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Laboratory of Protein Synthesis and Expression
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Laboratory for Cell Systems
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Laboratory of Homeostatic Regulation
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SEEE 68 W (Shizuka ISHITANI) shizukai@biken.osaka-u.ac.jp
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Humans can maintain body temperature because
of their heat-releasing mechanism  (thermogenesis).
Thermogenesis has also been widely observed in
plants and animals. We aim to understand the
phenomena related to thermogenesis at the cellular
scale. We are developing techniques for localized
thermal stimulation and temperature measurement
using optical microscopy and applying them across
spatial scales from biomolecules to individual
organisms. We are pursuing curiosity-driven and
disease-related projects through domestic and
international collaborators.

BRIERREREREAX—I YV ITEMD
FF

B OBRE Ly —ELTH RSN
AF v F % A2V (20214 ) —_ VA HH2E .
EEE) IR A 2 I TBERIED LD
12— IHR I D A6 2 BOGITIRIR R
FHENRDHVE ST, FZ T HLW LM,
TR L) CIRERE T %25
ZEHTELTLED ZOEE EBRAIC
Wil 32 Bl 720 05 103 R % 6 2 BE
BRI BT 5 2 ChHBZE
T £ 2T BIZ B H L% TR
LTEERHT2ZE)RERAA—DVT
(BB TA—RDEMBTHEHFLZE) L
Wo Tt LS T A A bR T
Hiffi % Z MR L 70— 7 %
LT LTVES,

(Madoka SUZUKI)

(Chongxia ZHONG)
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Development of local thermal excitation
and temperature imaging methods

Not only ion channels discovered as temperature
sensors in animals (Nobel Prize in Physiology or
Medicine 2021), but also biochemical reactions in cells in
general, for example enzymatic reactions, are temperature
dependent. Therefore, it can be assumed that all the cells
respond to temperature in a wide varety of ways. A
simple way to experimentally examine this hypothesis is
to apply a thermal stimulus to cells while observing them
under an optical microscope. Therefore, we are
developing methods that combine physicochemical
concepts, such as photothermal conversion (absorbing
light and releasing heat) and quantitative imaging
(obtaining the spatial distribution of certain parameters),
using optical microscopy and fluorescent probes.

Applications in life sciences

Using our developed methods, we are trying to
answer questions such as what proteins are responsible
for the thermal response of a cell and whether the same
mechanism works for the cell's own thermogenesis. For
example, we found that localized heat flow within a cell
can affect translation, development, and physiological
functions such as muscle contraction. We also
discovered that imbalances between heat and cellular
responses can lead to serious diseases, such as malignant
hyperthermia.

Laboratory of Physical Biology

suzu_mado @protein.osaka-u.ac.jp

chongxia @protein.osaka-u.ac.jp

URL: http:/www.protein.osaka-u.ac.jp/physical_biology/
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Choosing your laboratory is an important
occasion that will have an effect for a long

time. Wishing you that you could find a place
that fits you well!
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Laboratory of Cell Function Design

satoshi.toda @protein.osaka-u.ac.jp
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Laboratory of Protein Crystallography
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b URL: http:/www.protein.osaka-u.ac.jp/crystallography/LabHP/
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EEKEREE (Nature Plants 2018)

C-sequence

LOTal L D 9qSUE-—s-RxAvE
E A—U BB OEE
(Nature 2012, J. Mol. Biol., 2014)
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Laboratory of Computational Biology

B KO &I (Kenji MIZUGUCHI)
EHE B BN (Kosuke HASHIMOTO)
B # ERE RNEF (Chioko NAGAO)
URL: https:/mizuguchilab.org/
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Unlocking the Intricacies of Protein
Structures: A Journey into Biologically
Relevant Dynamics through Computational
Modeling and Simulations

Proteins, the building blocks of life, are not
static entities; they possess a dynamic nature, akin
to any other object on Earth. At our laboratory, we delve
into the fascinating world of proteins, employing
structural data gleaned from advanced experimental
techniques like X-ray Crystallography, cryo-electron
microscopy, and small-angle X-ray scattering. Our
mission? To model the myriad conformations these
proteins can adopt in solution and, employing the
principles of physics, simulate their flexible movements -
their dynamics - deciphering the very essence of their

functioning.

