
Results

FIGURE 1. Schematic of the overall workflow.

FIGURE 3. Is it reproducible? Three samples were analyzed using the workflow 
described in Figure 1.  Shown below are RIC for m/z 523.77460 (LC-MS) and full MS 
spectra (infusion).  Note the reproducibility of the retention time (LC-MS) and the 
intensity of the signal (infusion).

FIGURE 4. Gas phase fractionation MS and MS/MS analysis. Ninety-six fractions are 
infused into the LTQ FT for ten minutes using the NanoMate.  The MS is programmed 
to follow the scan events shown below.

Conclusions 
The strengths of combining LC-MS and infusion MS analysis is presented.  

The split experiment allows for ultimate peak parking.  In this case, sample fractions were
concentrated and multiple MS experiments were performed resulting in the generation of 
more data than LC-MS alone.  In addition, the extra time allowed for improved data quality 
through signal averaging.

The technique of coupling an integrated fractionation/nanoESI device with an LC-FTMS 
detector resulted in extremely reproducible data generation.  The TriVersa NanoMate
provided an automated and versatile setup for high-throughput analysis. Infusion produced an
extremely stable, robust, and prolonged nanoESI spray (in- and off-line).

Gas phase fractionation analysis provided increased sensitivity, exact mass measurements
and lower detection limits.  The smaller mass windows also resulted in trapping more low
abundant ions, because the target values are not reached by a more abundant ion, resulting
in the generation of higher quality data.

Sorcerer is a trademark of Sage-N Research Corporation. SEQUEST is a registered trademark of the University of Washington. TriVersa
and NanoMate are trademarks of Advion Biosciences. All other trademarks are theproperty of Thermo Electron Corporation and its
subsidiaries.

Bottom-up Label-Free HT Differential Analysis of Human Plasma Using an Integrated Fractionation/nanoESI
Device Coupled with LC-FTMS Detection
Jennifer. N. Sutton 1, C. Ptak2, M. Askenazi1, L. Bonilla1.  1Thermo Biomarker Research Initiatives in Mass Spectrometry (BRIMS) Center, Thermo Electron Corporation, Cambridge, 

Massachusetts;  2Advion Biosciences, Ithaca New York; 

RP-HPLC Nanospray
Split ratio

1:1000

C7

O
n 

Li
ne

 L
C

-M
S

G
as

 P
ha

se
 F

ra
ct

io
na

tio
n

In
fu

si
on

 M
S

2 0 2 5
T i m e  ( m i n )

2 2 . 6 3
5 2 3 . 7 7 4 6 0

2 3 . 8 3
0 . 0 0 0 0 09 6

RIC of peptide eluting at 22 min

Full MS spectra of peptide

Full MS spectra from fraction C7 
using infusion

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
m/z

0

TriVersa™ NanoMate®

2 0 2 5
T im e  ( m in )

2 2 . 3 1
5 2 3 .7 7 4 6 0

2 3 .2 2
0 . 0 0 0 0 0

0 6
7 4 6 0 0

2 2 . 6 4
5 2 3 . 7 7 4 6 0

1 . 3 3
0 0 0 0 0

2 3 .9 5
5 2 3 . 7 8 7 9 6

2 2 . 6 3
5 2 3 . 7 7 4 6 0

2 3 . 8 3
0 . 0 0 0 0 09 6

NL: 6.78E5
Base Peak m/z= 
523.76722-523.78818 F: 
FTMS + p ESI Full ms [ 
400.00-2000.00]  MS 
Sample 1

NL: 5.53E5
Base Peak m/z= 
523.76722-523.78818 F: 
FTMS + p ESI Full ms [ 
400.00-2000.00]  MS 
Sample 2

NL: 9.02E5
Base Peak m/z= 
523.76722-523.78818 F: 
FTMS + p ESI Full ms [ 
400.00-2000.00]  MS 
Sample 3

c:\xcalibur 11/5/2005 6:39:54 PM

Sample_1_C7 5.31E6

F:FTMS + p ESI Full ms [ 400.00-1800.00]

400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

523.77406

432.89980 575.31108547.31779513.28208409.16210

Sample_2_C7 6.13E6

400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

523.77415

432.89987
573.27275409.16212 479.48949 547.31775 687.72596

Sample_3_C7 6.35E6

400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

523.77427

432.89996 573.27290
687.52587479.48955409.16224 535.30595

Full MS Fraction C7 from each sample.

