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Lysophosphatidic acid-induced
YAP/TAZ activation promotes
developmental angiogenesis by
repressing Notch ligand DIi4
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Arylhydrocarbon receptor (AhR) (35 AR B K 1-TH VD, 431 <1 HSP90, =13/
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HIF2aPAS-B RAA U &EHIE L THWEY Ty RiEGY I 2 b—aizBng, Uy
FIZFEE LT B-— MIFAETDLIZENRESNTZ. U R B-v— MIFEETHZET
AR OIEEZALNLZ Y, 0-~U v VARSI NDH D EB X Hivd. Box n3B%E L7l
ffiZp e h2R AR ORERIFIEIE, 4% ADR SEAREECHHLY B REOH T 72 ML %155
ZEIZORNBBIEA D . J. Biochemistry (in press).
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VB « 38 - A anbEREARAT 20 27

W FLEE R & CFEEE U720, B L7 A A R RAOICREIE L, T B ORI
RSN BN EEFET HZ ENTE D, —F, ZHAEYERNET 5 BIRGEIE
TEAIE O L) R B OHMEANENE B X B TE ), T8, [HRGE O] é”/T
BT 57 —HZBEHL TS, LL, ZOAND=XRNIRE R ENBZ .

MAFZEEE, va v Y a UATITREMESMEROE (M. luteus) AL SEEIBET S &,
F D% DOIFEMENENE (S, aureus) DARY T D AEFRDPREIC FRTHZ LR
U7z ABFZEE, ZOFERZREZHANTY ) AU A RELEST (GWAS) 217V, HIRGE
DORBICHADLBIn &7/ LEENICFRET 22 LA E Lo, PERE LT, 7/
LEFINIRESNTWDERETA 77U —DHN5 5RMICHONT, FHOFEIZBIT DA
AR DAEFREZWE LTz, ZORE, BRI RICKREREN DV, FREOFNHR
DH BB D ARG DELFRIT, T LB LW Z EhbhoTo. ZORERIE, %
PR EL, W OREISE LIIRR DA AL THEEN TS Z L ATB LTS, &
%, D GWAS 2w, BET 5 & FOREZ BT,
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THSEEM RIS 42 >/ B DahX O tRNA #RE S

OEEHLT 1, TekT=1, Bo AL EHEELERE L, kmp 1
VHALKR « RFPE - AmFl a2t sest

Haloalkane dehalogenase (HLD) (%, o/p hydrolase superfamily (ZJ& 3 5 Bk a7 A& %
T — )V~ HEER TH DH. JIFSE=E CTlL PCB 73 E Acidovorax sp. KKS102 £ D
77 K0 N RimfElk (1-153 a.a.) 2% cytidine deaminase superfamily (CDA) &, C KufmfEl
(165-463 a.a.) 7% HLD & FH[RIMEZ RT@ElG % > /37 'E DahX Z[FE L7z (X 1). DahX &N
DahX(165-463) 1% 15 Ll EoFHE v 7 AbEWcxt L CHLD &2~ L7=. —7F, N
R Vi BEL BT R W B 0 AR B I A TR | CDA _ DahX
tRNA i SERER TadA & fe b i OAHENE 153 165 463 a.a.
(52%) %% L. & = CARFZEIE DahX
O tRNA FREETEHEIZ DWW TRET L 72.

C K2 His-tag Z {1 5- L7 DahX % KfE CREFREL S, HisTrap HP (GE Healthcare) %
RAWTHR L7z, DahX & in vitro B85 5% THhK L7 KKS102 #£D t(RNAAE A3CG Z Ui &
H, RISEMNLEM LTZ cDNA ORI Z Y = —r  ABECEVRELZ. R
FHCR TITRNA FRETEVEIC LY 34 DT T =0 A ) o ~Bsnb L 77 =8 L

THEND. 0.19 pmol D DahX #HZ 5 & 34 (DT F = ANXNEES T =B SN T-
(X 2). —J5, C KUl HLD fEi A 1 XX K4 L7z DahX(1-168) % 0.80 pmol A1 X T 34 fif
DEWRIIK -7 (K 2). UL, DmxiHHﬂ%@&mNAﬁ%%ﬁ%ﬁ#é:%%ﬁ

G2 IETHDHZ EEVIRT S LT, (RNA REENEMEIC HLD Mk B8 592 AlaE

PeAaR LT,

1.DahX D FA A v~ v

DahX DahX(1-168)
0.00 pmol 0.04 pmol 0.19 pmol 0.04 pmol 0.80 pmol 8.00 pmol Protein conc.

CT G CG C TACG CTACG CTACG I8-°°Pm°|

Vil W0 Y

2. DahX |2 &% A-to-1 (G) #REELSUL. 34D X 7 L ATF Ra/KEOM A THAT.

CTA CG
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) UBA{E STING 22T 3E/ ¥ O—FLHEDESR & 2 OMIENEHIE

OFHBAETS -1, WABIE |, FAIET 1, SETRFRRS 1, FRTHAT 1, B2, gk,
IS 1, AR 2 FIRHEIAET 1, O A 10

UHAEREE - A - M/ 2R E R RS, SAMED-PRIME

HERGE T, RA L CELRFRCRE IS/ 72 H OOMKEZ W H B & L CHERRT
ALK T Y, ERBEEO BETHRICALE LT\ 5. i, DNA 7 A L ADEY BI2 LY
HIRVEIZFFHIAEND U A /LA DNAIINE L, BHIRGIEINE & T 2 /e s EMRE &
2R 278 STING 8[FIE SH7-. STING 13 DNA HIELIZI U C/MNaE D S Bl LIsHE(LT 5
23, STING 23 EDANT R T TIEMHAL L TOD DT OWTUI AR Z ERZ 0,

