
: : : . . : . * : * * **** : ** : * : : * : . * : : : * : : : . * : * * * * . * : . : * : . : * * : : * : * . * * * . ** : * : * * . * .
TgPiT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MEAVAELSAPSLAG- - APGEYTWI VAVAGVTCFLTAFAI GANDVANTFSSSVGSRAI PLWAAI GMSAVLETVGATLLGGAVTDSI RSKI I DFEVFRETPSI LMTGMLCALVGAGLWLFLAN   119
NCLIV_016480 - - - - - - - - - - - - - - - - - MAAAAPNAAASALESLAQASPASLAG- - TPSDFTWI VAVAGI TCFLTAFAI GANDVANTFSSSVGSRAI PLWAAI AMSAVLETVGATLLGGAVTDSI RSKI I DFEVFRETPSI LMTGMLCALI GAGLWLFLAN   131
CSUI_004305 MSLQDLSQLSSSSEAPLAPSLSEPLPNSLQQVLSPFASAGI FGQQSPSDFTWI VAVGAVVCFLTAFAI GANDVANTFSSSVGSRAI PLWAAI AMAAVLETLGATLLGGAVTDSI RSKI I DFAVFTDQPSI LMTGMLCALI GAGLWLFLAN   150
PfPiT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MVTG- - - - PDMLWLVI TSGI ACFFMAFVTGANDI ANTFSTSI GSKAI SI KKALI VAFFFEALGASLLGGTVTDSI RSKI I NFQVFYDTPEFLMLGMCCALMGATVWLAVAT   107
ScPHO89 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MALHQFDYI FAI AMLFAFLDAFNI GANDVANSFASSI SSRSLKYWQAMVLAGLCEFLGAVLAGARVSGTI KNNI I DSSI FTNDPAVLMLTMTSALI GSSCWLTFAT   106

1. . . . . . . 10. . . . . . . . 20. . . . . . . . 30. . . . . . . . 40. . . . . . . . 50. . . . . . . . 60. . . . . . . . 70. . . . . . . . 80. . . . . . . . 90. . . . . . . 100. . . . . . . 110. . . . . . . 120. . . . . . . 130. . . . . . . 140. . . . . . . 150

. : * ***** : * : * . : * * : * : * * * : * : ** . ** : * . . . * * * : * . : . * . : . * : . * * : : : : . * : * ** :
TgPiT HLGLPVSTTHSI I GALLGFGLASG- - NVRAVKWTQVAFI VGSWVAAPLAASAAGATI FVCMRRLI LRSRQPLRRAKRFLWI FI YLI TLTFSVFLVFKNFFELNMSCDQMVAGGRVEHFEPCRI SRWADAHSGTALGI AVALSVALTFVI S   267
NCLIV_016480 HLGLPVSTTHSI I GALLGFGLASG- - NVSAVKWSQVAFI VGSWI AAPLAASVVGASI FVCMRRLI LRSRQPLRRAKRFLWI FI WLI TLTFSVFLVFKNFFEI DTSCEQMMPSGEVERFSPCRI SRWADAHAGPSVGI ALGLSVVLTAVI S   279
CSUI_004305 HFSLPVSTTHAI I GSLLGFGLASG- - NVHAI RWKQVAFI LI SWVLAPVAASVVGASI FVCLRGI I LRSRHPLKRAKRFLWFFI WLI TLTFSVFLVFKNFFEI NVSCLQDVPGNGQI EQYPCRI AWWADAHPGVAI GI SI GI SI FLTLI I S   298
PfPiT RAGLPVSTTHSI I GALLGFGLATG- - NMKSI KWEKI NNI VI SWLAAPI LAGTCSAI AFTVLRMLI LRKKNSFEI I KKMYWFLI FLI TLPFSVFLI FHNPI VI NTQCKMKK- DGKVI VSSPCYI EDWSAAHSFYASI I CI LLSSLLTAI GS   254
ScPHO89 AI GMPVSTTHSI VGGTI GAGI AAGGANGVVWGWSGVSQI I ASWFI API LAGAI AAI VFSI SRFSVLEVKSLERSI KNALLLVGVLVFATFSI LTMLI VWKGS- - - - - - - - - - - - - - - - - - - - - - - - PNLHLDDLSETETAVSI VLTGAI A   232

. . . . . . . 160. . . . . . . 170. . . . . . . 180. . . . . . . 190. . . . . . . 200. . . . . . . 210. . . . . . . 220. . . . . . . 230. . . . . . . 240. . . . . . . 250. . . . . . . 260. . . . . . . 270. . . . . . . 280. . . . . . . 290. . . . . . . 300

