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RRREZARLRE

Scholarship has an almost magical power to make visible the
invisible, revealing the new discoveries hidden in the many
beautiful images researchers encounter. This booklet infroduces
some of the most striking images from articles published on the
UTokyo Research website in 2014. Decoded with the experi-
ence and training of the scientist, these striking images become
something more. Will you also take up the challenge of decod-
ing these VISIBLE QUESTIONS?
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HMLWEFEZEOHE

A new phase of solid oxygen

FEEICROEE (RKX1937XT)DH T E
FEROHLWERIEE (BB 2RRELE
Lo SNETIC7OOBE AN H2h 2T
37-8. 82D DEFETYT, BRHEIZDRIE
TR.BBDOREBECIBRETCELVYEDSE
D RODBEREMED HYET,

A new crystal structure of solid oxygen
has been found under very strong
magnetic fields (<193 Tesla). This is
the eighth solid phase of oxygen to
be discovered. It is possible to find
characteristics of materials under ul-
fra-strong magnetic fields that cannot
be observed under normal conditions.

Q1

EfABREOHEREEIENDLIGHE RS
EODVWTWETH?

To which property is the crystal struc-
fure of solid oxygen deeply related?

[Answer]

> ElFEEZENDSOENDEE
http://www.u-tokyo.ac.jp/url/vdm

» Emergence of the 8th phase of solid oxygen
http://www.u-tokyo.ac.jp/url/vdn
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RADIKDLEE
The first ice crystal

KPP KBEZIZETFNZKOBEREIC.FLWL
BEOLO[O(EO)BOK(H) |#HELE
Lo ShET REBICEVWTHKIGEREI(S
FIBDKIZEDZEEZONTWELAY 1A
HIFOBDKICEDBZZEEYIAL—2 a1l
FVEASHICUEL /=0

A new kind of ice crystal has been dis-
covered, "ice zero," formed when wa-
ter freezes at low temperatures (im-
age). It was thought that when water
froze it became "ice I (ice one)," but
simulations have revealed that initial-
ly it changes into a completely new
structure termed "ice zero."

Q2

[O(EE) HOKIDEEICIEED LI L
DHNETH?

What is characteristic about the struc-
ture of ice zero ?

[Answer]

> FHLLKTO(ED) DK DER
http://www.u-tokyo.ac.jp/url/vdo

» Discovery of a new "ice zero" crystalline form
of water

http://www.u-tokyo.ac.jp/url/vdp

03

© 2015 John Russo, Flavio Romano, Hajime Tanaka.
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HMLWERR

A new electrolyte

VFILAACEMDRREREXEVER
TOEENEFRIREICTIHLWERRBRERHEL
L. ZL T A== E1—%[R %A
WP 32— arilE>TCDERBNE
BT IADZ X LEREEALEL .

A new electrolyte has been devel-
oped that will enable new types of
lithium-ion battery with characteristics
including rapid charging and high
operating voltage. The mechanism by
which this electrolyte works was elu-

cidated using simulations run on the K
computer.

Q3

SEREL-ERRIG. HROEFRELEN
TEDFH B AN EELELED?

How is the new electrolyte an improve-
ment on conventional electrolytes?

[Answer]

EDFTERRES1/3LUTIC
http://www.u-tokyo.ac.jp/url/vdqg
» Quick-charging lithium-ion batteries on the
horizon
http://www.u-tokyo.ac.jp/url/vdr




BUVEZAS

Measuring the transporter

ARRDASHCME LA AN BEHUY
T2AKE BRG] HEERETS
LT RFORITY . COREEEDEM
EBWEETCEAITAENTES . BEEE
DATEGEF T (H) &#HUL<HRELEL

Membrane transporter proteins,
which carry substances in and out
of cells, are an optimal pharmaco-
logical target for research into new
drugs. A new ultra-high density artifi-
cial biomembrane chip (image) has
been developed capable of highly
sensitive measurement of membrane
transporter activity.

Q4

ZONIEFEFYTERVTRRNICED L
IBRERFOEHIICAVWSRZEN TEETH?

What membrane transporters could
be observed with this new chip?

[Answer]

P REE OB EERRETAEDRRE
http://www.u-tokyo.ac.jp/url/vds

P Novel, highly-sensitive platform to detect
membrane transport activity
http://www.u-tokyo.ac.jp/url/vdt
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Adapted by permission' fram Macmillan-Pl

eopyright 2010..Photo takemsby ChiekolKishi.

