wERER

A A . - - i EMAEEREEA
BomieEmky O BITIAY €@ BiEmanmaan

B % O B
FLE - 524 - BIE BAEB4A8E (K)
A28 —Fy b 1% 7 BELIRE
iz 2R BAERE4AIA (£) T
#® EMTREEY S5 7. XERE
B EIE %k HEL, B¥nEs. EEHE
HEL, EEARAY ST

SM34E4HA5H

SR NET YN /N SN
INNERFE NRRIE T N R

[N FE BR S TE N H A [ T 50 BH s A

) —LDIES N7 8 ATP6VOAL1 DEEHLFEME LU
TADAEINEDREE LS CLEHR

~ETIIDRAZRANVTREBFEO—IHEH LM~

O TAMAERZEDENLS DH/NREE 700 Bl 7 7 - DNA OBEHZ KRy — 27 =
VATRIET D LT, Hile B BB ATP6V0Al DRF 2% A L E Lz

® ATP6VOAI EinTid., U Y Y —2Lh (X7 EONRED 5 MEN/NEE) Ok
EAMEST AT hoR T EEELET,

o HEHFLFUBLEBETRFEZEALLYYRAET NVEFMIZHENT 752 & T, Bis R
DU Y —LAOEREREZ L0 L, MREMREROORITHETHDL VT T A &
EFTLHZEEHLMNILE L,

0 Ltk ZOETIIVTRAEANIZIITEIC K o TRHRRRIRFRIEOBRE N T = & 23
anEd,

KARMTER R L. RERFH4ESE [Nature Communications]| (& HASERRE] 2021 £ 4 A 8 B
(R) F#71RICAERSINE T,

IR ER R FETOF 7 — R - IR BRI R FER T OB B .
TR R R R AR A B 2 O FK RSB . @ HBORE0R . WBAIR 7/ NEE E O NG IR 2
B O QIR 7 N — 1%, FEMER LT A AEME (developmental and epileptic
encephalopathy: DEE) O#7- 2B LEIE T (RENH D & UEORK[NTIET HEIsT)
ATP6VOAI %R L E LTz, ZOBBFRFELET DX /X7 ATP6VOAL 1%, Z /X7 ED
SRICEED DN/ E TH D) Y Y — LAOBMEEZHEST 570 b (H) Re 7ok
YT =y bD1DT, 1) VYV Y—LEBIEIIRD T & THMEER OB E MR 5%
B 2) MO BHE AR T D mTOR > 7 F L & 4 2 48], 3) MR D & =7 Bk %
DT DA THLA— N7 7 V=BT, G TEDE T EERYIANTEA— R
Ty A —LEY = AERAEIELEENMOENTWELRE (K1 £),




AMFGETIX, ATP6V0Al 2 5% 4 40 DEEJSEFI CRIE L E Lz, £z, JEF & FREROZE

HEFFo T2 Atp6vOal R~ T ZADMEHTIZL Y . FFELO ATP6VOAL OERENEE I L Z &
IZIMZ T, R LROSREHTHL VT T AOENELTHZ L EZHLMNZLELE
(K14), 2O~ AETVERNZHRIZE D . IRARIBFRIEOBRIE~DOF 51 T
SNET,

ATPoVoA1 ViEiq  CADARE?
‘ ] VO KAA t
/ ' iR BEDOLFE
faRiE S ‘ THHVT TR
Wl DEHE L
YUY —LERED |
@
O FEFEICED
o0) A—tT7IV—ne
1)Uy —LoiEm

X 1. ATP6VOA1 DRERE L FRRBRIED A 1 = X b
FTLUSBEOONYYY—L, ELWOARF— I 7ITV—LERT,

fhﬁhim%ﬁﬁﬁ%mWﬁ%%@#of\HKEWKAD@l%ﬁ<@%MmﬁA®%
BEPNDEHEINTWET, TADLAFIME, BYE, Mim, MM 72 S8k 2 7o 72
BN TWETH, RLHEEOEHWEREIZBLEFORFIZES2LOTHL EVbILTVET,
%KEQ%E@Th#hm%wfdﬁﬁﬁﬁ®%5ﬁﬁ<%Wéhfwiﬁﬁ BG4 %8
GFREIIZETHY ., FEORMA L — 7 = RFITORRIC X > TEE OB EEE D
FEBHL N> TETWET,

Fo, 2020 R ) — AL FEEE S B LIBR T2 EEMRIDH I LOTE DT ) MFEH
MOBHZLY, BFELFRLBRTEREZFFSTZET N~ Y ADERBEGIZRY £ LT,
BTV T ANBREDOIERZ M L T DAL, Z O %18 U TR D FEIER T O fif
BN Z RS E T,

1. DEE BHIZRIT D ATP6V0Al Bz FERERDFER,

97 v—71%. DEE OJRINEL T %2 RS 72912 700 1D DEE B#E /)25 DNA ZEH L,
Wiy —7 o —F AW 7 Y — AT BT O E L, ZORER., 24 08RE (B
F 1, 2) IZBWT, ATP6V0AI BT DRl — DRI (pRT41Q, 741 ZHHT X JBOT )V
XU NI NHE I ICER) ZFEE L, BICHO2 408 (& 3. 4) I8V T, ATP6V0AL
Bl FOmT7 VAW ER?ZFETELE L [F0 9 bEE 3 DB TFRIE AS12P BR (512
FBHOT Z=unNTal) U ER) | BEANBAT T A AALOLR L N534D 5 (534 3%
HOT ANRZXUNT ANRT X UBICER) | . 2 ToO~BE T, MEE, BEEF., TA
Nho b MEEEZROTEY . FFICBRE 3BV UIEIT T 2 EEOMEMR 2RO E L (K
2)



£#&108H

460 AE

X2 BEIOAEBLI0AB LA 6 NPAHBED
¥ MRI FF 5.

