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6. Description of your current research

Acute liver failure (ALF) may occur following viral infection or as a result of toxic liver
injury (eg. acetaminophen toxicity). Irrespective of its etiology, ALF is associated with
serious neurological complications including hepatic encephalopathy, a syndrome
characterized by altered mental status that may rapidly progress to stupor and coma. Brain
edema is a second major complication of ALF since it can lead to intracranial hypertension
and brain herniation, a common cause of mortality in ALF.

Most of my research efforts have been aimed at identifying alterations in gene
expression in the brain of rats with ALF as well as understanding the consequences of
these changes in gene expression. Our results demonstrate that ALF affects the expression
of key astrocytic proteins, many of which may be implicated in the apparition of brain
edema

However, very little is known about the effects of ammonia on brain endothelial cells
(which form the blood-brain barrier (BBB) and are in direct contact with blood-borne
ammonia). The present study was undertaken to study the effects of ammonia (ammonium
chloride: NH4CI) on gene expression and function in cultured BBB cells in order to
identify possible alterations in BBB function in hyperammonemia and ALF.




7. Research implementation and results under the program

(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):
Title of your research plan:
Effects of ammonium chloride on TM-BBB cells

Description of the research activities:

1. Gene expression screening following exposure to NH,Cl in TM-BBB4 cells
Purpose

Study the effects of exposure to ammonia on TM-BBB cells. To do so,
MRNA expression of a series of target genes was screened in a pilot study using real
time PCR. A preliminary study was first conducted if needed to confirm the
expression of some of the target genes in TM-BBB cells.
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- mMRNA expression for most genes was only slightly affected by exposure to
ammonia with the exception of:
- Claudin-12, which was decreased by 32.2 %
- CRT which was increased by 89.7 %
- TAUT which was increased by 34.2 %

2. Quantitative Real Time PCR analysis of CRT and TAUT (confirmation of
results) (n=5)

- TAUT mRNA levels were significantly increased (2.0-fold) in TM-BBB cells
after exposure to 5mM NH,CI for 72 hours, confirming the result of the pilot
study.

- CRT mRNA levels were significantly increased (1.9-fold) in TM-BBB cells




after exposure to 5mM NH,4CI for 72 hours which also confirmed the result of
the pilot study.

3.4 Uptake study
Purpose: Confirm and characterize the functional consequences of TAUT and CRT
up-regulation in TM-BBB cells exposed to ammonia.

- Uptake of both [*H] Taurine and [**C] Creatine into TM-BBB cells were
increased following exopusure to ammonia, suggesting that the observed
increase in MRNA levels translated into significant gain of function of these
two transporters

- Taurine is be implicated in osmoregulation and TAUT up-regulation at the
BBB in hyperammonemia may facilitate the efflux of taurine from the brain
and contribute to reduce brain swelling.

- Creatine and phosphocreatine are important for rapid buffering of high energy
phosphates. Increase expression of CRT at the BBB may be help regulate brain
energy metabolism which are altered in hyperammonemia.
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6. Description of your current research

The goal of my research is to investigate how the brain represents object dynamics and
how people learn dynamics of multiple objects. Our ability to skillfully manipulate a wide
variety of objects with different dynamic properties — relating forces applied to the object
and object motion — suggests that we acquire and store in memory representations or
models that capture the dynamics of multiple objects. To study learning of dynamics,
previous studies have examined how people adapt to novel force-fields applied through a
hand-held manipulandum during reaching movements. Following adaptation, during
which initially perturbed hand trajectories return to normal, transfer of learning is tested
when the arm is rotated to a new spatial location. The finding that transfer is good when
the force-field rotates with the arm but not when the field translates with the hand has been
taken as evidence that novel dynamics are encoded in intrinsic coordinates related to the
arm. However, an alternate explanation is that people code dynamics in object coordinates
and that rotation of the arm is equivalent to rotation of a hand-held object. The first
experiment of my project will test this possibility by dissociating, for the first time, object
coordinates from intrinsic coordinates.

Subjects will perform a centre-out reaching task in a horizontal plane while
grasping a handle, or hand-held object, attached to the robot arm. Unlike previous
force-field experiments, the grasped object will have a distinct shape, such as a teardrop,
that provides information about its orientation. Subjects will see a visual image of the
object (provided by a virtual reality projection system) but will not see their arm. After
adapting to a force-field in one location, the arm will be rotated and transfer of learning
will be tested. In four different groups of subjects, the field will either be rotated or
translated and the grasped object will either be rotated or kept in the same orientation. We




hypothesize that good transfer of learning will be observed only when the force-field and
object share the same orientation. For example, we predict good transfer when the field is
translated but the object is not rotated with the arm. Confirmation of this hypothesis would
be a change to the currently accepted view that dynamics are encoded in intrinsic
coordinates and would suggest, instead, that they are linked to manipulated objects and
encoded in object coordinates.