AlEF 2 1, FITRIEKAFR) 72 STING OFIFRZEM 2 5 2 & T, IHME(IREED STING
OMIFENBEEZA ST 52 2B LT-. FLAG # 7 ff&~ 7 A STING % L AF = —
L 7= STING K~ 7 Z R VEMHESEAINN 2 STING 7 == A b Tl L, FLAG Piikic k5%
P TR % By AT CRET LT, = OFESR, STING 0 S354, S357, S365 D U V(LT F R
R S N7-. & Z T STING O S354A, S357A, S365A ZH{K% STING KB~ 7 A ik T #ikkE
FHIFUZ L AF 2 — L7z L 2 A, S365A ZRIKIZE W T Ffis5AF IRF3 O U k381
FZICHES N W, 2B ORREND, S365 O U U ER(kIE STING DIEMALIRAE % S b4
LV THD EHEZ,8366 (B k STING T~ 7 A STING S365 (Zxfi&) DV ER{LERAL
X T o~ AE ) 7 a—F APUREERI LT, S366 U VBT F RERE LI~ T A
ERWTER LIz 7Y F—< L& ELISA IZX > T—RkAZ V==L, KPT 4
T a— B L CHRRRAIC L D TIRA YT V== TR To 70, T DRER, S366 23V iR
fbaiizt b STING ZFFRIICEIKRTE HE /) 7 u—F AFiikE S, ZoHiikE T
STING 7 2= A MO MG Z2 1T 7= & 2 A, 8366 MV Vb S iz STING (=21
UIROHTY trans-Golgi network WIZ AUIKICEIZL S iz, Z O RIENEIL, STING (2 & 0 i
{ft.&i7= TBKI (U ek TBK1) ORfE CCHK1,2) EEMELL TR D, STING (2 X 5 it
T F IV OIEVEAL DT trans-Golgi network £ D —OFEIKIZIRF LT\ 5 Z & 3R R X
.

SCHk

1. K. Mukai et al., Nat Commun 7, 11932 (2016).
2. A. L. Hansen et al., Proc. Natl. Acad. Sci. U S A 115, E7768-E7775 (2018).
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BARESEIZE 351 RING 1 E5F L LE® LINCR OHEEREE

OBGR i, ¥ M, SFR #h0r, B0 Al iR 2
FAEK - Bk - A L

INE— VRIRZ AR TLRA X, 77 MEVERESMERCY LPS Z#38#k L, Tty 7 T/ ki %
ML LT, RGO MBI < B ARREINE L THET 503, £ OIEME LFHEiEeE I
RIEARAIR R, AWFFETIE, TLR4 Tt CHIFHEIND LINCR & W) 2 EFF U
H—BIZEH LTI 21T 7.

Z OFER, TLR4 FiiiTliE, LINCR 7% MAP 7 —TY O+ D> &% F A4l - iz
L TEORBE AN L, BRGEINEZBANCHFET L2 L 2HIC A L, 61,
TLR4 + 2 /LIE LINCR ZFBFHEE T 57217 T/ <, # /37 E L~ T4 LINCR %L 7E
695 Z EAVHIBA L7z, BRTRW 2 L2, 2o EflE, BRGEIGE THORE 2 Rz
T % F—+F TAKI OIFMEICEF L TEB Y, TAKL (2 X % LINCR O E{LH TLR4 & 7 F LD
FroelRe ] Oo0R A R U, B0 B SR 505G E 2 TR D DB A3 E C & DA
D TGN L.
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BA%ESF STING (L trans—Golgi network ICEWWTTHRFFT—HETBKI ZUHIL—+TF 3B

ORBIK!, MG, HOoAE!
PHAEDR - A - I/ NERE R RS B

HEREIE, RALTEIRREERCREICRSTmHCOMEEZ VLR EML, Thzdk
bR 2HAATH Y, AR ORATFIINLE L TN D EINE Th D, ilt, DNA A
JVADEGLIR I KO MIEICFFBIAEILD U A VA DNA ITIRE L,  HIRGEEIGE A B
T5 4 2R 8 STING 3RIE E4v7z. STING 13/ MERIZRfET 25 4 B EE Y > X7 ETh
ém BLERTR N Z & SHIAE DNA O HHBLUZIE U TR O AN TR ZICk Shbd. Zh

TIZF 4 1E, STING DIFMALASHNLE DNA ORI %2 29 5 /MR TidZe <, /Makn
E%ﬁbf%Léﬂﬁ%@ﬂ»/%Tt_ofwé EEAGMMNZLTE R (SR 1-3) .
STING |%, TBK1 (TANK-binding kinase 1) Zfiji@a&ZE oV 70— kKL, TBKI OHE U &~
b ZAE T B XV EThHD. L LB B/NaED S 20Kk~ STING BBEITT 5
EDAT v TTBKL 28 7 b— ST 20FH 6 Thavy, Al ) a sy — L
WL I DEERALL, YA« FT U RAOMMEER R L I =S DRI LI REET,
STING & TBK1 Z[RIEfA A — 7 Uiz, ZOREFE, STING (XA « kT v AW IZRHES

WZH b, TBKLIL T AN O B /LT 5 I =ANVIIREZHEEOT-.
ZDZENL, STINGIZ T ANV Ry NT—=27IZ8BWT TBKL Z il E 260 7 v—
L, TBK1 Z¥EMAL LT\ 2 2 & AVURIE X7z,

SCHR - [1] K. Mukai et al., Nat Commun 7, 11932 (2016); [2] Ogawa, et al., Biochem. Biophys. Res.

Commun. 503, 138-145 (2018); [3] Hansen ef al., Proc. Natl. Acad. Sci. U S A 115, E7768-E7775
(2018).