Sandhya P. Tiwari

Laboratory of Biomolecular Modeling and Dynamics

3) **Integrating Insights:** Many experimental methods
provide dynamic glimpses but lack molecular resolution.
We develop methods that amalgamate information from
diverse sources, building a reliable understanding of the

system under scrutiny.

Our research spans a wide spectrum of
intriguing topics:

- **Protein Allostery:** Unraveling the mysteries of
protein regulation.

- **Qligomerization and Biological Complex Assembly:**

Investigating the intricate dance of protein interactions.

- **Evolutionary Conservation of Structure and

Dynamics:** Exploring the ancient echoes within protein

architectures.

- **Proteins of Interest:** Delving deep into proteins like

TIM Barrel fold proteins, PyrR, dihydrofolate reductase,

leukotriene alpha-4 hydrolase, and more.

proteins

slm.upmpm%?

sandhyatiwari @protein.osaka-u.ac.jp

URL: http://www.protein.osaka-u.ac.jp/modellingdynamics/sandhyaptiwari

Our arsenal of methods includes, but is
not confined to:

- **Python Programming:** Harnessing the power of
coding for intricate analyses.

- **Statistical Analysis:** Extracting meaningful insights
from complex datasets.

- **Bijoinformatics Tools:** Employing advanced tools
for sequence alignment and structure prediction.

- **Molecular Dynamics Simulations:** Simulating the
dynamic dance of proteins at the molecular level.

- **Normal Mode Analysis:** Probing the fundamental
modes of protein motion.

- **Deep Learning Approaches:** Leveraging the potential
of artificial intelligence for nuanced understanding.

- **Biomolecular Visualization and Animation:** Crafting
visual narratives that illuminate the intricate world of
proteins.

- **Web-Based Tool Development:** Creating user-friendly

interfaces for the broader scientific community.

Different
oligomeric
states

Our approach is multifaceted, addressing the

Different
functional
states

unique challenges posed by protein structures:
1) **Completing the Puzzle:** Protein structures often

Homologues
Comparing intrinsic dynamics using
Elastic Network Models between...
present with missing information, requiring us to analyze

analogous structures to fill the gaps.
2) **Taming the Data Deluge:** Copious amounts of data

T565-0871 AIRFMRBHWBLES-2
KRS ECBHAFHR
TEL:06-6879-4322

can overwhelm, necessitating innovative strategies. We

employ techniques such as simplifying their representation

Join us on this expedition, where we unravel

the enigmatic world of proteins, one dynamic

through coarse-graining and utilizing methods like elastic

network model-based normal mode analysis, which do not movement at a fime.

demand exhaustive details of their motions.

AREOHPIIZES
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The establishment and maintenance of a network
of blood vessels is crucial throughout the lifetime of a
vertebrate. During development, blood vessels
supply oxygen and nutrients to meet the demands
of growing tissues such that inadequate blood vessel
formation can lead to embryonic lethality. In the
adult, the circulatory network of blood vessels caters
for the metabolic needs of tissues and organs; serve
as conduits through which immune cells travel to sites
of infection; and, importantly, new blood vessel
formation is necessary for tissue repair. The formation
of new blood vessels frequently occurs through
sprouting angiogenesis, where new vessels are
generated from pre-existing ones. Sprouting
angiogenesis is a mutticellular process that is tightly
regulated in time and space beginning with the
formation of new vascular sprouts composed of
endothelial cells. Together, endothelial tip and stalk
cells migrate in a collective manner to invade
hypoxic tissues. The polarised migration of endothe-
lial cell collectives requires the coordinated
behaviour of individual endothelial cells that is
mediated through cell-cell junctions, which act as
sites of mechanocoupling to transmit force from one
cell to another Endothelial cells also undergo
extensive changes in cell shape that is adapted to
function. Live imaging has revealed that local and
transient cell shape changes underlie migration, cell
rearrangements, anastomosis and lumen formation,
which are cellular behaviours that are critical for
building a multicellular tubular vascular network.

