b e

v 9 R

B0 ROTOERIBIERITICE ST
BSMIC/R> 7= HT HEH S

BT 8 — %

BRI E Y v 2 —  KRFBRIEERIEDIZER T464-8601 4l R ifi TREX ASEHT

B7ObKR>T (H*, K*-ATPase) [ BDOANEEEEM(LS 2 PR ATPase (CHEENZEY > NIETHY,

ENOXBRERICEETZIHRBEDORT v /Y -5 P THD, FH4EH', K*-ATPase & vonoprazan b L < (&
SCH28080 " ZNZENMEE L, BARMAICS — M BCIKEED2.8 A HiRRERE RS 2 DICOVWTHET 5, 21
HMOERBNOREESIALE, HMAMCA—N—Fv TELTULDIHBDODZNETNHAECKANESNZET, A FEEY
1A PO BARABEANLEENDZA T ORYEDEARICHEEL, FS(CIhETOv LTV, BERIEEND, 1
FLHEYVA MTEOLWTRFEINICY S UREN, 2 00EETI/ILY I D BRICAGTHRAT2HFHERSIN
Too COEHMMLBTET I /BOREICL > T Glu820) pK, EHIMETL, BORED pH 1 &5 BEHRIECH
[TTTH-oTH H* 2 BTED  EDREE NI,

1. 3IUHIC

BWHALRICT « OB OPERIE pH 1 & O ERBEIC
B Nb, THEF VN7 BEDOHEALCIRB D b OREMAIC
K HNYT ELTEBEMICEETH S, LErLERD,
BB L E BB MR RER &\ IiERE 5| & T
T T2, BEOV A7 7 v 7 2 —ThHsH0 U EHORE
12, PUAEWE &I H BRI A HV 5%, Omepra-
zole 212 &1 % PPIs (Proton Pump Inhibitors) <,
ARSI N/=H L7 5 ZADOIHK|, vonoprazan # &5
P-CABs (Potassium (K*)-Competitive Acid Blockers)
d, EBHLHBICBE T A2HEOHERICHVONTY
%, B H, K*-ATPase |3, #mED B MBS IMEREDO ST
X—=7T v FTH %,

H*, K*-ATPase 2575 A A s e (Fig. 1) 13, fi
@ P # ATPase [A]f%, Post-Albers % 4 7 D X L&D,

(HHE1ATP ¢—<—> (HHE1P

K* ADP

Gastri
ATP Cytoplasm ) ugvsezc
H* H*

P;
(KHE2 ¢ (KHE2-P¢—~> E2P

K* l/P-CAB

(P-CAB)E2P

Fig. 1 Transport cycle of the gastric H*, K*-ATPase.

TaHHLELE2BLUZENENPECY VLI
E1P,E2P b WO R LV T 4 A=V a VEBER TS
LTERINS, ATPIC L » THBI I Afilas (B
) ~oH* Ot JUMAAA~D K Okl ki) %
b2, PHIREETIE 1 5T ATP ik f#E247- 0
2H* : 2K* TH 575, BHMOMMELICH > TIH® -
1K NEBLT 5 EFE 2 BN TWHY,

H*, K*-ATPase |3, 2 2DOH 712y F LRI
TW5, fillEigEE 2 4 > 7= a-subunit (3, %D P2-type
ATPase T#H % Na*, K*-ATPase? % sarco (endo) plasmic
reticulum Ca2*-ATPase (SERCA, ref. 4) & &\ HFEH: %
o, TO osubunit i34 A VAV A FEAETAH1I0K
OEEFHE Y v 7 A (M1-M10) &, 325D F A v/—
Actuator (A), Phosphorylation (P), Nucleotide-binding
(N) FAAV—0bk5MEHE TSI TV 5,
Zhnicinz, HY, K*-ATPase (4 f-subunit 7 A% & L,
NG 1:1 TEAEL o EARE L THREERELT 5,

