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Modern Top Down Proteomics Work Flow
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Protein Informatics:

ProSightPC 2.0

Ji Eun E. Lee, John F. Kellie, John C. Tran, Jeremiah D. Tipton, Adam D. Catherman, 

Haylee M. Thomas, Dorothy R. Ahlf, Kenneth R. Durbin, Adaikkalam Vellaichamy, Ioanna 

Ntai, Alan G. Marshall, Neil L. Kelleher 

“A Robust Two-Dimensional Separation for Top-Down Tandem Mass Spectrometry of the 

Low-Mass Proteome”

Journal of the American Society for Mass Spectrometry (12 August 2009) 



Top down Proteomics Instrumentation:

 Modified 14.5 T LTQ-FT  
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ICR Cell

14.5 T Magnet

Schaub, T.M.; Hendrickson, C.L.; Horning, S.; Quinn, J.P.; Senko, M.W. and Marshall, A.G.

Anal. Chem., 80, 3985 - 3990 (2008) 
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Top down Proteomics Instrumentation:

 Modified 14.5 T LTQ-FT  
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10 kDa

15 kDa

20 kDaLC MS Performance: Duty Cycle

8690 Da

12,490  Da

15,251  Da

10,828  Da

11,276  Da

60S ribosomal protein → 3 x 10-15

Heat Shock Protein 10 → 3 x 10-31

40S ribosomal protein S24 → 2 x 10-4

Yeast Extract

Scan Settings

MS→ 3 octopole fills – 1scan – 1million ions → 15 - 60 ms accumulation time 

MS/MS → 15 octopole fills – 1 scan – 0.5 million ions → 0.8 – 3 s acc. time

Peak width → 20 s to 1 min
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Top down Proteomics Instrumentation:

Custom built 9.4 T FTICR  

Kaiser, N.K.; Quinn, J.P.; Blakney, G.T.; Hendrickson, C.L. and Marshall, A.G., 

Design and Performance of a Novel 9.4 Tesla FT-ICR Mass Spectrometer for Proteome and Petroleum Analysis

57th Amer. Soc. Mass Spectrom. Annual Conf. on Mass Spectrometry & Allied Topics, 

Philadelphia, PA, May 31-June 5 (2009) 

Beam-type CID

or O-CAD
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Top down Proteomics Instrumentation:

                   Resonant vs Beam-type CID

Beam-type CID (9.4 T FTICR)

14+ charge state

m/z = 987.91

-25 V octopole MSMS     

40S Ribosomal Protein (Yeast)

LTQ CID (14.5 T LTQ - FTICR)

14+ charge state

m/z = 987.91    

40S Ribosomal Protein (Yeast)



Moving up the Molecular Weight Ladder
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On-line nano-LC / Top-3 data dependent MS/MS
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Moving up the Molecular Weight Ladder
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Moving up the Molecular Weight Ladder
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Top Down Proteomics of Different Cell States

M phase arrest: colchicine (1 μM) for 18 h

Pesavento, J. J et al. Mol. Cell. Biol. 2008, 468-486
http://www.bc.biol.ethz.ch/people/groups/gerlichd/people/schmitzm

Asynchronous
HeLa cell lysate 

M phase arrest 
HeLa cell lysate 

3 GELFrEE runs 
(8 fractions each) 

4 GELFrEE runs
(8 fractions each)

nanoLC-MS/MS (5-25 kDa)

nanoLC-MS/MS (5-25 kDa)

MitosisAsynchronous



60S acidic 
ribosomal protein
(11817.8 Da)
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(15046.4 Da)
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M phase arrested
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Unidentified
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: phosphorylation)(
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Histone H2A.X

10 μm

(Courtesy of Mingxi Li)



On-line nano-LC / SIM Zoom Map MS/MS
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Moving up the Molecular Weight Ladder



On-line nano-LC / SIM Zoom Map MS/MS

Medium Molecular 

Weight 

SIM 

m/z 800 – 880
MS/MS SIM 

m/z 880 – 960 
MS/MS …….

continue 

100

10

15

20

25

37

50

75

965 970 975 980 985 990 995
m/z

990.16
963.51

967.51
994.19

986.47973.49

Xtract

35,578

35,590

Parameters

SIM→ 5 scan  

    3million ions

MS/MS → 15 octopole fills 

GAPDH 

(ProSightPC 2.0 → 2 x 10-11)

950 1000 1050 1100 1150 1200 1250 1300 1350
m/z

1148.37

1041.17

1171.19
1059.43 1102.41

1130.19
1093.77

1029.64
1249.06

1293.44 1351.65

+17

+18
+14

+16

+17

+11

+5

+17

+2

+2 +2

Moving up the Molecular Weight Ladder
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On-Line LC with Fraction collection

High Molecular 
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Moving up the Molecular Weight Ladder



On-Line LC with Fraction collection
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Asynchronous and M Phase HeLa Cells

High Molecular Weight
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Asynchronous and M Phase HeLa Cells
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m/z

1250 1300 1350 1400 1450 1500 1550 1600 1650 1700

1446.04 1472.23

1393.86 1500.69 1560.96

1626.65

52+ 50+

48+

53+54+

56+

On-line nano-LC Benchmark: MS detection

1.2 pmol on column – C4 75 m i.d.

1393.86
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Parameters

MS: 5 octopole fills

6 scans

1.6 s transient

Scan time = 0.8 s

Peak width = 2.1 s

77,946

77,966

78,089

78,236

78,346

Xtract Results



850 950 1050 1150 1250 1350 1450 1550 1650

m/z

1169.74
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1082.19

1098.87
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Off-line Fraction Collection – MS/MS

6+

6+

6+

7+

7+

Parameters

MS/MS: 15 oct. fills

15 scans

0.8 s transient

Scan time = 1 min

Sum 8 scans

A       D       A      V       T       L

1020 1040 1060 1080 1100 1120

m/z

1082.19
1098.87

1112.71

1115.54

1070.35
1051.52

1018.93 1131.56
1063.02

1039.51

Sequence Tag

ProSight PC 2.0
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High Throughput Top Down Proteomics 
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Conclusions

Orthogonal separation, IEF – GELFrEE – RP, provides 

improved separations to deal with sample complexity. 

Different RP chromatography conditions yield improved 

results based on the molecular weight of the proteins 

found in the sample. 

Different molecular weight fractions dictate the instrument

scan mode and tune parameters (LTQ-FT).

Clean solvents and chromatography material are NEEDED!

Beam-type CID provides increased information over 

Resonante-type CID.
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