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Helicobacter pylori infection causes gastric diseases including gastritis, peptic ulcers, lymphoma,
and/or carcinoma. The capability to evade host immune response by this peculiar microbe ensures its
persistent colonization. H. pylori cholesterol-a-glucosyltransferase catalyzes the glycosylation of
cholesterol to form the bacteria cell wall lipids cholesterol glucosides that are important for escaping
phagocytosis, T cell activation, and bacterial growth. Mucus-associated O-glycans that inhibits the
biosynthesis of cholesterol-a-glucopyranoside are natural antibiotics against H. pylori infection. We have
expressed and purified the recombinant cholesterol-a-glucosyltransferase in Escherichia coli expression
system. Our preliminary results reveal an oligomeric state of this enzyme under electron microscopy. The
goal of this proposal is to determine the structures of cholesterol-o-glucosyltransferase and to investigate
whether cholesterol-a-glucosyltransferase directly assimilates cholesterol from host membranes. We also

aim to investigate whether cholesterol-a-glucopyranosides induce macrophage-mediated response.

Keywords: Helicobacter pylori; cholesterol a-glucosyltransferase; O-linked glycan.
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Background and Significance

Enduring infection of Helicobacter pylori (H. pylori) in the human stomach causes gasto-intestinal
diseases including chronic gastritis, peptic ulcers, lymphoma and/or carcinoma [1, 2]. H. pylori
colonizes the superficial layer of gastric mucosa and then induces chronic gastritis that is believed to
associate with glandular atrophy [1]. Prolonged infection with H. pylori is also accounted for the
complex inflammatory responses, which are followed by intestinal metaplasia, dysplasia, and eventually
gastric adenocarcinoma [2].

Surface adhesion molecules including BabA and SabA that binds to Lewis b and Lewis X
glycolipids, respectively, expressed on the surface of gastric mucous cells are crucial for the successful
colonization of H. pylori [5, 6]. Virulent strains are frequently found to contain a type IV secretion
system (TFSS) encoded by cag pathogenicity island (cag PAI) and an exotoxin, vacuolating toxin (VacA)
[7, 8]. Infection of these strains is closely associated with ulcerations and carcinoma [9-12]. Additionally,
cag PAl-positive strains delay phagocytosis by macrophages in vitro and are killed less efficiently than
those without the PAI element [11, 13]. VacA displays multiple cytotoxic effects in epithelial cells and
also inhibits T-cell proliferation [8]. Other factors known to interact directly with immune cells and
modulate immune responses to H. pylori include neutrophil-activating protein (HP-NAP or NapA),
arginase, urease, and Hsp60 (a GroEL heat shock protein) [3]. Recently, cholesterol alpha-transferase
that transforms cellular cholesterol into glucosylated derivatives is found to be important to evade
phagocytosis during infection [4]. Alternation in the total amount of steryl glucosides and the relative
proportions of cholesteryl-a-D-glucopyranoside (aCQ),
cholesteryl-6’-O-tetradecanoyl-o.-D-glucopyranoside (aCAQG), and
cholesteryl-6’-O-phosphatidyl-a-D-glucopyranoside (aCPG) are found to cause morphological changes
of the bacterium or changes in colony variants [5]. Additionally, inhibition of the cholesterol
glucosyltransferase by O-glycans of the human gastric mucosa is found to suppress growth of the
bacterium [6]. Thus, cholesteryl-a-glucosides synthesized by cholesterol glucosyltransferase are
important components of bacterial membranes to support the cellular morphology as well as
pathogenicity of this organism.

In this proposal, we focus on the structure-function relationship of cholesterol-a-glucosyltransferase
and the molecular mechanisms that lead to immune evasion. It will be also of interest to delineate the role
of this enzyme in disrupting host rafts and whether an inhibitor of this enzyme can be used as a novel
therapeutic lead.