A% 10 H B TIEREOMZEMNRO D0, &
% 6 H TIXEEOMZEMDRD Hiv, EITHET
D EMWHMD,

2. ASI2PERE, N534D R, R741Q BRI ATP6V0A1 DRREA HEET 5
IEHIN ATP6VOAl X L X7 EOMEEIC G 2 5B EHD-DI12, 3 DOLRERLT
(AS12P 25 N5S34D A, R741Q A #) ZRBLIVEEMIZE T DY VY — 20k
ErfizL b, ETOERIIBNTTa bRy THERED RS 2 w4 2 FetE E o Bog
DEZEINELE (¥3) . &512, CRISPR-Cas9 7/ AR 2 AT, 3 DDOZLEHED
9H R7T41Q R L ASI2P BRABA L TER~
P=0.0386 DAEETNENER L7 E 25, R741Q EFR DR
THEAME~YT A (P OISR ZREOBN

P=0.0466
iEs P=0.0134 THETHDICH LT, ASI2P BEROKREHES M
' | VU AIEEND OO, AT ITEEH MO

AR, VHED PR ELS TERWVE WV o T2IET)
KRB A LI, 2 BRUNICEETC LELZ, 20

7.0 |
.'I'. % ZEmb . R74IQ R, ASIZP ER L HIC

T 1 ATP6VOAT OFEREZ FEE T2 Z &\ R741Q Z£H D
Qs WL EEICHREAEET S LN L
... fcﬁ D i L/f:o
L) ° Y

6.0+ I 3. DEE BE CRE SN 3 >OLEREEF
o WRBEIEHEZESMBETDOY Y Y —bDOBRME

5'5 | | | | | | | | (pH)
& o RS Ke3 3 SOOI R A FE SIS (WT) %
‘p" g?o' é\“ JEEL ST & bl U CERMEEE N LT D L S

o hRCTEENEEINLTWD EEZLOND,

3. ASRRPERFREESME~ Y X TIIHMROOREBTH BV T T RADENBAT S

AS12P ZERAREHESM~ U ADPIRT HE 2RI 5 Z L IX. ATP6V0AL 78 B3 JRA
£ 72% DEE OFRIEMTZH LT H T LIZEN D £9, ASI2P ERAREHESE~Y T ADK
B, W, /K E W o T O &AL TlrE, MR OWBNIZIN A T, {EEZ -7 vV
Y — LEESZ DO, mTOR ¥ 7 FAOD RO biLE L, ZhbOFTRIEX. ATP6VOAL
DOETENE R~ ZADMTHEEINTNWDH I LEZRLTED, BETRO BNIZMOZEN %
KL TWAD EEZLNE LT, $72, ETBHMBICAEEZ 10 HEOMRRMRZEL SBEL
722 A, MINOEZEREDSAREDETD IANTEA— T 73 —LE ) V) —A DA
NEEINT, TN MENICERB L WA TFABIEINE L (K4A) . HIZ, Rk
EHROOREHTHDL VT T AOENEES/NMTHAD L TWDZ ERTND .,
ATP6VOAL 3 7 ATERRICEE R ZE 2RI L WA Z ENHLMNIZ2 0 L7z (X 4B),



A 3] AS12P7REZR B H4&E  ASIPHREZR

iz

B 4. AS12P TR~ 7 2O RFEFTH,
(A) HEEAEGIE O E MRS, ENA— 773V —A KENY YV —L%ERT, A5I12P
FEREGUER T ATIIA— 773V =LY VY — AWM TEICEIN L TV 5,
(B) EBIOWINKIZBIT ST A0, fivt 7 AD~—T— (R) Lk TAD~—D—
(k) MEBITEBEND T T A (GEE) OEA, ASI2P REHEGHE R~ 7 2 TIEFEH LTS
HLTNWD (EBETIE 2K TRT, FETIED y a3 TORINDHER).

GER)

VR Y — NMENT T A ROV R (X X BORS EPET DB R T HEK
DAET) =L %, FOHEBEES 2 R — 27 = —TCRET 5 7k,

2T VAR R AR T, SHD BTN Y AR & BB B2 RS
PtfROWHTOT Vv BiaT) CEBRRHDLZ L, 22007 VL (EET) OERNE—
DYEERRDGENRHY | [Fl—OLAE IR EHEA AR LIS,

"3 CRISPR-Cas9 %7/ LFREE 2020 £ ) —~ LR E 2% B LAY DI - @ in 1% &
SHZT-0., HIRLIZD 952 L DTE Dl i B,

AWFZEIE, U Y Y —LDfEZ 37 ATP6VOAL DOZEF 7S DEE IG5 L TW5A Z & 4K
LML, RBET L~ T RAEMNTTHZ LT, BRNY VY —LOBRERTE2H7-6 L,
VI TR EREET D EEALNNILE LT, A%, ZOET AT RAEHWEHFZEIC
X o THRZIBIFRIEOBRE P EDL - E NP/ I E T,

< FERMEE>

Nature Communications

<#XZA FIL>

ATP6V0AI encoding the al-subunit of the VO domain of vacuolar H'-ATPases is essential for
brain development in humans and mice ~ DOI : https://doi.org/10.1038/s41467-021-22389-5
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