: : * : . . :
TgPiT CLVYRFAFYRVESYRRRQ- - KRSSRTE- - - - - - - - - - - - PRDASEEGTGPSHARPGGLLLTPRSCVAKEGE- - - - RRPGALEDALRLAGEES- - ARI ASAESRLQKPPP- - - - - LECMDTCADSLQI ND- - - GRAAAAKP- - - - - - DVGT   383
NCLIV_016480 CLVYRFAFYRVQSYRRRQQEKKGSCDDRG- - - - - - - - - - SGPAGEERPWLGRGRSAGLLATPRSFASKPDE- - - - AKSQVERDDRQRPSELD- - QTQRSMDPRHAPTSPHDLPFEECMDTRADSVHTAD- - - GARSGLASNGTELHEI RH   410
CSUI_004305 FLVYRFAMHRVRAYRKRLNHMSSI SDQNGSDRHNGLLGKQGGSGVGKKGAGERKENGLLREGLSMMSTDREPI MMYKEGSSEDQRQENGRKEGMGGERDHDHDVERHDGGGYTPEGGVHTPYRGTHRGDLDGGLKEGKRDEEETRGEVKM   448
PfPiT FVI YI I YNKRI NNYNLKK- - - - - - - - - - - - - - - - - - - - - - KI FCEELADI EKNPQNNFCAI NNSSLN- - - - - - - - - - - SVASNETQLTQAHN- - - - - - - - - - - - - - - - - - - - - - - - - - - NTSNGTKQNQ- - - - - - - - - - - - - - - - - - - - -   323
ScPHO89 SI VYFI FFYPFYRR- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - KVLDQDWTLKLI DI FR- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   262

. . . . . . . 310. . . . . . . 320. . . . . . . 330. . . . . . . 340. . . . . . . 350. . . . . . . 360. . . . . . . 370. . . . . . . 380. . . . . . . 390. . . . . . . 400. . . . . . . 410. . . . . . . 420. . . . . . . 430. . . . . . . 440. . . . . . . 450

. . : . . . . . .
TgPiT AAQSPESRFAADPVGSS- - - - - - - - - - - VPDRSVLAFSRSLA- EDAQAAFHASVQHCASPRFSAASRGD- - - - - - SRYPLQRSTSDFSAFLSSPSSSVPPSSPSPSSTPSSPSASPRRP- - - - - - - - - - - PSRPPVPRTCS- PAPVSPSV   503
NCLIV_016480 PLRGDAKRETCDEAGSP- - - - - - - - - - - LPERSLLNFSRALAQQDAHAFFQNSPEHTAPPLLSSSS- - - - - - - - - - - - LLQFSPVSAPRAI QSVPRYQRAASDSLSLSPASASPSPFFR- - - - - - - - - - - ASSPESPRACASPAHMSPCL   526
CSUI_004305 DHENKQVQLKNHPWI PPGAKKTRSQDHYTI EKGTEQMSDNPI LSSDMAATI SPPEGTVSASLSSSARETGLNGYVSSTPSDFDGRPSSQKTSSLSHVRHPPSDSFAGGEI DASSSPLFQRI LQSRLSLEGGATKQQKRTSTTSQDESVSP   598
PfPiT - VGNGTKSNNNNVLVLP- - - - - - - - - - - - GDKNVKSQQDDSKTNGTQKTGSVEAHHVVHI KDNGSE- - - - - - - - - - - - - - - - DKSHENMLKKNLDKVTN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   393
ScPHO89 - - - GPSFYFKSTDDI PP- - - - - - - - - - - MPEGHQLTI DYYEGRRNLGTTVSVEDEENKAASNSNDS- - - - - - - - - - - - - - - - - - VKNKEDI QEVDLVRT- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   329

. . . . . . . 460. . . . . . . 470. . . . . . . 480. . . . . . . 490. . . . . . . 500. . . . . . . 510. . . . . . . 520. . . . . . . 530. . . . . . . 540. . . . . . . 550. . . . . . . 560. . . . . . . 570. . . . . . . 580. . . . . . . 590. . . . . . . 600

. . : : . . . : .
TgPiT PRAFASTATHGHPP- - - - - ALSDTDADTPEGPDRRRQS- - AALAG- AKDAEASP- - - - - - - - - - - - - - - - - - - - - LFADPAPHPERRDE- VPAAKR- ERDARRTLLLPPRVTGEAPEG- - - - - - - - FFAPTVSHD- - - - - DNGLVFVSQ-   608
NCLIV_016480 PRVFFSTAAHALPQR- - - ELLSDTDADTPDGPLHRRRPGGDGPAGPAKGAERAPRDPKGEGEADSLSQF- - - - - VI VAAQSPETEQDDEGVSGGKRVEGDSRI TLKVPPHEARDGHEES- - - - - - - FFAPTLTHD- - - - - DNGLLFI PG-   655
CSUI_004305 PQLFHPVPVHAASPPSYREKKNKKDNDRGDESSSRVFPGVPTTSSYEREEQDNRGGLKYDGAPKGCGSYREESPVGGGDNDARDHSHHEGQGFNNRGSKSRETSLQNGNKRSYEAGEKEGPSPSSSLYRPI VVHLPRKSEDNGLPSTSHG   748
PfPiT - - - - - - - - - - - - - - - - - - - - MNENNNNSNKNNNSNKNN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NSNKNNNSNKNNNSNKNNNSNKNNNSNKNNNSNNGNSNEG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   451
ScPHO89 - - - - - - - - - - - - - - - - - - - - - - ETEPETKLSTKQYWWS- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - LLKQGPKKWPLLFWLVI SHGWTQDVI HAQVNDRDMLSG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   383