Specific Aims:

Aim 1. To determine the structure of cholesterol-a-glucosyltransferase by x-ray crystallography or
electron microscopy;

Aim 2. To investigate whether cholesterol-a.-glucosyltransferase is required to absorb cholesterol and
other constituents from rafts of the host-cell membrane.
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Research design
Aim 1. To determine the structure of cholesterol-a-glucosyltransferase by x-ray crystallography or
electron microscopy

Cholesterol alpha-transferase catalyzes the glycosylation of cholesterol to produce
cholesteryl-alpha-D-glucopyranoside and other derivatives, which may help to evade host phagocytosis
and subsequent clearance [7, 8]. Thus far, no structural information is available for this enzyme. The first
aim is to investigate structure-function of this enzyme with a straightforward structural and biochemical

approach as follows.

1.1. Cloning, expression and purification of cholesterol alpha-transferase.

This task is rather straightforward in our laboratory given the established E. coli expression system:

(1) The cloned gene obtained by polymerase chain reaction (PCR) amplification experiments will be

inserted into pQE30 for initial expression trial. (2) Other over-expression vectors will be tested to obtain

the optimized production of soluble forms. (3) The expressed protein will be purified by affinity

chromatography plus other columns. Indeed, we have cloned, expressed and purified cholesterol
alpha-transferase. As illustrated in Fig. 1, purified cholesterol alpha-transferase has been obtained.
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Fig. 1. SDS-PAGE analysis of the purified cholesterol a-transferase recombinant proteins. Lane 1: protein
size markers. M: size markers; lane 1: purified cholesterol a-transferase; lane 2, 10 pg of bovine serum

albumin.

1.2. Determination of structures.

The structural information at the atomic level will contribute significantly to the understanding of
crucial residues and catalytic mechanism as well as provide a basis to investigate intricate biological
processes in the H. pylori pathogenesis. We have previously determined AmiE, AmiF, and a few enzyme
structures in the shikimate pathway as well structures of a few biocatalysts [9-15]. As an extension of our
previous research, structures of arginase and cholesterol alpha-transferase will be determined. Indeed,
crystallization trials of cholesterol alpha-transferase have yielded single crystals (Fig. 2). We currently
attempt to improve the crystal quality. Once a good-diffracting crystal form is obtained, single/multiple
anomalous dispersion (SAD/MAD) methods will be utilized to solve the structure owing to the lack of a

homologous structure.



In collaboration with Dr. Liu GK in National Health Research Institutue, cryo-negative staining
developed as a complementary technique will be utilized. This technique allows imaging biological
samples in a comparable state of structural preservation to conventional cryo-EM but the staining
produces better contrast in accessible areas and allows data recording at lower defocus values.
Cryo-negative staining vitrifies biological particles in the presence of a concentrated ammonium
molybdate solution at neutral pH. It was successfully used to study the structure and dynamics of several
macromolecules. Imaging macromolecular complexes with cryo-negative staining has been established
previously to better than 2 nm detail. Our preliminary results indeed showed oligomeric structure of

cholesterol a-transferase (data not shown). We are now under the process to reconstruct the image.

Fig. 2. Crystals of cholesterol alpha-transferase. Crystals were obtained from mother solution
containing 45% MPD, 100 mM imidazole, pH8.0, 200 mM MgCl, with protein solution of ~8 mg ml™.

1.3. Investigation of structure-function relationship.

To investigate the structure-function relationship, the enzymatic assays will be set up. Enzymatic
kinetics will then be investigated. Furthermore, structures of the enzyme-substrate/inhibitor complex will
be determined, allowing the detailed analysis of the crucial residues involved in binding and catalysis.
Structure-function analysis with other related enzymes will be conducted to investigate the evolution of
enzymatic function, which will not only provide fundamental biological understanding but also shed light
into the potential biotechnological applications. Site-directed mutagenesis of crucial residues will be
conducted to truly understand the role of individual residues. Our next focus will be to evaluate whether a
potent inhibitor of these enzymes can be discovered based on structural information. We will further
delineate whether cholesterol and its derivatives have any effects on host cells such as to alter gastric

functioning in particular directions that affect local inflammation or energy homeostasis.



Aim 2. To investigate whether cholesterol-a-glucosyltransferase is required to absorb cholesterol
and other constituents from rafts of the host-cell membrane.

