115

/IR R AEE TCEE R ERdj5 DRENF | Z#d 2§
[N VR NIV [

/1]

2 B

M/ NS D 1D Td d/MakiE, flaNO ALY Y 444y (Ca2) BoiEe LT, /AMafk
PHHA P I Ca FRMT 2 Z LT, AlUE, IR - MR LAV, SEIRE, Mifasta &Rk s
BEMBEOY 7P VEE UTHEESREA R 723, MR FICFET 5 Ca K 73, Ca* &
INFIRAIEEAN L HLD A A, ANRNIED Ca & @IRIEIZ, 2L TH A PV ILd Ca® IREZ K< RS,
BN D Ca 3T v 2 & HMEFd 5. LIRS, Tkx O 2L — 73/ MafkREE CRESR ERAi5 AVIMafk
DCa» Ry THEFMATEZ AR L, S0, ZOHRAHKMOMIEIZED, ¥4 YL TO
Ca? REN BT EAT5ZL T, JIOMIVNMNEETHZ I PI Y P TENNINNTICHAL, 3
FIV R THOOEMBEMAEEMI L Z L ARAL 2, RN TOEEBIEERE, Mine
fba ik, IPIV RV TREDY Mo B A cHHBIZLSE TR =22 (HifasE) Z3F%EL, Z
MUITAYNA T —IR{EIZCD L LA REER I P a2y P TROKIIZ A 5, SO,
5, ERdj5 DHEREA IERICHEEF T2 2683 b ay P THEEDIKT 205 ¥, EFaOEMIZO %
NBEZENMFEND, X612, ERdD OBEBRICHEH L2@iTiE, I M3y F ) 7HEBEOICT 2 JHIK
D1DEFTBTIYNA T =D KD SR VEIRE & EMk 4 SR EOBFRERFE DR 11 D127 %
DT AV, BT 3,

F—TJ—FK /MR, IrayPU T, MR L ZRE, ALV TLLXY, Ly TR, W
P&

EEa=)
A=

kL, R £ 22 BOROMIB NS T, - B8 VoS BOSIRREEIZ (7 4 =)L
T4 ) O EN, ZLOGFY v RXu URBICEMAUBERNGFIEL, TOT+—LT 1 V%
B9 % (Ellgaard et al, 2003), L2 L, /MR TETO & V78 B IE USRS 2 5 1R
b TiEaL, MERE 4 VS BOERMI/MIEZ + L 22 FRSH, Mafk2 b L 2070
TN 7 —RRIAUER S D R VEDR, R M 2 AR A e DRIR & 72 5 Z £ FIs

* RURRBESER A @R A A AR - SURRPESER 2 v N o B B RENT T



116 MR RIEE LR R ERAj5 ORIEAGIZH I I by F Y 7R

T\W5,

Miaid/NMafk 2 b L ZIREH & IE T 2 72912, /MR 2 L ZIRE &0 D I 7 kg 2 52,
IR Z B L ZBED 1 D8 LT, BSERE 2 VS G AR, S L, 4 b LD FF
Vo TuT T = ARTHRE G B/NARBLE R, MEtk 2 b L 20 SHlleEF S 2z OEE
Wil h b, Dl ®AeDs -7, /MatkT ERdj5 28 EICEER] L LTH Z L2 HAT
VI THEL, ERd5 OBEICIEENTE & V32 BO/NMABE SR 545 2 L 2/ L, 24V
IS BB EMICEE A REARSZTZ LA S22 L7z (Ushioda et al. 2008, Hagiwara et al.
2011, Ushioda et al. 2013), % D %, ERdj5 O EITCH MBS /Ma R E LICfFE$ 2% Caz K v
SERCA2b O v FiEMAEICHIE$T 2 Z & W S22, ¥4 b UIh» S/ afkA~D Ca> OHLD
AABERHEL TWB Z L EHS 212072 (Ushioda et al. 2016) (K1), ZThoD—#HOM%EH» 5,
ERdj5 7N AIED Ca2t JE % @R ISR 4 2 720 ICEHETH 5 Z & 23 L 72,

IhETORET, BICHH ERAS 214 /S BRBEEI L Ca? B O IS5 L, /NMatkiE
WEVEAERH CEE A X 295 2 L A/ L CE 72, ERA5 RIBIZL - THIIZE O & 5 BN EIR
ENB0H, ZOEHNEEEMEEIHL MW TZEh -2, AR T, ERd5 &KL 2IHTL
JEMI G & fg & HIV, ERdjS RAEIZ X 2 Mllied K OEAR AN DR E 4 B4 L 72 (Yamashita et al.,

INBEDOAN I LATBREN INBEDAI S ILAFTBRERN
EWNGE SES

%

] SERCA2b

ERdj5®M =
ERdj5I= & HSERCAD iEH 1L jsskciai)ggi{t;é

AV LAF D ERYAAIEMN AN LAY DY AR E I

1 : ERdj5 1= & 2 Mgy Ca?* il

N Ca2r JRIE MK & %, ER)5 (2 SERCA2b IZH54 L, SERCA2b ZiEME(L &5, WEM1L
L7z SERCA2b iF Ca® Z/NMafkiZHD A (X1 75).

