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Scheme S1. Organic synthesis of TG-acetate
S1-1. General Information

All NMR spectra were recorded on Varian 500PS spectrometers. 'H and 3C NMR spectra are reported
as chemical shifts (3) in parts per million (ppm) relative to the solvent peak using tetramethylsilane
and (2,2,3,3-D4)-trimethylsilyl-3-propanoic acid, sodium salt (*H and 3C), as an internal standard. &
is quoted in ppm and coupling constants (J) are measured in hertz (Hz). The following abbreviations
are used to describe multiplicities: s = singlet; d = doublet; t = triplet; g = quartet; quint. = quintet;
sext. = sextet; sept. = septet; br = broad; and m = multiplet. NMR spectra were processed in
ACD/SpecManager. High-resolution mass spectra (HRMS, m/z) were obtained on JEOL JMS-700N
for FAB using m-nitrobenzylalcohol as a matrix or on JEOL JMS-T100TD for electrospray
ionization. All reactions were performed in apparatuses with magnetic stirring under an inert
atmosphere. Flash column chromatography was performed over Fuji Silysia Chemical Ltd. silica gel
C60 (50—200 um) and CHROMATOREX DIOL (MB 100-40/75) using an eluent system as described
for each experiment. Thin-layer chromatography was performed using TLC Silica gel 60 Fosa
aluminum sheets (Merck) and silica gel Fzs4 glass plates (Merck).

Materials

Unless otherwise stated, all starting materials and reagents were obtained from commercial suppliers
and were used without further purification. All chemicals were purchased from Sigma-Aldrich,
Nacalai Tesque, Tokyo Chemical Industry or Wako Pure Chemical Industries and used as received.
Thapsigargin was purchased from Funakoshi. All solvents were purchased from Wako Pure Chemical

Industries.

S1-2. Experimental Procedures and Characterization Data

Ac,0

5H
cat. CusO, ,0

A mixture of thapsigargin (10 mg, 0.015 mmol), acetic anhydride (2.0 mL), and CuSO4¢5H,0 (1.8 mg,
7.5 umol) was stirred at room temperature for 24 h. Upon completion of the reaction (monitored by
TLC), the mixture was diluted with distilled water and the precipitate was filtered and dried in vacuum,

affording the desired product as a white solid (8.0 mg, 77% yield).



(3S,3aR,4S,6S,6aR,7S,8S,9bS)-3,6-(diacetyloxy)-4-(butyryloxy)-3a-hydroxy-3,6,9-trimethyl-8-
{[(22)-2-methylbut-2-enoyl]oxy}-2-0x0-2,3,3a,4,5,6,6a,7,8,9b-decahydroazuleno[4,5-b]furan-7-
yl octanoate

'H NMR (500 MHz, CDCls) 6 0.88 (t, J = 7.1 Hz, 3H), 0.99 (t, J = 7.3 Hz, 3H), 1.23-1.33 (m, 8H),
1.35 (s, 3H), 1.57-1.74 (m 4H), 1.61 (s, 3H), 1.89 (s, 3H), 1.90 (s, 3H), 1.94-1.93 (m, 3H), 2.00 (dg,
J =15, 7.3 Hz, 3H), 2.02 (s, 3H), 2.24-2.31 (m, 4H), 2.45 (dd, J = 3.7, 14.7 Hz, 1H), 2.96 (dd, J =
2.7,14.7 Hz, 1H), 3.42 (s, 1H), 4.28 (s, 1H), 5.47 (t, J = 3.2 Hz, 1H), 5.49 (d, J = 3.4 Hz, 1H), 5.64 (s,
1H), 5.68 (s, 1H), 6.12 (qg, J = 1.5, 7.4 Hz, 1H); 3C NMR (125 MHz, CDCls) § 13.0, 13.7, 14.1, 15.8,
16.6, 18.0, 20.6, 21.1, 22.5, 22.6, 23.0, 24.8, 28.9, 29.0, 29.7, 31.6, 34.2, 36.3, 37.1, 57.7, 67.7, 77.4,
77.7, 78.8, 82.3, 84.0, 84.1, 127.4, 129.6, 138.8, 142.0, 167.0, 168.7, 170.7, 171.2, 172.3, 172.5;
HRMS (FAB) m/z Calcd for C3sHs2NaO13 [M+Na]* 715.3306, found 715.3305.