H*, K*-ATPase {3, HitOMizE®E®K pH7) »5H
N OmEMEBKR (pH1) ~& HY g+ 55, Init
10075 5D HY REZICHM T %, FICpH1 OB &
H* #3501, 73 /BT TSNS Z VN7
BELTEPEVF LoV T ftFHTHS, ndb,
H* Of5 & MEicBb 2% T 2 /B O MFRREE R
(pK,) 13@H 3I~5RETHY, THiEpH1 DBEER~D
Ht OMEPRBRERI LRV EEERTHPOLTH 5,
CORMEIE, 45 HA0FEL ERIC COGFRREAY I T
LSk, BRWVREIOTH - 72,
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2. Z XAt
21 ZRTEREDLOSDFNVF I TEERD
INETERL, TXOFRIOBEL -2\ BEE
AW T RIS (FR, PR SRFIC L - T
H*, K*-ATPase O & @t # 17\, H*, K+-ATPase O
AT EESEELYEOPPELNIC L TEASS, L
L, ThoOE#EEL, RLEVEBETL65A
DIREETH O, HF I VEHIE AN ALDOFEME RS S
BIZER T Th - Iz, BHEMY (EFBmME) 11,
T TR R T I a ) VRO F S IREETORE
TEIRHTAO R, & TR O B R AT O IR R 7 1Y
Babnb koI, 73 JEBIHRITE LREDSRIED
B e T+ TE AR TH 5, Kahrbbd,
H*, K*-ATPase O R TLAS f 75 @5 fRRE IS | 2> T i - 7z
DEF7EETHAS»? ZRIEKERDO/NNy F /T /A5
L, zov v RSN T\ (Fig.2a), HY, K*-AT-
Pase ® "k Gk SR, 1B OB IC HY, K*-ATPase
DEBRINTEY, COREAETFTIAIRICELRD, B
HVCOMBEHEKO A TRV 27 FEBRLTW5
(Fig. 2a, &), —77 CHREMEH I X U/ s8I 45 &
VR PERERTHLH, CDLI I —Rle/NyF T

Cytoplasm

(y Ozg) 4oAe| auljjeashis 9j8uls

Fig. 2 (Color online) Learned from 2D crystal structures.

a, Cryo-EM map of H*, K*-ATPase 2D crystal in BYK99-
bound E2P state!®. Gray circles indicates expected volume
of glycans at the ecto-domain of the S-subunit. Dotted circle
indicates the empty space between H, K*-ATPase molec-
ules. b, Cryo-EM map of the H*, K*-ATPase cytoplasmic
domains. Circle indicates the position of N-terminal Lys36 in
the superimposed homology model®. ¢, Molecular packing
of the H*, K*-ATPase in its 3D crystal. d, X-ray diffraction
of the vonoprazan-bound crystal.

T, ESMEOEY S x5 2 Aokt E 50
FHELWTHAD, LDELEI/ NNy F VT BERT 5%
1203, fitd> P& ATPase D =R CHEMICE OGN S XD
12, BEREFICH D =20 F 2 I NI TICANTRLDH
HHEKCTHA> (Fig.2a, ). LorLahrs, JOB
BCEENTEHEL o 7o X=X YT a2y FOMFaNF
AA VT, 6 DITOREGEM I A BB, R (7
2 8) OB /ST, B-subunit @ core weight
»H#35kDa Th HIC LEEH 59, SDS-PAGE L Ci370-
90 kDa DfLEIC 71— Fia/NV FaE 2 51T E KRB0
P INA 20 T 5, SHICEWT XIS, ZORESEET
BORTICE L TW5C &3 H 0 IEFITEE S =
L TED, ZVNTENPREEORETIE, ALARYD
TRBAPTV 7Y AV T —VEOBRIZE > TLL Y]
Wraniown, 2F0, RURLAEICKESMEHD D 5
%12 (Fig. 2a, Glycans), % A4 F7z/ Xy F V7, IHICIE
SRR EBE T A LAtk EE 2 B,

