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n the post-genome era, the importance of post-translational modifications as mechanisms for
effectively producing multiple proteins from a single gene is increasingly being appreciated. Tyrosine
O-sulfation is a post-translational modification of numeous membrane and secretory proteins that occurs
in multicellular eukaryotic organisms. It has been shown to be involved in the alteration of biological
activity of proteins and modulation of extracellular protein-protein interaction. Tyrosylprotein
sulfotransferases (TPSTs) are the enzymes that catalyze the transfer of a sulfate group from
3°-phosphoadenosine 5°-phosphosulfate (PAPS}) to the tyrosine residues of target proteins. In 1998, two
TPST isoforms, designated TPST-1 and TPST-2, from human and mouse were identified. It has since
become an important issue whether the different physiological involvements of protein tyrosine sulfation”
is due to distinct TPSTs with differential substrate specificity and/or their tissue-specific expression. [
therefore decided to carry out a systematic study to investigate the characteristics of TPST-1 and TPST-2.

In this dissertation, I presented the results from the molecular cloning of human, mouse, and zebrafish
TPSTs, and enzymatic characterization of the recombinant TPSTs. Moreover, the relative levels of
expression of TPST-1 and TPST-2 in various human and mouse tissues/organs were evaluated.
Additionally, the knockdown experiments using zebrafish, which has three kinds of TPSTs genes, were
examined in order to clarifS( their differential physiological involvements. 1 presented the
characterization of the recombinant human, mouse, and zebrafish TPSTs with respect to pH optimum,
divalent cation requirement, substrate specificity, and kinetic constants using model substrate peptides
designed based on the tyrosine sulfation sites of known sulfated proteins. The results showed that these
TPSTs exhibited some characteristics (acidic pH optima, stimulation by divalent cations, ezc.). Itis to be
pointed out that this is the first time that individual TPST-1 and TPST-2 were independently examined and
demonstrated to be differentially stimulated by Mn** and Mg?". The results of substrate specificity and
kinetic constants analysis showed that both human and mouse TPST-1 tended to display higher affinity for
most of the tested peptide substrates than TPST-2. By employing quantitative real-time PCR analysis,
the expression of TPST-1 and TPST-2 in different human and mouse tissues/organs was investigated.
Both human and mouse TPST-1, TPST-2 were ubiquitously expressed in all tissue/organ samples
examined, albeit at different levels. In the knockdown study, I demonstrated three kinds of different
patterns of deformities in brains or body trunks when Zebrafish embryos were treated with morpholino
antisense oligos (MOs) targeting each of the three zebrafish zZTPSTs genes. Furthermore, zebrafish
embryo treated with the MOs against all three TPSTS‘ genes resulted in embryonic lethality. These
results indicate that all TPSTs play important roles in the early development of zebrafish embryo and
might have differential substrate specificity and act upon different subsets of target proteins. In view of
the lethal phenotype of triple knockdown embryos and nonfatal single knockdown embryos, tyrosine

sulfation likely plays essential roles in maintaining life in early deye]opment.
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