. . . . . . . 610. . . . . . . 620. . . . . . . 630. . . . . . . 640. . . . . . . 650. . . . . . . 660. . . . . . . 670. . . . . . . 680. . . . . . . 690. . . . . . . 700. . . . . . . 710. . . . . . . 720. . . . . . . 730. . . . . . . 740. . . . . . . 750

. : * : : * . . * . : * * : : * . * : . * ** . *** ** : : * : : : . .
TgPiT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ADLADSLGSGVDE- - - - - EEDAPRSWRGKLKAAWRSMPWFKDI HAEGSTEDDLVARLQTGAEVFDTETELFFSACQVVSACMGCI AHSANDTANAI GPFAAI LTVYQSGSA   714
NCLIV_016480 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - AEI GASVTSELGD- - - - - EEEPPKTWKGKLRAAWRNMPWFKDI HAEGSTEDELVAQLQTGAEVFDTETELFFSACQVVSACMGCI AHSANDTANAI GPFAAI LTVYQTGVA   761
CSUI_004305 GGGQAEEWGDEREGGNGQKVVRLKDGELTSLGKDRRGEPDEEGFSVREGLEDDDEEDEDDLPLTWKGRLKKKWLSMPWFKDLHAEGGAEDELVARLHTGAEI FDMETELFFSACQVVSACMGCI AHSANDTANAI GPFAAI LTVYQTGGA   898
PfPiT - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NGKGGDPKNMEN- - - VI I ENFDPQTEI VFSSLQI I SAI LGVVAQSANDTANAI GPFAAVFNTYNNG- I   515
ScPHO89 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DLKGMYER- - - - - - - - - SKFYDNRVEYI YSVLQAI TAATMSFAHGANDVANATGPLSAVYVI WKTNTI   442

. . . . . . . 760. . . . . . . 770. . . . . . . 780. . . . . . . 790. . . . . . . 800. . . . . . . 810. . . . . . . 820. . . . . . . 830. . . . . . . 840. . . . . . . 850. . . . . . . 860. . . . . . . 870. . . . . . . 880. . . . . . . 890. . . . . . . 900

. : : : * : * * : : : : * ** . : * * . : * * : : : * : * ** : : * * . . . : : : * : * * : * : * * . . : . : * * :
TgPiT DSEI GSPWYI LLFGGLSMSLGLALLGYRVI KTVGVKLVKI TPARGFSMELGAAWTVLI FSAI GI PLSTTHCAVGSTVGVGLMEPKHPR- RETGGG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   808
NCLIV_016480 DSEI GSPWYI LLFGGLSMSLGLALLGYRVI KTVGVKLVKI TPARGFSMELGAAWTVLI FSAVGVPLSTTHCAVGSTVGVGLMEPRNPRSAETGDG- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   856
CSUI_004305 SSEI GSPWYI LFFGGLSMSLGLALLGYRVI KTVGVKLVKI TPARGFSMELGAAWTVLLFSAVGI PLSTTHCAVGSTVGVGLMEPRSFPHRRSGCGGAEGGGI LSRRHVERERSSSEARKKGFCCHKKI CPSSFNSSRRSKVDEHHHEEDL  1048
PfPiT RGKI KVQWYI LLFGGLSMSLGLSI MGYRVI KTVGMKLI KI TPARGFTI ELI SGLVVLFFSI CGI PLSSTHCAVSSVI GLGLVEAKMNADNKRHAR- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   610
ScPHO89 GAKSEVPVWVLAYGGVALVI GCWTYGYNI I KNLGNKMI LQSPSRGFSI ELAVAI TTVMATQLGI PTSTTQI AVGGI VAVGLCN- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -   525

. . . . . . . 910. . . . . . . 920. . . . . . . 930. . . . . . . 940. . . . . . . 950. . . . . . . 960. . . . . . . 970. . . . . . . 980. . . . . . . 990. . . . . . 1000. . . . . . 1010. . . . . . 1020. . . . . . 1030. . . . . . 1040. . . . . . 1050

: ** : : . : . * : : * : : : . : : . : . : : *
TgPiT - - - - - - - PVAEGEEPKKRAVQCP- - - - VI NTASVNWKLFGGVFVSWI I TI AFSALVTAALFSFAAYSPRMVSK- - - -   870
NCLIV_016480 - - - - - - - PACDEAEGSKRSARCP- - - - FVNTASVNWKLFGGVFVSWI VTI AFSALVTAALFSFAAYSPRMVSQ- - - -   918
CSUI_004305 EEERDFHPSSSSSSSSSGCCACPSGCLFI NTTTVNWRLFGGVFVSWI VTI AFSAMVSAALFAFAAYSPHI I - - - - - -  1119
PfPiT KSMDKDI I QVDKDKSFTLTEKI KYPFSFLNTSCVNLRLFRTVFLSWI LTVVFSATVTAGI YSFAAYSPSYI MKMQTV   687
ScPHO89 - - - - - - - - - - - - - - - - - - - - - - - - - - - - KDLKSVNWRMVAWCYSGWFLTLPI AGLI AGI I NGI I LNAPRFGVEYQMT   574

. . . . . . 1060. . . . . . 1070. . . . . . 1080. . . . . . 1090. . . . . . 1100. . . . . . 1110. . . . . . 1120. . . . . . .