Sample Sets Peptide of interest Fractions Infused
1. Sample 1 m/z : 523.77460 C07
2. Sample 2 charge state: +2 C07  
3. Sample 3 retention time: 22.31 – 22.64 min C07
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Full MS FT

SIMS Full FT
(150 m/z window)

10 dd IT MS2

1.   Full MS Scan FT m/z 400-1800 Resolution 100k
2.   SIMS Full MS Scan FT Resolution 50k

- Mass window 150 amu
- 50 amu overlap between segments
- Mass range: m/z 350 to 1850 (total 15 SIMS windows)
- Examples: m/z 400-550, m/z 500-650, m/z 600-750, m/z 700-850, etc.

3.  Data Dependent MS/MS with dynamic exclusion for each SIMS windows (~1500 ms/ms 
spectra in the ten min cycle).
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Overview
Purpose: To develop a methodology for extensive, in-depth analysis of human plasma proteins 
using a bottom-up, label-free integrated fractionation/nanoESI device coupled with LC-FTMS 
Detection . 
Methods: Following protein partition, the simplified plasma proteins were analyzed by a semi-
preparative split workflow that coupled the TriVersa™ NanoMate™ (Advion Biosciences, Ithaca, 
NY) with a Finnigan™ LTQ FT™ (Thermo Electron, San Jose, CA) and simultaneously collected 
LC fractions for gas phase fractionation MS and MS/MS analyses. All peptide identifications were 
made using BioWorks™ 3.2 software (Thermo Electron, San Jose, CA).
Results: Demonstrates the effectiveness and reproducibility of split workflow and gas phase 
fractionation to provide comprehensive analyses of complex biological samples.

Introduction
Identification of protein/peptide biomarkers in plasma is a daunting analytical task due to the extremely 
large concentration, dynamic range and complexity of this biological fluid. Intrinsic to traditional bottom-up 
strategies, proteolytic digestion further increases the complexity of the original protein sample, and 
multidimensional separations have been employed in an effort to ameliorate this problem. In this work we 
present an alternative strategy for high-throughput differential analysis of human plasma based on a fully 
automated, robust post-column split experiment in combination with gas-phase fractionation. This allows 
for a more thorough, real-time characterization of the eluting peptides, as well as rapid, targeted evaluation 
of those fractions that are indicative of differential expression.

Methods
Sample Collection
Plasma samples were collected from healthy volunteers and stored at -80οC.
Plasma Partition and Enzymatic Digestion
The twelve most abundant plasma proteins were depleted from the plasma using affinity-based partitioning 
spin columns (Genway Seppro mixed 6) according to the manufacturer’s protocol. Enzymatic digestion was 
performed on the flow-through fractions using the procedure described below. Proteins were then 
dissolved in 25 µl of 100mM NH3HCO3 pH 7.8, reduced with 10 µl of 100mM dithiothreitol for 1 hour at 
56οC, then alkylated using 10 µl of 300mM iodoacetamide for 1 hour at room temperature in the dark.  
Proteolytic enzyme was added at ~ 1:20 w/w enzyme-to-protein ratio and the solution was incubated for 15 
hours at 37οC. The reaction was quenched with 5 µl of acetic acid and stored at -80οC.
Sequential LC-MS/MS Analysis
Plasma digests were analyzed by LC MS/MS using a Finnigan LTQ FT mass spectrometer (San Jose, CA) 
equipped with a TriVersa NanoMate (Advion BioSciences, Ithaca, NY).  Peptides were captured and 
concentrated for on-line with RP-HPLC using a C18 capillary column (2.1mm i.d. x 50cm), with 5.0 µm 
packed particles (Higgins Analytical Inc., Mountain View CA). The flow was split 1:1000 (NanoMate LTQ 
FT to sample plate) using a MicroTee (Upchurch Scientific, Oak Harbor, WA). The low-flow branch of the 
split was directed into the mass spectrometer and full scan (MS) data was collected in the FT-ICR MS in 
profile mode between m/z 400-1800 with simultaneous Data Dependent MS/MS scanning of the top five 
most abundant ions performed in the ITMS. The high-flow branch was collected into a 96-well plate using a 
time-based fractionation of 36 sec/fraction.
Gas Phase Fractionation Analysis (Infusion)
The collected samples were lyophilized to dryness and then reconstituted in 25 µL of 50% Methanol with 
0.1% acetic acid. Sample fractions were infused using the TriVersa NanoMate.  A ten minute analysis was 
performed using less than 5 µL of the samples, while performing the MS scans described in Figure 4.