BR7 3k

Cells that eat themselves

EFRTRIHERZIOODON ANBHZ—HTH
PROFHEERTIMBBERSHANEDS
TVWET, BEDHEEADVEDTHD. A~
TrI—TIH . BRO2FEEE ICHRERK
PO—BWHAEEN-DL HIEBERNIEAS
hTa@gashEd (X),

While whole cells are replaced in living
organisms, the cytoplasmic components
of cells are also replaced. Autophagy
is one mechanism by which this occurs.
A portion of the cell's contents is sur-
rounded by a double membrane and
broken down into its component mol-
ecules by digestive enzymes (image).

Qs

F—hI7I—DZONEBLHEFENLFATTH?

What two major roles of autophagy
have been identified?

[Answer]

» MR DE < FiEs
http://www.u-tokyo.ac.jp/url/vdu
» Cycle of changes inside the cell
http://www.u-tokyo.ac.jp/url/vdv
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PEPRRE D
Fighting diabetes

B OEB)BEI2HERROBELESH D
YZ7HERL A ) &R T 5B
TIE. BIERNLXEES D FE—2—KIF12
ANTBREER(R) P BEPLET ZhICH
LBBIEANL ZERETIBEEDHEN . 7
ZAEFIVTREINEL=,

Excess fat intake on a high fat diet
raises the risk of type 2 diabetes. This
phenomenon is triggered by reduction
of the KIF12 molecular motor complex
(image) that protects pancreatic
beta cells from oxidative stress. An
antivlcer drug was effective against
KIF12-deficiency-induced diabetes.

Qé

IURCHEETBEERRDIERY RESL
BBEEDBFIFTE»?

Which antiulcer drug improved the
symptoms of diabetes in mice?

[Answer]

P BERADEN T EICL B 2BNERIFICH B EISH<H?
http://www.u-tokyo.ac.jp/url/vdw

P Can antiulcer drug prevent overnutrition-in-
duced type 2 diabetes?
http://www.u-tokyo.ac.jp/url/vdx

07

© 2015 Wenxing Yang, Yosuke Tanaka and Nobutaka Hirokawa.



© 2015 Yosuke Kurashima.

REREEZIVA

Eczema and vitamin A

EEOMBEICHEVNT. EL2IADBRIBRY

E2I AT IHMEHCERENIELD L,
FEERPEIERIINZZEFDIPYEL B

FHEERICADERIE. PLILX—%5| XS

TREMBO—RETHIVAMNIBRNEEL

FEEALERTIE(R) A RETT,

Excess vitamin A uptake or abnor-
mality in the metabolism of vitamin A
causes eczema in skin cells. This is be-
cause vitamin A causes the abnormal
activation of mast cells, a type of im-
mune cell that causes allergies, which
then results in inflammation (image).

Q7

EDLSLRNICELZIDAP ZLEETN T
£IH?

What types of food are rich in vitamin A?

[Answer]

P BEBEERIEEDH UL
http://www.u-tokyo.ac.jp/url/vdy

» You can have too much of a good thing
http://www.u-tokyo.ac.jp/url/vdz
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YR7EDEVILR

Radiocesium source on mask

AT B ECE>TABRRIE<ET S
BEMEDOHIMHF LI LRE. [T LTE
MITHES WREASNBMEICLZHDD
EFTHB L Y AVIHBELMEEES Y A
(B)&ERMTBIECE->THSPICLEL .

It has been found that rather than
"cesium pollen," inhalation of small
dust particles of undefined origin is
the main source of internal exposure
to radiocesium. This was discovered

by measuring pollen and radiocesium
adhering to the fibers of nonwoven
fabric masks (image).

Q8

HEEMEOF BB EFTTA?

What is the half-life of a radioactive
substance?

[Answer]

» [t LIEM ] ORI IS BIIRIRICHENTERTES
http://www.u-tokyo.ac.jp/url/vea

P Internal exposure dose from radiocesi-
um-contaminated cedar pollen negligible
compared to fugitive dust
http://www.u-tokyo.ac.jp/url/veb
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© 2015 Shogo Higaki and Hideharu Shirai.



© 2015 Kazuya Saito.

BOIY) 1= 1= H i

Wing origami

FRO—ETHINXDIINPERADERAE
FEXFFREYICHT W == T BN EE B RE CREL.
BRDIF 12l FEERDBDRRARKZE R
BALELA(H) . ChIZE-TRBRDFTHR
HIVRHDEDRNEEZSN TV, BADIT
Vict=AHADBASHICEEL .

The rove beetle Staphylinidae was
filmed in high speed as it folded its hind-
wings (image). The asymmetrical way
it folds and unfolds its hindwings was
elucidated and shown in 2D projection.
This has revealed the mechanism of
what is thought to be the most efficient
wing storage method among insects.