FIG S1 Sequence alignment of TgPiT and related proteins. Sequence alignment was performed 
in Clustal X2. TgPiT (ToxoDB: TGGT1_240210): Toxoplasma gondii PiT ; NCLIV_016480 
(ToxoDB: NCLIV_016480): Neospora caninum Liverpool PiT; CSUI_004305 (ToxoDB: 
CSUI_004305): Cystoisospora suis PiT; PfPiT (PlasmoDB: PF3D7_1340900): Plasmodium
falciparum PiT; ScPHO89 (NCBI: KZV13384.1): Saccharomyces cerevisiae PHO89.



                                 :               .     :      .           *               .           .     .                         :        .                             
TgPT2 ---------MAPRYHS------AAEADTGVCGETKSRDSD-----ALYDLPLRDPEEDQTT--VALHPGSGEERFPVFQSEFTSVPVSDG----------GANGVTYPVGGSRKEQDEISS--------------------RGPPAYSLE    98
HHA_235150 ---------MAPRYHS------AAEADTGVCGETKSRDSD-----ALYDLPLRDPEEDQTT--VALHPGSGEERFPVSQSDFTLVPVSDG----------GANGGTYPGGGSRKEQDDISS--------------------RGPPAYSLE    98
NCLIV_049730 ---------MAPRYHS------ATEADMGLCGEAKSRGGD-----ALYDLPLGDSEEDRTT--VAVHPGSGEEIIAASHSGFTLVPVSDGS---------GANGRVHPGGGSGKDQDESPS--------------------RGPPVHSLE    99
CSUI_006816 ---------MSRVQRPR-----GPMDDQRMRPKQLSPHGE-----ALYELPLETTCDERTTSCAAISPTADDGGFPAG-EGFTLVPENDF------------DGVEHHDEAS----AELSG--------------------RSPTSPAYD    94
EfaB_PLUS_17096.g1475 MTYHSVAASRAPVLAA----FSDSFDKT--IQEIEIQFGDEIQFNCMPTHTLPAPASSSQ----QPLPCSADLLSGDKHKPSQTIATDHS-------VSAGDTGTADTSRSTTPGTEQPVS--------EDCILNMSTEKHVGRDSAMWA   125
CYC_01186 MTLP-PSGPWSPHLSASPQHFNASYESVGAIDKEEPHRESDISNALQGTKPLFSPPSSSASQTHQFVSCPSPILLGSDSSQKQIATLQEFGAHIAQKTQDGCCRAAEASRSTTPAETDPPASFEALPDTIDFVMKMTPENQAA-DAATWA   148
ScPHO84 ---------MSSVNKDT-----IHVAERSLHKEHLTEGGN-----MAFHNHLNDFAHIEDPLERRRLALESIDDEGFGWQQVKTISIAGVG----------------FLTDSYDIFAINLG--------------------ITMMSYVYW    95
              1.......10........20........30........40........50........60........70........80........90.......100.......110.......120.......130.......140.......150

                            .                                    .: .  ** : ..    : .: * :*      : :     . . : :*::   : *:   *           :  *     . .   :  .**      :  *:  ::
TgPT2 IRGKTSEQLAESGADDEGTNGEK------------------QSLLVPCLAVFSSNYNFTVTSIALFLMNQDPLYKDASDTVVGSSTVKMLSYAGAIVGMCTMGYLGDLIGRRLAMILTLALVFIGALLSSICAWGDGVTVLVIMGVCRFV   230
HHA_235150 IRGKTSEQLAERGVDGEGASGEK------------------QSLLVPCLAVFSSNYNFTVTSIALFLMNQDPMYKDASDSVVGSSTVKMLSYAGAIVGMCTMGYLGDLIGRRLAMIFTLALVFIGALLSSICAWGDGVTVLVIMGVCRFV   230
NCLIV_049730 IRRKKSEQRADGAPGSGVARGEK------------------QSLLVPCLAVFSSNYNFTVTSIALFLMNQDPVYKDASDSVVGSSTVKMLSYAGAIVGMCTMGYLGDLIGRRLAMIFTLALVFVGALLSSICAWGDGVTVLVIMGVCRFI   231
CSUI_006816 DPVLPDRGQCKDSLSVERTACKK------------------QSLLVPCLAVFSSNYNFTVTSIALFLMNQDPVYKEASTNVVGNSTVKMLSYAGAIVGMCTMGYLGDLIGRRRAMVFTLFLVFVGALLSSVCPWGSGVSVLIIMGIFRFL   226
EfaB_PLUS_17096.g1475 DAGKLSQETSDNGVAVLDGYEEQQPQSLNIASSG----EPKQSLLVPCLAVFSSNYNFVVTSIALFIMNQDMTYKETFESVFGNGTIKMLSYAGAIAGMCVMGYLGDMIGRRLAMVLTLFLVAFGALGSAVLSWGSAISVAVILGVFRFV   271
CYC_01186 ETGKLSQDASGDGEVVRENTDVQ-PQSMSIISSTSDVKEKGHSLLVPCLAVFSSNYNFVVTSIALYIMNQDPMYRQTLESIVGNGTIKMLSYAGAIVGMCVMGYLGDLIGRRLAMVLTLFLVAFGAFSSAVFSWGTALSVTVVLGVFRFI   297
ScPHO84 HGSMPGPSQTLLKVSTSVGTVIG-------------------QFGFGTLADIVGRK--RIYGMELIIMIVCTILQTTVAHSPAINFVAVLTFYRIVMGIGIGGDYPLSSIITSEFATTKWRGAIMGAVFANQAWG-----QISGGIIALI   219
              .......160.......170.......180.......190.......200.......210.......220.......230.......240.......250.......260.......270.......280.......290.......300