FIGURE 2. Does fraction collection and LC-MS align correctly?  Peptide at m/z
523.7740 elutes at 22.63 min during the LC-MS analysis; therefore, according to the 
ChipSoft software, this peptide should be in sample position C07.  Results below 
show the presence of this peptide in C07 but not present in the adjacent fractions.

20 25
T ime (min)

22.63
523.77460

23.83
0.0000096

523.0 523.2 523.4 523.6 523.8 524.0 524.2 524.4 524.6 524.8 525.0 525.2 525.4 525.6 525.8 526.0

m/z

0

523.77411
R=78841

524.27606
R=79767

524.77783

R=77770
525.28003

R=79757

F:FTMS + p ESI Full ms [ 400.00-1800.00]

400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
el

at
iv

e 
Ab

un
da

nc
e

523.77411
z=2

432.89978
z=3

547.31799
z=3 1046.54333

z=1820.47345
z=2

LC
-M

S

C6 C7 C8

In
fu

si
on

Fraction Collected
Number: 31
Sample Position: C07
Retention Period: 22.52-23.12

#C6

#C7

#C8

Full MS spectra from infusion

Full MS spectra from LCMS

RIC from LCMS

LC
-M

S

In
fu

si
on

RIC of 523.7740  from each sample.

NL: 9.02E5
Base Peak m/z= 
523.76722-523.78818 F: 
FTMS + p ESI Full ms [ 
400.00-2000.00]  MS 
Sample 1

P 5 _ 2 4 h _ 1 1 0 1 0 5 _ 0 1  # 1 4 1 1 R T : 1 7 .0 8 A V : 1 N L : 2 .0 1 E 4
F : F T M S  +  p  E S I F u l l  m s  [  4 0 0 .0 0 - 2 0 0 0 .0 0 ]

6 0 0 6 1 0 6 2 0 6 3 0 6 4 0 6 5 0 6 6 0 6 7 0 6 8 0 6 9 0 7 0 0 7 1 0 7 2 0 7 3 0 7 4 0 7 5 0
m /z

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

5 5

6 0

6 5

7 0

7 5

8 0

8 5

9 0

9 5

1 0 0

R
el

at
iv

e 
A

bu
nd

an
ce

6 1 9 .9 8 0 7 7
z = 3

6 3 0 .3 1 4 4 5
z = 46 1 1 .3 1 7 3 2

z = 0
7 2 4 .4 0 3 4 4

z = 16 5 5 .1 1 2 3 0
z = 1 6 7 7 .0 9 4 3 0

z= 2 6 8 7 .3 4 2 7 1
z= 0

6 9 7 .8 4 4 6 7
z = 0

6 3 6 .0 6 7 2 0
z= 0 7 4 2 .8 8 7 8 2

z = 0
7 0 2 .9 8 1 6 3

z= 0

6 6 2 .3 4 9 1 8
z = 1

6 4 9 .1 1 7 8 6
z = 0

P 5 _ 2 4 h _ 1 6  # 1 4 0 - 7 7 8 R T : 1 . 2 2 - 6 . 9 1 A V : 7 N L : 3 . 1 7 E 5
F : F T M S  +  p  E S I  S IM  m s  [  6 0 0 .0 0 - 7 5 0 . 0 0 ]

6 0 0 6 1 0 6 2 0 6 3 0 6 4 0 6 5 0 6 6 0 6 7 0 6 8 0 6 9 0 7 0 0 7 1 0 7 2 0 7 3 0 7 4 0 7 5 0
m /z

