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MALDI-QIT-TOFMS, which combines a matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOFMS) and a quadrupole ion trap (QIT), is a soft ionization technique that enables
measurement of biological macromolecules such as proteins and peptides. This technique is widely used in the field
of proteome and proteomics to understand life phenomena centered on proteins. A low molecular organic compound
called a matrix is essential for MALDI-TOFMS analysis. The matrix exerts a protective effect to prevent the sample
being irradiated directly by the laser beam, is a dispersant that prevents coagulation, and an auxiliary agent for
ionization that promotes ionization. Three types of matrix, 2,5-dihydroxybenzoic acid (DHB), sinapinic acid (SA),
and a-cyano-4-hydroxycinnamic acid (CHCA), currently have excellent ionization of peptides and are widely used
as typical matrices. However, these compounds do not have universal ionization ability for all peptides, and are unable
to measure some peptides. In addition, the ionization ability of matrices differs greatly between analyzers, and it is
impossible to conduct analysis with MALDI-TOFMS and MALDI-QIT-TOFMS using the same matrix. Therefore,
actual proteome analysis is often problematic in the known matrices and the measurement sample must be adjusted
for each analyzer. In order to obtain a reliable analysis result, it is desirable to use both of the devices.
Therefore, when analyzing one sample with two devices, it is necessary to select the optimal matrix
for each analyzer. Each device uses a different matrix, which increasing sample requirements.
However, at the small-scale sample, this is undesirable, and using different matrices can lead to
inconsistent results. This is one of the main factors reducing the efficiency of proteome analysis.

The Matrix ionization mechanism has been studied in various models, including the thermal equilibrium model,
but the mechanism is still unknown. Against this background, existing matrices have not been developed on a
foundation of rational design based on structural information, but instead are compounds that were discovered
through searches based on empirical rules. That is, the greatest problem with the development of novel matrices is
that the correlation between the chemical structure of the matrix and the ionization mechanism of the peptide is
unknown, which makes logical molecular design impossible. In a typical matrix, DHB is the only matrix where its
derivative is examined based on its chemical structure. Schlunegger et al. reported that the substitution positions at
the 2- and 5-positions of the DHB hydroxy group are important for ionization of measured samples. This finding
suggests that substituents and substitution positions may have a significant effect on the function of the matrix in
other matrices. It was assumed that an exhaustive search for derivatives with chemical structures converted using
existing matrices as the basic structure would provide useful information for matrix development.

The basic skeleton targeted for exhaustive search must have the function of matrix, and those with a large number
of chemical modification positions were considered suitable. Ferulic acid (FA) is the basic skeleton of the typical
matrix SA and has been used as a matrix in the past. Furthermore, the existence of a large number of vanillin
derivatives that can be used as raw materials for synthesis from SA, suggests the suitability of FA as a basic skeleton
for exhaustive search. Therefore, the purpose of this study was to conduct exhaustive chemosynthesis of derivatives
using FA as a basic structure and develop a matrix capable of protein identification with both MALDI-TOFMS and
MALDI-QIT-TOFMS.

At first, total of 14 FA derivatives which a methoxy group substitute and the halogen group substitute, referred to
existing matrix, were synthesized and began examination of matrix. The Knoevenagel reaction, a typical synthesis
method, the Horner-Wadsworth-Emmons (HWE) reaction, with more moderate reaction conditions, and the Heck
reaction, for which synthesis raw materials are easily available, were investigated to investigate different methods of
synthesizing FA derivatives. The HWE reaction enabled the synthesis of derivatives under milder reaction conditions
than the Knoevenagel reaction and the purification of the derivatives was easy. In addition, the Heck reaction