My lab is interested in understanding the morpho-
genetic processes of blood vessel formation and
maintenance. Using the zebrafish as a model system,
we employ genetics, molecular biclogy, optical and
pharmacological approaches with high resolution
time-lapse imaging to investigate how endothelial
cell behaviours are regulated and coordinated to
build vessels of specific size and architecture.

Endothelial cell shape regulation

Endothelial cells undergo extensive cell shape changes
required to drive specific cellular processes. In our lab,
we seek to understand how the actin cytoskeleton
regulates endothelial cell shape plasticity We have
previously shown that during sprouting angiogenesis, the
generation of actin bundles in filopodia facilitates efficient
cell migration and anastomosis (Phng et al., 2013).
During lumen formation, transient polymerization of
actin at the apical membranes controls lumen
expansion (Gebala et al, 2016) while actin cables at
endothelial cell-cell junctions stabilize newly-formed

tubules to produce a functional vascular network (Phng et
al, 2015). Our work therefore demonstrates that actin
cytoskeleton of different dynamics and localization drive
distinct steps of vessel morphogenesis. Future studies in
the lab include understanding how the actomyosin
cytoskeleton is remodelled and organized to generate
specialised subcellular structures that drive cell shape
changes during angiogenesis, and, upon the establishment
of a patent vascular network, how endothelial cells
maintain their shape and the vessel retain its structure.

Endothelial cell mechanoresponse to
haemodynamic forces

Once blood vessels become lumenized, endothelial cells
are exposed to haemodynamic forces such as fluid shear
stress and blood pressure. Previous work demonstrates
that blood pressure locally deforms the apical membrane
of endothelial cells to generate inverse blebs during lumen
formation (Gebala et al., 2016). In tum, endothelial cells
counteract the deforming forces by triggering an actomyo-
sin-dependent repair mechanism to retract the blebs.
More recently, we discovered that endothelial cells adapt
to increasing haemodynamic forces by generating a cortex
composed of a balanced network of linear and branched
actin bundles that resist fluid forces (Kondrychyn et al.,
2020). When the balance of linear and branched actin
bundles is skewed towards linear by the over expression
of the actin bundling protein, Marcksl1, the endothelial cell
cortex becomes weaker and more deformable, leading to
ectopic membrane blebbing and cell enlargement when
subjected to haemodynamic forces. This work therefore
highlights the importance of cortical actin organization in
modulating endothelial cell mechanoresponse to blood
flow to regulate cell and vessel shape. Future work in the
lab is aimed at quantifying the types and magnitude of
haemodynamic forces (wall shear stress, luminal pressure)
that endothelial cells are exposed to during vessel
morphogenesis using computational fluid dynamics
modelling, and how endothelial cells sense and respond to
changes in haemodynamic forces.

Regulation of vessel remodelling by
plood flow

After the formation of blood vessels, the primitive
vascular network is further remodelled in a blood-flow
dependent manner to generate a hierarchical network of
larger arteries and veins and smaller caliber capillaries of
optimal branching pattern. This is achieved through
alteration in vessel diameter, which requires changes in
endothelial cell shape and size, and vessel pruning, when
endothelial cells migrate from a vessel segment with low
blood flow to a segment with higher flow. However, the

Laboratory for Vascular Morphogenesis

likun.phng @riken.jp

mechanism by which haemodynamic forces regulate
endothelial cell behaviours to modulate blood vessel
diameter and network pattern is still unresolved. In this
project, we seek to unravel how haemodynamic forces
remodel endothelial cell actomyosin organization and
junctions to regulate endothelial cell behaviors (such as
size and shape) and control blood vessel diameter.

Figure 1.:Blood vascular network in a developing zebrafish embryo

A

Figure 2. Actin cytoskeleton in a zebrafish intersegmental vessel.

Seeing is believing.
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	バインダー2
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