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Fig. 1 The structure model of Ca*-ATPase SERCA1la(a)
and the SERCA1la conformational changes

VTYHQLTH CTEDHPHFEGLDCE!FE/\ P89%4

N

accompanying its reaction cycle(b)
The coordinates for structures were obtained from RCSB Protein Data
Bank. The structural models were reproduced by VMD. PDB IDs are
1SU4 (E1Ca, analog), 3W5B (E1 analog), 2ZBD (E1PCa, analog), 3B9B
(E2P analog), and 1IWO (E2 analog). In the yellow frame of panel (a),
the amino acid sequence of L78 was given in one-letter abbreviations.
The enlarged grey-colored amino acid residues were mutated to
alanine, proline, or glycine independently for functional analysis.

ER: endoplasmic reticulum.

S EE R A EAE P DA DASE G A 1R A A 25
FyER TN L78 MThE. R IRATE L cDNA &
ROBASFIBAZ A SR 0K, 3RS L78 i 7 2 S IR ik
LSRR SERCAla 25115, Al S8 AR 8 (1 11
ATP /KfERE ) 853 - #a F BP A i, IFH
SERCAlalff A= R (AT AR, MITIESE L78 5
SERCAla ¥4 B 2 D e UIAH ¢, Rl R I
Oy E SE R TR L AT L78 R385 4T (turn) A2
PE(flexibility), %f IR 45838 P (I BERR A A1 7 A 5
REB R,

1 MR57E

1.1 SERCAla REARIMEREBRFIE

SERCAla cDNA Fl pMT, J5i ki 314 51 35 i -J-
D.H.MacLennan #{ % (Banting and Best Departments
of Medical Research, University of Toronto) 5 R.J.
Kaufman #{ #7 (Genetics Institute Inc. Cambridge,
MA). & 4 QuikChange ™ % Jit ¥, DL By 4= MY
pMT,-SERCA la Jiifi DNA ARG AR, 165
FEAR N, 1 (K AN 5P (Sigma 2~ ), ] KOD
plus DNA polymerase(Toyobo 2 7)) {t. PCR 14 &
W K] pMT,-SERCAla RAAKLL LT R E 1Y, 1
2= gy v o 1R B 2E L pMT,-SERCA La J5i R JU) 3l
i Dpn T (Promega A vl ) filg U) 47 B 25 . pMT,-
SERCAla SRV Sph 1 -Sal 1 Fr B s ik XU
) 3% % ] B 4= 7 pMT,-SERCAla #44 (Sph T «
Sal T « T4 DNA ligase, Takara A #] ). N H
DYEnamic ET terminator cycle sequencing kit
(Amersham Bioscience 2 7)) & ABI Prism 310 il J7
ACHEAT I 485 . JORL S 4R 7] & A Qiagen 2w
JEN.

Al i 8% 77 M G 74 Invitrogen 28 7] 77 i
COS-1 41 }i(ATCC)7E 10 cm 1% FE L(Corning 23 )
g SR, KRR 10% FBS ) DMEM, L’k
. BiRATIE 100%I8 . 5% CO,, HiFRiEEN
37°C. JMELS FEL) T0%I BEAT S g gl i
HAf H G s DMEM. & I0L53 5 i\ pMT, 7% i
Fi. pMT,-SERCA la Bf4: B 548 ki DNA 8 pg-
lipofactamine 30 wl. plus reagent 20 pl, ¥ H Sh 5
B A M5 () DMEM, 4R8G5 9% 2~3 K.

1.2 RS &R EBRRENE

THORE A i 25 U, SR U BE AR K1 COS-1 41
JE M) 5 ml PBS ¥t 2 ¥k, AR 2 ml %5 5 mmol/L
EDTA [#J PBS ZZ . Il 5 ml PBS, &5,
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# b . M 2 ml K8 ¥ (10 mmol/L Tris-HCI.
0.5 mmol/L MgCl,, pH 7.5)i%, & 10 min J5 0
N 4K [ i 30 ) 71 aprotinin 200 U 1 100 mmol/L
PMSF 20 pl, ffi] Dounce BH§5I #5519 40 IX.
TN 2 ml %W A (FEHE 0.5 mol/L. B 3% 3k & %
6 mmol/L . CaCl, 40 pmol/L. KCI 300 mmol/L .
Tris-HCI 10 mmol/L, pH 7.5), #k&E:4)% 20 &,
10 000 g 200 20 min (Himac CR 21G, Hitachi 2%
Al). ¥ L35 0.9 ml 9 2.5 mol/L KCI J&%4T,
150 000 g &L 10 min(Himac CS 100FX, Hitachi 24
Al). BORLAATTEE ] 100 wl %9 B g, -80°C ff
5. WU B B N RERE 0.25 mol/L. B #idk L1
3 mmol/L . CaCl, 20 pmol/L. KCI 150 mmol/L.
Tris-HC1 10 mmol/L, pH 7.5. B2 4°C 347, H
b 2P BRI AR S5 = A UK B 58k