Q9

NZBT Y DEBDIT) 1= 7= IS FEXS FR1E
RISMCED SO BIF-D HNET »?

Other than asymmetry, what is char-
acteristic about rove beetle hindwing
folding?

[Answer]

> RRADRYE V)1 N\2HT L DBADRL S %R
http://www.u-tokyo.ac.jp/url/vec

» Most sophisticated hindwing folding in insects
http://www.u-tokyo.ac.jp/url/ved



#oka

Fossil poo

EREE=EA THRELDE (592185000
FEF) DBOHEHSEHEMDBEESA
FHEALR (R ERRELELA, ZORRICLY,
HERKOKEMRBEZSOOTELRIZED
SRERDVEEL.BEHEMERET 8%
BhZ P RSN EL T,

Fossilized feces including vertebrate
bones (image) were found in the Early
Triassic marine stratum (250 million years
ago) in Miyagi. It was revealed that
the marine ecosystem had recovered
5 million years after the Paleozoic-Mes-
ozoic mass extinction and predators of
small vertebrates had appeared.

Q10

SRR TRERINEEDIEADABMEKRES
BEDIIBHDTLIN?

What was the number and range
of sizes of fossil dung discovered in
Miyagi?

[Answer]

> BAGG. PERDPOBHEMDOEILAERR
http://www.u-tokyo.ac.jp/url/vee

P The oldest "fossilized poop" from Japan
http://www.u-tokyo.ac.jp/url/vef
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© 2015 Yasuhisa Nakajima.



EBROE Y-

A wireless sensor

BRETNARLETTHERINDIESHPVTIY
L2AE#E Y-V 2T LERRELELE(R),
BNEEZAPSTIVLATEHHRBEEE
PRIBET. HMHELAK D DT —2bEE T3
ENTEBLH FENERTDIEAZIZIPHE
DHEEANDCAPBEINET,

A newly-developed wireless organ-
ic sensor composed only of flexible
organic components (image). With
wireless communication and remote
tfransmission of power, the sensor, for

example, can communicate moisture
levels, and is expected to find applico-
tions in disposable plasters and diapers.

Qn

TAYLZADEARIENET — 2R ERHEIC
UI-RFEDRDFRETLEN?

What enabled the development of
wireless transfer of power and data?

[Answer]

P HRY ESANTA YL REH LY~V XT LDRR
(8]

http://www.u-tokyo.ac.jp/url/veg

» The world's first flexible wireless organic sensor
system

http://www.u-tokyo.ac.jp/url/veh




R>BZ.Bbh3H

The eater and the eaten

HIPLVEEIHBETINDR . 2XFENDT
NHFZRATHBZEERDITELZ. ChEDH
BEF . DTNLYDAREN ST 2% ADIE
WAZENHRVWAREZHBLTWBZ LN,
HEBINAHDTNLD DR (R) ZANDZE
(ICE)bhhELEZ,

It has been discovered that the primary
predators of the Japanese rhinoceros
beetle are the raccoon dog and jungle
crow. The predators eat more males than
females, and more males with longer
horns than with shorter horns. This was
discovered by examining the discarded
carapaces of dead beetles (image).

Q12

DTNLYELIKBRZDIE Z2XFENTTH
HIZADEESTETH?
Which predates on the Japanese

rhinoceros beetle most, the raccoon
dog or the crow?

[Answer]

P HTRLIERNI=ZDISFE?
http://www.u-tokyo.ac.jp/url/vei

» Who ate the Japanese rhinoceros beetle?
http://www.u-tokyo.ac.jp/url/vej

13 © 2015 Wataru Kojima.



HKERMT 5%

Sensing sweetness

NFRY(R) P HERE M T 242 #FBAL
Fl. BEOXBHEHEIHKERAMT S
AIEKCEERVWELED  NFRUIEEBRE A
TEAEKEDHEEEZELSE THBKRERA
TOMBEEBUORBLECEY bLYEL,

The mechanism by which humming-
birds (image) sense sweetness has
been elucidated. The common an-
cestor of birds lost the protein that
enabled it fo sense sweeftness, but it
was found that hummingbirds have

reacquired the ability by changing
the function of a protein that senses
umami.

Q13

BREO—ETHEINFIVE MEERELT
WETH?

What is the staple food of humming-
birds?