2.1. To generate mutants by allelic exchange mutagenesis.

We will investigate whether cholesterol-a-glucosyltransferase is engaged in absorbing cholesterol
from rafts. To approach this issue, we have established a means of allelic-exchange mutagenesis to
generate knock-out strains that encodes cholesterol-a-glucosyltransferase from the bacterial genome.
The knock-out mutants will be generated respectively by insertion of the cat fragment derived from
pUOAZ20 [16] into capJ that encodes cholesterol-a-glucosyltransferase through allelic replacement and
selection of chloramphenicol-resistant clones [17]. The capJ gene fragment was amplified from strain
26695 chromosome by PCR and cloned into plasmid pGEMT (Promega), yielding the plasmid
pGEM-capJ. The cat fragment is amplified by PCR and is inserted into the pGEM-capJ plasmid. The
capJ::cat mutant is then obtained by transforming the resultant plasmid into the parental strain H. pylori
26695 through allelic replacement and selection of chloramphenicol-resistant clones using a natural

transformation method described in Wang et al. [17].

2.2 Confocal microscopic analysis of cholesterol/GM1 on AGS cells infected with wild-type H. pylori or
knock-out cap] H. pylori

AGS cells are infected with wild-type H. pylori or knock-out CapJ mutant [multiplicity of infection
(MOI) = 50] at 37 °C for different time intervals (0 min, 15 min, 30 min, 1 h, 4 h), followed by confocal
microscopic visualization. Non-infected AGS cells are used as a negative control. Cells are then stained
with cholera toxin subunit B (CTB) to visualize the distribution of GM1 with or without infection.

Alternatively, AGS cells are stained by FITC-labeled CTB that binds to GM1 on rafts at 4 °C [or
Macrophage cells] (at that temperature, membrane is rigid). The labeled cells are then infected with
wild-type H. pylori or knock-out CapJ mutant [multiplicity of infection (MOI) = 50] at 37 °C for different
time intervals (0 min, 15 min, 30 min, 1 h, 4 h), followed by confocal microscopic visualization.
Non-infected AGS cells are used as a negative control. Similarly, the distribution of NBD-cholesterol for
NBD-cholesterol-loaded AGS cells that are infected with wild-type bacteria or knock-out capJ mutant
will be investigated.

2.3. Electron microscopic analysis of cholesterol a-glucosyltransferase

The recent development of electron cryotomography provides a new and more powerful way to
investigate biological structures. In collaboration with Dr. Liu, we will visualize whether cholesterol
o-glucosyltransferase is also present as an oligomeric form in H. pylori. It will be also of interest to
investigate the distribution of cholesterol a-glucosyltransferase upon challenge with AGS cells or
macrophages.

Materials and Methods

H. pylori culture—Clinical isolates were recovered from frozen stocks on Wilkins-Chalgren agar with
10% sheep blood, 0.2% B-cyclodextrin, 1% IsoVitaleX, 10 mg/L nalidixic acid and 8 U/ml polymixin B
in a microaerophilic atmosphere for 3—7 days at 37°C until colonies were visible. After passages onto
fresh plates, the bacteria were routinely cultured on Brucella agar plates (Becton Dickinson, NY, USA)
with 6 mg/L vancomycin and 2 mg/LL amphotericin B. For liquid culture, the bacteria harvested from
plates were cultured in Brucella broth containing 2% fetal bovine serum, 0.2% B-cyclodextrin, 1%
IsoVitaleX, 6 mg/L vancomycin and 2 mg/L amphotericin B for 2 days.



Construction of H. pylori isogenic mutants—An isogenic mutant H. pylori is generated by insertion of the
cat fragment into the gene of H. pylori through allelic replacement and selection of
chloramphenicol-resistant clones [17]. A vacA::cat mutant is then generated using a natural
transformation method described in Wang et al. [17].