% F Lowry VAU & ok A4 2 11 BT B2, BSA
ARHES, BEREAREOARIE M 4 ASPATAL, FLIRAR
FEREALT 2%, okLR S ) SERCAla H AL
PUAR I ELISA YEUGE &, bRt dn 2 i # UL
L RN ipus e AT Pt SERCALa
1gG, — ik Bl SERCAla B o [ Hit 1K (MA3-911,
Affinity Bioreagents A ), - HT A B S ALY il
PRt FZE TR BTLAA 1gG(Amersham-pharmasia 23 ),
KEJEY) A Life Technologies 23 & 1] TMB. A
0.2 mol/L fifi FR £ 11 2 (o e . B AR A B AR AN Ik
FERRE M B ¥ 5 AFAT AL, IO B2 A A BIO
RAD MODEL 550 b1 . Lowry 72: 0 5 & 55 7% L
S Hf o1 2% IR AR AR B 1 = 2928 0.1 mg, 1M ELISA
g5 WoR ORISR 1 Y 2B SERCAlLa I 34
N 2%, HIEE e ok AR S 20 pg SERCALa.
oy S AR AR I R IA AR T B 2R B SERCALla, Uil
Q875G ML EAUA EF 422 SERCAla 1] 50%.
1.3 SERCA [ Sz {EERBg4& e 2
1.3.1 SERCAla 45 H #f 7 1) Ca*-ATP B ii5 %
W5

SERCAla 5 1) ATP ZK i3 6 45 25°C ik
1T RNARZRA 50 pl, 7 0.01 g/L ok A4 5 11
50 mmol/L MOPS/Tris (pH 7.0). 100 mmol/L KCI.
7 mmol/L MgCl,» 0.55 mmol/L CaCl,» 0.5 mmol/L
EGTA. 1 umol/L A23187, JiIA 0.1 mmol/L [y-*P]
ATP JFUR | . e I ] —fiE 4 5. 104 15 8%
20 min, HIAGFEARFIZIER(10% TCA, 1 mmol/L
Na;PO)ES, TR 450 wl 57 TEE. 2K, 4HIR
B RE 0N SR, HX 200 wl BEAT B INHRTEEL. I

IS [R] O 1k 1 26 R B2k, A}k FRLAL IR 7] B 22 e
SERCAla /KM ATP &, iR ATP g% 1%
TR AR B ) ATP BEvEME, 5k Ca* K
JRT ATP BESPE.  JEE5 85 T HOBUK) ATP BES PR
WM& R 2 5 mmol/L EGTA, {HAJIA CaCl,, H.4
[ . oF Sk Rk 14U SERCALa 8 14 7 11
Ca*-ATP &I, 075 22k 23 il pMT, 2% Jiokis 4 4t
4 1) £ R FRBORE AR B 1 Ca?-ATP i 7% 1 A
JI . ZAJEh COS-1 4i Jifl 9 J5 25 11 Ca? MK
ATP Jil 35 1%, KT 40 U B 4= 84 SERCAla & H
Ca*-ATP B 1] 0.5%.
1.3.2 SERCAla & [145 & TH8 ThRE VAl