S1-3. NMR spectra
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Table S1. PDB codes used for the distance analysis

PDB codes of X-ray structures used in the analysis of the distance between TG and amino acid residues
of SERCA.

PDB code Literature
1IWO C. Toyoshima et al, Nature 418 (2002) 605
1WPG C. Toyoshima et al, Nature 432 (2004) 361
1XP5 C. Olesen, et al, Science 306 (2004) 2251
2AGV K. Obara, et al, Proc. Natl. Acad. Sci. USA 102 (2005) 14489
2C88 A. M. Jensen, et al, Embo J. 25 (2006) 2305
2C8K A. M. Jensen, et al, Embo J. 25 (2006) 2305
2C8L A. M. Jensen, et al, Embo J. 25 (2006) 2305
2EAR M. Takahashi, et al, Proc. Natl. Acad. Sci. USA 104 (2007) 5800
2EAT M. Takahashi, et al, Proc. Natl. Acad. Sci. USA 104 (2007) 5800
2ZBF C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 104 (2007) 19831
2ZBG C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 104 (2007) 19831
3AR3 C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 108 (2011) 1833
3AR4 C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 108 (2011) 1833
3AR5 C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 108 (2011) 1833
3AR6 C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 108 (2011) 1833
3AR7 C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 108 (2011) 1833
3AR8 C. Toyoshima, et al, Proc. Natl. Acad. Sci. USA 108 (2011) 1833
3N5K M. Bublitz, et al, J. Biol. Chem. 288 (2013) 10759
4UU0 N. D. Drachmann, et al, FEBS J. 281 (2014) 4249
4UU1 N. D. Drachmann, et al, FEBS J. 281 (2014) 4249

2DQS Not published (Deposited: 2006-05-29)




Figure S1. Sequence alignment

Sequence alignment of huSERCA (A) and PfSERCA (B) with raSERCA. The sequence identity was
96.7% and 40.8%, respectively.
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10 20 30 40 50 60 70 80 90 100
raSERCA  MEAAHSKSTEECLAYFGVSETTGLTPDQVKRHLEKYGHNELPAEEGKSLWELVIEQFEDLLVRILLLAACISFVLAWFEEGEETITAFVEPFVILLILIA
huSERCA  MEAAHAKTTEECLAYFGVSETTGLTPDQVKRNLEKYGLNELPAEEGKTLWELVIEQFEDLLVRILLLAACISFVLAWFEEGEETITAFVEPFVILLILIA

sookoiok K sorokokok

110 120 130 140 150 160 170 180 190 200
raSERCA  NAIVGVWQERNAENAIEALKEYEPEMGKVYRADRKSVQRIKARDIVPGDIVEVAVGDKVPADIRILSIKSTTLRVDQSILTGESVSVIKHTEPVPDPRAV
huSERCA  NATVGVWQERNAENAIEALKEYEPEMGKVYRADRKSVQRIKARDIVPGDIVEVAVGDKVPADIRILAIKSTTLRVDQSILTGESVSVIKHTEPVPDPRAV

210 220 230 240 250 260 270 280 290 300
raSERCA  NQDKKNMLFSGTNIAAGKALGIVATTGVSTEIGKIRDGMAATEQDKTPLQQKLDEFGEQLSKVISLICVAVWLINIGHFNDPVHGGSWIRGATYYFKIAV
huSERCA  NQDKKNMLFSGTNIAAGKALGIVATTGVGTEIGKIRDOMAATEQDKTPLQQKLDEFGEQLSKVISLICVAVWLINIGHFNDPVHGGSWFRGATYYFKIAV