                       *  .  *    :   *  .:  ::  *:  *:    .  :      : :::      .  *:  :.:                    :.   :  .:  ::.   .  :    .:   *   .* : ****. .*:  **: **: * ..
TgPT2 LGVGSGGVYPLSAVSAAEGAGSEKSNDRSMRVSWAYSMNVPGIMFPYIVALVLWCTTHN-VDVCFRILLGFG--------------ALPALLIWLPAWRMKEDRAYVAKDFAKHLAGVFVSRSYWRQLLGTGVCWLLYDVTAYGILLVQP   365
HHA_235150 LGVGSGGVYPLSAVSAAEGAGSEKSTDRSMRVSWAYSMNVPGIMFPYIVALVLWCTTHN-VDVCFRILLGFG--------------ALPALLIWLPAWRMKEDRTYVAKDFAKHLAGVFVSRSYWRQLLGTGVCWLLYDVTAYGILLVQP   365
NCLIV_049730 LGVGSGGVYPLSAVSAAEGAGTEQSNDRSMRVSWAYSMNVPGIMFPYIVALILWCTTHN-VDVCFRILLGFG--------------ALPALLIWLPAWRMKEDRTYVAKDFAKHLAGVFITRNYWRQLLGTGVCWLLYDVTAYGILLVQP   366
CSUI_006816 LGVGSGGVYPLSAVSAAEGAGTDKSEDRSMRVSWTYSMNVPGIMAPYVVALILWSCTND-VNVCFRVLLAFG--------------AIPALLIWLPAWRIKEDKTYVARDFAKHLVGVFLTRSYWRQLLGTGVCWLLYDVTAYGILLVQP   361
EfaB_PLUS_17096.g1475 LGMGSGGVYPLSAVTAAEGSSSENMDDRCLRVSWAYSMNVPGILSPYLLALLLWWATNKSVEISFRILLGFG--------------AVPAFLVWLPAWRMKDSKEFVERDFAAKLLQAFVNRSYWRQLLGTGVCWLLYDVTAYGILLVQP   407
CYC_01186 LGVGSGGVYPLSAVTAAEGSCSEKVDDRCLRVSWAYSMNVPGISFPYILALLLWWATDQSVEITFRVLLCFG--------------AVPAFLVWLPAWRMQDSKEFVERDFAAKLLHVFVRGSYWRQLLGTGVCWLLYDVTAYGILLVQP   433
ScPHO84 LVAAYKGELEYANSGAECDARCQKACDQMWRILIGLGTVLGLACLYFRLTIPESPRYQLDVNAKLELAAAAQEQDGEKKIHDTSDEDMAINGLERASTAVESLDNHPPKASFKDFCRHFGQWKYGKILLGTAGSWFTLDVAFYGLSLNSA   369
              .......310.......320.......330.......340.......350.......360.......370.......380.......390.......400.......410.......420.......430.......440.......450

