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[#E . Assessment and prioritisation of plant species at risk from myrtle rust (Puccinia psidii) under
current and future climates in Australia

HE

Since its accidental introduction to Australia in 2010, the invasive rust fungus Puccinia psidii (myrtle
rust) has infected at least 218 new hosts in the wild and caused severe declines in previously dominant
species of the plant family Myrtaceae. The fungus is considered a significant invasive pathogen globally
and has now spread to southern U.S.A, parts of Asia, including Japan, and the Pacific where it affects a
range of horticultural, agricultural and native species. At least 340 native Australian Myrtaceae are known

to be susceptible to the disease, with only 3% of tested species showing signs of resistance. While there



have been diligent efforts to understand the extent and impact of myrtle rust, there are still many
unknowns. To facilitate a more co-ordinated effort on managing myrtle rust, this study undertook the
following: 1) to map the known extent of myrtle rust in Australia using a variety of sources including
researchers, government departments, natural resource managers and other professionals; 2) to use new
occurrence data to map the area of suitable climate for myrtle rust in Australia under current and future
climatic conditions using MaxENT; 3) to identify species at risk based on range overlaps with myrtle rust,
susceptibility data and current extinction threat status. Currently, myrtle rust appears in the coastal areas
of QLD, NSW, VIC, TAS and the Tiwi Islands in NT. We found 867 Myrtaceae species had ranges
within the area of current climate suitability for myrtle rust and 1207 Myrtaceae species had ranges within
the area of future climate suitability. The majority (65% for current, 73% for future climate) of these
species are untested for susceptibility. Three categories of actions were developed for species expected to
be exposed to myrtle rust, giving priority to species with at least 90% of their range overlapping
climatically suitable areas for myrtle rust
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Modern evolutionary biology and a new frontier exploring MacroEvolution
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Abstract:

The diversity and complexity of the shape and function of living things is generated
through evolution. This variety of shapes and genes are explained as products in which
organisms adapt to the environment by repeated surviving individuals with high fithess
occurring in the population to the next generation. The evolution from this population to
speciation is called “MicroEvolution”, and it so far was the central focus of evolutionary
research. In contrast, “MacroEvolution” has little understanding despite its importance.
MacroEvolution includes studies on macroevolutionary patterns such as convergent
evolution and repeated evolution, and studies on macroevolutionary processes that
explore the pathways toward complex shapes and functions. Recently, the method of
analyzing macroevolutionary patterns has been remarkably developed using maximum
likelihood method or Bayesian statistics by running stochastic processes such as
Markov chain on the phylogenetic network (termed phylogenetic comparative methods;
PCMs). In this presentation, I first introduce modern evolutionary biology from the
viewpoint of both micro and macro, and then explain research areas of macro
evolutionary process expected to advance in the future. In particular, | used my recent
study which revealed how the leaf pattern of butterfly evolved from non-mimetic
patterns, and report the conceptual background and a new method for analyzing

evolutionary process that complex forms originated.

The talk and discussion will be in Japanese, while the presentation slides will be

provided in English.
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[EH (J555) : Rho family GTPases respond to patterns established by RhoGEFs in cell

wound repair
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Cells are often wounded by daily wear and tear, physiological and/or environmental
stresses. These cell wounds in cells must be rapidly repaired for organism survival. We
are investigating the molecular mechanisms of cell wound repair, using early stage
Drosophila embryos (nuclear cycle 4-6) as a model. When the plasma membrane is
damaged, actin and myosin simultaneously accumulate around the wound and form an
actomyosin ring to close the wound. The formation, assembly, and translocation of the
actomyosin ring depends on the spatial and temporal regulation of Rho family GTPases
that are molecular switches and key regulators for actin and myosin reorganization in
many biological processes. In this seminar, | will talk about how RhoGEFs (Rho guanine
nucleotide exchange factors) that are known to be major upstream regulators of these
GTPases regulate the dynamics of Rho family GTPases during cell wound repair. In
addition, | will also talk about a successful genetic screen that we have done recently in