O-13

cGAMP {X7F897% STING D ZEWHH
OmadeTs 1. [ARIRM . HRAE 12

VHAEKREE - A M S E RS
2AMED-PRIME

H ARSI T R D > TV D BT 2INEETH 0, YR O AR I
WCHEEREE Z R LT D, I, DNA 7 A VARG IZIE EOMEIZREHiA T
LA NAD DNA ITHEA L TIEMEIL T %3 cyclic GMP-AMP synthase (cGAS), ¥ X O}
cGAS IZL o THEAINDS BN A vEL Y ¥ — cyclic GMP-AMP (cGAMP)IZ#EA T 5
STING A3FHIR\\CTIAE E 4172, STING (HAlE DNA (2 X W iEME(L LE D JRTE 2 /Nafd) o
IANVIRANERBITSE D, 2O, TBKIL FFH—8&23EMH L, DWW TiEME{L L= TBK1 28
IRF3 ®° NF-k B 72 £ DA 4 —7 = 1 VIRE B XL ORIES BB G- DB R+ 2 1E ML
T5. Varerr b F NI HERWAEERNT) 6, STING 1% cGAMP Of fEIZHh 6
T LB THEEL TV D2, cGAMP 256325 2 LIk > T STING & FHENZ(L,
ELICEERMEAREEZBUT TBKI 2V 7 /b— b LT AR50 THA D & TFREALTH
5 (OCHR 1-3) . L Ly s, Ml TEREERICZ O X 5 a2 oL &b . T
S R N BT e A A I GAVA AN

AlEl, Fexld STING O &R EIF &R EOESKREBRET 222 L LT,
W2 B8 7k ATE LTz 2 FEO STING (mClover3-STING 35 & (8 FLAG-mRuby3-STING) %
ERBT DI Z B Lz, Z OfiEE cGAMP fIJE L7= & = A, FIIEIKAFIIIC STING 23
IR S TV ARNFIERBIT LT Z D, # 7 OR 512X - T STING OFEEN 70
TN & ZfERR L7z, WRICHIIEZ 1% Triton YK C Al¥R{E L, FLAG fiik T itk %
17V, mClover IZXf T AHUATT 1y &7/ o72 & 2 A, cGAMP JIlI{K A7/ mClover3-
STING AT 5 = E ML TR -7, ZORERIT, cGAMP #li%IZ L v STING 1%
BERUEOBEAERZIENT 52 &, —J7, RIMATNE, STING |ZH &R 213 miE A&
PEHT L 8K (ZEEK) THRELTWDLZ EEREBLTND.

SCHR ¢ [1] Zhang et al., Nature 575, 385-389(2019); [2] Shang et al., Nature 567, 389-393 (2019);
[3] Zhao et al., Nature 569, 718-722 (2019) .
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A X ABBKEER (LDH-B) OF 5/ BEIOR

O gnid, RIS, NUNIER, AR, BEHESC, 456
KRBT - BRL - AEdafly

(%S sLmefii Kk i3 (LDH) 13, FLEE s BB Ufe b DAL AT 28ETH Y,
BESBIEREE FICR 1T 5 ATP pEAICFHS-9 5. LDH X EREE TH Y, BT (LDH-A)
LA (LDH-B) O —fEEOY 7= MR H 5. JSHEITIXEETE /7 OIR & 2 e
HFEDFIE L, LDH OffiE & HREZ i35 2 L3 BRI, =7 R U</ h O LDH 04
72 BRESNIA ST o TV DN, AR A7 EOBAD EFHO LDH IZ DWW TIE AR
HDOHE. AX A LDH-A Oy 7 X/ BRELSINZ DUV T, 2019 40 A K& LR RET
WL L7z, ABFFETIE, A A A LDH-B 02T 2/ BESZFRET 52 2L Lz,

(5B ARFTRIE, BREEE WAL T BREEF BT OFF Al 243 TIT o 72, A X A DMD> B4 RNA
L, cDNA Z/E L7, ~NFE=U N OBEEOESIN O L7 T4 ~—Z2HWn
T ¢DNA 7 B —=27%4T\), A A A LDH-B O¥/yESIEf#HT L7-. 3’'RACE &Ik 5
IR OfENT &, SRACE {EIZ XD 5 KA DT 21T > 72. SWISS-MODEL (2 X > T

(£7 VL PDBID: 5K0Z) , A XA LDH-B D27 I J FRECHI) S SLIRKEE 2 T3 L7-.

[fi 5] A XA LDH-B D54 K cDNA 7 n—=1

VORI, 333 BEORT 3 BRAIERE L "'
7. I3 SWISS-MODEL Tlf, A XA LDH-B v}?'l “ akh
10 D o ~V v 7 2 (Ff) & 14 o g Ak . ‘;4’;‘5\;.!‘ ¢
TR () MOERESNS L FHENE. £, '@; F_EW‘
RENREAEOHEL, Kok 5 Ic TSz, 7Dk %
[%%2] A XA LDH-B ©7 3 /BEERANCIE, =7 k “l"f -““
VB LT, &7 3 W 333 AT 39 DR D “ Nole
T8 (11.7%) Z@8biz. 7 =2=v MEEIZH e, )

DHIAIC 2 FFT,  NAD FEQHALIC | FRT72 %
TR BN H Y, WEBAMAICIZRAR ST I JBIIR LR ZRHDT 2 BB
S, BERBSIC IR RIET RN B D L E X 5D, A XA LDHB O SWISS-
MODEL Ti%, =7 U LDH-B & FE_TR&E < BASEFNTR SN )~ T-. A A A LDH-
B DOREEERVE R 2 SN IAT§ 57212, A X A LDH-B O A X (R VE ORBLR %
ML, Mt LRI BT 2 R 2 AT 2 TETH 2.
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HEEMEARBESREICHF T SRS Bence Jones Protein DiEEARHT

OM B THEF, &I, TR, INURNTER, IATEE, RETESC M55
KRBT - BRL - AEdafly

[B] ZRIEERIET, B CREMIaNE Y o — U PEIC T 2R B TH Y, BREEL
A2 2 LNV, MHEEBEIIREN 2GR AIHE TH D, REKE DIEH I L7
Hro— MotE s a7 ) RS (Bence Jones Protein: BJP) D —#7A3, B RME N T
MIEZENRT 5 2 L CEREIND. @O MNHEOFRITERE T, MICHmMELr 27 2.
2000 FLARE DG A M AR RE OMEBNLOFITH v, JRIK & 72 > 72 BIP OREEMATEIX, —
WHEE Z AT LT 1 IO TH D, ARBFZEIE, L BUESTEAEBYE R Bk BIP-A OFEM
IR A B & LTz,

