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SUMMARY

The mass spectrometry (MS) has been a mainstay of proteomics and metabolomics
research in these days. In a field such as biomarker research, more stringent accuracy and
sensitivity on MS are demanded to identify very low abundant proteins in human plasma. It
is essentially needed to deplete high abundant proteins from complex human plasma but
with the least no specific binding to the target proteins which is a kind of contradictory diffi-
culty. Two dimensional SDS polyacrylamide gel electrophoresis (2D SDS PAGE) has its
limitation in pH range and molecular weight to some extent and is not able to yield high
through put in sample preparation. Further more conventional nano electrospray ionization
(ESI) technology which is the most appropriate to analyze such low abundant proteins
needs frequent adjustment for ionization.

The multi dimensional protein identification technology using two dimensional high per-
formance liquid chromatography (HPLC) technology followed by HPLC chip MS analysis can
substitute 2D SDS PAGE and conventional nano ESI ionization to realize more sensitive,
more accurate , ease of use and high through put analysis for proteomics and metabolomics
research. And also multi affinity removal system followed by OFFGEL Fractionator make it
possible to deplete high abundant proteins from complex human plasma with the least no
specific binding to very low abundant target proteins and separate the mixture of such tar-
get proteins in prior to applying them to mass spectrometry. Agilent Technologies Inc
developed such total analysis system from sample preparation down to biomarker search
software.

Key words: Proteome, MUDPIT (multidimensional protein identification technology),
MARS (multiple affinity removal system), OFFGEL Fractionator, HPLC-Chip.
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Proteomics of plasma protein by MUDPIT.
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Fig. 1. An online of MDPIT.
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1. Multiple Affinity Removal System (MARS)
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Fig. 2. Multiple affinity removal system.

A: Representative chromatogram of 4.6 x 100 mm column.

B: SDS-PAGE of human serum. Lane 1, 5: marker protein,
Lane 2: human serum, Lane 3: peak 1 (low abundant Pro-
tein), Lane 4: peak 2 (high abundant Protein).

Table 1. LC method for 4.6 x100 mm column

Solvent A: Buffer A Pressure limits: 120 bar
Solvent B: Buffer B

LC timetable
Time (min) %B Flowrate = Max pressure

1 0.00 0.00 0.500 120
2 10.00 0.00 0.500 120
3 10.01 100.00 1.000 120
4 17.00 100.00 1.000 120
5 17.01 0.00 1.000 120
6 28.00 0.00 1.000 120

Run Time: 30 min
Sample: Dilute human serum 5 times
(for example: 30 uL human serum with 120 uL of Buffer A)
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2. Agilent 3100 OFFGEL Fractionator
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Fig. 3. Agilent 3100 OFFGEL Fractionator.

A: Principle of off-gel isoelectric focussing.

B: Off-gel electrophoresis. E. coli lysate was fractionated by
OGE and protein fractions were loaded on IPG strips. Strips
were coomassie stained after IEF.
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3. Multidimensional Protein Identification Technology
(MUDPIT)
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Table 2. LC method (SCX chromatography)

Solvent A: 0.1% Formic acid/5% Acetnitrile
Solvent B: 0.1% Formic acid/5% Acetnitrile/500 mM KCl

LC Timetable
Time (min) %B

1 0.00 0.00
2 5.00 0.00
3 8.00 10.00
4 18.00 15.00
5 29.00 70.00
6 32.00 100.00
7 38.00 100.00
8 38.01 0.00

Flow rate: 20 uL/min
Run time: 45 min

HPLC-Chip

NanoLC MSD Trap XCT Ultra

Fig. 4. Agilent HPLC-Chip/MS Protein ID solution system.
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Fig.5. HPLC-Chip.
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Fig. 6. Comparison of HPLC-Chip XCT Ultra and Nano-XCT
Plus.

The numbers of identification were compared by using 16
kinds of proteins. HPLC-Chip/MS XCT Ultra system found
all proteins. Nano-XCT Plus system found 11 of the 16 pro-
teins.
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Table 3. Method of HPLC Chip/MS

LC method

Solvent A: 0.1% Formic acid/H,0
Solvent B: 0.1% Formic acid/Acetnitrile
Pressure Limits: 150 bar

LC Timetable

Time (min) %B
1 0.00 3.00
2 30.00 60.00
3 30.01 80.00
4 40.00 80.00
5 40.01 3.00

Flow rate: 0.3 uL/min

Run time: 45 min

MS condition

Drying gas: 3 L/min, 325°C
V cap: 2300 V

Skim 1: 30 V

Capillary exit: 75 V

Trap drive: 85

Averages: 2

ICC: On

Max. accumulation time: 150 ms
Smart target: 500,000

MS scan range: 300-1800
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Fig. 7. Identification of phosphorylated peptide.