Cholesterol-a-glucosyltransferase assay—To assay the cholesterol-a-glucosyltransferase activity, the
assay mixture contained in a  total volume of 100ul: 5-30 pl (40-240 pug of protein) of H. pylori or
appropriate amount of the recombinant enzyme, either 5 pl of a solution of 4 mM  cholesterol in ethanol
(200 uM final concentration) or 4 pul of 270,000 dpm [4-'“C]cholesterol in ethanol (final concentration
44 uM, specific activity 2.1 GBg/mmol) and either 100,000 dpm  of UDP-[U-"*C]glucose (final
concentration 1.5 puM, specific activity 12.2 GBg/mmol) or 10 pl of 5 mM unlabeled UDPglucose
(final concentration 0.5 mM). After incubating for 30 min at 30 °C the reaction is terminated by the
addition of 0.7 ml of 0.45% NaCl solution and either 2 ml of ethyl acetate or 3 ml of
chloroform/methanol 2:1. After vortexing and phase separation by centrifugation, the radioactivity in the
organic phase is determined by scintillation counting or the extracted lipids are separated by thin-layer
chromatography (TLC) or high performance TLC (HPTLC). The radioactivity on the silica gel plate is
detected by radioscanning with a BAS-1000 Bio Imaging Analyser (Raytest, Straubenhardt, Germany).

To detect cholesteryl-a-D-glucopyranoside (CGL), reaction mixture (100 pl) that contains
appropriate amounts (80 pl) of the recombinant enzyme, 5 pl 1 of 8 mM cholesterol in ethanol, 5 ul of 7.2
puM UDP-glucose, 1 pl of Triton CF-54, and 9 pl of reaction buffer reacts at 30°C for 3 hours. The
reaction is terminated by adding 900 ul of a 0.45% NaCl solution and then 4 ml of a chloroform-methanol
mixture (2:1). The lower phase of the resultant mixtures is filtered and dried under a nitrogen gas stream.
The lower phase of the resultant mixture is dried by a nitrogen gas stream and treated with 1 ml of 0.5 N
NaOH in methanol at 50°C for 1 hour. After neutralization with 6 N HCI, 1 ml of petroleum ether is
added to the reaction tubes. After removal of the upper phase, 2 ml of petroleum ether are further added to
the lower phase. The dried lower phase is dissolved in 1 ml of a chloroform-methanol-water (86:14:1)
mixture (TLP), and then 0.5 ml of another chloroform-methanol-water (3:48:47) mixture (TUP) is added
in the same reaction tubes. Finally, the recovered lower phase is dried by a nitrogen gas stream and
dissolved in 50 pl of chloroform. One ul of the samples is then added to 1 pl of 2,5-dihydroxybenzoic
acid or 1 pl of frans-3-indole acrylic acid used as matrix. Mass spectra of the CGL in positive and
negative ion modes are taken by a Voyager-DE STR Biospectrometry Workstation (Applied Biosystems)
of DE MALDI-TOF MS in a reflector mode with a laser intensity of 2,500 as described previously [18]. A
two-point external calibration is performed.

Preparation of high quality of milligram quantities of target proteins—Molecular cloning experiments
are performed by standard methods. For structural studies, expression and purification large amounts of
target protein in a soluble, active form are required. During the course of current project, we have
produced clones that could express in a soluble form of ArsS with adequate quantities. To optimize the
yield of protein expression, various conditions including vectors, hosts, and culture conditions, inducing
conditions will be tested. If the protein can be expressed at a sufficiently high level and in soluble form,
the clone will be used for large-scale preparation (1-5 liters). The appending tag in the expressed
polypeptide makes it useful for an efficient purification of the expressed protein. The tag will then be
cleaved by the designed protease and the protein will be further purified by a suitable chromatography to
achieve a single homogeneous species. The soluble target proteins would be further assessed using far
UV circular dichroism spectroscopy on an AVIV CD spectropolarimeter (model 62A DS) and by
size-exclusion chromatography (FPLC). Target proteins, which depict a good backbone fold would be
considered as ideal candidates for structure determination.

Crystallization—Extensive crystallization trials will be conducted using the vapor diffusion method with
a factorial combination of different precipitating agents. We will rapidly screen for conditions that



produce microcrystals, then fine-tune the conditions to produce large single crystals. If any crystals
produced, preliminary diffraction studies will then be performed. Since a good-diffraction crystal is
essential for further analysis, several strategies will be used to improve the quality of the diffraction: (i)
to produce a smaller fragment, various mutants or various forms of a particular target that may be more
amenable to crystallization, (ii) to explore other crystallization methods, and (iii) to collect data using
synchrotron source that is a factor of several hundredfold or more intense than in-house source. We will
also attempt to set up a robotic system to speed up the efficiency of screening good-quality crystals.