[J7iE] IR & BBz Vi, B ORE & MEEESOEKRES TfTol. BFIR
225D BIP-A ORI, W& pE e 2 O T L/ a~ N7 77 4 —&2HN T To 7.
BIJP-A O N R 7 X/ We—KEHIDORER, HHEMm» 688K cDNA 7 n—=7 L7z
NF 7 Ra oy TUET BIP-A b L, X SRS s s T 247 - 72

[F5R] MR L7 BIP-A O4) 7 &l 553 kDa TH Y, S-S fEH
IC &V ZBRZFR L TV 2 cDNA 7 b1 —= 7 O R, BIP- )€ )
ME2B3FEDT I JENBRKY, 20 FEDO T T FNRTF R j
%A LTV BIP-L DFZ (variable: Vi) fEI &5#fE (joining: Vb
D SRIE, IGLV %7 7 —7 3 AT & I3 EETFomskT g (G
HY,9 HOT I BERZRD. £ ISR EFEIKIC ? |
Hoh, EARORMHBIHEL S 5ERTHo7 BIPA ) &
DFEEMEEL, Greek key folds % & ZHUEANME A5 L5 C 4 e
ICRIREER L T (AX) . —RROS R EI, Bkt \
IZE ATV, MR FRE ORI RO, BT 5 —&fko Cu
I, BEOKFERE Z ML TV,

Uftam ] e PR ROE O JRIA & 72 5 72 BIP OSSR AEIERRNTIZ, ARFIE A OHERFITH
5. Fx OFEFITIL, BIP-L BNEE Lz RIREE A L, B L7z — Bk oKERE
WZEDREEMEMELZER LD EZ 2 bD. DL EOREIEL, #IEREMEDKRVBIP T
T uA R LT W E DR (Chem Commun 2018;54:10664-74) LI IRRITH Y, 4
%O OFEEPI RSN D.
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ERZAFEEEET HIF 23T 2XFNREEOFORKEORFELEZBEELT S
HFO&RE

Odf B, I =1, $A 20w
HAEKRRE - £ - BRRIE S

T 2Rz F  (Epo) (BN E AL T 2 BHEZFMAE (renal Epo producing [REP]#ifi)
O PEA SN D IRMERIEIMK 7 CToH Y, Epo PEAITHAG KT HIF (hypoxia-inducible factor)
I L > TREERFHEMEICHIE SN TV 5. BIERER CIE, REP HEAUASFH#RMESE AL~
'HHAHE L, Bpo EAERRZIERT 570, BHAMNSIIET 5. BIEE MIAHIZIE Epo BLAIH
MAWSHITE 223, 2019 £ 5 HIF iEMALAI O A2 Bs S vz, LasL, JHHERE T HIF
TEMACAIDN D R 2 T DHFFII R TH S, 22T, vV ABIVOT v MIBEEZ L,
HIF {E AL A O R A ARG LT, = ORGSR, IEENTERIZ L 0 $e5- L7z HIF 151
bANL, WRER O RBICEE L b DD, FEENBRERIMAIZIRE LT Epo FEAZFHET
HTEMWbholz, ZORRIZEY, FHAMBEIE TH S HIF IEMHLANZ L 5 Epo PEAE
PR O — S MEIA S, REP IR HIF 1S LHISENE T AR EEERIE ~ O T B s
WS TR T2 Z E AL NIC R o T2,
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Identification of B38-CAP as an ACE2-like enzyme to suppress hypertension and

cardiac dysfunction in mice.

O BRI, ek B 12, 4508 &3, in i AJF M3ET 4 =ff ORks, % E
PAENN/S B G

LRKHOR « BElE « 43 FRERE. 2RKOR « Bl - RPN, 3 [EERRMOKBEERN TE 1 o &7 — | 4 4RI
- fERRE - SREROT. SEKH iAo 7 —

TUVFT oy B 2 (ACE2) (L= —T U T UV RITEBIT A AD TR
T & LT, TER#IEE R & OIWNBSGEIZEH 59 5, A EIFAEIX Paenibacillus sp. B38 H13k D
TNVIRF T F 4 —E B38-CAP 7 ACE2 & [AERDIEM A ©oZ & &2 R U7z, SERf§E
FEMTIZ & 0 | B38-CAP A€ v 7 B EHI R —M7e LICHiFLIE ACE2 & M nE el &2 F5> 2
EEBH BT LTz, Invitro (2T 2 B38-CAP (3t N ACE2 & [F UBERIEETT o~
ATV N ET VFT U 1TICERT D L ERDTI, TV T v T
H= 9255 0IE TAC DARE~ T A ZBWT, B38-CAP (XILfE7 o A7 v I RE
WA SE, BERIHEBELET D 2L EPILMNIC L, S HIT, B38-CAP &EICL DT
B I3 2 B bR RN L &R Lz, FAEORE RITMAENHRD ACE2 HE%H
B38-CAP 77 in vitro. in vivo (23T ACE2 & RIfEDHERERZ > Z E 2B L2, WA
WY LA A MERL DA R T D Z R EEIRLORFHIA N T 5 ATREMED R S
72
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3T3-L 1 IEMARTERAI % I L - AL E R BRSO VR U VS HMENR OB

OMME . RHANE, KEET. SRS, % RET
AR « 3+ S I

(A, FIEIHRALEOR SRS TH A Z 3 EhiHti¥ £ 7=1Zapple polyphenol (AP) DETE
FHERICRE TR AR 5720, 3T3-LURIGRTERHIE O RS MbIc x4 D 8 &
FOERA T =X LOWNTHEF LT,

[FE e, &2 # b vt X ONPIZ. 3T3-LUIENGMI ML OB IC B W TERENLD
HMULER CIIARNIE R BT o e, 7V U U R (TZDs) PERIC X D HEN;
HHMZAREICHEM LT, Ko TINORBMEDIIFEMICL DA R VBSOS EH L
HRT HIRNH D B2 b, & 2 CRERVMRMMEIZE D 5 Ba 12O\ Treal-time
PCRCHRI LT & Z A, XWX EHitILE CIIPPARy . 7T A KX F U BILRL Y AF
Y OFRBOFERMEIDFED ST, APLBETIX I NG ORBUIZE A EEBE 5 2 70
mofe, ZIVHOREAMSIETZDsOEIC KX D IR A ¥R 5 L) 2 L TR T
HDHM, T A=A NI R > T,
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k5 > RBEMSEAIC & 5 DNA BISHEHMREORENER & €05 FHRIEOHRES

OJF b#E, FHHEMT, BFRdRd, MR
FAEK - Bk - A L

N T v AN, b T o RO RFER ZEHAE G & FEONRIAER ORMFRC, &AM O
& BARAEA LI SRR ANE 25 O B3 70 PR B & O FEE N R S, HAMICER ST
W5, LinL, b7 ARRMIEEO BRI 72 ARV RIIARARIAC, SR/ 705 R EM T 1A
Thb.