MS/MS spectrum of phosphorylated peptide (TTHyGSLPQK)
was compared with CID and ETD.
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Fig.9. GeneSpring MS.

A: Differential analysis, B: Tree clustering analysis, C: Vol-
cano plots analysis.
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Table 4. Number of proteins and peptides identified with MUDPIT

OGE SCX RP RP Protein Peptide
Fract.  Fract. Runs Time 1D 1D
(min)
la 13 — 13 45 55 365
le 13 — 13 165 89 684
2a — 12 12 45 46 252
2b — 24 24 45 67 400
2c — 67 67 45 118 632
2d — 67 67 180 223 985
3a 12 24 288 45 504 2706
3b 12 24 288 90 818 3228
Total 772 1836 7257
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12 Pept. 10 | 15 | 17 | 27 | 43 [117 | 278 [ 486 | 955
11 Pept. 1M | 7 | 10] 7 [22]23 |24 |14]18
Timefh]| 9 | 10 | 18 | 36 | 50 [201 | 216 | 432 [1094

Experiment

Fig. 10. Number of identified peptides for individual experiments
and analysis time.
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{41t L HPLC-Chip/MS CH#illZE L 7. 7 — & X Agilent Spec-
trum Mill work bench T & v % 7 B D[R%E % 4T - #=. HPLC-
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1L MARS ALH#R, + U 7o vl £o ) T viE
It SCXH T az7ua< 2757 4 —i2XD 2a: 12, 2b: 24,
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Table 5. Top 50 proteins identified with the combined experiment.
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hit table read Spec Features read Files:78141 Hits: 13449
protein groups ready for display 1671 Proteins listed

Group Spectra Distinct %AA Mean Protein MW  Database
(#) (#) Summed Coverage  Peptide (Da) Accession # )
Species Entry name
MS/MS search Spectral
Score Intensity
1 4145 2321.32 83 6.63e+007  187165.1 P01024 HUMAN  Complement C3 precursor
[Contains: C3a anaphylatox
2 4707 1830.73 72 7.78e+007 163278.8 P01023 HUMAN  Alpha-2-macrogrobulin
precursor (Alpha-2-M).
3 1890 1198.49 69 1.56e+008  122205.8 P00450 HUMAN  Ceruloplasmin precursor (EC
1.16.3.1) (Ferroxidass
4 300 1189.98 25 1.76e+007  515565.2 P04114 HUMAN  Apolipoprotein B.100 precursor
(Apo B.100) [Contai
5 958 1178.45 49 7.30e+007  192772.5 P01028 HUMAN  Complement C4 precursor
[Contains: C4A anaphylatox
6 739 991.78 59 9.64e+007  139126.3 P08603 HUMAN  Complement factor H
precursor (H factor 1).
7 5653 898.08 92 4.35e+008 30778.0 P02647 HUMAN  Apolipoprotein A-I precursor
(Apo-Al).
8 539 837.56 78 1.60e+008 45371.3 P06727 HUMAN Apoli;;fprotein A-IV precursor
(Apo-AlV).
9 632 763.49 59 5.68¢+007  103358.9 Q14624 HUMAN  Inter-alpha-trypsin inhibitor
heavy chain H4 precu
10 1115 759.06 85 2.60e+008 52964.0 P02774 HUMAN  Vitamin D-binding protein
precursor (DBP) (Group-¢)
11 706 742.37 65 6.71e+007 70037.3 P00734 HUMAN  Prothrombin precursor (EC
3.4.21.5) (Coagulation f
12 264 726.42 32 3.06e+007  262607.9 P02751 HUMAN  Fibronectin precursor (FN)
(Cold-insoluble globuli
13 304 606.71 55 5.68e+007 85533.4 P00751 HUMAN  Complement factor B precursor
(EC 3.4.21.47) (C3/C
14 1310 602.56 81 2.25e+008 51511.9 P02679 HUMAN  Fibrinogen gamma chain
precursor (PRO2061).
15 579 594.62 66 8.99e+007 55928.5 P02675 HUMAN  Fibrinogen beta chain
precursor [Contains: Fibrino
16 1563 589.67 75 2.45e+008 51676.7 P02790 HUMAN  Hemopexin precursor (Beta-
1B-glycoprotein).
17 320 579.40 61 8.14e+007 69069.6 P43652 HUMAN  Afamin precursor (Alpha-
albumin) (Alpha-Alb).
18 160 558.51 28 4.18e¢+007 1883324 P01031 HUMAN  Complement C5 precursor
[Contains: C5a anaphylatox
19 733 555.35 39 6.34e4+007  106437.0 P19823 HUMAN  Inter-alpha-trypsin inhibitor

heavy chain H2 precu
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hit table read Spec Features read Files:78141 Hits: 13449
protein groups ready for display 1671 Proteins listed

Group Spectra Distinct P%AA Mean Protein MW  Database
(#) (#) Summed Coverage  Peptide (Da) Accession # )
Species Entry _name
MS/MS search Spectral -
Score Intensity

20 583 548.71 46 8.19e+007 94973.5 P02671 HUMAN  Fibrinogen alpha/alpha-E chain
precursor [Contains

21 975 541.30 64 6.62e+007 52602.7 P01008 HUMAN  Antithrombin-III precursor
(ATIII) (PRO0309).