SERCAla B AE R B 58 A T 8 11 e a8 45 2 111
T e i IOk A4 R0 B8 B S VA . RONAR R
1 0.01 g/L ki fA % (4. 20 mmol/L MOPS/NaOH
(pH 7.0)» 100 mmol/L KCl. 7 mmol/L MgCl-.
5 mmol/L oxalate. 0.1 mmol/L ¥CaCl,» + 0.5 mmol/L
FE WIS | #(Thaspigargin). 5 mmol/L ATP, [ N7E
37CHAT. Jefe ZErE ki e & (1225 sampling
manifold, Millipore)#% if FL4% 0.22 wm [& Jr JE M,
FRFE ATP IO SO TR BB, AT 24 4.
6 F1 8 min B % HUH 100 wl 52 W b0 21 38 i it
UE. BT ROk AR IR YR E e U8 5 ml BRI
(20 mmol/L. MOPS/NaOH (pH 7.0). 100 mmol/L
KCl. 7 mmol/L MgCl,. 2 mmol/L EGTA)i# it 3
W BRI JEREUET B INKRTEEL. 45 &)
TR P i 28 L A2 20 nmol “CaCl, f¥) cpm (count per
minute) T H 5 5N AR Z8 P ORL A B 23 B £ AT
BT EEJRE, AHTRIRE N gk Thaspigargin P9 2 b
A& 2210 22 B A 1% SERCA 45 [ 145 B 1 #5318
#. AME SERCAla MBS I HE, B
TN HRBORE R H 11 1R 25 1 i is TR
1.3.3 SERCAla & [1 1) B {1k ] & EP & &=
ot

FH ATP A28 EP /76 0C . RNV AR
50 wl, % 50 mg/L fekifA . 50 mmol/L MOPS/
Tris(pH 7.0)« 0.1 mol/L KCl. 7 mmol/L MgCl-.
0.55 mmol/L CaCl,» 0.5 mmol/L EGTA. 1 pmol/L
A23187, JIA 0.01 mmol/L [y-2P] ATP JF4f & i,
SVISTE] 10 s (B4 BP 2B NAE 1s I
AT, AR 15% TCA J 0.3 mol/L Na,PO, Ji
HIERM. £ 0T 10 000 g 0> 4 min, J#IT
5% W JE K SDS-PAGE 73 B UTiE & H i, V)
B TEE RS, ShRUE s SRR IR AR R N AT B
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BETBUH H 5% € 570 At (BAS 2000, Fuji). A A
FEAR R 1) EP AR st MO AR, A RAR
T-AMJE SERCAla B4 EP ALK 5%.

i Pi(H,PO,) 2E % 1) E2P 3 & #E 25°C & WV
10 min (ME45 1 T E2P A2 AL 1 min P I8 2P
7). & R FARE CaCl,s A23187. ATP, EGTA
WPk 5 mmol/L, JIA 0.1 mmol/L 2Pi JF46 s .
HxF L.
1.4 Hfts

TR PRI 2 hn i (P37 f PerkinELmer 2 #]
it HAIRFIIA T Sigma 24 7 & HAKIE 4.
— MR L

A 3 At S AR BN ] Swiss-Pdb Viewer
v4.0.1. VMD 19.1. K % 1) £ N H Microsoft
Office Excel 2003 A#b¥. 45 YL 2= 7 W M LR
¢ k%, gert Al SPSS12.0.

2 & R

$74: 14 SERCAla H 1] Ca-ATP BG4
B TSR R EP AE RS AR 1 SRR A
[ HE R (3 fE R BA_E) BY 2R 1 SERCAla Ht HHE AT
ZW(n=5)M5E. X SERCAla S48 44 (14 I 45

(2)

/(pmol*mg )
» N o
(=) (=) (=)

N}
(=)
T

Pi release from ATP hydrolysis

(=)

(c) 120}
100}
80
60
40 *

Ca*-ATPase activity/%

Table 1 Results of wild type SERCA1la determined
in four types of assays (n=5)
Average STD

Ca* ATPase activity/(wmol *min~*mg™) 3.36 0.30
Ca?" uptake rate/(pmol *min~'*mg™) 5.14 1.02
EP formed from ATP/(nmol*mg™) 3.31 0.14