[Answer]

> NFRUDNHBREEI T H2 T LDE(L
http://www.u-tokyo.ac.jp/url/vek

» Evolution of sweet taste perception in hum-
mingbirds

http://www.u-tokyo.ac.jp/url/vel




RERREDEL

Evolution of skull development

REBRBICEVWIHILENHEERDRER
PHRENBZIILTEHRERDSHRMEDE
B3 THFLIEDOR DR ESIDEILEEFEV D
WTWBZEEBASPICLEL A, 2hid IR
LORKRNLWHIELWETIERULD
DERFIEA (H) 2B TFOEMLAHERTT,

It was found that the timing of skull
roof formation and the evolution of
cranial diversity in mammals is strongly
correlated with the evolution of mam-
malian brain size. Thousands of fetal
specimens (image), covering over 100
species representative of all mammals
throughout the world, were analyzed.

Q14

B FEELENTHEMBICKEVREILED
BRIETEr?

What is characteristic of mammals
with large brains compared to body
weight?

[Answer]

P BEEDREBDEL
http://www.u-tokyo.ac.jp/url/vem

» Cranial development and brain evolution
http://www.u-tokyo.ac.jp/url/ven

5 © 2015 Daisuke Koyabu.




© 2015 Hiroyuki Tanaka.

HEKD A1

Visualizing the Earth

R FEFE T RILRHIRDOAAIZE 1R IR
HTAME (KW EHDSNATOET T DT
TROEEN HAORERTHRETESLIIC
LoTEEL,

This ongoing research images the
inside of volcanoes and the Earth
using elementary particles (image).
Magma movements underneath the
Earth's surface now can be observed
at an interval of a few days.

Q15

EDELIBLRMFERAVT AP HER D AR
EBERLTVWETHL?

What elementary particles are used to
see inside volcanoes and the Earth?

[Answer]

P HERDFHEDZL
http://www.u-tokyo.ac.jp/url/veo
» A window into the Earth's interior
http://www.u-tokyo.ac.jp/url/vep



IFELLY

Good enough

CRRLABNEFEENFELLS
S]IFELLA4S I NFEARBERE20145FE6F20
BEFEM4:11ICAY 7 -V IRITE &R LY
F—I7asryhciTs Eifoh s h
DEREEDHMIRER ORI (K) &b EADE
EPREYEL,

Micro-satellites Hodoyoshi - 3 & 4 devel-
oped by the University of Tokyo were
launched at 4:11 AM JST on 20 June
2014 by the Dnepr Launch Vehicle from
Yasny Launch Base in Russia. The sat-

ellites are sending back images of the
Earth at a variety of resolutions (image).

Q16

[FELL3ITETRESLAS |DESIRENS
S5V\WTEH?

What are the approximate weights of
Hodoyoshi-3 and Hodoyoshi-4?

[Answer]

> BNAEE[ZELL3 45 | DITE LRI EERE
&IIFEALA

http://www.u-tokyo.ac.jp/url/veq

» Micro-satellites "Hodoyoshi-3 & 4" start cap-
turing Earth images
http://www.u-tokyo.ac.jp/url/ver
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Credifi HSC collaboroﬁgn / Kayli IPMU.

FEHORBEK
Snapping the Universe

FHOEKRSMERLTOSINICLSTED
THVWERIET UL, RIFIRERL TV
BIEPBRBICESTHDP>TVET DR
HEShBPBEBIRINXF-—DEEERASLICT
NCBLEREFEFESRHIATTFEROSER
ELES () Em->TVET,

The expansion of the Universe should
eventually lose pace due to matter's
gravitational attraction, but observa-
tions show it is accelerating. Dark ener-
gy may be the cause, and studies to un-

derstand it are using an ultra-wide-field,
prime focus camera to take high-resolu-
tion images of the Universe (image).

Q17

BILRBEESHATHyper Suprime-
Cam#{E--BBI R DB/ AT H?

What is the purpose of observation re-
search using the Hyper Suprime-Cam?

[Answer]

> BEEIZILF—
http://www.u-tokyo.ac.jp/url/ves
» Dark energy
http://www.u-tokyo.ac.jp/url/vet




ERERALT

Revealing the unknown

FHEFICEARBAOMEI FETIEWN
JFHFBOATVWET  COME. [BEEM
BN THBINEERICRILEDBHIC,
BRAIPERIVEDSNTVET T BEY
BHEIZE>TIRACEDP RSN IEFD
2ialb—ar () bBENTVET,
Evidence indicates the existence in the
Universe of some other matter of un-
known type or types. Now, ever more
accurate observations and experiments
are being operated to pin down its
identity. Simulations show that dark
matter enables matter to clump togeth-
er to form stars and galaxies (image).

Q18

FEHOMENDENREDE EEBENEDY
HEHTNWETH?

What percentage of all matters in the
Universe is dark matter?

[Answer]

> BEEME
http://www.u-tokyo.ac.jp/url/veu
» Dark matter
http://www.u-tokyo.ac.jp/url/vev
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