INFIFRD Ca? #E A ESRT5 &, ERAG5 134 Y Tv— 4L, SERCA2b » 5 R+ 5., ERdj5
DOIFREEZ XD SERCA2b EAEILL , Ca?* OEDAAZELETS (X1H).



/NSRRI ERAjS ORIEAGI &I I bay ) 7z 117

2021) .

HR

ERdj5 D4 B 2 M 4 R THIZE T 5 7289, EFAEME LTS A AV, #HEo ERA5 (6
HCIE Dnj-27 EMHENh 3) ARIHEE, ZORBEBIS L, ERA5 2FET 2 BT
:b:/bUTu%1—7#:£#oh%%#ﬁ&éhéﬁ,HMﬁ%k@éﬁtﬁETm,ib:
YEVTANTINS IR B Z EABRIN (X2)., X HICMALEMEAE W, S ra v
)T BREEBIER L2 2 A, HMﬁT@%%T\FH/FUT®MW Mg S, T LA
faCE FEMOMREAR Oz, I PV F U 7N O T 300 ¥ — &A1 5 HE Ml NS T
D, I by TREL (RG] & TR O Y 202X -5TRD LD, LrL, A3
FIVEY)TOWREZI P IV P THEEAKTEE, IV FYTHALDY P s e Tk
Biffast A5 28 24, Sl ERAS RIBIZEK2 I L2 v FY 7IEOKEK 2, AN Ca2 DAY
BrZH 5O TId AW ETPHL 2, FEE, ER5 OKREIZE D, /MaklE Lo Ca? ¥ 7 SERCA2b
PWEMELTERL 2D, Y4 b2 SN D Ca> O AARA L4355 &T, H4 b
VLD Ca¥ RN 1AFIEEHIZEFLC0WAZ e ERMLZ, ISPV FY 7LD EHHT
Drpl {344 b VLD Ca? JRED L& & I 2 Z L 5T b, ERdj5 KMl T
P4 bVIILD CaZ REMEHMIZER L THD, Drpl BZEMLL TR ZEAHL2IZLE, Th
SO8EEN 5, ERAGS RIWZ LB I bay FY 7oL, WML 72 Drpl BEHETH S Z & %D
L (X3), 5612, ERGSDORIEICKDMELI L2y FY 7HANKEZ 5> T2l T
EVERREFEOERP B S, MlE(bOTTEIIRIE Sz, $ETIE, ERA5 ORIUZL T, #
hofEkFERAFEL k5 2 LB N, £/, ERAj5 DXL, PUEAIZ 2o 2E) VicxL
THedge 5D, KDELOMIPTTH - 20 RI 52 & ERTL-,

£ ERdj5 k18 O

® o
D

BBV LT
SrhavkRyY7 Shavky7

2 HEOBEMTECk TS I Fa v P TE

WEMTEI Fay ) TiEEy U — 74?(0)$§L%ﬁ/ﬁkbfb\5 (X2 72) .
ERdj5 ODFER 7 & KBALAGEICE, I b3V P 7ORERNNTINTICHRT S (X2 4H),



118 MR RIEE LR R ERAj5 ORIEAGIZH I I by F Y 7R

@@
SH

HS S—™S
NN A
..o.- I OO00000000000OT000000000000000 no.

)
OOOO0OOCOOOOOOO00OE

AT

ROOOO0COCOOCOOOPOOCOOCO0O0C00OL POOOO0O0O0O00000
| [ )

SERCA2b
YA WADhIL I LDFOHL

EHMEDrp1IcLD

ShavRk! %
SRAVFYTREO# R RaAVRYT ORI

X3 : ERdj5 DRIHIZK D It a2 v ) 7OMZEIL

ERdj5 F7E FCid, /MaRAEE 4 b VI D Ca2 JRIEDINT ¥ AR, I b3V Y TIERE
AR E N TS (X34), ERAGS BRIET B &, ALY A4 X ViEEOHEEESIE L, Mk
25 Ca BIhi2Z & T, 4 PO Ca IREN LA T2, A4 M YLD Ca? IREHN LA 5
EINTVEFYTIWRE] &2V S2 B TH B Drpl BUHHEALL, S by FU 7RIS (X3 H).