                        * * *    :.     : :    *::*   * :** ::.::.:  :* * :*: **: *:    ::. : . *     . * *  :                                       *.: .   :               
TgPT2 EITQSIWGNSSS-----VTDVIWQNIILNGMG-IPGCFMGILVLKQMGVKWLQFWGFVGLAVSAFLMAATVEILQGKAWAQLVLLCIVNFFINWGASITTFILPSLVFPPEVRSTYSGISAALGKIGAVGGIYTMKAILST-----GGLT   504
HHA_235150 EITQSIWGNSSS-----VTDVIWQNIILNGMG-IPGCFMGILVLKQMGVKWLQFWGFVGLAVSAFLMAATVEILQGKAWAQLVLLCIVNFFINWGASITTFILPSLVFPPEVRSTYSGISAALGKIGAVGGIYSMKAILST-----GGLT   504
NCLIV_049730 EITQSIWDDSSS-----VTDVIWQNIVLNGMG-IPGCFMGILVLKQMGVKWLQFWGFVGLAASAFLMAATVEILKGQAWAQLVLLCIVNFFINWGASITTFILPSLVFPPEVRSTYSGISAALGKIGAVGGIYAMKAILSA-----GGLT   505
CSUI_006816 EITQTIWGDKTS-----VTDIIWQNIVLNGMG-IPGCYMGILVLRQMGVKWLQFWGFVGLAGSAFLMAATADALKGIAWAQLVLLCIVNFFINWGASITTFILPSLVFPPEVRSTYSGLSAALGKVGAVGGIYAMKAILSA-----GGLT   500
EfaB_PLUS_17096.g1475 EITQMIWSESSS-----VFDIIWRNIVLNAIG-IPGCYMGILVLRQMGVKWLQFWGFMGLAGSALLLAATSHALNGCPWGQLGLLAVE------------------------------------AQGGVMGMCIIVFNPIR-----LDLG   510
CYC_01186 EITQMIWGDGSS-----VFEVIWHNIVLNVIG-IPGCYMGILVLRQMGVKWLQFWGFIGLAGSAFLLAATSHALAGHSWAQLVLLAVVNFYINWGASITTFILPSVMFPPSVRSTYSGISAAMGKVGAVAGIYCMKAVLTT-----WGLA   572
ScPHO84 VILQTIGYAGSKNVYKKLYDTAVGNLILICAGSLPGYWVSVFTVDIIGRKPIQLAGFIILTALFCVIGFAYHKLG--DHGLLALYVICQFFQNFGPNTTTFIVPGECFPTRYRSTAHGISAASGKVGAIIAQTALGTLIDHNCARDGKPT   517
              .......460.......470.......480.......490.......500.......510.......520.......530.......540.......550.......560.......570.......580.......590.......600

                                 :   ::                                                      
TgPT2 PMMICAGVPSLAAAILTWFYVDPVPNTLRSSFLQCFGSLAGSCPFIDCRKFRRGSRAFE-----------   563
HHA_235150 PMMICAGVPSLAAAILTWFYVDPVPNTLRSSFLQCFGSLAGSCPFIDCRKFRRGSRAFE-----------   563
NCLIV_049730 PMMICAGVPSLAAAVLTWFHVDPVPNTWRSSLLQCFGSLAGSCPFIDCRKFRRGSRAFE-----------   564
CSUI_006816 PMMICAGVPSLVAAVLTWFYVDPVPSTLKSSCLQCFGSLAGSCPFVDCRRGKAACCGRAR----------   560
EfaB_PLUS_17096.g1475 ILLYTD---EFTHSVIS-----------------------------------------------------   524
CYC_01186 PMMVCAGVPSLIAAVLTFFYAAQG--RMSGSGVRDLQE--------------------------------   608
ScPHO84 NCWLPHVMEIFALFMLLGIFTTLLIPETKRKTLEEINELYHDEIDPATLNFRNKNNDIESSSPSQLQHEA   587
              .......610.......620.......630.......640.......650.......660.......670

FIG S2  Sequence alignment of TgPT2 and related proteins. Sequence alignment was 
performed in Clustal X2. TgPT2 (ToxoDB: TGGT1_235150): Toxoplasma gondii PT2; 
HHA_235150 (ToxoDB: HHA_235150): Hammondia hammondi PT2; NCLIV_049730 
(ToxoDB: NCLIV_049730): Neospora caninum Liverpool PT2; CSUI_006816_t36 (ToxoDB: 
CSUI_006816): Cystoisospora suis PT2; EfaB_PLUS_17096.g1475 (ToxoDB: 
EfaB_PLUS_17096.g1475): Eimeria falciformis PT2; CYC_01186 (ToxoDB: CYC_01186): 
Cyclospora cayetanensis PT2; ScPHO84 (NCBI: KZV08715.1): Saccharomyces cerevisiae 
PHO84.



                                                                                                                                                                       
TgmPT MSFCEQRPYKNVLPGLESCSLCGCQRKETQDCAKWRFFLSFSLPPLHRPGVLLFGGRLRLLLSRVCVFSLPFWFFPCAVWQANLLLYEPRFSSVPSVPPRLSSLPAPVDRSRFNLRIPEISLDPCDSSLSSGRFCLLVRSFLAWKMSSLS   150
PfmPT ------------------------------------------------------------------------------------------------------------------------------------------------------   150
Tb427_090058400 ------------------------------------------------------------------------------------------------------------------------------------------------------   150
ScMIR1 ------------------------------------------------------------------------------------------------------------------------------------------------------   150
        1.......10........20........30........40........50........60........70........80........90.......100.......110.......120.......130.......140.......150