Z ZTANIZETIE, BB ORE L EEED LML (7R M=) IZEFRL, =7
A UBED T o ARENE & RTAVEZ IS, SEIMEOHI AUKISE T DNA BIGZFFE L7z &
Z A, EETIHIFIEFE S NARWVMIENE LT L2, X512 T v AR,
DNA 5D 2 L 2 SEME MAP %7 —¥ Th 5 INK OIEME(L &, D% LTt
25, bR THBEIRIET D INK 7 X 7% —537 Sab 4 L7z b KU T
B OIG MRS FEA 2 AR IS8 S ¥ C, MifusE 2 8 < RIS 5 2 L3000, RIFSE T,
INETHAHATH T T v AENEE O 4 TR BB R & ) T 5 232 L7z (Scientific
Reports, 10(1): 2743, 2020) .
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2/OF—rI7O—ICKBHBRBESF STING D) VY — L5 iE
OFEIFEZ 1, mbTHAAR ", MG, maAE!
UHAER « dn - M/ N B R R B

MBS ZE Y VY — A~k LT B E 34— 7 7 U — LR, FRBER & 2
g&@“é?ﬁnﬁ N77o—&, VY Y —APMillExEEAR TSI/t — 77

RSN D. v/ ad— N7 7 VX aig BISTOFRAREIVIC 57 TR
EHP R EROBMENEATND, —FHFI 7t — 77 V=221 T ;tﬁ%t ZBWTE
DIFAEDRFN AL TN D03, BRI Z 81T DFFAE - BRI DWW TR, 1ZE AL MNTe -
TR,

HR50)% 57 - STING (/MARIZRTET 24 L7 B Th 5, FIAE DNA (2L 0 i
fEL., SAVIRICERISNTIR A v & —T xa U pEAR CICE D HRGIES 7T VR K %
TEPE(LT %, STING {EAFRY 72 B ARSI BIR TIN5 28, TDA D= A LFF &
MNERHDEETH S, SREIFL- BT, STING A IR TIHMALE U Y Y — A ~ER S
TI/nAd— 7770 —=0D7rERTL > THES I, STING {KIFH 7 B IR IGE DX
KIDHZ xR L. BRBET A TR A A=V 712k D) STING Ok 852
% &, DNA fili#t% 3 REfI#12 STING 2 &t K Y —2/NaR U v Y — M EREEAGA
FA, BRI N DB Z B2 T2, Hi T, I/ ad— N7 7 U—D0r 1A
BOMCT B0, VY Y —A~OEEIZBED LM OBIG D) v I X T ) I T
U NEBREIT T, EORER, BEfEZ N5~ at— N7 7 U—ICERBIE T (Atgs,
Fip200, Atg13) DK TiX STING D fRIZEEN 727> 7=, —J5 T, multi-vesicular body
RSB L XD ESCRT AK (VPS37, Chmp2, VPS4A/B) D /RIEIZ L - T, STING D%y
RSB SR S DAY, Z ORI T T STING (XU Y Y —ANIZE D IAE N TR o7z,
F 72, ESCRT A RO KIRIZ L o T, STING AFHY 72 B IRSSZISBE D92 Z L 3D o
7. DLk, BARGEESr 1 STING Ok OBIEEOFER, /M-I NIz R —A—
VY= A EW D VB EERREE DL TIEET S Z E R BT e o7z, F 72, ESCRT
KFEHRI 7 ad— 77 V=280 STING Y V V—LThHfk 5155 2 & THRGME
ISEL T TR T 5 Z LM BN o7,
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FHHTF CWP (< & 55 BT H B O R 53

Regulatory mechanism of mitotic cell death by a novel protein, CAMP
OB E, 1, FATEHA 1, Hp#=1
VAR - Jnstit « o3 F IS5 20 B

BTN aA R EORUNE AR & D UL, MUNEOBES - ES A HE L
FHEERT = v 7 AR A v N ARG T 2 2 & TRl S O T2 Bl b7z v {5 1k éﬁ,
FE AN CHIRE 255363 5. Loc L, MISEICE D RN R OE I BHRITHLTLE S
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Novel regulatory mechanism of a-Synuclein uptake in dopaminergic pathogenesis by
fatty acid-binding protein FABP3

Olchiro Kawahatal, Luc Bousset2, Ronald Melki 2, Kohji Fukunagal

1Dept. Pharmacol., Grad. Sch. Pharm. Sci., Tohoku Univ., 2 Lab. Neurodeg. Dis., CEA,
Inst. Francois Jacob and CNRS

a-Synuclein is an abundant neuronal protein that accumulates in insoluble inclusions in
Parkinson's disease and other synucleinopathies. Fatty acids partially regulate o-Synuclein
accumulation, and mesencephalic dopaminergic neurons highly express fatty acid-binding protein 3
(FABP3). We previously demonstrated that FABP3 knockout mice show decreased a-Synuclein
oligomerization and neuronal degeneration of midbrain tyrosine hydroxylase (TH)-positive neurons,
which biosynthesize dopamine. Here, we newly investigated the importance of FABP3 in a-Synuclein
uptake, 1-methyl-4-phenylpyridinium (MPP*)-induced axodendritic retraction, and mitochondrial
dysfunction. To disclose the issues, we employed cultured mesencephalic neurons derived from wild
type or FABP3”- C57BL6 mice and performed immunocytochemical analysis.

