C
100V

Tube Lens
130V

MS/MS AGC
4e5

1 µscan
Max Ion inject time

3000 ms

MS AGC
7e5

2 µscan
Max Ion inject time

500 ms

All ions are detected
in the ICR cell for both
Full MS and MS/MS.

Resolution setting
100,000 MS and 50,000 MS/MS

Figure 1: LTQ FT schematic describing conditions ideal for Top Down analysis
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Figure 2: Ultrafiltration purification of human plasma with gel images showing the final fractions
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Figure 3: Base peak chromatogram RPLC-MS using NPS column
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the concentration of albumin and other abundant plasma
proteins by approximately 90%, enriching the lower
abundant protein fraction (LMW), in which most bio-
markers are believed to exist. Gel images show the total
protein content of the entire sample, as well as the HMW
and LMW fractions. The LMW proteins were then sepa-
rated by reversed-phase chromatography and analyzed on
the LTQ FT, as shown in the base peak chromatogram in
Figure 3. In this data, the first five minutes of the chro-
matogram represent separated peptides; from 5–20
minutes, intact proteins, both analyzed on a single NPS
column. An expanded view of one of the peaks in the
intact protein region shows that the peak widths are only
24 seconds wide – ideal for high chromatographic resolu-
tion. The NPS column helped contribute to the resolution
quality of the peaks, as well as the high resolving power
of the LTQ FT.

Figure 4 shows a Full MS spectrum of one of the
peaks in the intact protein region, and is representative
of the quality of the highly-resolved peaks throughout
the run. In this example, each peak is labeled with its

m/z value, resolution (R) and charge state (z). Closer
inspection of the expanded region around the peak at
m/z 1178 revealed the isotopic envelope of the more
abundant of two overlapping multiply-charged proteins.
This was confirmed by using ProMass Deconvolution,
which successfully deconvoluted two overlapping proteins
from the full MS spectrum to expose major proteins with
molecular weights of 9420.9 and 9712.2 Da, as shown in
Figure 5. The MS/MS spectrum of the larger protein at
m/z 1178 is shown in Figure 6.

Using ProSight PTM software a putative truncated
isoform of Apolipoprotein A-II was identified, as shown
in Figure 7. A C-terminal sequence tag was clearly identi-
fied from eleven b-ions with an 8.7 ppm average mass
error. A crude PScore for this protein identification yielded
a value of 6.71e-11, indicating a high probability of a
correct identification. A mass difference of 2363.43 Da
was observed from the theoretical mass of the predicted
protein sequence, indicating a truncated isoform of the
apolipoprotein A-II, which may also contain a post-trans-
lational modification on the N-terminus.
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Figure 4: Full MS spectra detected in the LTQ FT
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Figure 5: Deconvoluted spectra from ProMass software showing two major proteins
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Figure 6: MS/MS spectrum of 1178.6 m/z charge +8



Conclusion

The Low Molecular Weight portion of the human plasma
proteome is thought to contain a wealth of putative bio-
markers for human disease. This study was performed to
demonstrate an effective methodology for isolating the
LMW protein fraction of plasma and analyzing it directly
with Top-Down protein sequence analysis. 

To be effective, Top-Down analysis requires high mass
accuracy and resolution in order to determine the molec-
ular weight of the intact protein and its fragments. To be
practical, Top-Down analysis should be performed during
routine LC/MS of LMW plasma protein fractions.

As such, the LTQ FT is the only analytical system
capable of performing such an analysis. Data is shown for
just one of many proteins identified in this analysis.

Further studies will demonstrate online multi-
dimensional chromatography techniques to enhance the
separation of the intact proteins for future differential
expression work.
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