Previous studies have shown that people cannot simultaneously learn two
opposing force-fields, perturbing the hand in opposite directions, when the fields are
experienced in alternation. The second experiment of my project will examine whether
opposing force-fields can be learned if the dynamics are linked to separate objects. While
grasping a handle attached to the robot arm, subjects will “pick up” (by pressing a switch
on the handle), move and drop off (by releasing the switch) virtual balls in a horizontal
plane. Balls of two distinct colours will be used and associated with opposing force-fields.
Subjects will move the balls in alternation from a common start point to a common drop
off point. A control group will make similar movements against alternating force-fields but
without the object cues. We hypothesize that subjects will be able to learn the opposing
force-fields when these are linked to distinct objects. Confirmation of this hypothesis
would provide the first demonstration that opposing force-fields experienced in alternation
can be learned and would also provide further evidence that the representation of
dynamics in the brain is linked to objects.

7. Research implementation and results under the program

(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):

Title of your research plan:

Isolation of Internal Model Loading Using fMRI

Description of the research activities:

When learning novel motor tasks, people construct internal models —
representations of the dynamics of the object or force-field — that allow successful
manipulation of a new object. The acquisition of internal models is frequently
tested through a robot manipulandum, where subjects adapt to a force field applied
through a handle attached to the robot arm that perturbs the arm during reaching.
Subjects readily learn to make straight movements in the presence of the field and
show negative after effects of the same magnitude as the initial perturbations if the
field is unexpectedly removed. However, once the subject releases the handle, they
do not exhibit similar after effects while moving about in the natural environment.
Upon re-grasping, adaptation returns with little to no loss. The same results occur




even if the force-field is introduced so gradually that subjects are unaware of its
existence. This suggests that the internal model is loaded into the brain at some
point between the grasp and the onset of movement and unloaded after the
movement. We hypothesized that this loading is triggered by the act of grasping the
handle.

Subjects were trained to perform a simple motor task using a 1 degree of
freedom manipulandum. They learned to grasp a handle on the robot which
allowed them to move a cursor from a start position to a target position on a
projected display. After passing a test to demonstrate learning, subjects entered the
fMRI scanner and performed 40 repetitions each of 3 randomly interspersed tasks:
the learned movement, a similar movement without the handle and squeezing the
handle. The two control conditions should theoretically allow isolation of the brain
activity related to the loading of the model. Preliminary data collected from 7
subjects shows significant activity in M1, SMA and the cerebellum at the moment of
grasping in the trained movement condition.  This suggests that model loading may
indeed be triggered by grasping.
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6. Description of your current research

The vertebrate retina has different spectral types of cone photoreceptors that permit
colour vision. The cone photoreceptors of salmonid fishes are arranged in a square
mosaic, the unit of which consists of four double cones (whose long axes lie along the sides
of the square) with a single central cone in the middle and four single cones located at the
corners of the square. Each of these morphological cone types has a predominant visual
pigment (opsin) which determines its wavelength of maximum absorbance (Amax), i.e. its
spectral phenotype. Double cones are most sensitive to middle wavelength (green) and
long wavelength (red) light, while single cones are most sensitive to short wavelength
(blue) or ultraviolet (UV) light. It is the combined action of different spectral types of cones
that permits colour vision.

My research has shown that the single cones in the retinas of juvenile salmonid
fishes transform from UV to blue phenotype by changeover of opsins. All the salmonid
fishes that | have examined (pink, chum, coho, chinook salmon, as well as rainbow trout)
have single cones that express UV opsin at hatching exclusively. However, as the fish
grow, the single cones stop producing UV opsin and start producing blue opsin, thereby
changing their spectral absorbance from UV to blue. This changeover in opsins occurs as
the animal switches habitats from life in surface waters (where UV light is abundant) to
life in deeper waters (where blue light prevails). Thus, the single cone transformation
maximizes the sensitivity of the animal to a new photic environment.

The molecular mechanisms that underlie the transformation form the subject of
my present PhD research.

7. Research implementation and results under the program

(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):

Title of your research plan: Regulation of visual pigment expression in the retinal
of salmonid fishes

Description of the research activities:

Proposed Research: The distinct temporal expression of UV opsin and blue opsin
observed in various salmonid fishes indicates that specific molecular determinants
must control the expression pattern of these genes. Expression of proteins (in this
case opsins) is often regulated at the transcriptional level through the interaction of
transcription factors and the gene’s promoter, which is located upstream of the gene.
Our collaborative research with Dr. Yoshizaki aims to uncover the regulatory
mechanisms guiding the UV to blue opsin changeover in the single cones of salmonid
fishes by characterizing the functional promoter region of the opsins. Functional




analysis of cone opsin promoters has not been carried out extensively, especially in
salmonids, thus the length of the functional promoter in these fishes is unknown.
To determine the minimal functional length, a large piece of DNA sequence lying
upstream of the UV and blue opsin gene will be cleaved into various sizes and each
fragment will be tested in a reporter-cell transfection assay.

