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Large scale protein identification 
Goal: to identified as many proteins as possible in tissues, cells or blood. 

General approach: 1. 2D gel electrophoresis followed by LC/MS/MS analysis. 

     2. Shot-sequence with two dimensional LC/MS/MS. 



tumorous tissue 

paired nontumorous tissue 

Lysis 
Digest 

2D gel electrophoresis 

Protein identification by 2D gel 

electrophoresis followed by LC/MS/MS 

LC/MS/MS analysis 



2D gel electrophoresis method 

• Advantages: 

– High resolution protein separation based on their pI and size. 

– Traditional separation method, mature technology. 

– Visually identify the gel spots. 

• Disadvantages: 

– Poor reproducibility. 

– Timely, labor intensive. 

– Not able to work on hydrophobic or high pI proteins 

– Can not automated. 

– Short dynamic range. 



Two dimensional LC/MS/MS for 
protein identification 

Protein mixture Protein digests 

SCX column fractionation 

Reverse column  

separation 

Auto MS/MS detection 

Tandem MS spectra 
BioWorks data base search 

Results 

Common approach: SCX fractionation followed by reverse phase chromatography. 



2D chromatography 

• Gidding’s theory: 

    For two orthogonal separation methods, the 
peak capacity is equal to the multiple of 
individual peak capacities. 

 

     P=P1 x P2 x P3 



The first 2D LC/MS/MS set up 
(MUDPIT) 

Spray tips packed by both SCX and reverse phase material . Hundreds to 

thousands of proteins were identified but still a serious problem with the 

salt issue. 



Plumbing Diagrams for Proteome X.  

First commercial available 2D LC/MS/MS (Proteome X) 

Using salt gradient followed by reverse phase chromatography 

Advantage: Fully automated 2D LC MS/MS system. 

Disadvantages: require additional pump, valve, and software. Salt is still an issue. 



CTI revolutional online 2D LC/MS/MS 

peptide/protein separation 

8/20/2012 XX Company Name      Confidential 9 

Bi-phasic column with pH buffer 
pH and reverse phase based 2D separation 

Advanced technology for large scale protein identification 

Anal. Chem. most accessed paper in 2005 

The simplest and most reproducible 2D LC/MS/MS method 



Bi-Phasic column 

 Integrated Multi-Dimensional LC (IMDL) based on pH elution. 

SCX column 

C18 column 



LTQ sensitivity using CTI column:20 fmol 

Angiotensin (flow rate:2.5 ul/min) 

RT: 0.00 - 65.00
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10fmol angiotensin as Internal Standard in 

complicate biological sample 

RT: 30.00 - 40.00 SM: 7B
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IMDL method 

• Bi-phasic column contains both ion exchange 
and reverse phase material for the 2D LC 
separation. 

• Inject buffer plugs by autosampler. 

• Peptide fractionation controlled by pH buffers. 

 

 



Integrated multi-dimensional LC (IMDL) based on pH elution  



Integrated multi-dimensional LC (IMDL) based on pH elution  



Integrated multi-dimensional LC (IMDL) based on pH elution  



Integrated multi-dimensional LC (IMDL) based on pH elution  

Repeat for other pH buffers 

pH Buffer Loading 2 
pH Buffer Elution 2 



IMDL method 

• Features 
– Two dimensional HPLC separation. 

– Peptide fractionated by pH step gradient followed by reverse 
phase chromatography (separation based on protein/peptide PIs 
and hydrophobicity). 

– Mass compatible buffers. 

– Only need one HPLC system, no need for additional switching 
valve or software. 

– No salt. 

– Large scale protein identification. 

– Works on any commercial LC/MS instrument. 

 

 



Mouse liver protein extraction 

• SCX, 12 fractions 

– pH 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0 

• Proteins were tryptic digested to peptides. 

• Reverse phase mobile phase 

– A: 0.1% formic acid in water 

– B: 0.1% formic acid in acetonitrile 

 



Mouse Liver 1D 100ug 
RT: 0.00 - 108.84
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100ug sample, fraction 1-4 
RT: 0.00 - 120.00
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100ug sample, fraction 5-8 
RT: 0.00 - 120.00
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100ug sample, fraction 9-13 
RT: 0.00 - 120.00
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500ug sample, fraction 1-4 
RT: 0.00 - 120.01
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500ug sample, fraction 5-8 
RT: 0.00 - 120.00
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Result 
• 100 ug 

• 1D  1.9_2.2_3.75               <100  groups 

 

• 100 ug 

• 2D    1.9_2.2_3.75                2099  groups 

 

• 500 ug  

• 2D     1.9_2.2_3.75                 3364  groups 



Separation of monkey serum 

•100 ul of serum was used for protein identification. 

•No Albumin deletion. 

•Proteins were tryptic digested to peptides. 

•10 PH buffer steps were used for the 2D separation. 

