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Elucidating the mechanism of pH-gating, solute selectivity, and flux

of Urel, the urea channel of Helicobacter pylori

Periplasm

channel

Group members include:

Jakob Ulmschneider Professor in Institute of Natural Sciences

Yukun Wang  Ph.D student in School of Life Science and Technology

We are studying the atomic detail mechanics driving pH-gating, solute selectivity, and flux of HpUrel, the
urea channel crucial for survival of H. pylori at low pH. H. pylori remains a worldwide problem, contributing to
peptic ulcer disease and gastric cancer. Without active intervention, at least 20% of the population of developed
countries will continue to be infected. Current eradication requires triple therapy, a proton-pump inhibitor and
two antibiotics given twice a day for 10 to 14 days. Resistance to either clarithromycin or metronidazole is > 20%
and rising. Gastric infection by Helicobacter pylori depends on the expression of a urea channel unique to this
pathogen, Urel. This channel allows H. pylori to thrive in low pH environments by funneling urea to the cytoplasmic
urease, where it is split into CO2 and NHs, which in turn are exported to buffer the pathogen” s periplasmic space.
Our collaborators have recently succeeded in solving the crystal structure of Urel, which forms a completely new
protein fold consisting of a hexameric ring of channel protomers surrounding a central lipid filled plug. We use
multi-microsecond simulations of the hexameric channel assembly to investigate the atomic detail mechanics that
regulate pH-gating, solute selectivity, and flux limitation. In addition, we will study the export route and transport
mechanisms of the urea hydrolysis products, CO; and NHs, back into the periplasmic space. Inhibition of either
urea or CO; and NHj transport would render H. pylori susceptible to acidic degradation, thus presenting a good
opportunity for targeted drug development. A thorough understanding of the molecular mechanisms underlying
channel function is vital for the design of suitable inhibitors and new therapies. Blocking of this channel would
be expected to result in a specific and effective monotherapy for eradication of the organism. This would provide
a preventive approach to serious upper gastro-intestinal diseases, particularly gastric cancer. Our studies require
multi-microsecond simulations that are able to capture channel function of the native Urel homo-hexamer in a lipid
bilayer. Simulations of systems of this size, and at the timescales required, are currently only feasible on large
resources, such as HPC-SJTU, and have the potential to reveal the inner workings of a major drug target for one of

the world” s most dangerous pathogens.
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High Fidelity Spray Combustion Modeling Research involving

Multi-component Surrogate Fuels

. Fuel droplet dispersion and
Temperature

B At

Draoplet fuel chemical
component distributions in
Evaporating Spray

ST TR (1

Group members include:

Chienpin Chen Professor in UM-SJTU Joint Institute

Spray combustion research has wide applications in internal combustion and gas
turbine engines. We are currently carrying out high fidelity Large Eddy Simulation
(LES) of combusting flows involving multi-component fuels. For computational mod-
eling of the spray combustion processes, it is essential to have accurate values of fuel
thermo-physical (for heating and evaporation) and chemical kinetics (for ignition de-
lay) properties.

We have utilized a recently developed inversed batch distillation methodology
to select a group of hydrocarbon species that closely match the experimental distilla-
tion curve of a Jet-A blend to include hydrocarbon groups of typical kerosene fuels of
linear paraffins, cyclo-paraffins and aromatics. For chemical kinetics target, a multi-
component skeleton reaction mechanism of 231 species and 5591 reactions was used
to predict ignition delay times with satisfactory results. To account for complex ge-
ometries associated with modern combustors involving injectors and atomizers, both
unstructured and structured mesh have to be blended to create the best grid system of
the combustor configuration. For evaporating multi-component sprays, we have uti-
lized discrete particle tracking method embedded within the underlying Eulerian LES
simulation. Open source OpenFOAM and KIVA family codes are used to carry out the
multiphase LES calculations. In addition, open source CANTERA is used for chemical
kinetics in combustion flows. The multiphase combustion flow simulations involving
real world combustor geometries warrant the usage of HPC-SJTU, and have the ca-
pability to reveal the detailed thermal-physical-chemical multi-physic phenomena of
spray combustion.
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e James Lin, Shuo Li, Jiaming Zhao, Satoshi Matsuoka. Node-level Memory
Access Optimization on Intel Knights Corner. HPC China 2014. Guangzhou
China.

e James Lin, Satoshi Matsuoka. OpenACC vs. OpenMP4: the Strong, the Weak,
and the Missing to Develop Performance Portable Applications on GPU and
Xeon Phi. GPU Technology Conference 2014. San Jose.
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THEE PES5 AR We are satisfied with the services provided
by the HPC center, in SJTU. The compute,
storage, and software resource is rather
abundant, and the queue time for our com-
pute project is very short. Our experience
from HPC is good, so, many thanks for the
perfect work of the staffs at HPC center.
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Hope for a more convenient way (e.g. abet-
ter version of bacct) to look up how much
computing resources (both cpu and gpu)
have been consumed. And hope for more
regular email report. The price of gpu com-
puting is a little high. And the limit for a
preferential price (100k card*hour) is also
high, which means more than 11% of the
whole gpu computing resource on mevery
year. m has been shutdown for mainte-
nance many times in the past year. Hope

it healthy in the future.
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Jedin; 3) MR B A TREALE S
group, NI AT AU &5 A7 il 0Ly —
W5, Ar A IR Se it LA group N AL
BT

% BIURECGEPE w could have a test queue that limits the
computational time (for example, 4 hours,
unlimited CPU) for testing purpose. This
was the case for the HPC at Purdue Univer-
sity and I found that quite helpful. Up to
now, we (Shen group) have been program-
ming and running on a single node single
GPU. Hence, we enjoyed the amount of re-
source allocated to us for our limited ex-
amples. However, we are going to need
more compute and storage resources in
the nearest future. Occasionally job queue
time lasts for a long time. We have had
an experience of waiting for one whole
day, although it rarely occurs. We wonder
whether it is possible to have a clear idea of
waiting time.
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