Newsletter No.12
October.2023

2019-2023 £ NXHBRFARZAREBNEE
Non-equilibrium-state molecular movies and their applications

SRS FEIELEICK 5 2 /N7 HIEFEIREEBERT L
7 FHlE~ DA

=P
EERELY - - 2
Summary  + o+ oo+ oe e 3
N SA LFRBA - - - 4

AN MER - AEUER) - 7
iEEL Y s - - - 8



2019-2023FF R F AR FAREBREE
fﬁ%mnéi‘* (S35 FEiE

BRI FINEECFDIIINDEIFFEIRRERESHEN E S FhlEN DA

AR ER LY

RAYFEBOERS VRY Y L [ERYFEE ; SBORMICEIT T A11A308,7»512A1
TABRSELERSES CHEINET, BEICOVLWTEHUAEVLWTLET L, HFRIOVLTIES
> FENE web ~— P DEEE (https://cscenter.co.jp/mol_movie 2023/) & ZEBL &L, BRELEWL
. IND [ERAFEE] OREBEOBERSE - VRV VLICKRDIETY, BI¥IEIRFTOEE
I =T A VI TERVWZENE D 2T2DT, FEEFLEPRYRLBEVRATEDOTTH, RIADEIE
BATRRAZ—0DH, a— b b=V ORIMENERE L1z, @ERDFHEEDOREIL & L) BRTILEHT
FMETRICERBNZ R L EERRVELND LNBVLDOTT A, PBEOHEBRATEZIRET 5 & W
SERTIEARBNE 272 EBWET, VUoRY T A - BESEOHRRERREICE L /2&EIZ/hE <
BOWEBSTLWET, INHDHEDZEICELDBRLAZDN KD > TVWEEBSIDTID, ZLDAICS
LTWlEI 22 e 2L TV ET, KBS (F71d Zoom) THREWLWLEL LD !

Sr;&l—]]]]l]
P

The 2nd International Symposium "Molecular Movies; to be continued" will be held at Awaji
Yumebutai International Conference Center from November 30 to December 1. The purpose of
this symposium was described in the previous issue of the Newsletter, and for more information,
please see the article on the Molecular Movies website (https://cscenter.co.jp/mol_movie_2023/).
What is deeply moving is that this will be the last general meeting and symposium of the
Molecular Movies Program; | still feel that without the CoVID pandemic, we could have had more
meetings. Nevertheless, our recent meetings have been very successful, and the number of
posters and short talks has increased considerably. While we may not have been able to realize
all that we promised in terms of establishing methods for Molecular Movies, | think we have been
very successful in promoting interdisciplinary collaboration. | believe that the symposium played
no small role in promoting collaborative research. By the time the Newsletter is published,
conference registration will have already closed, but | hope that many people will attend. See
you on Awaji Island (or on Zoom)!

FEREZ EsHE (RHAFZEFHRERD)
Pl So lwata (Kyoto University)
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Robert E. Campbell (University of Tokyo, AO1 group)

Fluorescent protein-based biosensors enable the visualization of dynamic changes in the
concentrations of ions or metabolites in cells. Such biosensors have the potential to
revolutionize whole fields of cell biology but, unfortunately, the pace of development is slowed
due to a poor understanding of the mechanisms by which they function. To address this goal,
we are striving to obtain insight into the detailed atomic changes that occur when a biosensor
interacts with its target.

Fumi Shima (Kobe University, AO1 group)

Precise perturbation analysis linked to protein activity with high structural and temporal
resolution is indispensable to elucidate a variety of dynamic cellular events including signal
transduction, while it is often challenging without appropriate structure analysis strategies by
combination with favorable tool proteins, that enable to visualize a wide-range of time-resolved
protein-catalytic reactions at atomic level. Visualization, instead, will provide attractive
information that proceed our knowledge for structure-activity relationship of various proteins of
our interests, and may offer a clue for development of novel protein engineering approaches,
and for discovery or improvement of the agents targeting disease-associated proteins, that fulfill
unmet medical needs.

Shigehiko Hayashi (Kyoto University, CO1 group)

Hayashi group (Publicly Offered Group in C01) has been conducting theoretical studies on
biological functions by means of molecular simulations. We have developed a hybrid method
combining an ab initio quantum chemistry calculation of a functionally active site with a long-
time molecular dynamics simulation of the surrounding biological molecular systems, which
allows one to simulate a complex chemical reaction of the active site coupled with large
conformational changes of the biological systems. We have been studying with the method a
bioluminescent reaction of aequorin in collaboration with Nakatsu group in this research area
and photo-activation of anion channelrhodopsin.

Events Calendar and Announcements
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Investigating Fluorescent Protein-based Biosensors
Robert E. Campbell (Univ of Tokyo - AO1 group)

Fluorescent protein (FP)-based biosensors (Fig. 1) have
revolutionized specific fields of cell biology research,
with the most notable example being neuroscience. This
major impact in some, but not all, fields of cell biology
research is attributable to the limited selection of high-
performance biosensors that are currently available.
Researchers in the area of neuroscience have benefited
tremendously from the availability of the highly optimized
GCaMP Ca?* biosensor for imaging of neural activity in
model organisms. Unfortunately, no other biosensors
have been optimized to the same extent as GCaMP, and
therefore the impact of fluorescent biosensors on the
broad fields of cell biology has been limited. A major
limitation for development of a broader range of high
performance biosensors is the almost complete lack of
understanding of the mechanisms by which these
biosensors actually operate. For most biosensors, our
depth of understanding the mechanism of the response
does not go much deeper than the ‘cartoon’ schematic
represented in Fig. 1.
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Figure 1. FP-based biosensors are engineered proteins
composed of a genetic fusion of an FP and protein that
binds to a molecular or ion of interest (the target).

The Biomolecular Chemistry lab at The University of
Tokyo is focused on expanding the toolbox of FP-based
biosensors using protein engineering and directed
evolution. Our primary goal is to democratize FP-based
biosensors, and create tools that have the potential to
revolutionize sub-disciplines of cell biology that have not
yet benefited from these types of tools. Our secondary
goal has been to better understand biosensor responses

in terms of specific molecular mechanisms. In one
representative example, we developed the eLACCO L-
lactate biosensor with the goal of revolutionizing the
study of cell metabolism and intercellular L-lactate
transport (Fig. 2).
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Figure 2. An example of a FP-based biosensor is
eLACCO L-lactate biosensor (PDB ID 7E9Y), developed
in our laboratory. With the support of the Molecular
Movies grant, we developed “caged” MNI-lactate that
enables the photo-induced release of L-lactate.

Based on the crystal structure of eLACCO, we
proposed a mechanism in which the neutral (dim)
chromophore is stabilized by interaction with Asp439 in
the absence of L-lactate and, in the presence of L-lactate,
the anionic (bright) chromophore is stabilized by
interaction with His195. The goal of our Molecular
Movies grant was to obtain an unprecedented
understanding of a biosensor response mechanism by
visualizing the eLACCO conformational changes that
occur upon L-lactate binding.

Towards this goal we developed MNI-lactate (Fig. 2),
that enables the rapid photo-induced release (uncaging)
of L-lactate. We anticipate that this new reagent will
prove invaluable for the acquisition of high-speed
molecular movies of the eLACCO conformational change.
We have also found that MNI-lactate is suitable for
release of L-lactate in the presence of cultured cells,
thereby providing a powerful new way to artificially
perturb and investigate cellular metabolism using time-
lapse microscopy. Although we have not yet succeeded
in making atomic-scale molecular movies of the
biosensor, it is fascinating that this project has led us to
a new tool for making cell-scale molecular movies!
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