                       :        :  : *         :. * * *   .* :.** **: : *:**.* .:*  *  : :.:  .:: :   :   . .:  *: **::***:**  *** ** **. : :  * . : . :.  :: .:* *** *
TgmPT VAAASPLAAAKSQWDARLSEPITRKPHAMPHTMSYYAKCMLGGVLSCGLTHTAVTPLDVVKCKMQVYPDKY-KGLVSGMRTVVAEE--GAAGLRLGWTPTLLGYSMQGLFKFGLYEYFKDTYGNLMGEEFTAKNKGVVWLAASASAEFFA   300
PfmPT ------MMKRKEVWDSRISSPVTRIKHPHEHNLSYYSKCMFGGILSCGLTHTIITPLDVTKCRIQTYPNIY-KNLFQSIKKIVKEE--KVRSLTLGWTPTFVGYSLQGLCKFGFYEIFKDVYSNYLGEENAYKYKGATWLLASASAEFTA   300
Tb427_090058400 ------MSAKNKTWDARYANP------DIPHNNSYYLKCIGGGVLSCGLTHTAVCPLDVVKCNMQVNPEKF-RGIGSGFKVLAAEDGFGAKGIWKGWLPTLIGYSMQGACKFGLYEVFKDFYANLAGQKAAKEYEGLIWLAGSASAEFFA   300
ScMIR1 ------MSVS-----AAPAIP--------QYSVSDYMKFALAGAIGCGSTHSSMVPIDVVKTRIQLEPTVYNKGMVGSFKQIIAGE--GAGALLTGFGPTLLGYSIQGAFKFGGYEVFKKFFIDNLGYDTASRYKNSVYMGSAAMAEFLA   300
        .......160.......170.......180.......190.......200.......210.......220.......230.......240.......250.......260.......270.......280.......290.......300

                 *: ***:*  :::: :.    :.. :  ..: :        *    . *:  :****.:*** .**:  .: *.  *: **:. *. :   :.: **  :*: .*:**:*** *:*  .*. :  .:*     . : :::*  .  : *:
TgmPT DVALCPMEMVKVKMQTSPAGTWPTSFSPALTKMSEMKKETKFPFGSVVPLWSRQIPYTMAKFYFFEKVVQLFYDNIFTKPKDSYSKTTQLGITFASGYLAGVICAVVSHPADTLVSVMSKAGNK-GKS----FGTMINEMGYKNLFTKGL   450
PfmPT DIFLCPFEMIKVKMQTSKANTFPTKMVPSIAHMLKNRKESKFPFGSVGPLWCRQIPYTMAKFYFFEKIVQLMYDKVFTMPKDNYSKSTQLGITFASGYLSGIICALVSHPADNLISQLGKVENK-DKS----LGMITKEMGMFNLFTKGI   450
Tb427_090058400 DVALCPMEMVKVKVQTSPSGTFPTSLGAAVATMRADPAAG-FPFKSLVPLWSRQIPYTMAKFFFFEKVVRFFYSNVFTKPKEEYSKGTQLSITFASGYIAGIVCAIVSHPADMLVSARGKASNV-GKS----YGQIANEIGYGNLCTKGL   450
ScMIR1 DIALCPLEATRIRLVSQP--QFANGLVGGFSRILKEEGIGSFYSG-FTPILFKQIPYNIAKFLVFERASEFYYG--FAGPKEKLSSTSTTLLNLLSGLTAGLAAAIVSQPADTLLSKVNKTKKAPGQSTVGLLAQLAKQLGFFGSFA-GL   450
        .......310.......320.......330.......340.......350.......360.......370.......380.......390.......400.......410.......420.......430.......440.......450

                  :*::*:****.**: **.: *: :*   *   *.. : 
TgmPT GTRVLMIGTLTGLQWWIYDSFKTFMGMG-TTGGGSAKK-   489
PfmPT CTRVLMIGTLTGLQWWIYDTFKSVMGLG-TSGSGSSAKK   489
Tb427_090058400 MARIIMIGTLTGLQWWIYDTYKSTLGLG-TSG-GSGKK-   489
ScMIR1 PTRLVMVGTLTSLQFGIYGSLKSTLGCPPTIEIGGGGH-   489
        .......460.......470.......480.........