We demonstrated that TH* neurons from FABP3"* mice take up ATTO-550-labeled a-Synuclein
monomers while FABP3”- TH* neurons do not. The formation of filamentous a-Synuclein inclusions
following treatment with MPP" was observed only in FABP3*", and not in FABP3-~ neurons. Notably,
the detailed morphological analysis revealed that FABP~- neurons did not exhibit MPP*-induced
axodendritic retraction. Moreover, FABP3 was critical for MPP*-induced reduction of mitochondrial
activity and the production of reactive oxygen species. We further disclosed the endocytosis-coupled
FABP3 physiological functions and developed FABP3-targeted therapeutics. These data indicate that
FABP3 is critical for a-Synuclein uptake and mitochondrial functions in dopaminergic pathogenesis,

thereby preventing synucleinopathies, including Parkinson's disease.
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Effects of NRF2 Activation on Aging Phenotypes of Salivary Glands
O Sisca Meida Wati, Daisuke Matsumaru, Hozumi Motohashi

Department of Gene Expression Regulation, Institute of Development, Aging and Cancer, Tohoku

University.

Saliva plays an essential role in preserving oral health. Secretion and composition of saliva are
known to be altered during aging process. A previous report described that unstimulated salivary
flow rate was decreased with age. Another study described that aging causes significant decrease in
the antioxidant capacity of saliva. In response to oxidative stress, cells upregulate antioxidant
pathways that are mainly mediated by a transcription factor NRF2 (Nuclear Factor Erythroid-derived
2-like 2; NFE2L2). In the unstressed condition, NRF2 activity is suppressed by a negative regulator
KEAP1. When cells are exposed to oxidative stress, NRF2 is activated and induces a battery of
cytoprotective genes, leading to the increase in the anti-oxidant and detoxification capacities.
Although NRF2 activation has been suggested to be advantageous in the prevention of aging related
diseases, its role in the process of physiological aging has not been well understood. To investigate
a contribution of NRF2 to the aging of salivary gland, we conducted histological and gene analysis of
submandibular glands of young and aged WT and KeapI-knockdown (KEAP1%#%) mice in which
NRF2 is persistently activated. Submandibular glands of young mice did not show any apparent
differences among the two genotypes, whereas, in aged mice, clear differences were observed. Aged
salivary glands exhibited domination of depositions of iron and collagen, immune cell infiltration, and
DNA damage leading to apoptosis. These aging phenotypes were obvious in Nrf2-deficient salivary
glands and were mostly absent in Keap1-knockdown salivary glands, suggesting that NRF2 activation
has anti-aging effects on salivary gland integrity. We propose that appropriate activation of NRF2 is
effective for the maintenance of healthy condition of salivary glands and for the prevention of dry

mouth in the elderly.

Keywords: Salivary gland, aging, NRF2, dry mouth, hyposalivation
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IEHERI BN TWD. MEERIRTIX HINI & HINS ZRE L TEBY, 7ty 71k
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B A DFEE NI AR TEY BETHS Z PRI, UL EDORERNG, Rk
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RoNDZ ERbhol, £z, FHhv~ U ANG G~ U7 AT T, BEEICEbnAE T
D2 Lol RRETIE, T b OFITRER 2188 L, IR S BN LEED
SAEBERT OV TR LU,



P-18

FILYNAT—R/ETILIRIZEIT S Nrf2 s5E5%]| CDDO-Im D EHER
OO ik !, 7508 Ak V2 =4 Kl 2, T84% % 02 10AR feo b2
VHAE RS « B« EARS0 8, 2 ALK « WAL AT « v« AT N T iR - 77 7 ENTER Y

TN A == (AD) 1IMAICIIT D7 I a1 R B OWWES, FIUTLE D FRERNE R
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Im) |2 X% GSH IS0 RIERHIEH >V CThdt 217 o 72
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18 L Cst7 D mRNA RBE &K F W7,
UL EOFERMNS, Nrf2 #5854 Tdh 5 CDDO-Im [ZMNIT L, N T GSH Z2#nsSE5 2 &
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bt MESUTHAIERSKE RD #Mifa s b b T U o BRIER K Jurkat MG I3t 2 s 25 (4
ApoER2 KAFHIC SeP ZH Y iATe7s Jurkat i T XV EWBGADIREZ R, LM LED
FEANIAR CH o7, £ 2 TAWIIE TiE SeP BUAZNEE~D ApoER2 ##it D % 5- % fist L 7-.
ApoER2 @ ¢cDNA B8 Z fiftt U 752K, mififa C 57 2855 EM A3 [FE S 4 RD fillia <3
FUIRBLT 5 8) 7 0 b CIIBEHIERi 221 2 =% YV o 15 OB R G-, Wil sk
ApoER2 % HEK293T fifalZ BATH 3L S, K SeP OBUAZN R & il L 7245 £, Jurkat
Mfa >k ApoER2 ZF8BL L7l © X 0 @V BUAZIES bz, BLEORGEA & k]
TO SeP BUAZHERDENZIE ApoER2 D AT T A L 0 7 R OEBHERT OBV NEE TH 5
Z eI T
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OWAZET Y, KEHERY 2, KA
VHAEREE » R - 0 FHEMENT 0 7, 2@ B RBE « BT 27 AP T2

A7 4AIxYF—E C (SMOIFIFARY =B CO—-FLLT, A7 4dI=x
YERETIRNERARAY VIHNMRTLOETHD. WMAITEICHBEDO —FETH D
Streptomyces griseocarneus (Sg)7*H SMC Z[FlE - 7 u—= 27 1L, BERH /X7 EORBUR
R, WEOGHEZED TE e, L LML, KEEROS FHEBIIARIA R S08% L, 4 1#
WE DRI O 7= @i S AT 21T > 7.