 



Monkey Serum 10 Fractions F1-F4 

RT: 0.00 - 130.06
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Monkey Serum 10 Fractions F5-F8 

RT: 0.00 - 130.00
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1326.10

56.94
721.4029.91

510.67
102.31

1192.99
26.48
626.86

32.56
510.23

50.01
638.15

20.85
450.98

2.26
402.87

105.06
1247.89

117.55
427.48

124.35
427.20

NL: 4.02E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32col
umn-fraction5

NL: 4.13E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32col
umn-fraction6

NL: 1.89E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32col
umn-fraction7

NL: 3.71E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32col
umn-fraction8



Monkey Serum 10 Fractions F9-F12 
RT: 0.00 - 130.00
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427.45
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832.49
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402.52

22.16
407.28

103.27
501.51

15.74
407.36

45.60
617.00

26.94
509.02

127.35
427.68

112.61
427.54

70.80
1000.50

59.16
751.09 76.29

832.3158.30
750.98

62.18
751.0952.11

520.27
78.05
922.22 83.10

1338.80
48.84
520.19

94.07
1343.61

99.52
1000.53

2.95
402.78

33.98
432.41

11.98
402.25

16.11
402.28

25.31
673.52

120.35
427.57

115.68
427.29

NL: 3.48E6

Base Peak  MS 
Monkey_Serum_940
129_3rd_NSI_32col
umn-fraction9

NL: 9.78E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32colu
mn-fraction10

NL: 5.64E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32colu
mn-fraction11

NL: 3.43E6

Base Peak  MS 
monkey_serum_940
129_3rd_nsi_32colu
mn-fraction12



Filter by Xcor>1.9, 2.3 , 3.75 

Protein identified:  3176 groups 



Microorganism (Fraction 1-3) 
RT: 0.00 - 130.00 SM: 7B

0 10 20 30 40 50 60 70 80 90 100 110 120 130

Time (min)

0

20

40

60

80

100

0

20

40

60

80

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

0

20

40

60

80

100

72.75
599.53

71.87
1282.36

74.25
615.6156.89

616.13
15.43
0.00

12.38
689.73

20.55
615.54

26.89
0.00

31.47
620.33

7.87
0.00

79.26
863.50

38.68
0.00

94.91
938.57

67.79
869.39

98.44
811.48

107.42
466.55

114.39
342.13

42.20
726.63

129.18
689.63

72.57
863.49

59.72
749.64

75.67
842.49

82.90
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93.54
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617.77
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445.13
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21.19
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915.48

67.96
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72.57
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0.00 79.09

1046.70
63.11
727.3256.94
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93.28
957.70

3.30
439.09 7.54
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38.27
536.16

104.61
1158.18

112.05
536.18

46.86
445.13

124.85
536.22

35.09
519.10

21.70
445.06

NL:
1.56E6

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction1

NL:
9.82E4

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction2

NL:
4.61E4

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction3



Microorganism (Fraction 4-6) 

RT: 0.00 - 130.06 SM: 7B
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18.82
421.01

103.75
603.57

28.36
670.07

114.57
552.38

122.99
571.22

NL:
3.49E4

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction4

NL:
1.75E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction5

NL:
4.22E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction6



Microorganism (Fraction 7-9) 
RT: 0.00 - 130.02 SM: 7B
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104.60
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536.23

NL:
2.03E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction7

NL:
2.02E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction8

NL:
5.12E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction9



Microorganism (Fraction 10-12) 
RT: 0.00 - 130.02 SM: 7B
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536.24
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NL:
1.74E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction10

NL:
1.89E4

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction11

NL:
5.17E5

Base Peak  
MS 
e-20111017-
017-sample2-
2nd-fraction12



Filter by Xcor>1.9, 2.3, 3.75  
Protein identified: 5148 groups 



Protein identification from pig 
reproductive organs 



Worklist 

Sequencing method with 9 pH steps. 



Gradient profile 
Higher flow rate used during buffer loading or column equilibration step 

Flow split at 1:100 ratio. 



Autosampler 
Injection valve switched off at 25.1 min to reduce gradient delay volume. 



F1-F5 

RT: 0.00 - 110.02
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439.11

21.99
591.69

38.71
506.18

29.71
591.66
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516.16

NL:
3.31E6

Base Peak  
MS 
E-20120320-
021-DB1-
fraction1

NL:
3.41E6

Base Peak  
MS 
e-20120320-
021-db1-
fraction2

NL:
2.60E6

Base Peak  
MS 
e-20120320-
021-db1-
fraction3

NL:
2.35E6

Base Peak  
MS 
e-20120320-
021-db1-
fraction4

NL:
5.25E6

Base Peak  
MS 
e-20120320-
021-db1-
fraction5



F6-F10 

RT: 0.00 - 110.03
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91.03
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63.07
557.98

55.19
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90.43
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5.14
438.13

21.27
526.31
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438.88
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516.23

103.52
516.26
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439.22

NL: 3.37E6

Base Peak  MS 
e-20120320-021-
db1-fraction6

NL: 6.07E6

Base Peak  MS 
e-20120320-021-
db1-fraction7

NL: 3.40E6

Base Peak  MS 
e-20120320-021-
db1-fraction8

NL: 5.32E6

Base Peak  MS 
e-20120320-021-
db1-fraction9

NL: 6.47E6

Base Peak  MS 
e-20120320-021-
db1-fraction10-
blank-end



Xcor 
7018 groups 



Xcor & PSMS>=2 
4524 groups 



Xcor & Peptides per Protein>=2 
2597 groups 



Throughput of Protein identification 

• Current:  

  ~2500 proteins/day for serum sample 

  ~5000 proteins /day for cell lysase 

• Target: 

~5000 proteins/day for serum 

~10,000 proteins/day for cell lysase 



Conclusions 

• Proteins/peptides were separated and 
identified by 2D LC/MS/MS. 

• Bi-Phasic method is easy, fast, reproducible. 

• No salt was used during separation. 

• Only one HPLC is needed for 2D separation. 

• No additional valve, pump or software needed 
for the bi-phasic column approach. 

 



Thank you 