310 320 330 340 350 360 370 380 390 400
raSERCA  ALAVAAIPEGLPAVITTCLALGTRRMAKKNAIVRSLPSVETLGCTSVICSDKTGTLTTNQMSVCKMF I IDKVDGDFCSLNEFSITGSTYAPEGEVLKNDK
huSERCA  ALAVAAIPEGLPAVITTCLALGTRRMAKKNATVRSLPSVETLGCTSVICSDKTGTLTTNQMSVCKMF I IDKVDGDICLLNEFSITGSTYAPEGEVLKNDK

*

410 420 430 440 450 460 470 480 490 500
raSERCA  PIRSGQFDGLVELATICALCNDSSLDFNETKGVYEKVGEATETALTTLVEKMNVFNTEVRNLSKVERANACNSYV IRQLMKKEF TLEFSRDRKSMSVYCSP
huSERCA  PVRPGQYDGLVELATICALCNDSSLDFNEAKGVYEKVGEATETALTTLVEKMNVFNTDVRSLSKVERANACNSV IRQLMKKEF TLEF SRDRKSMSVYCSP

* ok kk ok

510 520 530 540 550 560 570 580 590 600
raSERCA  AKSSRAAVGNKMFVKGAPEGV IDRCNYVRVGTTRVPMTGPVKEKILSVIKEWGTGRDTLRCLALATRDTPPKREEMVLDDSSRFMEYETDLTFVGVVGML
huSERCA  AKSSRAAVGNKMFVKGAPEGVIDRCNYVRVGTTRVPLTGPVKEKIMAVIKEWGTGRDTLRCLALATRDTPPKREEMVLDDSARFLEYETDLTFVGVVGML

*ok

610 620 630 640 650 660 670 680 690 700
raSERCA  DPPRKEVMGSIQLCRDAGIRVIMITGDNKGTATAICRRIGIFGENEEVADRAYTGREFDDLPLAEQREACRRACCFARVEPSHKSKIVEYLQSYDEITAM
huSERCA  DPPRKEVTGSIQLCRDAGIRVIMITGDNKGTATAICRRIGIFGENEEVADRAYTGREFDDLPLAEQREACRRACCFARVEPSHKSKIVEYLQSYDEITAM

710 720 730 740 750 760 770 780 790 800
raSERCA  TGDGVNDAPALKKAEIGIAMGSGTAVAKTASEMVLADDNFSTIVAAVEEGRATYNNMKQF IRYLISSNVGEVVCIFLTAALGLPEALIPVQLLWVNLVTD
huSERCA  TGDGVNDAPALKKAEIGIAMGSGTAVAKTASEMVLADDNFSTIVAAVEEGRATYNNMKQF IRYL ISSNVGEVVGIFLTAALGLPEAL IPVQLLWVNLVTD

810 820 830 840 850 860 870 880 890 900
raSERCA  GLPATALGFNPPDLDIMDRPPRSPKEPL I SGWLFFRYMATGGYVGAATVGAAAWWFMYAEDGPGVTYHQL THFMQCTEDHPHFEGLDCE IFEAPEPMTMA
huSERCA  GLPATALGFNPPDLDIMDRPPRSPKEPLISGWLFFRYMAIGGYVGAATVGAAAWNFLYAEDGPHVNYSQLTHFMQCTEDNTHFEGIDCEVFEAPEPMTMA