2.2 BacMam Y RFAICKBEHEZAEDKERIR
COMEE fERT A5, KB 2 /87 BEMN Tk
<, BEMBTREL/GHARZAEFB L, £39HO
IR & X 7 BOREERITIC ERE O B 5 BRI X 5%
WaRarh, FHRETIFEITE LD TH -7 (Fig. 3b,
Sf9), WFLE D P & ATPase [3iEMRBEICa L AL o —
WHEERTLHDO8HD, HY, K-ATPase (3 L A5
O— VAR CERMIE TR EFL 7+ —IVTF 4 V7T
Xl eEZ LN, £ T, WAEWHEkOREMZY
BEELELT SELINNF 20T ANV AZENL THRIH
VR B 3Bl X ¢ % BacMam ¥ A5 412 (Fig. 3a) 1
FBRBEBF LI A, KELRFRREOMIMBED D
Nn7- (Fig. 3b), 020 B-subunit ORESLEATORIE L, B
$H O BN R R T W B 7 B FGnT1 % K 4B L 72 bk
(HEK293ffi i GnT1- #k) %A+ 5 2 & THHRL 7=,
C ORI TIE, BT HIRTOX VB InSh
7- B85 9N C high-mannose B! & 7+ 5 %, EMICT VR
7 1) ay 2 —+¥ (EndoH) Z¥iiNd 52 & TESICUIE
TE 50,
FEOFBRA T, BEICFHTAT 7 0 =T 4 —
2 7R B-subinit {2 6 2 fTd % N T SA A BRI L 7o ks Hl
i, 1L OREEA—IVH7z), $#0.3mgEs ERT
7, fEm ki, 10mg/mIBEEE CEMmL ATV I
T, BOPLON T AF 2 —T DBECT 4 )V LRICHZE S
F7-U VIEE (DOPC) ¢ —WHHREAL7-dDEHW5
Z L TW, fiho P Bl ATPase & [[#EIC Type I (ZktHs
MAZKRIEHAICHEBLZLD) O=ZRickE b x5/
(Fig. 2¢) ,

2.3 HBROHKE
OO D HIEEAMO HY, KT-ATPase # i\ % Z & T
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FEY X

B70 bR TORBEERCEL > THOMN R > 7c H HEH#E

SHIRKE R DD, S RRRITERIREE dh O R 7 17 T
LELSSARETHY, T EEELFAIZ20 A FBRED
IR DR BT A 52 1oy WREMDY 7 74
AV P EBDRL D, SRR LUK EOTZRICKIE %
FEFRONEPL oI, 2T, BU KGR mOREEIC
BT LT B, 65 A DETHMBBO< Y /OTIE, 36
FHH XD NEKWAAT + AF—%—1L T/ (Fig. 2b),
C DG ORI HANTE TS 7o 2\ i 0O — T3 ) i 12 T
EVOFREMEEEL, NKMORBERMEEL WL D
TERLL 720 MRRTOFER, 12383, 24K TRB LY
BALB 7LD, 365RIE s L U8R A E KIB L /oA RMA %
WA ET, RAKEICEWIRD, FAETROSHIRES & &
WL TR EafEmnEohn, KExoREOSENS RS
Nice HBIIRE oo bl vz, WHICHE SNk
A ZF RV TL00 um £, B X J51A1310-20 pm 2
FECa Y, SPring-8 © BL32XU, BL41XU O~ 4 7 117
F—HAE =LA VAT /I L > TT—H
NEET -T2 HTORGHERES LOD, 48FEELKIE
BEREZDREO RT3 A oEirSr@ETEs
BEFETHESTLZ LA TEL (Fig.2d), MHMS TR
AR BT BAE ORSEIC S W CTER L 7o Em Y —€

a b ' H* K*-ATPase
acuIOV|rus g\
e v

g R

Vector

mRNA

Phase » . o [ &= ~— ~
%
Qo () DNA 4
g o Q Endocytosis ~N
5 & —_—
a Y e

8

6

4

| I

. ' | -

Lipofection BacMam

O

umol/mg/h

Sf9

GnT1-

Fig. 3 (Color online) BacMam expression system.

a, Schematics of the BacMam expression system. Flag-tag
and eGFP follewd by a TEV protease recognition sequence,
were attached to the amino-terminal of the a-subunit of H*,
K+-ATPase, and cloned into a custom-made vector based on
previous report. The af-complex of H*, K*-ATPase was
successfully expressed in the plasma membrane using
baculovirus-mediated transduction of mammalian HEK293S
GnT1 - cells. b, Specific ATPase activities in the crude mem-
brane fractions from indicated expression trials.

TN Y —F T I & Ly TERICK > TTW, &
iz 2.8 A fEaE (R,=23.7, Ri=28.8) Ofrsnins
T ERTEFI),

3. H*, Kt-ATPase D{& Ri%i&

H*, K*-ATPase O£ (Fig. 4) 13, —KEFIOMH
[FIHEA360% LI ETdh % Nat, K+-ATPase S JEHEIC L <UL
Tz, MIfEANCIE ATP ORGSR D 5 3 DDk
Xl F A4 (AP, N FAAY) PEEL, FBEEBER
1213 o-subunit 7» 5104, B-subunit 7» 53 1 KD E @
ANy 7 A, Mgt (8 EEMD 1213 -subunit ©
Ecto F A A VINFEHET S, 6 05 N FRFEGAA NS A
DH>H I3 DICN-7TEFILZIVay I (GleNAc) #E5
W BT ENTER, T, KEBFHBICE 20D Vv
feE (DOPC) & 1 >0 AmiEMAl (C12E8) & EBbh s
HEIPBHEIN, Fif/ Ny +v 7 (Fig.20) 26 LHEE
Xh5MWY, H, K*-ATPase 1355 5 D be i 5 171 THRE
JBICHBRINTEY, INPELD EDICERITE i
JEE L T\ 5%

