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SUMMARY

Application of mass spectrometry for the life sciences, especially for the proteome
analysis, has attracted considerable attention as it shows high potential for the complete of
comprehensive analysis of protein expressions. Although the technology progress of the mass
spectrometry is outstandingly fast, there are a few difficulties to solve in the peripheral areas. In
this report, we focus on the sample preparation in the up-stream of mass spectrometry and
the data analysis method at the down-stream of mass spectrometry, and introduce/discuss

the current and new technologies.

Key words: sample preparation, differential analysis, phosphorylation, blood sample, data

analysis software.
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Some types of proteins in plasma
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Fig. 1. Upper: Possible plasma proteins are classified into four
categories:
1. “Plasma proteins”
2. Tissue leakage proteins.
3. Local signal mediators
4. Aberrant secretor protein from tumor
Bottom: The protein concentrations of the categories 1 to 4
above in plasma are summarized. 1: mg/ml (uM), 2, and 4: p-
ng/ml (n-pM) and 3: n-pg/ml (p-fM)
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Fig. 2. Comparison between batch method using antibody
conjugated resin (Albumin & IgG Removal Kit, GE
Healthcare Bioscience) and standard column method
with abundant plasma protein specific antibodeis
conjugated media for plasma protein pretreatment.

Lane 1: Whole plasma

Lane 2: Flow through fraction in batch method

Lane 3: Binding fractionation of batch method

Lane 4: Flow through fraction of column method

Lane 5: Binding fractionation of column method

Lane 6: Molecular weight markers

The strong band of albumin is not observed in the Lane 2 and
4, processed by the batch and the column methods. On the
other hands the strong band of albumin is observed in the
Lane 1, 3, and 5. The area of albumin band is shown by
square.
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Batch Method Rank Column Method

HitiD HitlD
TRFE_HUMAN 1 CO3_HUMAN
HPT_HUMAN 2 APA1_HUMAN
ATAT_HUMAN 3 A2MG_HUMAN
ALBU_HUMAN 4 CO4_HUMAN
CO3_HUMAN 5 APB_HUMAN
CO4_HUMAN 6 FIBA_HUMAN
FIBA_HUMAN 7 FIBG_HUMAN
VTDB_HUMAN 8 CERU_HUMAN
APAT_HUMAN 9 FIBB_LHUMAN
A2MG_HUMAN 10 CFAH_HUMAN
FIBB_LHUMAN 11 TTHY_HUMAN
CFAH_HUMAN 12 PLMN_HUMAN
TTHY_HUMAN 13 HEMO_HUMAN
CFAB_HUMAN 14 VTDB_HUMAN
CERU_HUMAN 15 GELS_HUMAN
ALC1_HUMAN 16 CFAB_HUMAN
APOH_HUMAN 17 A2HS_HUMAN
HEMO_HUMAN 18 KNG_HUMAN
ALC2_HUMAN 19 ITH2_HUMAN
A2HS_HUMAN 20 FINC_HUMAN

(A) Mass chromatogram obtained by batch and column method. (B) Protein identification result by LC-

MS from sample pretreatment by batch and column method.

Top twenty-ranked proteins are listed. The protein names shown in italic fonts and masked with shading
were identified only by the batch method or by the column method within the top fifty-ranked proteins.
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Enzymatic digestion
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MS Analysis
Fig. 4. Enrichment of phosphopeptide by IMAC.
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Peptides obtained from enzymatic digestion of proteins are
treated with IMAC. First, phosphopeptides are bound to
IMAC media by the interaction between phosphoric group
(shown as P) and metal ion. Second, non-phosphopeptides
are washed out from the media. Finally, bound phosphopep-
tides are eluted and subjected to MS analysis.
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Fig.5. MALDI-ToF MS spectra of tryptic peptides from
ovalbumin (chicken egg).

Spectrum of sample without (A) and with (B) IMAC treat-
ment. The peaks of phosphopeptides are 1: OVA(340-359) +
80Da, 2: OVA(62-84) + 80Da, and 3: OVA(59-84) + 80Da.
Open circles show the peaks corresponding to the compo-
nent produced by de-phosphorylation of phosphopeptide on
the measurement of MALDI-ToF MS.
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Fig. 6. Enrichment of phosphopeptides by an ion-exchange
chromatography.

Tryptic peptides without phosphoric group have +2 of net
charge; on the other, tryptic peptides with one phosphoric
group have +1 of net charge. The difference of net charge
enables the separation of phosphopeptides and non-phospho-
peptides on a strong cation-exchange chromatography.
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Fig. 7. MS chromatogram of phosphopeptides obtained by a neutral scan method.

MS chromatogram of sample with (A-C) and without (D-F) treatment of ion-exchange chroma-
tography. MS chromatograms of MS2 correspond to the neutral loss of phosphoric acid (B, E)
and MS chromatograms of MS3 show TIC on the MS3 scan of neutral loss peaks detected on

MS2 scan (C, F).

Table 1. Number of proteins of which phosphorylation-sites
were identified

IMAC SCX Untreated
312 108 4
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Fig. 8. Number of proteins of which phosphorylation-sites were
identified according to the enrichment method.

IMAC enrichment gave 312 and ion-exchange chromatogra-
phy enrichment gave 108 identified proteins, respectively.
Proteins identified by both methods were 28.
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Fig.9. (A) Intensity Map made with DeCyderMS software. Intensity Map of X, Y and Z axes is shown by
retention time, mass and peak ion intensity, respectively.

(B) Matching module screen where comparison quantitative analysis is done. The spot enclosed with a square

frame shows the peak matched between data, and they can be 2D - 3D displayed. A calculation of the change
ratio of peaks, and a statistical analysis can be carried out and the results are shown in the right window.
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