0

5

1 0

1 5

2 0

2 5

3 0

3 5

4 0

4 5

5 0

5 5

6 0

6 5

7 0

7 5

8 0

8 5

9 0

9 5

1 0 0

R
el

at
iv

e 
Ab

un
da

nc
e

6 1 9 .9 8 1 1 6
z = 3

6 4 8 . 8 5 0 0 8
z = 2

7 3 5 .2 7 9 1 1
z = 0

6 3 7 .3 0 9 3 6
z = 0

6 5 9 .2 9 1 7 4
z = 0 7 2 4 .4 0 5 0 8

z = 1

6 5 4 .3 3 6 0 3
z = 1

6 8 6 .8 4 2 5 3
z = 2

6 9 7 . 8 4 6 2 0
z = 26 1 1 . 3 1 7 6 1

z = 1 7 1 1 . 4 0 0 8 7
z = 0

7 2 9 .3 5 2 4 6
z = 26 3 2 .6 3 1 0 9

z = 3
6 9 0 .2 4 9 1 6

z = 3
6 6 7 .8 2 4 0 8

z = 0
6 8 4 . 2 4 4 1 7

z = 3

6 2 7 .3 0 9 9 4
z = 0

7 1 7 . 0 3 3 3 1
z = 3

6 4 5 .0 0 4 8 6
z = 0

7 4 1 . 2 9 7 9 7
z = 0

m/z

LC
-M

S
In

fu
si

on

c:\xcalibur\...\infusion\p5\0h\p5_0h_29 11/3/2005 6:00:59 PM

p5_0h_29 #594 RT: 4.86 AV: 1 NL:3.69E5
F:FTMS + p ESI Full ms [ 400.00-1800.00]

400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

541.94617
573.27289

432.89990

595.80676578.31683480.78485409.16214 568.29572 589.28632
547.27783 554.27740 562.63672502.94406425.13626403.25504 487.26627417.86459 517.27338

430.69888

473.45563 581.75958453.20776 510.46445

P5_0h_30 #770 RT:6.00 AV:1 NL:3.41E6
F:FTMS + p ESI Full ms [ 400.00-1800.00]

400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

523.77411

432.89978 547.31799 575.31134513.28235 534.76563409.16220 415.29132 422.22897 552.77808 562.30298479.48938458.73395 471.90567

525.61133

519.85120

444.40421

p5_0h_31 #445 RT:3.46 AV:1 NL:2.87E6
F:FTMS + p ESI Full ms [ 400.00-1800.00]

400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
Ab

un
da

nc
e

460.73465

432.89987

500.80539409.16202 522.78290 571.74115

462.73236

482.71646 558.27478476.73016 514.25806 598.57068532.28674492.71997451.72986 552.77698417.54874 580.60620

HLFVQDPQTCK

ITMS + c ESI d Full ms2 686.84@35.00 [ 175.00-1385.00]

200 300 400 500 600 700 800 900 1000 1100 1200 1300

R
el

at
iv

e 
A

bu
nd

an
ce

Y5

B6

Y9

MH+2-H2O

B2 B3-H2O Y8

Y7B3 Y10A2

No MS2 spectra

MS2 spectra

Full MS Scan LC-MS

SIMS MS window 600-750 m/z infusion

MS2 spectra selected from the SIMS spectra above

FIGURE 6. Advantages of gas phase fractionation analysis. Ions not selected in data 
dependent MS/MS experiments can now be identified.  Shown below in the LC-MS 
spectra is a low abundant peak observed at m/z 686.82 - detectable but not selected 
for MS/MS.  SIMS full MS window (m/z 600-750) produces a much stronger signal for 
this peptide and MS/MS spectra are generated resulting in successful peptide 
identification. Note: other ions are detected in the SIMS scan that were not detected 
in the full MS scans.

Number of Proteins Number of Peptides
LC-MS 33 297
SIMS 41 342

LC-MS SIMS

FIGURE 5: Comparison of the protein and peptides search results from Sequest for 
sample 2 from both the LC-MS and the gas phase infusion analysis.

Conclusion:  
Gas phase fractionation results in a 24% improvement in protein identification 
and a 1.2 fold increase in the number of peptides identified.

Searched against human IPI database using Sequest Sorcerer™.  
Peptide filter criteria:
1. Xcorr +1  > 1.5, +2 > 2.5, +3 > 3.5
2. Delta CN > 0.1
3. Peptide probability  <1.0e -3
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