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Abstract

Abstract

Thiols are an important family consisting of many proteins and small molecules
playing essential role in organisms. A large number of biological functions, such as
antioxidation, methyl-transformation reaction, CO,-storage reaction and etc, rely on
thiols. The variation of thiols’ concentrations in blood and urine link to many kinds of
disease, simultaneous and exact quantification of them is thus crucial. Up till now,
many methods have been developed for such a purpose using the hyphenated
techniques such as HPLC and/or CE coupled with molecular absorption spectrometry,
molecular fluoremetry, electrochemical detection, mass spectrometry and atomic
spectrometry. Among various derivatization-reagents, organic mercury demonstrates
unique properties of strong interaction with sulthydryl and forming a simple complex
of RHg': —SH = 1:1. Subsequently, quantification of thiols can be fulfilled via the
accurate determination of mercury using atomic fluorescence spectrometry (AFS)
and/or inductively coupled plasma mass spectrometry. In this thesis, organic mercury
ion RHg" was chosen as a derivatization-reagent for labeling low-molecular-mass
thiols and sulthydryl-containing protein to achieve their quantification by integrating
AFS together with molecular mass spectrometry. The thesis consists of four chapters.

In Chapter One, species of thiols and their physiological functions in organisms as
well as the analytical techniques for determining low molecular-mass thiols and
proteins were briefly reviewed. Research proposal was thus made for this thesis,
aiming to develop an RHg -based labeling strategy toward low-molecular-mass thiols
and sulfhydryl-containing proteins and their AFS quantification. New photocatalytical
reduction system for mercury cold vapor generation was proposed instead of
conventional K,SOg-KBH4/NaOH-HCI and/or KBrO:;/KBr-KBH4+/NaOH-HCI
systems.

In Chapter Two, a novel analytical method was established for simultaneous
determination of main urinary low-molecular-mass (LMM) thiols including cysteine

(Cys), cysteinylglycine (Cys-Gly), homocysteine (HCys), <y-glutamyl cysteine

I



Abstract

(y-Glu-Cys) and glutathione (GSH) as well as N-acetylcysteine (NAC) using
RP-HPLC coupled on line with UV/HCOOH-induced cold vapor generation (CVG)
atomic fluorescence spectrometry (UV/HCOOH-AFS) with 4- (hydroxymercuric)
benzoic acid (PHMB) as a tag. The limits of detection (36) of RPLC-UV/HCOOH
-AFS with PHMB labeling for Cys, HCys, Cys-Gly, y-Glu-Cys and GSH as well as
NAC were 4.6, 5.9, 5.9, 8.1, 7.3 and 5.9 nmol L, respectively. This developed
method was applied successfully to determine the urinary LMM reduced-form thiols
and Total thiols before and after tris-(2-carboxyethyl)-phosphine reduction in 10-urine
samples contributed by 10 healthy volunteers.

In Chapter Three, we demonstrated a proof of concept for the quantitative
analysis of proteins via thiomersol (THI) labeling integrated molecular mass
spectrometry and AFS. C,HsHg" released from THI has a specific and covalent
interaction with —SH in proteins resulting in forming a simple complex of C,HsHg:
—SH = 1:1 when all —SH are exposed. B-lactoglobulin (BLG) was chosen as a model
protein to demonstrate the feasibility of protein quantification using UV/ HCOOH
-AFS coupled with size-exclusion chromatography when THI was used as a dynamic
labeling tag. The limit of detection of 66 nmol L™ was obtained for BLG.

In Chapter Four, achievements obtained in this thesis were summarized, and the

perspective was discussed.

Key words: Thiols; Organic mercury; Biomolecular labeling strategy;

Photocatalytical reduction; AFS
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