SHDRER

Zlol, /NaROEREVERERHC B A 3 A R 72§ ERdj5 & RS, HilaNToOREEBEL 2,
ZOMER, ERAS ORIZIMEkO AL 5, I b3y F) 7OIERE - BEgIcEEE25 2, fMile(t
ZIGHET S Z L& RN U7, ERdj5 %, /MafkNECEICIER L L TIKAET 528, ZOWEMLx 7 =
2 LEARE IR L OONBIRTH 5, ERAS A E DK 5 SRR 2/ Mtk cifificz 3072, %
DFEEW S 22§52 &iE, MatkoAaZ I bay F) 7, 7 LU CHllaatho e &
WThb,

72, IPAVEFVTOREMZICES I MY P 7 OMRE T, PR A e S E
X, HifeEl - AEEEZTET2ESbN s, I baV F) 7TORBEKNE, Y trose
DBRHET LT R =V 2%5 I L, ZTh6OMIfUIEE, T YN v —JHP/ S—F VYV VK
Vo AR AMEEBORRO 1 DI T3 (X4), SHOKELD, MakicRET 5
ERdj5 AEHIZH Z&2, I3V P 7ORRIKT AP &, BES 2RO 72 iniiE TS
DENBZDTIZ AW LTS, X512, ERA5 OREBPUEFIZ 2 v a 2K v izxt L Thasiic
552 LT, Wil POREARED % -7y MCA SRS & 5.



/MEIRTEETTRER ERj5 OREN G2 §I bay B ) 7R 119

ERdj5 RiERF
- @B

.oc ioo.ooo.ooooo...oooi :‘o.oooooo

0O0OO0OO00000G 70 00000000000000000000000000 POOOOOOO000O00000000

[Ca“1 ’f‘ ShavkY7 O

BRIEIZKSD
o BEEIET ® ShavRY7H

m

X 4 : ERdj5 OR#BZJEKE LI bary Ry 7’[1‘1?33%0)%@

ERAj5 DRABIZED I bV Y TOWANTTET 2L, I by N 7OBENMET TS, I b3
VR THEROKTIE, TALF-OAKEERDEEI NIV FY) TRESIERI T, 2, il
NEMEGEM A EM S5 2 & THilee b2 GET 5, Mileetrdr e I b a vy P 763 b
L e BB EN, TRV ANFHEEINDS, MR TO TR b — ¥ ZAFHEII AR A R B O R
=75,

SEXH
1. Ellgaard, L. & Helenius, A. Quality control in the endoplasmic reticulum. Nat. Rev. Mol. Cell Biol. 4, 181-191.
(2003).
2. Ushioda, R. et al. ERdj5 is required as a disulfide reductase for degradation of misfolded proteins in the ER.
Science 321, 569-572. (2008).
3. Hagiwara, M. et al. Structural basis of an ERAD pathway mediated by the ER-resident protein disulfide
reductase ERdj5. Mol Cell 41, 432-444. (2011).
4. Ushioda, R., Hoseki, J. & Nagata, K. Glycosylation-independent ERAD pathway serves as a backup system
under ER stress. Mol Biol Cell 24, 3155-3163 (2013).
5. Yamashita, R., Fujii, S., Ushioda, R., & Nagata, K. Ca?" imbalance caused by ERdj5 deletion affects
mitochondrial fragmentation. Sci. Rep. 11, Article number 20772 (2021)



120 MR RIEE LR R ERAj5 ORIEAGIZH I I by F Y 7R

Mitochondrial fragmentation by the deletion of ERd;j5,
an ER resident disulfide reductase.

Ryo USHIODA

Abstract

The endoplasmic reticulum (ER), a eukaryotic cell organelle, serves as an intracellular reservoir
of calcium ions (Ca?). Ca?" release from the ER to the cytosol plays an important role as a second
messenger in various biological phenomena such as muscle contraction, exocrine secretions such as
tears and saliva, immune response, and cell death. Ca?* pumps on the ER membrane uptake Ca?" into
the lumen of the ER, maintaining high ER Ca* concentrations and low cytosolic Ca®" concentrations
to keep intracellular Ca®* balance. Previously, our group found that the ER-localized reductase
ERdj5 activates SERCA2b, the ER Ca? pump. In this study, we found that disruption of this
regulatory mechanism causes a steady increase in the Ca?" concentration in the cytosol, which
fragments mitochondria and causes to release of reactive oxygen species (ROS) from mitochondria.
Accumulation of ROS in cells accelerates cellular senescence and induces apoptosis (cell death) due
to cytochrome c¢ release from mitochondria, which causes neurodegenerative diseases such as
Alzheimer's disease. Based on this finding, it is expected that maintaining the normal function of
ERdj5 will prevent the deterioration of mitochondrial function and lead to the extension of healthy
life expectancy. Furthermore, we expect that analysis focusing on the function of ERdj5 will lead to
the development of treatments for various diseases, such as neurodegenerative diseases such as

Alzheimer's disease, which are caused by decreased mitochondrial function.
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