E2P formed from Pi/(nmol*mg™) 6.98 0.92

B fEdr, LAEFA %Y SERCAla B (45 5 b
e, VAR AE (B 2~ 4).
2.1 Ca*-ATP EE/ETERINIE

SERCAla 7K fi# ATP HIE 2 (18] 2)nf sk b
X Wt SERCAla Jz IV 1§ 5 B AT 15 &, H %
E1Ca,«>EIP Ca, AJ1¥i Jx W (P 5%(3)). E1P Ca,—E2P
A (0 B (4) F1 E2P KA (20 B8 (5)) % 0 I I 1) 5%
i . GPG862-864 1 [f] G862 # P HU AL, T %
Ca*-ATPREFIE k. HEF/ET SERCAla & 11
WEPEAHEL . G862A S A 11y i ¥i% 4 A Ay Y 2k 7Y
SERCAla % 1 11%. P863 ] A Al G %48 1k
ATP Ffili P % 22 B 47 SERCALa (1) 20%~ 30%.
TM'%4F G862 1 P863 1] G864 FRAFAKNM)IA R T L5
4= M4 SERCAla AH L (1) ATP /K fi# # 2 .

(b)

/(wmol*mg )
N I o
S =) 3

Ne]
S
T

Pi release from ATP hydrolysis

|

t/min

6 7 8 9 10 11

Fig. 2 Time courses of ATP hydrolysis (a, b) and Ca*-ATPase
activities (c) determined for SERCAla wild type and mutants

In panel(a, b), each set of data were selected for the reason that their Ca*-ATPase activities are close to their corresponding averages. In panel (c),

Ca”-ATPase activities were shown in the averages of more than 6 times of measurements. *P < 0.01, compared with the wild type. (a) m—m: Wild type;
*—o: G862P; A—A: G862A; e—e: P863G; 0—0: P863A; O—0: G864A. (b) m—m: Wild type;e—e: F873G; A—A : M874G; o—o : Q875G;
&—¢: [890A;0—0: A893P. (c) 1: Wild type; 2: G862P; 3: G862A; 4: P863G; 5: P863A; 6: G864A; 7: F873G; 8: M874G; 9: Q875G; 10: I1890A; 11:

A893P.
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FMQ873-875 f1 G HU AR A1 1890 11 A HX AR 34
SERCAla [fJ Ca*- ATP FgiGPE L 2 52 m, 1
SERCAla ] A893P 57L& ATP 7K fift sk 2 Iy Ik 22
PP 13% 4545
22 BETFHISIHEEAITME

U1 SERCA 1a 5 1L W IS 3= Bl 18 45 25 17 1) )%
NAGIR(E 1b)ITik, LR PPl B 1 s 1 Se g 4 &
L PORLAANE F ) SERCALa [ Sk 4 Py 15 4 25
1, WFFES ATP K FEAEEL. Xt Ca>-ATP
il 1% PEAR G ) 5848 /& SERCAla ¥ 55 5 14618 1)
REPfS, 1 G862A. P863A(E 3). FAllA XS Hith
ATP Bk 535 T F 1 SERCAla SEARARBEATHN 55
THASINRER I . 75 Ca>-ATP BE &P JC B i i3
(1) SERCAla S48, [RIEAR M GB64ATH & 11
1Z T % 5 BY /E B SERCALla A B G B 35 48 4K 4,
FMQS873-875 ] FAL5E AR (AT I890A )5 [ AN [ R Ji
[f) SERCAla 15 & 1 i1 % K (K 3).

Ca* uptake rate/%
N
S
*
*

Fig. 3 Ca” uptake rates of SERCAla wild type and
mutants across the microsomal membrane
*P <0.01, compared with the wild type. n > 6. 1: Wild type; 2: G862A,
3: P863A; 4: G864A; 5: F873G; 6: M874G; 7: Q875G; 8: I890A.

23 EPEEHR

N HE—0 0y it ATP Bgs PR 12 1 #2128 ) e
SR B, FRATR ARG B 5 733 5
5E T % SERCAla RAZRBER LA R F 1) EP
VEE. % EP RV R NIA B S, ROV ARER
EIP 2| E2P & B4 IR 10 1 v [R) 44 B 1R AL 25 R
], SERCAla 7% %78 {& EP & & (& L5 &1
Ca>-ATP [l P AL 4 e B A — (K 4 v R
FE), E G¥P*G fil A893 ZE4% W] [£ ik EP (P <
0.01), i G864 Fl F»"M¥™Q H.584Z (A ) EP & =
T W AR $EOR L78 S R vk L R AL 5| i
Ca>-ATP MG P B, WIRE 32t T B 26 B 1) 1
AL AR EP S gD, A&t T RIPER(S)
(1) EP 7K fiff il P B J 1 B