COfEEIE, VBT IR s ThBH T vy UL
(BeF3;) & P-CAB (vonoprazan, SCH28080% | % I & dh
b)) FETFTHERL DT, HEHIHIFI RS & BRI
TH&T % E2PREE (#nZh (von) E2BeF, (SCH)
EﬂkF&%iﬁ%)f%%k%zamt(ﬁgﬂo#%ﬁ

IZiE, P FAA VOEREFOIC BeFyr DAL TED,
ﬁgﬁﬁﬁuﬁﬁﬁéﬁ%fvﬁéﬁ4%kﬁm%%§<
N F A OBBIHITE P-CAB 254 L Tio, AliE

FAALVORRESS, HFFViEOTr — T 5 FH AkE

(Hifasd) ICHTBEANTWLE I 2D, TOMEITY

#
ON-GIcNAC

161N GIcNAc

Fig. 4 (Color online) Crystal structure of the gastric proton
pumpls)_
a, Overall structure of the H*, K*-ATPase (von)E2BeF
state (PDB code: SYLU).
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0 k&M=L 72 E %O luminal-open E2P IR AE I HHX4
TH BT T,

4. P-CAB &85k

S EREGERTL 72 2 O P-CABY |, Y b5 4§
W TR % B 72k B A4 v O D EOFIT &
I, OIS A —/N=F v 7L T %S ODOBIFEIC K
TELHTHEEL T, CONTFFVOMBDBERIES K
DlekEERRAI, ChOOHERIC L5 KY BiansiE
A% L KHET 54D TH% (Fig. 4),

BTHEERL, CnOEMOEREDAMECHLN %k
ETHDOIC T REEER-> Thic, ThZhoP-
CABOMSHICH LML TEELT I /L, FHOR/K
HICRTEEZLOBPWL O RonY, ThidZREIC
&£ % P-CAB OB FEHEIEIC & » TEAMNIF SN/ (Fig.
5), B2 Tyr799% Ala ICER IR 5 Ll OLEWIC
ST LB EEL KT IR, TM2ICHFET S
Asnl38%, X0 IE\W Phe ICERIE/-8E, O
BT ERRESREA L T\ ASCH280801C %t 4 4 B
L AR T S/ 7319, vonoprazan %9 A BAINEIC
3FRE B 7o 7219, FEHK| & HY K -ATPase & Off
Hid, FHLLDOHEIFHREBUKINEDDOTH -7z, XN
TEGOREET A PICTSITED L3 EDRAL LT
(Fig. 5ed), FEFIOFRE > HKPHEER S N, FEHOFBEIC
toTFELVWIV b aY—D ERAY 52 %, CTOXDk
BERAL, BREOBMNT I /MAEM /v EE 2
5NApPpH1 EWSHERPICENTY —XF T TH 5,

Fig. 5 (Color online) P-CAB binding to the H*, K*-ATPase.
Vonoprazan-bound structure (magenta) is shown with su-
perimposed SCH28080 (green), viewed from approximately
parallel to the membrane plane (a) or perpendicular to the
membrane plane from the luminal side (b). Cross sections of
the P-CAB-binding sites (¢, vonoprazan, d, SCH28080) per-
pendicular to the membrane plane.

5. ¥—F 14U %F58NHE (latch)

