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BACKGROUND

From Rossendale in England (near Manchester)

Studied for undergraduate and doctoral degrees at &
the University of Oxford Y |

2 Years Postdoctoral Research at RIKEN (Wako)

Independent research group at University of "
Leicester for >7 years 4 :

Tokyo Institute of Technology for 3 years S

Northern Ireland

University of Tokyo since April 2011

. @ Manchester

» PEAK, GPES
Research
» Spin- and Photo-chemistry

» Instrument development and application
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REASONS FOR PROMOTING MY RESEARCH

» Little previous promotion in UK

» Landscape has changed with social
media and ubiquitous connectivity

» Long absence from my
independent research field

» Need to re-establish reputation
» Exciting new developments
» Enthusiastic to share

» Reporting to Kakenhi









A microscopic approach to the magnetic {8 rch Nows
sensitivity of animals

Watching photochemical reactions respond to magnetic fields in tiny spaces

Graduate School of Arts and Sciences / College of Arts and Sciences
2015/06/05

Researchers at the University of Tokyo have succeeded in
developing a new microscope capable of observing the
magnetic sensitivity of photochemical reactions believed
to be responsible for the ability of some animals to
navigate in the Earth’s magnetic field, on a scale small
enough to follow these reactions taking place inside sub-
cellular structures.

Several species of insects, fish, birds and mammals are
believed to be able to detect magnetic fields — an ability
known as magnetoreception. For example, birds are able
to sense the Earth's magnetic field and use it to help
navigate when migrating. Recent research suggests that a
group of proteins called cryptochromes and particularly
the molecule flavin adenine dinucleotide (FAD) that forms

. . . A cartoon representing the two new microscopy
part of the cryptochrome, are implicated in

techniques have been developed in this work
magnetoreception. When cryptochromes absorb blue light, ToAD ( ptical absorption detection) imaging and MIM
they can form what are known as radical pairs. The (magnetic intensity modulation) imaging

magnetic field around the cryptochromes determines the © 2015 Jonathan R. Woodward

spins of these radical pairs, altering their reactivity.

However, to date there has been no way to measure the effect of magnetic fields on radical pairs in living cells.

The research group of Associate Professor Jonathan Woodward at the Graduate School of Arts and Sciences are
specialists in radical pair chemistry and investigating the magnetic sensitivity of biological systems. In this latest
research, PhD student Lewis Antill made measurements using a special microscope to detect radical pairs formed
from FAD, and the influence of very weak magnetic fields on their reactivity, in volumes less than 4 millionths of a
billionth of a liter (4 femtoliters). This was possible using a technique the group developed called TOAD (transient
optical absorption detection) imaging, employing a microscope built by postdoctoral research associate Dr. Joshua
Beardmore based on a design by Beardmore and Woodward.

“In the future, using another mode of the new microscope called MIM (magnetic intensity modulation), also
introduced in this work, it may be possible to directly image only the magnetically sensitive regions of living cells,’
says Woodward. “The new imaging microscope developed in this research will enable the study of the magnetic
sensitivity of photochemical reactions in a variety of important biological and other contexts, and hopefully help to
unlock the secrets of animals' miraculous magnetic sense.”

Lewis Antill is a student on the new GPES (Graduate Program on Environmental Sciences) program, supported by
a GPES specific MEXT scholarship. The research was supported by JSPS KAKENHI Grant Number 24350002.

Paper

Joshua P. Beardmore, Lewis M. Antill, and Jonathan R. Woodward, "Optical Absorption and Magnetic Field Effect
Based Imaging of Transient Radicals", Angewandte Chemie International Edition: 2015/6/3 (Japan time), doi:
10.1002/anie.201502591.

Links

Graduate School of Arts and Sciences
Organization for Programs on Environmental Sciences (OPES), Graduate School of Arts and Sciences

Woodward Laboratory, Organization for Programs on Environmental Sciences (OPES), Graduate School of Arts
and Sciences
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LABORATORY AS PART OF THIS RESEARCH. view more

This news release is available in Japanese.