* % skokoksk skokok sokskskskokskokokok

910 920 930 940 950 960 970 980 990
raSERCA  LSVLVTIEMCNALNSLSENQSLMRMPPWVNIWLLGSICLSMSLHFLILYVDPLPMIFKLKALDLTQWLMVLKISLPVIGLDEILKF IARNYLEG
huSERCA  LSVLVTIEMCNALNSLSENQSLLRMPPWVNIWLLGS ICLSMSLHFLILYVDPLPMIFKLRALDLTQWLMVLKISLPVIGLDEILKFVARNYLEG
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ME————AAHSKSTEECLAYFGVSETTGLTPDQVKRHLEKYGHNELPAEEGKSLWELV IEQFEDLLVRILLLAACISFVLAWFE-EGEE-TITAFVEPFVI
MEEV IKNAHTYDVEDVLKFLDVNKDNGLKNEELDDRRLKYGLNELEVEKKKSIFEL ILNQFDDLLVKILLLAAF ISFVLTLLDMKHKKIEIGDFIEPLVI
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110 120 130 140 150 160 170 180 190 200
LLILTANAIVGVWQERNAENATEALKEYEPEMGKVYRADRKSVQRIKARDIVPGDIVEVAVGDKVPADIRILSIKSTTLRVDQSILTGESVSVIKHTEPV
VLILILNAAVGVWQECNAEKSLEALKELQPTKAKVLR-DGK-WEI IDSKYLYVGDI IELSVGNKTPADART IKIYSTSLKVEQSMLTGESCSVDKYAEKM
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220 230 240 250 260 270 280 290 300
PDP-RAVN-QDKKNMLFSGTNIAAGKALGIVATTGVSTE IGKIRDQMAAT--EQDKTPLQQKLDEFGEQLSKVISLICVAVWLINIGHFNDPVHGGSWIR
EDSYKNCEIQLKKNILFSSTAIVCGRCIAVVINIGMKTE IGHIQHAVIESNSEDTQTPLQIKIDLFGQQLSKI IFVICVTVWI INFKHFSDP THG-SFLY
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310 320 330 340 350 360 370 380 390 400
GAIYYFKIAVALAVAAIPEGLPAVITTCLALGTRRMAKKNATVRSLPSVETLGCTSVICSDKTGTLTTNQMSVCKMF I IDKVD——————————| GD-FCSL
GCLYYFKISVALAVAAIPEGLPAVITTCLALGTRRMVKKNATVRKLQSVETLGCTTVICSDKTGTLTTNQMTTTVFHLFRESDSLTEYQLCQKGDTYYFY
* okkokk * * *x

410 420 430 440 450 460 470 480 490 500
NEFSITGSTYAPE G—EVL KND KPIRSGQ--FDGLVELAT——————————————
ESSNLTNDIYAGESSFFNKLKDEGNVEALTDDGEEGS IDEADPYSDYFSSDSKKMKNDLNNNNNNNNNSSRSGAKRNIPLKEMKSNENT I 1 SRGSKILED
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510 520 530 540 550 560 570 580 590 600
——————————————— [CAL-CNDSSLDFNETKGVYEKVGEATETALTTLVEKMNVF NT-EV RNL-———-SK-—
KINKYCYSEYDYNFYMCLVNCNEAN IFCNDNSQIVKKFGDSTELALLHFVHNFDILPTFSKNNKMPAEYEKNTTPVQSSNKKDKSPRG INKFFSSKNDNS

* kk * * ok kk Rk K EE * *k

610 620 630 640 650 660 670 680 690 700
———————————— VERANACNSV IRQLMKK: EFTLEF SR DRKSMSVYCSPA-————-KS————-SR—
HITSTLNENDKNLKNANHSNYTTAQATTNGYEAIGENTFEHGTSFENCFHSKLGNKINTTSTHNNNNNNNNNSNSVPSECISSWRNECKQIKI IEFTRER
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710 720 730 740 50 760 7170 780 790 800