improved the yield of 45% from 18% of the HWE reaction. Therefore, synthesis methods using the HWE reaction
and Heck reaction can synthesize derivates simply and comprehensively by using different methods depending on
the structure of the target FA derivative. These derivatives were applied as matrix to peptide ionization tests to search
for FA derivatives able to detect peptide molecular ions and fragment ions with MALDI-TOFMS and MALDI-QIT-
TOFMS mass spectrometers. The halogen basis substitute detected a molecular ion and fragment ion of the peptide
in both mass spectrometry in comparison with a methoxy group substitute. As a result, it was revealed that a
characteristic of matrix greatly changed by the kind of the substituent as for the FA derivative. Next the kind of the
substituent and the substituted position was considered. The derivative that the second, fifth, sixth place of the FA
were replaced with a halogen, methoxy group and a nitro group was synthesized and develop a matrix capable of
protein identification with both MALDI-TOFMS and MALDI-QIT-TOFMS. The nitro-substituted derivative and
iodine-substituted derivative were unsuitable as matrices due to the low ionic strength of the peptides. The methoxy-
substituted derivative had superior peptide sensitivity among the derivates used in MALDI-TOFMS, but this
derivative was unable to detect fragment ions in MALDI-QIT-TOFMS. Conversely, the position 6 bromo-substituted
derivative (6BFA) had inferior peptide sensitivity in MALDI-TOFMS than the methoxy-substituted derivative, but
better sensitivity than other derivatives. When the strength of 6BFA for detecting peptide fragment ions with MALDI-
QIT-TOFMS was evaluated, it was stronger than the methoxy-substituted derivative and DHB, which is a typical
matrix. Therefore, it was found that 6BFA can detect peptide molecular ions and fragment ions in MALDI-TOFMS
and MALDI-QIT-TOFMS.

Next, 6BFA was applied as a matrix to the PMF method and MS/MS ion search, which are typical MALDI protein
identification methods, to confirm the usefulness of peptide molecular ions and fragment ions generated via 6BFA.
Comparison of 6BFA and CHCA, a typical matrix used in the PMF method, showed that 6BFA showed sensitivity to
peptides different to those detected with CHCA, and the score evaluation indicating protein identification accuracy
was equivalent or better. In an MS/MS ion search, 6BFA detected significantly more b and y fragment ions than the
typical matrix DHB in analysis of the amino acid sequence, and identified proteins at a higher score. These results
demonstrate that 6BFA generates ions useful for protein identification using the PMF method and the MS/MS ion
search. Moreover, a new derivative using 6BFA as the basic skeleton was synthesized to improve its function as a
matrix, and the correlation between the chemical structure and the matrix function was examined. As a result, it
became clear a certain thing that the substituent effect of the bromo basis of the sixth place of 6BFA reduced proton
affinity (PA) of the FA. However, the high sensitivity for the acidic peptide remained unidentified and was not
possible to find a derivative more than 6BFA.

Finally, it was examined whether 6BFA is a matrix that can be applied to both protein identification methods in
actual proteome analysis. As for the protein identification of the proteome analysis, there are more cases that the
density of protein is heterogeneous as for a lot of foreign elements, and are low than commercial peptide and protein.
Therefore, as a stage before proteome analysis, the peptide concentration and the relationship of the ionic strength
were examined by internal standard method substance P. As a result, 6BFA was lower in the ionic strength of the
peptide than CHCA, but peptide concentration and the coefficient of correlation of the ionic strength were superior,
and it was revealed that low-concentrated analysis did not have any problem. Therefore 6BFA was applied to low-
concentration proteome analysis using Auto2D in PMF method. It was also possible to apply 6BFA to low-
concentration proteome analysis using Auto2D; hence, it is considered to have practical applicability. Then, 6BFA
was applied to rat adrenal proteome analysis by MS/MS ion search. The measurement sample assumed eight kinds
of discrete protein by two-dimensional electrophoresis. DHB succeeded in identification of six of eight kinds of
protein. 6BFA succeeded in narrowing down identification or a candidate to one in all protein in eight kinds. These
results demonstrate that 6BFA was applied to actual proteome analysis as a matrix.

As above, this study succeeded in developing a novel matrix applicable for protein identification in both MALDI-
TOFMS and MALDI-QIT-TOFMS by developing new matrices based on comprehensive synthesis of derivatives.
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