Researchers at the University of Tokyo have succeeded in developing a new microscope
capable of observing the magnetic sensitivity of photochemical reactions believed to be
responsible for the ability of some animals to navigate in the Earth's magnetic field, on a scale
small enough to follow these reactions taking place inside sub-cellular structures.
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A microscopic approach to the magnetic sensitivity of
animals

(Nanowerk News) Researchers at the University of Tokyo have succeeded in developing a new
microscope capable of observing the magnetic sensitivity of photochemical reactions believed to
be responsible for the ability of some animals to navigate in the Earth's magnetic field, on a scale
small enough to follow these reactions taking place inside sub-cellular structures (Angewandte
Chemie International Edition, "Optical Absorption and Magnetic Field Effect Based Imaging of
Transient Radicals").

The TOAD and MIM Imaging Microscope. These are pictures of the new microscope designed and
built in the Woodward laboratory as part of this research. (Image: Jonathan R. Woodward)
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Some molecules can absorb light and become
excited. These excited molecules are often capable
of undergoing chemical reactions that unexcited
molecules cannot. Nature makes extensive use of
these "photochemical reactions” and uses them to
achieve some of its most difficult tasks, such as
converting sunlight into food (photosynthesis) or
repairing damaged DNA. DNA repair is handled by

important proteins called photolyases. Animals don't

possess photolyases, but they do possess very
similar proteins called cryptochromes that are
responsible for handling the body’s clock. Recent
work has suggested that cryptochromes may also
be responsible for the ability of many animals (e.g
migratory birds, turtles, fruit flies, etc.) to navigate
using the earth's magnetic field. The earth’s mag
in this way is both surprising and mysterious

atic field is extremely weak, so how animals can use it

To try to understand whether it is indeed the cryptochromes that are responsible for this amazing ability,
scientists at the University of Tokyo have developed a new kind of microscope. This microscope is able t

watch photochemical reactions taking place in real t

me (typically over a period of a few millionths of a

second) inside objects of less than one millionth of a meter in size. Not only that, but the microscope can
also observe any tiny changes to such reactions in the presence of a magnetic field. This new
microscope is now being used to try to watch the photochemical processes of cryptochrome proteins
taking place inside the tiny structures within living animal cells, in order to unlock the secrets of animals’

magnetic sense
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SUMMARY

» Smooth and very useful process

» Very convenient resource for sharing in a variety of
contexts

» Large increase in exposure and readership
» Follow on opportunities for further exposure

» Non-paywall link to original article from repository
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MY OUTREACH EXPERIENCES

Worked extensively in public
outreach of science in the UK

Typically ran 20-30 events per year

Worked with the general public,

schoolteachers and children aged
10-18

Developed a Nationwide
programme called “Chemistry : The
Next Generation”

» Interactive activities across the UK



Education for all

Bringing science to the whole of society

‘ Chemlstry
the next generatlon

part o fChmtyf

Primary school (4-10)  Secondary school (11-16) ~ Sixth form (17-18)

Schoolteachers The Public




Chemistry : Hands free & Hands on
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\ Photolithography -
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electrochromic polymer | circuit board
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Energy technology Green technology Display technology

Dye-sensitized Biodegradeable Light emitting chemicals -
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MAGICAL: Dr Jonny Woodward as Harry Potter, and pupils Amber Robinson, nine, and David Millar, 10
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SOME IDEAS

» What aspects of your studies / research fascinate
you most?

» Could you excite others with these things?
» Don't wait for someone to ask you - just do it!

» Running science outreach events with the public /
schoolchildren in both English and Japanese

» Combine the efforts of home and international
students

» Wide variety of subjects / disciplines

» Hands on and interactive is best if possible

» | can provide suggestions, advice and support

» Contact with PEAK and GPES students



IF YOU WANT TO GET IN TOUCH
WOODWARD@GLOBAL.C.U-TOKYO.AC.JP

THANK YOU FOR YOUR ATTENTION!
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