Method: A ~4kilobase (kb) DNA sequence lying upstream of the two opsin genes
has been previously isolated by screening the Atlantic salmon genomic DNA library.
The upstream sequences were cleaved into fragments of various lengths, which were
cloned into a reporter vector to assay their function. If the fragment is part of a
functional unit, it will drive the expression of the detectable reporter and the
expression level will be proportional to the strength of the upstream sequence. The
effectiveness of the fragment was tested in cell transfection assay and in zebrafish
embryo for its in vivo relevance.

Results: First trail of cell transfection experiments showed that UV opsin upstream
sequence of 3.5kb, 2.5kb, 1.5kb and 0.5kb, and blue opsin upstream sequence of
3.0kb, 2.0kb, 1.0kb and 0.5kb were all able to direct the expression of reporter.
Microinjection of reporter constructs containing 3.5kb of the UV opsin upstream
sequence and 3.0kb of the blue opsin showed that both promoters were capable to
direct expression of reporter in vivo.

Addition experiments will be needed to confirm present results and to examine the
relative strength of each promoter fragment.
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6. Description of your current research

All living cells are encapsulated by a plasma membrane which protects them from
their surrounding environment. ~ While this barrier is essential for maintaining
homeostasis, its presence has necessitated the evolution of complex mechanisms which
allow cells to sense and respond to external stimuli.  To survive, cells must exchange and
transport specific solutes across this barrier in a highly regulated and selective way. In
addition, extracellular signals must be transduced into intracellular responses. The
molecules responsible for these essential and diverse functions are a class of proteins
collectively referred to as “integral membrane proteins”.

Integral membrane proteins traverse the hydrophobic plasma membrane and act as
the “gate keepers” of the cell. Because they are the cells main means of communication
with the outside world, integral membrane proteins are recognized as important
therapeutic targets. In fact, roughly 60% of current pharmaceuticals target integral
membrane proteins, therefore a detailed understanding of the structure, function and
mechanism of this class of proteins is essential.

My research in Canada focuses on elucidating how the composition of the
surrounding membrane modulates membrane protein structure and function. In
particular, 1 am interested in a class of membrane proteins called neurotransmitter
receptors, which are responsible for inter-neuronal communication in the brain. The
function of these proteins has been shown to be intimately related to their membrane.




7. Research implementation and results under the program

(As much as possible, describe the contents and results of your research in a manner
that is easily understandable to a non-specialist in your field.):

Title of your research plan:

Structural Studies of a Bacterial Voltage-Gated Sodium Channel

Description of the research activities:

Neurons, the cells of the central nervous system, communicate with each
other through electric signals called “action potentials”. These action potentials are
waves of depolarization which result from the flow of salt, or more precisely, ions
across the neuronal membrane. The permeability of the neuronal membrane to
specific ions, such as sodium and potassium, is tightly regulated by molecular
machines called ion channels. Deciphering how these ion channels function is
essential for a detailed understanding of the central nervous system.

In 1998 our understanding of ion channels took a momentous leap forward
with the elucidation of a bacterial potassium channel structure at atomic resolution.
This work, for which Roderick MacKinnon was awarded the 2003 Nobel Prize in
Chemistry, highlighted the fact that in order to understand how ion channels work it
is necessary to determine their three dimensional structure. While this structure
greatly increased our understanding of ion channel function, several important
questions remain. In particular, while we know a great deal about potassium
selectivity, much less is known about sodium selectivity. How do sodium channels
discriminate, with exquisite precision, between sodium and potassium ions, both of
which are monovalent cationic spheres?

Another key question involves channel gating (opening and closing).
Action potentials arise from coordinated changes in the relative permeability of the
neuronal membrane to both sodium and potassium. In the depolarizing phase of an
action potential sodium channels must open, while in the repolarizing phase they
must close. The driving force for this gating is the electrical potential difference (or
voltage) across the neuronal membrane (hence the term *voltage-dependent ion
channels”). The fundamental question remains: how are changes in membrane
voltage coupled to ion channel gating?

In order to address these questions, Dr. Fujiyoshi’s laboratory is actively
trying to solve the atomic resolution structure of a bacterial voltage-dependent
sodium channel (called NaChBac). The advantage of using protein derived from a
bacterial source is that it can be produced in relatively large quantities, a requirement
for structural studies. Dr. Fujiyoshi’s lab also specializes in cryo-electron
microscopy, which is a novel technique in which the structure of a membrane protein
can be determined while it is still embedded in a membrane. This technique may be
particularly suited to proteins like ion channels which often require their surrounding




