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Research Interests

Molecular pathogenesis of Helicobacter pylori
Our laboratory has been interested in Helicobacter pylori, a gastric pathogen that infects

approximately half of the human population, in which it may persist for a lifetime, making it
one of the most successful pathogens of mankind. Persistent infection of this peculiar
microbe induces chronic inflammation in gastric epithelial cells, which may further develop
into peptic ulcers, gastric atrophy and is considered as a risk factor for gastric
adenocarcinoma and low-grade B-cell lymphoma. In 1994, the International Agency for
Research on Cancer (IARC) has declared H. pylori as a group I carcinogen. Two complete
genomic sequences and other results demonstrate unexpectedly high genetic heterogeneity of
this microbe, and shed light on its extraordinary ability to adapt into different ecological
niches created by the diversity of humans, their ancestors, their environments and their diets.

Of known virulence factors, urease, flagella, mucous-damaging enzymes, and
cell-surface adhesins such as blood group antigen-binding adhesin (BabA) are crucial for
persistent inhabitation of H. pylori. Furthermore, strains with two non-conserved
exo-proteins, vacuolating toxin (VacA) and cytotoxin-associated antigen (CagA) (type I
strains), result in more severe clinical outcomes than type II strains, which secrete only little
VacA and are devoid of CagA. VacA induces membrane permeabilization and massive
vacuolization of epithelial cells, supporting access of bacteria to nutritious exudates. CagA is
translocated into host cells by type IV transporters encoded by the cag-pathogenicity island
(cag-PAI) in some strains, where it triggers signal transduction for cytoskeletal
rearrangements, cell elongation effects and increased cellular motility as well as alters the
composition and function of the apical-junctional complex. Along with results worldwide, it
is now evident the high genetic heteroneiety and markedly differential effects of bacterial
virulence determinants, exogenous factors along with host genetic predisposition contribute
to the development of various clinical sequelae during life-long infection of H. pylori. We
also found that the failure of the efficacy of H. pylori lansoprazole-based triple therapies
comes mainly from the primary resistance to antibiotics of clinical isolates in Taiwan and
that resistant H. pylori strains are associated with antibiotic resistance and superior
internalization activity, protecting them against antibiotic treatment.

Given the need of novel antibacterial therapy, we have been interested to investigate
proteins in bacterial growth or pathogenesis via a combined crystallographic/microbiological

approach. We have first chosen the shikimate pathway for its role in aromatic amino acid



biosynthesis in bacteria, fungi, and plants, but not mammals, in which enzymes of this
pathway represent attractive targets for the development of new antimicrobial agents,
herbicides and antiparasitic agents. Of seven enzymes in this pathway, we have recently
determined the fifth one, shikimate kinase (HpSK) that catalyzes the specific
phosphorylation of the 3-hydroxyl group of shikimic acid in the presence of ATP in its apo
form (1.8 A) and the HpSK-shikimate-PO, (2.3 A) complex structures. These structures have

greatly facilitated the research in discovering novel inhibitors, which is currently underway.

Structure and function of biocatalysts in the chiral reactions

Optically pure amino acids are of increasing industrial interest as chiral building blocks
for semisynthetic antibiotics, herbicides, insecticides and drugs. We have been interested in
the structure-function studies of several biocatalysts involved in chiral reactions, particularly
members in the nitrilase superfamily. Structures of several nitrilase-related enzymes have
been determined: N-carbamyl-D-amino-acid amidohydrolase in its free and liganded forms,
H. pylori formamidase AmiF and liphatic amidase AmiE. Based on these structures, a
conserved cystaeine-gluatamate-lysine catalytic traid is identified. Based on a rational
approach, several thermostable mutants are recently obtained (unpublished). We have also
solved Deinococcus radiodurans N-Acylamino acid racemase that catalyzes racemization of
N-acylamino acids at 1.3 A. Our goal is to improve the catalytic activity and stability of
enzymes involved in chiral reactions and to engineer the enzymes with altered substrate

specificity or high enantioselectivity for the potential industrial application.
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