Improvement crystal quality—We will fine-tune the conditions to obtain single crystals for
crystallographic studies by several strategies. First, we will modify the crystallization conditions. Second,
we will remove the tag or modify the protein fragment when necessary. Finally, we will try to add
various cofactors or ligands to improve the crystal quality. Various cryo-conditions will be tested for the
best diffraction condition. If any well-diffracting crystals are obtained, molecular replacement, SAD,
MAD or MIR methods will then be used to solve the structures.

Determination of crystal structures—With the significant advances in the structure determination of
proteins, particularly in the x-ray crystallography, structure-based research is entering a new era. These
include overexpression recombinant systems for producing proteins, systematic methods for
crystallization, screening, cryo-crystallography, brilliant synchrotron radiation, image plate detectors,
CCD detectors, MAD phasing, and software for automatic generation of protein structures from MAD
data [19, 20]. In solving D-NCAase structure, we have collected native data and xenon derivative data
collected at SSRL, utilized the MIRAS method and the program wARP for automatic model tracing [21].
In this proposal, we will fully utilize the advanced methodology and technology in solving crystal
structures. Our centralized state-of-art x-ray in-house facility will greatly aid in the crystal screening,
preliminary diffraction experiments and data collection using rotating-anode source. The nearby SSRC
synchrotron source will be useful to collect high-resolution data. The SPring8 or SSRL synchrotron
source will be invaluable for MAD data collection. Data are processed and scaled with DENZO and
SCALEPACK [22] or MOSFLM [23] and the CCP4 [24] suite of program. The phases are obtained by
the program CCP4 or SHARP [25] and refined and extended to using the solvent flipping procedure in
the program SOLOMON [26]. The electron-density map is illustrated by the program O version 6.2 [27].
Crystallographic refinement is carried out using the maximum-likelihood program REFMAC [28]
coupled to ARP [29], which is used to add water molecules automatically.

Analysis of crystal structures—Structure comparisons will be carried out with the program DALI
[30].The structures will be computationally analyzed by computer simulation and/or molecular docking.
Since the molecular (biochemical and biophysical) function of a gene product is closely linked to its
three-dimensional structure, finding the structure may provide important insight into the molecular
function of the gene product and may subsequently help in understanding its cellular function. When the
structures implicate possible molecular functions, they will be tested experimentally. These molecular
functions and structural information will be correlated with the cellular function of the gene products. On
the other hand, the three-dimensional structural information of virulence factors would greatly facility
other biochemical studies for their roles in function and pathogenesis.
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Anticipated results
We have previously worked on H. pylori pathogenesis among Taiwanese patients and characterized

several important virulence factors. Moreover, we have determined a few protein structures using our

functional X-ray macromolecular crystallographic facility, which allows us to delineate their catalytic and

binding mechanism. By use of the newly genomic/structural pathogenomic forces as well as our
established approach, we are confident in the execution of this proposal. We anticipate obtain research
results as in the following.

1. One major aim of this proposal essentially involves in the structure study of H. pylori
cholesterola-transferase. The approach in this study is straightforward and feasible based on our
previous experiences. The gene encoding these proteins has been cloned, expressed, and purified
respectively by the standardized working protocol. We anticipate obtain milligram quantities of
recombinant proteins. Proteins will be further purified by various purification procedures and
crystallized.

2. As purified cholesterol a-transferase can be obtained, the enzymatic properties of the



recombinant protein will be clarified. We anticipate improve the crystal quality of cholesterol
a-transferase for structural determination.

3. We anticipate obtain the EM reconstruction image of the oligomeric cholesterola-transferase
structure.

4. By use of the genetic and cell biological approach, the role of cholesterol a-transferase in disruption
the host rafts will be established. These results will shed light into how this factor controls the
bacterial morphology and how it influences and inactivates macrophage. As a result, we can learn

from those results to improve prevention, diagnosis and treatment.
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