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Abstract

Abstract

Absolute protein quantification is a hot topic of fast growing interest in the field of
quantitative proteomic study. The quantitative profile of proteome is expected to
provide new functional insights into biological processes, facilitating the
identification of diagnostic or prognostic disease markers. The recognition of the fact
that protein analysis must “turn quantitative” has boosted the developing more and
more sophisticated analytical methods based on molecular mass spectrometry in the
past few years in order to obtain reliable quantitative results. These methods so far
resorting to stable isotope labeling techniques such as ICAT and SILAC are elegant
for relative quantification but not appropriate for “absolute” quantification. To add a
quantitative dimension to proteomics, the idea using element-selective mass
spectrometric detection (e.g. ICP-MS) to achieve absolute protein quantification has
been realized, and ICP-MS stands now as a new tool in the field of quantitative
proteomics. More generally, the accurate quantification of peptides and proteins can
be accomplished via a covalently bound ICP-MS detectable heteroatom (any element
different from the main constitutes of organic matter: C, H, N or O), either already
present (such as sulfur, phosphorus, selenium, iodine, or metals) or added as a tag.
The ICP-MS determination of these heteroelements is enjoying increased interest for
absolute protein quantification.

In this thesis, monofunctional organic mercury ion RHg" was chosen as element
mass spectrometric tag for labeling proteins to achieve absolute protein quantification
by integrating elemental mass spectrometry together with molecular mass
spectrometry. It consists of four chapters as below.

In Chapter One, the development of quantitative proteomics was introduced; the
analytical techniques for relative quantification and absolute quantification of proteins
have also been reviewed. Research proposal was thus made for this thesis, aiming to
develop a strategy for the absolute protein quantification using RHg" as an MS-tag.

- iii-



Abstract

In Chapter Two, the strategy using RHg' as an mass-tag was proposed for counting
the free sulfthydryl(s) (-SH) and disulfide bond(s) (-S-S-) of a protein. RHg" tag can
react specifically with free -SH(s) of a protein with high affinity. Using RHg" as a tag
has the advantages of only reacting with one sulthydryl group, offering definite mass
shift, and stable and characteristic nonradioactive isotopic distribution. Mass
spectrometric analysis of derivatized sulthydryls in peptides/proteins is an alternative
for quantitatively counting the number of sulthydryl groups and disulfide bonds. Here
the tags used include methylmercury chloride, ethylmercury chloride, and
4-(hydroxymercuri) benzoic acid. The feasibility of this strategy was demonstrated by
counting —SH and —S-S- in model peptides/proteins, i.e. glutathione, phytochelatins
and lysozyme, which contain increasing -SH and various —S-S- linkages.

In Chapter Three, we demonstrate a proof of concept for the absolute quantitative
analysis of proteins via CH3Hg" labeling and integrated application of molecular and
elemental mass spectrometry. The smallest size of CH;Hg among monoalkyl
mercurials and the specific and covalent interaction with —SH in proteins results in
forming a simple complex of CH;Hg": —SH =1:1 when all —SH are exposed, as
confirmed by ESI-MS. Based on the known number of —SH per protein, the absolute
protein concentration can be obtained via Hg determination using ICP-MS, in which
CH3HgCl could be simply used as an external standard. When insulin, bovine
pancreatic ribonuclease A, and lysozyme which have an increasing number of various
disulfide linkages in their molecules, were taken as model proteins, their
corresponding absolute detection limits (36) reached 0.6, 1.2 and 0.4 pmol,
respectively. These characteristics may be expected to provide an alternative approach
for absolute protein quantification, especially specific biomarker determination, in the
near future.

In Chapter Four, a summary of this thesis was concluded and the developing trend

was also discussed.

Keywords: monofunctional organic mercury ion RHg; molecular mass spectrometry;
elemental mass spectrometry; absolute protein quantification.
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43 F i 41 ESI-MS (electrospray ionization mass spectrometry), MALDI-MS
(matrix-assisted laser desorption ionization mass spectrometry) £\ AT 7T 8 [
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bt o AR ISR 2 N 5% B RS 7 40 M vh 2 1 Bk A S8 B, Sl AR
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Fig. 1-2 Reaction scheme of the 180 water labeling approach based on the

application of serine proteases.
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