(kA 4)
[16gm5910003h0002]
Wk 29 45 5 H 16 A

WOk 28 A ZFE P JEOBH B K R WOE E

I EAER

I I (BAEE) SoHA JeimtIt 78 B 78 S b 43¢

(& E&) Advanced Research and Development Programs for Medical Innovation

WFFEBATE R, (AAGE) BT AR LA 2 2 b= ) UIREHIENC & 2R BinRe o
IEHALDRFE

(# &) Control of functional lipids using optogenetics

WFERRTEI Y (AARE) ENLRFEANRRRY: REGGHR G U SERH AR A B BRI A T 2
BER  FHEAFRE EHEX
e &k K4 0 (9% 3B) The University of Tokyo, Graduate School of Arts and Sciences
Department of General Systems Studies, Specially Appointed Researcher,

Yoshibumi UEDA

£ b B M Pk 284 447 1H o~ ¥Rk 294 34 31 H

Sy RAITE (A
PrIERRE S C

WHoERsE S EE  (AAGH)
e ek K40 (GE FR)

I FBROBME (RIEHERE)

WFEBHRIRE LI L o M D HE

(Fo3x) AMEOBANL, AT 7 FINA ¥ b= VIEE Z D & UTHEREMENRE
DE:Z NI X - THIIEE X OMER L~ CTHREZERIAICHIE9 5 2 & TR BIRIESS = D
HDOEEDET L~ T AZBWTEDIRENLETEDL I LLEMIET LI ETH D, I HIZ,

1



ZOWFFEEE LT, BB & RFZERIAIC B BICHIE S 5 2o O8I, IREDCEIR P A LT 5
ZEERHEMNET D,

SRR 28 R, RAT 7 FUNA ) b= 3,4,5-= U Lk (PIP3) A HEIGPN TGRS
L7 dD, PI3K opto (PIP3 DIREEE BIF D) BLUXXX opto (PIP3 DIREEA NIF D) #iE
5P TERNHERL U7z, PI3K opto (IR L T, o &S L~V CHETAZ L %
B L7z, BB, COST MHEIZ PI3K opto ZFBLIH, MO —E DA Z GRS L, PI3K
opto ZIEMEAL L, ZDENLT PIPS ZPEAT H 2 LN TE T2, FILTPEW, COST Ml DiELE
MBI STz, £72 PIP3 OIEMHALDIEIE T % PIP3 FiiD > 701 Th % Akt DY v
bt LRI M= AE T a T 4 7 TRER LTz, XXX opto (2B L Tik, PISK
opto IZ L - T, COSTHifmlcFE I NT-ilEE%x ., XXX opto IZ K-> THIHI TEHZ & 2R L
72

[FRFIZ, ROAT =V Th D, MR A N1 T PIP3 OfIfHIA FIREN & MRFET D 72
DO, Ty MK, MR ERB X OMER X T A A 2T 55 2 8 2 7o, WIS WIS
BRICBNWTUX VAR T 27 v a VELE>TORERTEY —VERBIEL LN TET,
Flo, HRER R Y N =27 ZRAFE L TWDIBRE AT A A L-VUUZB W T, Bia i
oT\m%ommﬁiwmxwm%%ﬁ%@%ﬁ%ﬂ%ﬁéﬁé:kﬁﬁ%bto75%@
F ORI L > T, WEE CAL #EHIIIC IV T, apical MITOBRRIERE DR I3BIE S
Mg/ o 7273, basal il TORBRRIEE O R 2B R B S LT,

NRECEARTFIE, 2 OIS | DM OEREMENRE /5 FIC bEIGFTRECTh 5, £ 2T,
MANCREEA SN, A— 7 74 VIICHCDISE ZFET 5 O R 7 59, Mt &
M, NT 7 T A NS E O ORI 8 & sy i 7 & o BERe 2 HilH - 2 #EREMENRE ABC &
SRS 5 7o O DB — v 2 ERL Uz, ABC 1%, MIS DOZBARITH G L - I TE
L&, WA TAS T FNNEFET L, LT 7 AEHEEIC, ABC HEIEFY — /LD
BEHlT 2720 DA A= 0 7 DO%E X O3S @ E R COFNR DO 21T > 7=,

(FEIL) Functional Lipids including phosphatidylinositols plays important roles
in a broad spectrum of cellular functions including cell proliferation, cell
motility, and apoptosis. The purpose of the present study is to establish research
field “lipid optogenetics” , by which we are able to spatiotemporally control
lipid amounts in the living cells, tissues, and animals using light. This methods
allows us to demonstrate that lipids is promising targets for a variety of diseases
such as mental retardation like autism, and cancer.

The temporal goal for 2016 was to prepare the constructs of lipid optogenetics
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to increase and decrease the amount of phosphatidylinositol 3,4, 5-3 phosphates
(PIP3), and other functional lipids.

I constructed the genetically encoded optogenetics tools to increase PIP3 (PI3K
opto) and to decrease PIP3 (XXX opto). At first, PI3K opto was transfected in HEK
cells. We confirmed that PI3K opto produces PIP3 in response to blue light
irradiation. Next, we expressed PI3K opto in COS7 cells. When PI3K opto was
activated at the local regions by blue light, PIP3 was produced on site, and induced
cell membrane lamellipodia and membrane expansion. This PIP3 increase was also
checked with the phosphorylation of Akt that is a downstream sighaling proteins
regulated by PIP3. These data indicates that PI3K opto works well.

In order to investigate the function of PIP3 in neurons, primary culture neuronal
system and organotypic hippocampal slice system were established. For hippocampal
slices, we observed the abnormal extension of basal dendrites of CAl pyramidal
neuronal cells at 7 days after the stimulation of PI3K opto by blue light, whereas
apical dendrites were not affected.

Additionally, I attempt to prepare the optogenetics of a functional lipid, ABC.ABC
is crucial for regulating the immune system thought the suppression of T cell
egress. The interesting point of ABC is that ABC works not only inside the cells
where ABC was produced, but also at neighbor cells through paracrine action. This
year, | constructed genetically encoded ABC optogentics tool. Additionally, 1
established the assay system by calcium increase by which I examine whether ABC

optogenetics tool works well or not.
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