RN B Pi AR B2P AT s AT (K 4

IR, BRAOZ VPN S NAIR BR i 25 B (S) 380 [
A LLEH i SERCAla 5848 4R 11 ATP 8 IR 4k 1] 44
EP SR>, R ICHEMIEL N 454 ATP Re )~
B BTSN BE S B0 D351 FRFEI ATP ~y BRI 19k
AT, BE S ERBER AT S S L P
TovEBh D351 RE T R e s i 45 . 45 Rk
W, G862 KA K& M I E2P & Ik T+ B A4 &Y
SERCAla HE 11# 5%(P < 0.01), ¥l G862 KA S
AL S R H, A T D351 R L.
P863G. P863A Fll A893P AL FE T E2P &
EAERE FREP <0.01), 5 EP R EHSARRA
—%(. 17 G864A. F873G Fll M874G Z X {4 ¥) E2P
5 PR SERCALa #HELER, ToWH B, g
A [F] S AB A ] A EP AT E2P A A= (&) 4, solid
bars to empty bars), 45 B &k BBk 2E A& AR 1
G862 2 4h, Hi4x SERCAla #5845 1A ) E2P &
Hotk¥mTHAS EP BEME 2. PLEg R
PRI LE IR W] e iR S PR AR S5 M B N 255 ATP
(PIRE S, B 5 R E M N B2 45 K358 P IR AR
ZE5Z B, Ul ATP (1) y W A DL EIIE D351 R
FEUGH A SRR 2.

Fig. 4 Amount of total EP formed from ATP and
E2P formed from Pi determined for SERCAla
wild type and mutants
** P <0.05, compared EP amount formed from ATP (solid bars) with
E2P amount formed from Pi (empty bars). n > 5. J: Wild type; 2:
G862P; 3: G862A; 4: P863G; 5: P863A; 6: G864A; 7: F&73G; &:
MS874G; 9: A893P. M: EP formed from ATP; [: E2P formed from Pi.

3 it it

i T 5 R 2 iE M7-M10 75 SERCA £ [ F1 HoAh
P 0 ATP Jigh 25 f R 7 PEARSE 5, %) SERCAla
M7~ M10 B8 5E S B0 1) D e 78— B R et
FRBEM. R M8 L E908 S 545 & 147 i
11 IR i, {H /& Toyoshima S50 FH 44 45 4 7
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EEW, %: L78 A EEELTLE X SERCAla 5B T RERI S0 +801

IR o] B0 28 - 25 7 s M SR AN 1R S5 1) Y Y
(R HH S TE AT A PP U TBOG P I, IR O f
SE R IR M1~ M6 BEE (1) #4958 AR BAE I (13 &
A AEBL. TR M7~ MI10 &8 D RERTST, X
ARSI /AN AE 2001 SE A ROE ik L78 11 C876
55 C888 2 IRk —f ik, C876 Hl C888 (1) H58Ax
PRI SRR ) LT 58 A R A & FHE g ), HAR
B R HE 2 1K) ATP B, BIAZ R IR S 8L
B8 RETE 5 ATP ZK AL RE 1) i A Jpeol,

T fi#t L78 %t SERCAla 45 ¥ 5 Tl g (1 52 i,
AT M7 Kt 4b 1 GPG862~ 864 M8 Kiiij 5
C888 (] A893 F11890. C876 i) FMQ873~
875(1¥ 5)HHAT T 5T, 4R (K 2~ 4K, B
G864A M P HL S AR AL 5 L 4% B ¥ e is i AN [R]
FEEE T %, IE 52 L78 %45 & 14z HAT EE
. G864A TEAZ HAEFI % A 5 K1) G Ak
BEWAIN— AN, X RA— e ZM L8 i
B A & R 2 % e 52 . L8 ER
SERCAla PN J5 9 JIEE Py M d K 1 — B e A il wf
BT oL 5 At R A 0 3 0 5 S I A it AH LA
M2 580885 5 7R, Lo, M8 (1) E908
A 4R i 1) 5 4 B - & O e T IR 4 B - AT
(K15), B L78 M LR IR IE AR 5 M S
W oy TAE SRS B A A AR BRI B R
77, L E AL R - 1 R AR 2,

E1P+ADP-Ca, E2P

Fig. 5 Conformations of the E1P*ADP*Ca, analog
and the E2P analog emphasized for L78, the Ca*
sites, D351 (the phosphorylation site), and
the Y122 hydrophobic cluster
PDB IDs for analogs are 2ZBD (E1P *ADP +Ca,) and 3B9B (E2P)

respectively. All representations here were made by VMD.