fin> P &l ATPase ®, H*, K*-ATPase O & ¥ # &
A K BREERT A B, Bk RS Aok A
DT —F 4 V7 OB &l 2 S ARSI IT & < BE
INTW 52020, FHRPEABIN /27— T 5 DXl A 4
VTHH K BREA, NFFUEETAFICHEAET A E
CHiEREL, MI-2 58X M3-4 DAY v 7 AREHL T &
Tr—FrIEHLON S, MI-21Z AR AL VUNEER S
THkD, TM#EHE TOMEZIAHEADOA F A4 VI
5 ET, TOFAALVRP F AL VI L THXY
BICEHR L, P F AL VICKEE L) VD INK GRS
o COEDTr—1HALZ—HEOTOAT Y v 7 753
FUCBWTR LR ADIE, M2 v 7 A0 FFEET
B5Do K—FHBAVTWS & EIC, M1-2 (2 AiE A
ELTWBR, Y—FHAL A & EITIEEAEMANEAS
1 P45, SEIEEMIT SN, HAEROZ— T 5B
TIRRETH AR SRS ClE, M1 O 1lell1928, Hx D
ERHOED X DIZ, MAICHRET S Met334 LTV EX 5
EOICLTHEEL, TM1I-2 N1 v 7 A0 I~ & A
SAFT LD NTWS L DI %27 (Fig. 6ab), & L
ZO2ThNE, TNHOMAEDSI HLOEL LR LD/
Al ICEHT AT LT, M1-2 N\ v 7 ZAHXMBE RN
BEDZEDPHRTICHEABERANEBRICATA FL,
M ~D 7 — FIAL 51394 Th 5%, 7— BT 5
L, EROMY ZOY 7 FIVIEA F AL UNEERL,
RIS Y VBB EAFR I NS, BEMICKEWTID
By VEREEOGIE, KT BEETHZ L TrlEIsns
DT (Fig. 1), HAMOYE, ATPase iHMid K+ EHFHE
TTRIFFIELS, KYRBEICKAFAL TEFL TWL

amswmﬂ”9\y1up;

s 3
>

F WT o I11eMM334l |
20 o 119M e 1119
© M3l e M334A
5 10 15 20 25
[KCIl, mM

Fig. 6 (Color online) A gating latch.

Comparison of the luminal-open E2P ((von)E2BeF) and lu-
minal-closed E2P (E2AIF, determined by cryo-EM). Ile119
and Met334 are shown as sticks. Arrows indicate the dis-
placement of the Ile119 and Met334 from the luminal-open
to the luminal-closed forms, viewed from the luminal side
(a) and parallel to the membrane plane (b). c, K*-depen-
dent ATPase activities of the wild-type and indicated mutant

enzymes.
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FEY X

B70 bR TORBEERCEL > THOMN R > 7c H HEH#E

(Fig. 5¢), C 1 & ZRFRAYIC, Met334Ala < Ilel19Ala 2
FARCI3 K+ BEEICHKAE L 72\ constitutive-active 7z AT-
Pase it Bl S /- (Fig. 6¢), — 5 C, Ilel19Met =
Met334lle U5 & AN 2 7o BERAE T, BAEMEF
KD K+ IR A L 72 ATPase il EO LR B H 6Nz, =
NSHORERIL, Iell9 & Mert334DBKA 7 AIEM 23,
M1-2 U v 7 ZOFAHBEUMAND AT A Fapi< o8]
(latch) DX > %MEEX R/ L, ©—F 4 V7 LY VR
EDOIBICEE R E Al - TSI L ERL TS, #E
> T, FEO XS HIERPBE SN/ SO kS
12, L CEADHEEICE > THERINIALIW RV
* A=Y a3 VTR, HL ORI EOEKIKE G S
DEDITHDHEDIC, FEROBEN T DRI\ BRER
WTHD 9 5—RIEBICKE L ChaRElbd 52 L THDH
Nz, BRERAOTY — R BPEWICREERRZ TWAH & FE
Z26N%,

6. H* ZHEHTAN=XA

Post-Albers #6512 J 71X (Fig. 1), luminal-open E2P Jk
REIY, H* # B L L 72, Mlasth & xtaig
EAT VDO KT BfEEGT HEAMOIRREE WD C &b,
BHE, NFAVEETA ML, KRICEEPICEEL Q05
P-CAB M D R< &, @l x N L THANEOHET & Bp
> TW5h, BOHREL o/ s v H fsicBi+ %
WwEOHREIC L, HY, K*-ATPase (I #EIREEIC I\
T, 15FDOATP ke E&EL T, 220 H &2
OO K+ extmigid 5, LrL7an6, ATP Ohnks
BrOELNLHHITFVF—ICLDHRA S, §OHNIE
75 pH 3 LU O & F i, Sk sns H/K*
DEFENZN 1 DI 5 5B, O LD
EibFEHR DN O pHIZ k- TEL T A 5121%, pK,
DRI BH2OOH fFEETA FDPLETH S, T
—J@X%VCZ@O 7LCo