FIG S3 Sequence alignment of TgmPT and related proteins. Sequence alignment was
performed in Clustal X2. TgmPT (ToxoDB: TGGT1_278990): Toxoplasma gondii mPT; PfmPT
(PlasmoDB: PF3D7_1202200): Plasmodium falciparum mPT; Tb427_090058400 (TritrypDB:
Tb427_090058400): Trypanosoma brucei mPT; ScMIR1 (NCBI: CAA89605.1):
Saccharomyces cerevisiae mPT.
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FIG S4 Expression levels of phosphate transporter encoding genes in Toxoplasma. (A) Transcript levels of the  corresponding genes in the RH 
strain 2 h, 22 h or 36 h after invasion into HFF cells, respectively. The data were derived from ToxoDB.  (B) The transcript level of each 
phosphate transporter in RH parasites, derived from the RNA-seq data obtained in this study. n = 3. (C) qRT-PCR analysis of mRNA level of 
TgPiT and TgPT2 in RH parasites, n=2. Mean ± SEM; * p < 0.05, ** p < 0.01. Unpaired two-tailed Student’s t-test.
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FIG S5 Reduced motility and host-cell invasion efficiency of the TgPT2 depletion mutants. (A) 
Representative images of parasite motility on BSA coated coverslips. The iKD-PT2 strain was 
treated with or without ATc for 48 hours and then freshly egressed parasites were added to 
coverslips to initiate gliding motility, which was visualized by SAG1 staining. (B) Trail length 
recorded from experiments described in A. (C) Host cell invasion efficiency of the iKD-PT2 
strain treated with or without ATc. (D) Egress rates of iKD-PT2 parasites treated with or 
without ATc for 40 hours. Egress was induced by A23187 at final concentration of 2 μM. (E) 
Western blot to assess the effect of TgPT2 suppression (by ATc treatment for 48 hours of the 
iKD-PT2 strain) on microneme secretion using MIC2 discharge as a reporter. Microneme 
secretion was induced in serum free DMEM with 2% ethanol. The supernatant was separated 
from intact parasites by centrifugation. TgMIC2 and TgALD, which was used as loading 
control, were detected by mAb 6D10 and rabbit anti-TgALD, respectively. Mean ± SEM;***p < 
0.001, *p< 0.05 (n=3 assays). Paired two-tailed student’s t-test. 
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FIG S6  Construction of a TgPT2 complementing strain. (A) schematic illustration of 
inserting a TgPT2 (HA tagged) expressing cassette into the UPRT locus of the 
iKD-PT2 strain to construct the comPT2 strain for complementation. Red bar 
indicates the CRISPR targeting site in UPRT. PCR4/5 are used to identify the correct 
insertion of TgPT2. (B) Diagnostic PCR of one comPT2 clone. (C) immunofluorescent 
assay to examine the expression of complementing PT2 in the comPT2 clone.
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FIG S7  Effect of Na+ concentration on Pi uptake in TATi parasites. The assays were 
done in the Na+ dependent Pi transport buffer containing different Na+ concentrations, 
and choline chloride was used to balance the osmolarity. Mean ± SEM; n= 6, * p < 
0.05, ** p < 0.01, *** p < 0.001, compared with the [Na+] = 0 group. NS: not 
significantly different, paired two-tailed Student’s t-test.
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FIG S8 Evaluation of the Pi transport activity of Toxoplasma phosphate transporters in yeasts. 
Complementation of the yeast mutant YP100 (Δpho84 Δpho87 Δpho89 Δpho90 Δpho91 Δgit1 
pGal::pho84) defective in Pi transport by TgPiT or TgPT2. Five-microliter aliquotes of 5-fold serial 
dilutions of each strain were spotted onto agar plates made from Pi free YNB (pH 5.5) medium 
containing different Pi concentrations, respectively. The plates were incubated at 30℃ for 5 days 
before imaging. Complementing the same mutant with the empty vector or  yeast PHO84 was 
used as negative and positive controls respectively. In the presence of galactose, expression of 
pho84 from pGal::pho84 was active and all strains grew equally well. However, in the presence of 
glucose (no galactose), expression of pho84 from pGal::pho84 was supressed and growth of 
yeasts depended on the complementing transporters and Pi concentrations.



FIG S9 Competitive inhibition of Pi uptake by organic compounds. Purified tachyzoites of the wildtype (A) and 
Δpit (B) strains were used in a 45-minutes Pi uptake assay as described in FIG 5 (assay conditions: Pi free 
DMEM, pH = 7.4, ), in the presence of 1 mM glucose-6-phosphate (G6P),  1mM fructose-6-phosphate (F6P), 
1mM fructose-1,6-bisphosphate (FBP), 250 μM myo-inositol (myo-in) or 100 μM glycerophosphoinositol 
(GPI). 1 mM inorganic phosphate (Pi) was used as a positive control. Transport activity with no competitor 
was set at 100% and used as a normalization reference for the rest conditions. Each compound was tested 
three times independently. Mean ± SEM；***p < 0.001 (n=3 assays). Paired two-tailed student’s t-test, 
compared with the no  competition control.

***

B Δpit

  R
el

at
iv

e 
Pi

 im
po

rt 
ac

tiv
ity

  (
%

)

G6P F6P FBP
myo

-in GPI
31 P iCompetitor

0

50

100

A
  R

el
at

iv
e 

Pi
 im

po
rt 

ac
tiv

ity
  (

%
)

G6P F6P FBP
myo

-in GPI
31 P iCompetitor

***

WT

0

50

100



0.0

0.5

1.0

Non
e

31 P i
ATP

ATP-γ-
S

FBPCompetitor

fm
ol

 A
TP

 p
er

 1
07  p

ar
as

ite
s 

in
 4

5 
m

in

**
***

***

Fig S10 Uptake of ATP by Toxoplasma parasites. The wild type RH parasites were collected to 

test their ATP uptake activity using 4 μCi /ml ATP-α-P32. Meanwhile, 1 mM non-radioactive  

KH2PO4, ATP, ATP-γ-S or FBP was included in the reaction system as competitors. Mean ± SEM; 

n=3. ** p < 0.01, *** p < 0.001, Paired two-tailed Student’s t-test. Note that the calculated 

amounts of ATP imported are quite different from that obtained in Fig 6C (the no competitor group 

in both figures). This is likely caused by the different efficiency of P32 labeling in the two products 

(ATP-α-P32 vs ATP-γ-P32) because we detected different levels of radioactivity even if the same 

amount (in pmol) of radioactive ATP was added.
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