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SUMMARY

Mass spectrometer is one of the most promising instruments for proteomics and metab-
olomics. It is not only applied for the protein and small molecule identification, but also for
the complicated post-translational modification analysis, biomarker discovery from the
quantitative analysis between the multiple samples, and so forth. Hitachi High-Technologies
produced a novel liquid chromatograph mass spectrometer (NanoFrontier LD), which may
identify and quantitate the proteins and peptides of interest. The improvements in the
detection system brought the dynamic range and resolution over 5,000 and 10,000, respec-
tively, enabling the high-resolution determination. Alternative collision-induced dissocia-
tion technique enhances the information abundance, and functional addition to the software
advances the analysis efficiency. Furthermore, we also developed the pretreatment meth-
odology, for enzymatic digestion and affinity purification, by applying the unique protein
immobilization technique presently used in protein microarrays. These technical approaches
and details were described and discussed.
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Schematic diagram of NanoFrontier LD.

NanoFrontier LD is a liquid chromatograph mass spectrometer composed of a repro-
ducible nLC and a hybrid MS of LIT and TOF.
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Fig. 2. Evaluation of dynamic range and resolution.

(A) Calibration curve of reserpine. The linearity showed in
the concentration range from 0.1 to 500 pg/1.
(B) Mass spectrum of insulin. The resolution was 14,660.
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Fig. 3. Evaluation of quantitative performance.

(A) MS spectra of the tryptic digested protein mixture. Sepa-
rated peaks and spectrum similarity between samples A and
B suggest the high resolution and retention time reproduc-
ibility of the instrument. Signal intensity of the several peaks
in sample B showed two times higher than sample A seems
to represent the enolase fragment.

(B) Quantitative analysis of the proteins in the samples A
and B. Phosphorylase and alcohol dehydrogenase showed
even quantity, in contrast to enolase doubled in sample B.
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Fig. 4. MS spectrum comparison of different collision-induced
dissociation techniques.

(A) An amino acid sequence of [Glu]'-Fibrinopeptide B.

(B) MS spectrum of collision-induced dissociation by LIT.
(C) MS spectrum of collision-induced dissociation by colli-
sion chamber. In contrast to (B), yl and b2 ions were
detected.
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Fig. 5. Identification of CRP from the artificial patient serum using IBA.

(A) Representative MS spectrum of the artificial patient serum. A peak of m/z
516.9855 indicates the peptide ion derived from CRP. The ions having higher
intensities than m/z 516.9855 (the peaks higher than the dotted line) are
efficiently excluded from the following MS/MS measurements by IBA.

(B) MS/MS spectrum of the peptide ion derived from CRP identified on the sec-
ond run of IBA. The sequence and score was RQDNEILIFWSK and 40, respec-
tively. Another peptide (ESDTSYVSLK) was also identified at the score of 49

(data not shown).
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Fig. 7. Immobilized protease digestion.

(A) Schematic diagram of the process.
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(B) Chromatogram of the digested product. BSA was digested completely by the
immobilized ArgC, chymotrypsin, and trypsin, within 60 min, 10 min, and

20 min, respectively.
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Fig. 8. Comparison of the tryptic digestion performance.

Tryptic digestion performance between the reaction unit and
the conventional liquid-phase method was compared. Both
digestion was done for 1hr. Each of the reaction product was
analyzed, respectively, and sequence coverage, score,
matched peptide numbers were determined.
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Fig.9. Multiplexed digestion by immobilized trypsin and glycopeptidase.

(A) A schematic diagram of the multiplexed digestion. Trypsin and glycopeptidase F
were immobilized on the ProteoChip simultaneously, and IgG was applied as a sub-

strate glycoprotein.

(B) The portion of the reaction product was applied to the reverse-phase liquid chro-
matography. The chromatogram represents the incidence of the peptides.
(C) List of the high scored 20 proteins identified by MS analysis. Series of the human

IgGs were identified.

(D) Another portion of the reaction product was labeled with 4-aminobenzoic octyl
ester (ABOE), and the ABOE-labeled glycochains were applied to the reverse-phase
liquid chromatography. The chromatogram represents the incidence of the labeled

glycochains.
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Fig. 10. Preparation of the interacting protein(s) of EcDOS.

Protein Identification

A schematic diagram was presented. EcDOS was prepared as a His-tag fusion protein,

and immobilized as an intact form on the ProteoChip™

via pre-immobilized anti-His-

tag antibody. The interacting protein(s) in the E.coli lysate was captured on the sub-
strate specifically, and eluted. The eluate was applied to SDS-PAGE to separate the
recovered proteins, and the directly interacting protein was determined by far western
blotting. The SDS-PAGE band corresponding to the directly interacting protein was in-
gel digested and analyzed. As a result, the protein was GntR.
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Fig. 11. Biochemical estimation of the interaction of EcDOS and
GntR.

(A) The biochemical relationship between EcDOS and GntR
was estimated.

(B) To confirm the estimation, the GntR activity was deter-
mined by measuring the GntK activity. The GntK activity
between the EcDOS knock-out strain and wild-type strain
indicates the existence of the EcDOS suppresses the GntK
activity, suggesting the interaction of EcDOS and GntR.
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