H+ K*-ATPase ®° Na*, K*-ATPase # % % & L 7238
EOLERMEN 5, M4, M6 ICIFEET BEO LD T
BB AF A VORI DS Z EPMLN TN,
OBz M5 DU v OB R S Tz (Fig. Ta),
oy (Lys791) 1%, H+, K*-ATPase I D &A@
IZHREFSNTED, Nat,K*-ATPase < SERCA TtV
VICEBINTWA, NF T VAT A MCHET HME—
OYaEMET7 3 /B & LT, Lys791i% H, K+-ATPase O
H* St S mEE A EICBD 5 C LRSS TE /9,

NFAUEEEGTA P OKsE (Fig. The) T, 3 H%5I
O, FEEITEHEL-2Oo07 )% I VEE, Glu795 &
Glu820TH % (HEEE25A), CHOmMMET I /BRI F
AICHEL TWAHDT, MEDIF#E I L ED
L1 OBRTBER—Y g V/INTWET EEERT %,
Glu795GIn Z R A IFHAEM L IFIFE DL L VWIEE T >
7 ANWERT e (Fig. 1d), ZO8E Glu79573 H+

a ) M5 48 M8

w0 T a0 e T o e
AYVPEGLLA --- AYTLTKNIPELTP --- ITILFIELCTDI --- SIEMCQIADVLIRKT
ANVPEGLLA --- AYSLTKNIAELCP - ITILFIDLGTDI --- GILVQQIADLIIRKT
NaK_al_pig ANVPEGLLA --- AYTLTSNIPEITP -+ VTILCIDLGTDM --- TIVVVQWADLVICKT
NaK_a2_human ANVPEGLLA --- AYTLTSNIPEITP -~ VTILGCIDLGTDM --- SIVVVQWADL]ICKT
NaK_a3_human ANVPEGLLA --- AYTLTSNIPEITP -~ ITILCIDLGTDM --- SIVVVQWADL]ICKT
SERCAla_rabbit  AAIPEGLPA ---

b"x:"m ™

b Dé24
Me /%

HK_al_pig
HK_a2_human

TIEMCNA-——LNSLS

RYLISSNVGEVVC --- VQLLWVNLVTDG ---

—s— E820D

- E795Q —— E820Q - DB24N

5 fo 5 2 3 P
[KCH, mM

—e— E795D

Fig. 7 (Color online) Cation binding site.

a, Sequence alignment of the indicated transmembrane
helices among related P2-type ATPases. b, ¢, Close-up of the
cation-binding site in H*,K*-ATPase (von) E2BeF in stick
representation, viewed approximately perpendicular to the
membrane from the cytoplasmic side (b) and parallel to the
membrane from the TM4 side (c). Dotted lines are shown
between residues within 3.5 A between neighboring atoms,
presumably making hydrogen bonds or an electrostatic inter-
action (Lys791-Glu820). d, K*-dependence of the specific
activities of indicated mutants.

TREALIERETHLLEEZTCLIVTHSL D, - T
Glu820i% Glu795 & KFEFEEZTUL T\ b, ZOfIZD,
Glu820id Asn792° DK L KB EEZHHL TED,
GluB20 & Hhly & L/ KERE v P T =7 BRI N T
Wh, CTHICHIZT, Lys79107 3 /745, Glu820 » 1
BARBRTE A 31A) ICHFEL TV, TDED
2, AY»o% L OmMEMEIERZ %0 T % Glu8200
NIVRFVIVEPEINLBERLZBREICL- T, hD
PELENPKRELSTHS (0% H L <7 5)
CENREEN, Gu820ii H # k4 52UV (4 FOFT)
TER LT 2 5o

COXRD BT 2/ BEOM R, % < OBEOIE
MR SN 5, HY, K--ATPase [@fEE Tl < 2 v/ /%
JH, MEBEERXRXTY /L ED—DThHb, XTIV /DO
&, EERDICHEET S 22507 ZSEVBHR25A 0
HHECH D, VO pK, #KESELS ¥ 5T & Tl
e Z RIE T 5 (FRIICRD O N/ pK fED, TN X
N4.5,1.2Th5), &/, XTIV VOMINCHFET L%
MIBAD N Opid, < DOKRERZEREBICL-T, BO
POMEYEBREE TL REERFEA MO LT, X7V VKM
L7RBBICH 5L T 5b EE2 LN TWA2),