order to identify new players involved in cell wound repair.
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single molecule spectroscopy
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Photosynthesis produces a huge amount of chemical energy from sunlight, driving the
ecosystem on earth. The energy conversion processes, i.e. light absorption ->
excitation energy transfer -> charge separation -> electron transfer, are carried out in
photosynthetic pigment-protein complexes, so-called antenna and reaction center
complexes. The crystal structural analysis have unveiled the highly-optimized
arrangement of pigments embedded in the protein scaffold, and allowed to investigate
the reaction mechanism. However, at the physiological temperature, the protein
conformation would be never fixed and significantly fluctuated. Here, we have simple
but essential questions; How much impact does the protein dynamics have on the rate
and efficiency of the photosynthetic processes?, and inversely How do the processes
affect the dynamics?. Thus, we have applied the single-molecule spectroscopy to
elucidate the correlation between the protein conformational dynamics and
photosynthetic functions. Our recent studies on a photosynthetic antenna complex have
revealed that the protein dynamics is tuned to control the photoprotection function,
known as non-photochemical quenching (NPQ). The single molecule observation of
reaction center at cryogenic temperature will also be discussed.

The talk and discussion will be done in Japanese, while the presentation slides are
provided in English.
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& . Tissue- and stage-specific Wnt target gene expression is controlled subsequent
to B-catenin recruitment to cis-regulatory modules

% E : Wnt/B-catenin signalling is an important cell-to-cell signalling mechanism that
controls gene expression during embryonic development and is critically implicated in
human diseases. Developmental, cellular, and transcriptional responses to
Whnt/B-catenin signalling are remarkably context-specific in different biological
processes. While nuclear localisation of B-catenin is the hallmark of Wnt/B-catenin
activation and its target expression, the molecular mechanisms of how the same
Whnt/B-catenin signalling pathway induces such specific responses remain unknown. |
will talk about our recent studies and findings from a direct comparison in Xenopus
embryos of genome-wide B-catenin occupancy with a stage-matched Wnt-regulated
transcriptome.
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[#7H : From DNA to Diversity: the role of new genes in evolution

¥ 5 . To understand animal diversity, we must bring together knowledge of genes,
development and evolutionary biology. Many genes have ‘conserved’ functions
between different animal species, but there are also genes that change quickly in
evolution and ‘new genes’ found in only some animal groups. | will describe how new
genes have arisen in evolution, how we can find them through analysis of whole
genomes, and how some new genes were recruited for new biological functions in early

embryonic development.

References:
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holland%20PW%5BAuthor%5D&cauthor
=true&cauthor_uid=27296695
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& : Neural Computation of Temporal-difference Error in Domestic Chicks

¥ . To maximize the long-term benefits, animals must update the estimated values
associated with the food gain available in their environment. Reinforcement learning
theory focuses on the methods for how the values are updated. Recently this theory
allowed a development of powerful artificial intelligences such as “AlphaGo,” which
defeated professional players of board games. One of such methods, called the
temporal-difference (TD) learning, has attracted attention of neuroscientists. This is
because the teaching signal of the TD learning, or TD-error signal, has been found to be
represented by neurons in the central nervous system. However, it is still unclear as to
how the TD error is computed at the neuronal level. To reveal the computation, we
trained domestic chicks to associate color cues with food rewards. After training,
neuronal activities were recorded in a task, in which the predicted reward was omitted
and chicks gradually learned to become less responsible for that color. Neuronal
activities recorded in striatum and tegmentum proved to be relevant to the TD error. To
compare the recorded activities with the theory, we simulated three signals: the

prediction signal, the target signal for updating, and the TD-error signal. Note that

(TD-error) = (target signal) + (-1) x (prediction signal)

We found that the target signal and the negative prediction signal both appear in the

striatum, whereas the TD-error signal appears in the tegmentum. Based on the



theoretical and neurophysiological studies, together with tract-tracing data, we propose
a novel model, in which a simple convergent summation of the striatal signals yields the

tegmental TD-error signal.

Reference:

Wen, C., Ogura, Y., & Matsushima, T. (2016). Striatal and tegmental neurons code
Critical signals for temporal-difference learning of state value in domestic chicks.
Frontiers in Neuroscience (Decision Neuroscience), 10, 476. (doi:
10.3389/fnins.2016.00476)
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The mechanisms of central positioning of the nuclear inside the cell
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In this talk, | will present our recent analyses on the mechanism of nuclear centration of
the C. elegans and sea urchin embryos. By combining quantitative microscopy and
theoretical modeling, we provide evidences for cytoplasmic pulling model, in which the
nucleus is pulled from force generators residing throughout the cytoplasm.
The slides are written in English, but the talk will be given in Japanese.
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(Structural basis of bacterial multidrug efflux mechanisms)
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Abstract: Multidrug exporters are distributed in most of living organisms and act as
active barriers of cell membranes. When these exporters are overexpressed, they
cause multidrug resistance in pathogenic bacteria and cancer cells, which becomes
serious problem in our modern chemotherapy. There is no clinically-useful inhibitors
against multidrug resistant organisms. We determined world-first structure of bacterial
multidrug exporter and have revealed the structural basis how they are able to
recognize such a wide range of structurally-independent substrates. We have also
revealed very unique mechanism of multidrug export named functionally-rotation
mechanism driven by remote-conformational energy coupling. Now, we aimed to
develop wide range inhibiters of bacterial multidrug exporters by structure-based drug
design and organic synthesis of completely novel compounds.

Ref. 1. Nakashima R, Sakurai K, Yamasaki S, Hayashi K, Nagata C, Hoshino K,
Onodera Y, Nishino K, Yamaguchi A. (2013) Structural basis for the inhibition of
bacterial multidrug exporters. Nature 500(7460):102-6.

2. Nakashima R, Sakurai K, Yamasaki S, Nishino K, Yamaguchi A.(2011) Structures of
the multidrug exporter AcrB reveal a proximal multisite drug-binding pocket. Nature
480(7378):565-9.
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"Amino acid transporter LAT1 as the target of cancer therapeutics and diagnosis"
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Wiix, mWEEONAIRIEOEIUZE N S b O & HiFF S 5 Abstract: Amino acid
transporter LAT1 preferentially transports large neutral amino acids including most of
the essential amino acids. The expression of LAT1 is highly upregulated in various
types of cancer cell lines and cancer tissues, whereas it is limitedly expressed in normal
tissues/organs. LAT1 in cancer cells is supposed to contribute to their rapid proliferation
by supplying amino acids. Consistently, inhibitors of LAT1 exhibits anti-tumor effect both
in vitro and in vivo. We are currently trying to develop a novel LAT1 inhibitor as an
anti-cancer drug. Additionally, we have shown that LAT1 in cancer cells contributes to
the accumulation of a boron delivery agent, boronophenylalanine (BPA), used in boron
neutron capture therapy (BNCT). Also, in terms of the cancer diagnosis, we have shown
that an amino acid-based probe for positron emission tomography (PET) is selectively
taken up into cancer cells via LAT1. LAT1 is a promising target for both cancer
therapeutics and diagnosis, which would enable us to achieve a highly successful

cancer treatment.
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& : Regulation of Notch Signaling by Glycosylation

25 . The Notch signaling pathway plays essential roles in development of all
metazoans, and defects in the pathway result in a number of human diseases including
cancers. Notch is regulated at numerous levels, but glycosylation has emerged as a
major regulatory mechanism. The Epidermal Growth Factor-like (EGF) repeats in the
Notch extracellular domain are heavily decorated with several carbohydrate
modifications including O-fucose, O-glucose and O-GlcNAc. Addition of O-fucose and
O-glucose is essential for Notch function, while elongation of these monosaccharides

with other sugars (e.g. addition of GIcNAc to O-fucose by Fringe, addition of xylose to



O-glucose by GXYLT1/2) can increase or decrease Notch activity depending on context.
Recent structural studies reveal that both the O-fucose modification on EGF12 and a
novel O-glucose modification on EGF11 of Notch1 lie within the binding interface with
Delta-like 4. Binding studies suggest that Fringe modification at the O-fucose on EGF12
enhances binding to Delta-like 1 (although with modest effects on binding to Delta-like
4) and to Jagged1. These findings provide a partial explanation for Fringe-mediated
enhancement of signaling from Delta ligands, although a number of questions remain.
For instance, mice lacking O-fucose on EGF12 of Notch1 are viable with only minor
defects in somitogenesis where Lunatic Fringe is known to modulate signaling from
Delta-like 1. In addition, Fringe inhibits Notch activation by Jagged/Serrate ligands,
which cannot be explained by the enhanced binding resulting from modification of
O-fucose on EGF12. Our hypothesis is that O-fucose modifications on EGF repeats
other than EGF12 help to answer these questions. In addition, little is known about the
novel O-glucose modification on EGF11. We are examining the structure of this novel

glycan, the enzyme(s) responsible its addition, and how it affects Notch activity.
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