22 756 519.26 39 1.09e+008 71945.7 P01042 HUMAN  Kininogen precursor (Alpha-2-
thiol proteinsee inhi

23 379 499.90 66 3.68e+008 51941.0 69990 human alpha-1-B-glycoprotein

24 464 461.34 43 4.46e+007  101389.7 P19827 HUMAN  Inter-alpha-trypsin inhibitor
heavy chain H1 precu

25 168 458.23 49 3.03e+007 85697.9 P06396 HUMAN  Goloolin precursor. plasma
(Actin- depolymerizing f

26 489 437.05 56 4.66e+007 47651.1 P01011 HUMAN  Alpha-1-antichymotrypsin
precursor (ACT).

27 171 432.96 55 6.38e+007 76684.9 P09871 HUMAN  Complement Cls component
precursor (EC 3.4.21.42)

28 164 398.90 47 6.83e+007 63173.8 P02748 HUMAN  Complement component C9
precursor.

29 190 391.28 54 4.36e+007 80174.1 P00736 HUMAN  Complement C1r component
precursor (EC 3.4.21.41).

30 492 378.74 47 1.61e+008 54305.9 P04004 HUMAN  Vitronectin precursor (Serum
spreading factor (S.

31 244 365.20 54 6.28e+007 57070.9 P05546 HUMAN  Heparin cofactor II precursor
(HC-II) (Protease in

32 426 351.01 42 8.33e+007 52494.9 P10909 HUMAN  Clusterin precursor
(Complement-associated protein

33 142 347.82 55 7.62e+007 62217.3 15705411 Homo sapiens peptidoglycan recognition
protein L precursor

34 280 343.70 78 6.30e+007 39618.3 P27169 HUMAN  Serum paraoxonase/
arylesterase 1 (EC 3.1.1.2) (EC

35 73 343.44 38 2.01e+007 92375.1 P80108 HUMAN  Phosphatidylinositol-glycan-
specific phospholipase

36 105 337.77 41 6.60e+007 67033.6 P04003 HUMAN  C4b-binding protein alpha chain
precursor (C4bp) (

37 311 331.21 56 6.61e+007 38999.7 P02760 HUMAN  AMBP protein precursor
[Contains: Alpha-1-microglo

38 87 326.61 42 1.84e+007 90569.6 P00747 HUMAN  Plasminogen precursor (EC
3.4.21.7) [Contains: Ang

39 253 325.36 52 4.67e+007 46342.5 P36955 HUMAN  Pigment epithelium-derived
factor precursor (PEDF)

40 259 320.88 38 6.43e+007 55154.5 P05155 HUMAN  Plasma protease C1 inhibitor
precursor (C1 Inh) (C

41 87 306.93 42 3.68e+007 65163.6 P07357 HUMAN  Complement component C8
alpha chain precursor.

42 133 304.15 39 6.76e+007 66035.3 P35858 HUMAN  Insulin-like growth factor
binding protein complex

43 327 301.91 67 8.86e+007 38298.4 P02749 HUMAN  Beta-2-glycoprotein I
precursor (Apolipoprotein H)

44 466 301.43 37 6.69e+007 53154.5 P01019 HUMAN  Angioteneinogen precursor
[Contains: Angiotenein [

45 265 298.40 61 4.24e+007 54566.1 P08697 HUMAN  Alpha-2-antiplasmin precursor
(Alpha-2-plasmin inh

46 64 289.71 32 1.83e+007  104844.8 P13671 HUMAN  Complement component C6
precursor.

47 415 279.93 61 1.00e+008 39324.9 P02765 HUMAN  Alpha-2-HS-glycoprotein
precursor (Fetuin-A) (Alph

48 116 275.84 59 6.10e+007 36154.3 P02649 HUMAN  Apolipoprotein E precursor
(Apo-E).

49 910 275.44 80 6.09e+007 23044.2 P02753 HUMAN  Plasma retinol-binding protein
precursor (PRBP) (R

50 1082 274.67 77 1.42e+008 11175.1 P02652 HUMAN  Apolipoprotein A-II Precursor

(Apo-All) (ApoA-II).
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