SMC DOEEIT Z N E TICWL O HSE RN H 0, A BIFEIT S 72 Sg-SMC (IZ2W\ T hE
DN RIS OFEIME DS HERE Sz, Loy LS DIGMERALE W 24502 7 2/ BRI id v
< ODEFEI70E N H Y, Z A Sg-SMC DFIXHIIZ iE Wi pH DOJFRIK TH D LRk S
i, £, INBON—THEEIZB W T HEBEFEED SMC & DEWRAHIL, ZiILH ) Sg-
SMC DRUSEEIREIZEAD > TWnWb L& 2 b,
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VRAEREE « 38 - A7 B

VEMETRRE L 2R L ) VAT A VBRI E LTEHHICEL XY XV EITEL ) T
TA Y EMEE, B NCIE 25 FREEFET S, METICHEET 28 L ) TaT A P (SeP)
Tt U EEA SRR k) VIREESCER A RO, ZHE T, v U RAET IO E R
EENSEA Y — &I X DAFIEEEEIC SeP OBEIFENTL LT\ D Z L AVRE
ENde. L LR sz II A Ch 5. RIS CIIIFIRIZEIT 5 SeP Bl E
R A & DB W TR L 72

W AT SeP KiE~ U AOHMTIE, BAERML KL TR 7YY REEIEILR
Mmole—hT, abA7ue—L&l 1.6 fFOEEEZRLE (p=0.01,n=5) . =&l - &
a PEREIE~ 7 ATk SeP KIBICE VI NU ZU&Y RiFQNZa L AT v— LV ERED L
722 &5 (Cell Metabolism 2010) , SeP BN E R S4R72BB DV 2 FF> 2 LR
I, 5%, BEA-mIe ) —RBEG COFRERB O L SeP # 8l & o Bk
IZOWNWTH T LV TOfFZ HIEL TV 5.
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WA D IERRLIX, N7 AT Ry 8T —7(TGN)) BT F RABRLE CRITBRMA
(FRERTF REETe) AR LN LR IND. SWERIZIE, FLvECOfl, 7at
VTR T = B U RTENEEND. Fox DI V—T1E, ZiLET TGN
S RVE VB BERNGES Y TREARGE L, T ORLE L BIREEELZAONICT D & &
BT, SYIEERIE R IR T S o L AT o — )L NERIE R ¥ X7 B O RITEIC R ]
KRTHDH, EWVoTmmAEET-.

AL, ZORAERBSE [Eal AT o0 — U1 RO WERICER T2 a1 2570
— VKA L CHRIDTERY « MEFFICAR D & v 8 R A MR SRR 5 ) 2 L 2 AL L
7o EP~ T ANSUWAIIERE (AtT-20 FHfE : ACTH 2395 ; MING flif : f > AV v &
BT D), BLOWNZWARE (v 7 A TEE) »OHRmMHEREERL, Zommbig s
OYWPERIE # 4 7D 2 L AT B — LR Y R Y — A L ROG L, 8 0 T RE & IEmIC
LT, MmO OB % SDS-PAGE TR L T~ A AT NVIETHIT 237 &
Z A, Ca¥ 17 fE F TR MIERR S ma L AT v — Ll D U R Y — A LFEET 5
B URTEREST. AETEHEZOREEHONTZ LT ERIICOWTHET 5.
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ALEARRIEER 572/ L7 VBARER 1ALASDEGFHRIETIRIZETS
FLa—RFEA R) VREE

OmtH Fith 12, Koen van Wijk !, Ak A 1, [WMEF B, FE E—-3 (b0 ¥EH
2, HE 4, mfE JE5 HT S e ok HlE &l

VLG - B - R TR, 2 - [ - AERE, 3B - [ - I, kAT >
—vYx/Nr (1K), 5SBL 77—~ (¥K)

EEFHERIC I T D LAEG RO R — B M OB T, 5-77 X/ L7 U R G R
F(ALAS) (2 k> TAREND 5-7 2/ L7 U VBRALA)OPEA T 5. ALAST a3,
FRRIERF RIS DT A VA L Th 5. 202 8 2 72 ALAS1 ~7 2 84 (A1 +/-)
Iln~ o 21%, X bay FU 7HREREE, R ERS KO o2 ) UEstE (R) 2
HLOD, MEA LAY LAURTLEL TV NI 22 IFBE LTV 5.

2 BBEIRIG DL e, A v AV AEROEFIIWERP OFIEI AT T 2%, IR T
X, A AV WO LY IR ARESNL72D, BMias, IRIGTT, & - 4
WHIINTX BRI, BERFIIRIE LRV, 207, IR ZFIET 5D Al +-HE~ 7 208
AT < 7 2 L RSEDIMEA A Y o LUL LAVR S RO DO IR E 720REETH 5 aTREMEN
B 5. R TIE AL~ T ADA VA Y AR - GUWICRE RS D038 5 InkBatL
7.

B TARMEE R L OEREAIfT 0 S, i AL +- ~ o 2D, BHIEOMINELZ 5D 54y
WHERLO AR IS KO, IR RS o> 2 BER O EFEIY, 2B AR~ 7 2 O g
et LT, ENEIUER L TWD Z EDRBIEINT. L LR, M Al+- ~v
AN LT DB DA VA ) ER&EIT, WA~ 2AOLO LFRETH -T2, —
77, SBERER D 16.TmM 7V a—AFIZ L DA A Y o (GSIS) XA R~ 7 R &
Helg U T L7223, 26 mM Z7/L = — 2RI X % GSIS (3 Al +- ~ 7 A THINL,
Nl Al +/- <D A TiX, GSIS HIENZRFENRH D Z LARE I 7.

AWFFEIZ LY, in vivo TO ALA/INSLRZN TV 3 —AJEA A Y 53 UnhilEC 25
bl b I AR ES RSN,
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Establishment of Hmox1-DsRed reporter mouse system

O Anqi Zhang', Saki Adachi'!, Tomonori Hosoya’?, Ken Itoh?, Takafumi Suzuki!, Masayuki

Yamamoto!

'Department of Medical Biochemistry, Tohoku University Graduate School of Medicine.

*Department of Stress Response Science, Hirosaki University Graduate School of Medicine.