H AR FMQ873-875 15 1890 4% 5%} SERCA1la [¥]
ATP /KfRRE ) A EP AL i JC W W sg i, AT AEA
R EREREE riRadEx, g s
C876-C888 M B 2% P /™= AL (K5 M AHALL.  $271%
TR BT I 4589 5 SERCALa 45 £ ol RS B T
(PIRESIAROC, AH LA EE I A 2R AN 23 5 5 FAH
PH SOA (1 fu 2% &5 k3 P I W R RN R Ak, 5
BTG5 R SR — S AR g i BT &5 R, e
E2P 1, FMQ873~ 875 5 1890 ¥4% 5 L78 Jaiik 3
WETETE I, IR T M B AN i — 2 45 4 vh 32
N—H 1 C=0(@+3)M &L s(E 5, £). 52
MR, G862. P863 il A893 W% Kt % A% I,
SERCAla [¥] ATP /Kfi# D) gl e sl™ B2 4, AL
ML ATP 8RR 1L 2E ik EP, % M Pi A2 il E2P
W 52>, R GPSG il A893 X I P 4k ki
(1) D351 WAL B B . X 3 DMRIEIRKIE
1E43E M7 F1 M8 42 5E i GP*°G 1 AYPE #
WA 5, 7)), 0 G A B P BURI, 25k
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Some Amino Acid Residues on L78 Affect Ca* Transport of SERCAla”

WANG Guo-Li"", DAIHO Takashi?, YAMASAKI Kazuo?, DANKO Stefania?,
WANG Biao", SU Wen-Hui”, SUZUKI Hiroshi®*

(" Department of Biochemistry and Molecular Biology, China Medical University, Shenyang 110001, China;
2 Department of Biochemistry, Asahikawa Medical University, Asahikawa 078-8501, Japan)

Abstract Sarco-endoplasmic reticulum calcium transporting ATPase expressed in adult fast-twitch skeletal
muscle (SERCAIla) utilizes energy from ATP hydrolysis to transport Ca*" from cytoplasm into sarcoplasmic
reticulum against the Ca®" concentration gradient. By this means, the Ca* concentration in cytoplasm may decrease
and contracted muscle cells relax. SERCAla is the structurally and functionally best studied representative of the
P-type ion transporting ATPase. Studies of SERCAla may provide with enlightening information for research
about other SERCA isoforms and P type ATPase. To understand the functional roles of the linker between the
transmembrane helix M7 and the transmembrane helix M8 (L78), mutational studies about some L78 amino acid
residues were performed to evaluate the effect of their single substitutions on the SERCA 1a reaction cycle. Mutant
SERCAla cDNAs were obtained by Quick Change site directed mutagenesis. SERCAla wild type and mutant
proteins were expressed in COS-1 cells separately and extracted by microsome preparation. Single mutant
SERCAla proteins, wild type SERCAla proteins and control microsomes were checked with radioactive [y-*P]
ATP, #CaCl,, and *Pi independently to determine their ATPase activities, Ca*" transport rates, amount of total EP
formed from ATP, and amount of E2P formed from Pi. Results showed that all single mutants except for G864A
transported Ca*>" at lower rates than that of the SERCA1la wild type protein. Single mutations of G862 or P863 lead
to severe decreases of the ATPase activity and the amount of EP formed from ATP or Pi. Measurements about ATP
hydrolysis and EP formation of A893P gave data similar to those obtained from G¥* P¥* single mutant proteins,
whereas single mutants of G864 and FMQ873-875 did not induce significant reduction of ATPase activity and EP
amount. Experimental results above indicated that L78 is involved in the Ca®" transport across the endoplasmic
reticulum membrane, and moreover, appropriate turns at GPG862-864 and near A893 are essential for D351
phosphorylation at the cytoplasmic domain P. Thereby it is suggested that the accurate configuration and flexibility
of L78 play important roles for the successive conformational changes accompanying the SERCA1a reaction cycle.
Key words P-type ATPase, calcium ATPase, SERCA, site-directed mutagenesis, reaction cycle
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