LD —ODT IR IV, Glu3d3ThHAHH, THbbHdh
P2-type ATPase Tz EEICRAINTE D, hF4 Vi
ENOBERRE SN T, a5, Glu3ddid
Lys791 (7.4A) 2o )% IV (Glu795 & Glu820
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COWBER TN FENSTA L4TA) b, EENAMEEICD
D, o> THONTHBEOSHE I H f@lEs 3, 55
et~ PERRED L 2 ICOA HY I TE 5L E 26N
B
INS6OTIVE I VEE (Glu343, Glu795, Glu820) (T

H*, K*-ATPase [CH RSN TV 528, Glu820id,
Na*, K*-ATPase % non-gastric H<*, K*-ATPase (o2
isoform, H* L [AMFIC Nat k4 5 L5 bW
%) BT, TNEDEWT ARSFUVRBICER I
TWb, FORWIIVXIVIBTHD I LA, HY OB
P T A7 O EHEIEHT % 0D RT
HREo»rb L nmwl, £/-H & Nat OFREICD
BIH BR[BEME D B %

7. Rb* ERIEE

H #8H L 7-#, HY, K+-ATPase {3/t (5 e
) »oxtmiEEEA 4 Th5H K (b L IRZDREAEK
TH5RbY) ZNFIFUVEETA MCRDAL, Thn
E2P Ot ) Vb % (RAE 9 % Z & THk LY A 7 2
T 5, Sllofsi4gs (200 mM RbCl, pH 6.5) 1Z
BT, #BEOREICESLALIE2 DO HY L5
TAHWT2OORD BEGT AT LI NS, L
L7z b, SCH28080#5 G fE&EICIE, oA vis& AT
BEIZRb 1 D720 FEA L Cw/- (Fig. 8ab), & L 7
Rb* B EFHD NIV R NV E e GLEO P ORI FIZ &
> THAMLESNTWSER, ZOEMREZELLLEVD &
IR TH D, Nat, K+-ATPase d K+ FAZERE S (K+
):E2-P TR ON S &5 I BRMAY 7 6~8 BLiL & 135 Ry
ThHo7-2, H, K+-ATPase DREEICE S W TEHEL /-
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Fig. 8 (Color online) Rb*-bound (SCH)E2BeF structure.

a,b, Close-up view of the cation-binding site in H* ,K+-AT-
Pase (SCH)E2BeF viewed perpendicular to the membrane
from the cytoplasmic side (a) and parallel to the membrane
from TM4 side (b). Bound Rb* (purple) and water molec-
ules (red) are indicated. ¢, d, K*-occluded (K*)2E2-MgF
state of Na*, K+*-ATPase?® (light grey, PDB code: 2ZXE)
is superimposed on the Rb*-bound (SCH)E2BeF state of
H+*, K*-ATPase (PDB code: 5YLV, color ribbons). Pink
spheres (site I and II) indicate bound K+ in the Na*, K*-
ATPase structure. Arrows indicate displacement of the TM4
luminal portion from the luminal-open to the luminal-closed
form. e,f, Comparison of the cation-binding site between
Rb*-bound (SCH)E2BeF (color ribbons) and (von) E2BeF
(wheat, showing the inclination of GIu820 side chain
towards Rb* accompanied by Rb* binding (arrow).
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Fig. 9 (Color online) A model for H* extrusion by the gastric proton pump.
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The H* extrusion mechanism revealed by crystal
structures of the gastric proton pump

Kazuhiro ABE1-2 'Cellular and Structural Physiology Institute (CeSPl), 2Graduate School of Phar-
maceutical Sciences, Nagoya University, Nagoya 464-8601, Japan

Abstract Gastric proton pump, H*, K*-ATPase, is a P-type ATPase responsible for the gastric acidification,
and is thus an important drug target for treating gastric acid-related diseases. We present the
crystal structures of the H*, K*-ATPase in complex with two acid blockers, vonoprazan and
SCH28080, in the luminal-open E2P state. These drugs have partially overlapped, but clearly dis-
tinguishable binding modes, which are defined in the middle of a conduit running from the gastric
lumen to the cation-binding site. The crystal structures also revealed a conserved lysine residue
that points to the juxtaposed carboxyl residues in the cation-binding site. The unusual configura-
tion of the cation-binding site enables the extrusion of a single proton into the pH1 solution of the
stomach, which corresponds to a million-fold proton gradient across the membrane, the highest

known cation gradient in any mammalian tissue.
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