Heme oxygenase is essential enzyme in heme catabolism. Expression of Hmox! (heme oxygenase 1)
gene is induced by various stress stimuli. Monitoring of Hmox[ gene expression is useful for study of
stress response. However, live-cell imaging system of Hmox1 has not been established. To generate
in vivo monitoring system of HmoxI gene expression, we developed Hmox1-DsRed knock-in reporter
mice. Utilizing conditional Hmox1 gene knockout mice, in which Hmox1 gene is floxed by the loxP
sites with insertion of DsRed gene into the 3’ region, Hmox /%% : LysMCre mice were generated to
delete Hmox1 gene and express DsRed in myeloid lineage cells. In thioglycollate-elicited peritoneal
macrophages from Hmox "/~ : LysMCre mice, expressions of Hmox1 mRNA and protein were
diminished and instead DsRed fluorescence was detected, indicating that fusion protein of N-terminus
1DSRed/+

of Hmox1 and DsRed is successfully generated by Cre-mediated recombination. Hmox mice

were generated by mating Hmox """ mice with Ayul-Cre mice. We found that Hmox1-DsRed

florescence of macrophages from Hmox [PsRed’*

mice was induced in response to CDDO-Im treatment
in dose- and time-dependent manner. The CDDO-Im-mediated induction of HmoxI1-DsRed
fluorescence was markedly diminished in Nrf27"::Hmox1P®¢¥* mice, indicating that CDDO-Im-
mediated induction of Hmox1-DsRed fluorescence is dependent on transcription factor Nrf2. In
addition, The CDDO-Im-mediated induction of Hmox1-DsRed fluorescence was suppressed in
Keap1€P1SCI3IS. : Himox 1R mice in the case of low dose of CDDO-Im treatment but not in the case
of high dose of CDDO-Im, suggesting that Keap1-Cys151 is main sensor but other cysteine residues
of Keapl could act as sensor for high dose of CDDO-Im. FACS analysis revealed that oral
administration of CDDO-Im induced Hmox1-DsRed fluorescence in splenic myeloid cells. In this

study, we successfully established a new in vivo monitoring system that enables us to execute elaborate

analysis on the regulation of Hmox1 gene expression.
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Ot B!, B0 kesk', FH 0, BO A, iR E!

VHAER - B - AR

7 ARPIREEY, EERRWEM L L CAMRMEESE (ATN) 25X E 230, £0
FIEMFIIAATH D, Fox 13, 7 = ARPUAZE cefotaxime 723, IEMERERFEFE (ROS)
RAFINT ALTS EFREN D 2 B F oAb & oV BEE R A ENICER S 5 2 L Tl
PEZRFE L CND I EEEXIEDTz. £ THAIEL, ALIS 23 AN OFJEICRE G L CTnb &
MEL, ZREEOE 7 = ARPIEEZ AV, JRE BRI 351 2 i #rE a5 B 41
FROIZIRNT Lo, Z ORGSR, BIREENZ &0, MlEEZ AT 51 7 = LR FUE IO A28 ROS
PEAZSIZR L, ALIS OBNERATFICTUESE 5 Z MBI L-. AlG, ALIS 0%
NN ATN OFRJEIZFF 535 ARRMEN R R S N7z, S 5ICH~ 1L, ALTS BENER O
3T AT = X LDFEMREATHRE RSN T, 2017 = ARFIEERNER TS ALIS Bk
ZIR < PRET DR 2 EER A R L TR0, AT HRY & 70D AN OIRHRIERFRIZER
MWDHEBEZTND.
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O/NEpSpdhas !, SEERMBEY, BB > %, XM °, AFHE—
VEFREE - AR PIREREE - e tmblee, CIRER - BREA

8 A DIy FAEREENT, BUEHS T 106 FEOFEHIDBFI, 2 WITERRREBR T TH 525, H
faor RO INEE— X —H R EThDHE ¥R -14 O HSET %I ETEHHOD
(TN Y Z 0 HSET 13d 2 FONAMILCTEIBLL TH Y, NAMIOA X7 Ik Th
HHMET T A8 Y TDFETHAT, /v I XU ET Y ENAIBITIEIR SIS, IE

WA ORI YT B E 5 2 v, BB, BRI/ SRERET HSET Z @R & &
TABTE e LEBRBTARBY TY-27 SROABREIEELZ IR L 3552 ZFIAL,
AL BT UEF Y05 ML AHINE MDA-MB-231 i DhiiMik s 5 22 ) v 7 % [lE
95 kolavenic acid analog (KAA) (1) Z R L7=%. KRBFETIE, &5IaFROKRKKE
TR CoH DVHETFARD G, HSET PHEH O BBHRE I & MEETE MBI R 217729 2L L LT,

TR D FIRFEGET L A & 7 — Vi, B F A, SV WA S a7 a~
NS 7 4 —TRRLAATV, BARAQITRE HPLC THEEL, 1 I3 MENRAR 5T L%
NHT A= DU F—L EBFREIND 2 (Coals0;) & 3 (Cally0.) & Z[FEE L. bE
W2 &3k, DTN LIRERFIIC 6. 25 ng/spot £ TAEBREIEMEZ R LA, Zhidl
D 1/100 DIEHETH > 7.

T, HEEMEAEE ARSI, 28 3 ERIUT XN T = ) — LFERDA T 3
VDK T, SUIMO {LPLEAITH H D ginkgolig acid (4) ¥, WONTHRIREDS a -
glucosidase PHEVENE CTHUME L 7= SNF-4794-9(5) ® Z /=L Z 5, 1~4 L TY-27 T

BREIEEEEZ R LD, bIENE RS otz 2D ED, HFRNORUE RO
AV ML -OH HFE72IL -CO0H EAFES LT\ D Z ENAEFRIEEEICEE THL Z &
DR E N7, —J5C, MDA-MB-231 fficxt L 2, 3, 5 OFMAEEEIEIX 1C50>200uM ThH -
7e?y, 4131 (IC=81.6 uM) LV HIRUVEMEZ/RLT7: (I05=48.9 uM).

1) JAMTTC News Letter, No.23-2, 5-8 (2019), 2) M, Yukawa, et al., Fungal Genet.
Biol., 116, 33-41 (2018), 3) N. Kurisawa, et al., Bioorg. Med. Chem., 28, 115154
(2020), 4) I. Fukuda, et. al, Chem. Biol., 16, 133-140 (2009), 5) Y. Esumi, et
al., J. Antibiot., 56, 169-172 (2003)
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