——AA-VGNK————-MFVKGAPEGV IDRCNYVRVGTTRVPMTGPVKEKILSVIKEWGTGRDTLRCLALATRDTPPKREEMVLDDSSRFMEYETDLTFVGV
KLMSVIVENKKKEI ILYCKGAPENT IKNCKYYLTKND IRPLNETLKNE IHNK1QNMGK—R—-ALRTLSFAYKKLSSK——DLNIKNTDDYYKLEQDL IYLGG
* ok skl ok ok ok * * k% ok x k ok kX * * ok %

810 820 830 840 850 860 870 880 890 900
VGMLDPPRKEVMGS IQLCRDAGIRVIMITGDNKGTAIAICRRIGIFGENE-—-EVA--—-DRA--——-YTGREFDDLPLAEQREACRRA--CCFARVEPS
LGIIDPPRKYVGRAIRLCHMAGIRVFMITGDNINTARATAKE INILNKNEGDDEKDNYTNNKNTQICCYNGREFEDFSLEKQKHILKNTPRIVFCRTEPK

K okwkkk ok ko Rk Rkkkk kklokkk Rk Rk K ok Rk X K kkkk Kk ok * K Kk

910 920 930 940 950 960 970 980 990 1000
HKSKIVEYLQSYDEITAMTGDGVNDAPALKKAE I GIAMG-SGTAVAKTASEMVLADDNFST IVAAVEEGRATYNNMKQF IRYL1SSNVGEVVCIFLTAAL
HKKQITVKVLKDLGETVAMTGDGVNDAPALKSADIGIAMG INGTEVAKEASD IVLADDNFNT IVEATKEGRCIYNNMKAF IRYLISSNIGEVASIFITALL

kk  kk ok * * kk kekk kk kekokokkskk kskk k keksk kskskokokok sfokskskskokskkk  kekk kk kk ok

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
GLPEAL IPVQLLWVNLVTDGLPATALGFNPPDLDIMDRPPRSPKEPL I SGWLFFRYMAIGGYVGAATVGAAAWWFMYAEDGPGVT-——YHQLTHFMQCTE
GIPDSLAPVQLLWVNLVTDGLPATALGFNPPEHDVMKCKPRHKNDNL INGLTLLRYITIGTYVGIATVSIFVYWFLFYPDSDMHTL INFYQLSHYNQCKA
* k% * ok ok dk ok mk Rk skok ok ok * * Hk Kk ok

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
~DHPHFEGL-D--——-CEIFEAP-—EPMTMALSVLVT IEMCNALNSLSENQSLMRMPPWVNIWLLGSTCLSMSLHFLILYVDPLPMIFKLKALDLTQWLM
WNNFRVNKVYDMSEDHCSYFSAGK I KASTLSLSVLVL IEMFNALNALSEYNSLFE IPPWRNMYLVLAT IGSLLLHVLILY IPPLARIFGVVPLSAYDWFL

* * ok % *kkokkok kkk okkk kkk kK kkk kX kK okkkk KK KK * *
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Figure S2. RMSD values between the template and models

Red values are the RMSDs between the template and models obtained from the homology modeling.
Blue and red sticks are the three-dimensional structures of the template and models, respectively.
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human SERCA P, falciparum SERCA P. vivax SERCA P. malariae SERCA
0.334A 0.440A 0.528 A 0.464 A
P ovale SERCA P knowlesi SERCA P. cynomolgi SERCA P, reichenowi SERCA
0.433A 0.424 A 0.455A 0.447 A
P berghei SERCA P. yoelii SERCA

0.492 A 0.457 A



Figure S3. Interaction energies for eight species of malaria parasite

Interaction energies for five other human-infecting malaria parasites (P. vivax, P. malariae, P. ovale,
P. knowlesi, and P. cynomolgi) and three malaria parasites infecting non-human mammalians (P.
reichenowi, P. berghei, and P. yoelii). Blue bars indicate HF energy, which is mainly polar interaction
energy. Red bars indicate MP2 energy, which additionally includes non-polar interaction energy. The
total interaction energy is the sum of the interaction energies of the 144 residues.
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P. cynomolgi SERCA
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