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Figure S1. Sequence analysis of ATG4 cysteine peptidases 

A. Amino acid alignment of L. major ATG4 aligned with those of T. brucei, S. 

cerevisiae, H. sapiens and A. thaliana. Identical and conserved amino acids are 

shaded in black and grey, respectively. Gaps are indicated by hyphens and insertions 

removed from the alignment are indicated in parenthesis indicating the number of 

residues removed. Similarly, some N-terminal residues are not shown. The catalytic 

(β1-7) and auxiliary (β8-13) domains (based on Sugawara et al., 1), the sequence 

linking the two domains, and the inhibitory loop are indicated by single, double and 

triple lines, respectively.  Residues required for substrate recognition and hydrolysis 

according to Sugawara et al. 1 are marked: catalytic triads (∗); oxyanion hole (Δ), 

substrate recognition (ο, Π).  Key: Lmj, L. major; Tb, T. brucei; Sc, S. cerevisiae; Hs, 

H. sapiens; At, A. thaliana. GenBank accession numbers and GeneDB systematic 

names are: LmjATG4.1, LmjF32.3890; LmjATG4.2, LmjF30.0270; TbATG4.1, 

Tb11.01.7970, TbATG4.2, Tb927.6.7690; ScATG4, P53867; HsATG4.1, autophagin-

1, CAD43219; HsATG4.2, autophagin-2, CAD43218; HsATG4.3, autophagin-3, 

Q96DT6; HsATG4, autophagin-4, NP116274; AtATG4a, At2g44140.1; AtATG4b, 

At3g59950.1.  

 

Figure S2. Analysis of ATG8 proteins.  

A. Amino acid alignment of L. major ATG8 (i) and ATG12 (ii) proteins aligned with 

those of S. serevisiae, H. sapiens and A. thaliana.  Identical and conserved amino 

acids are shaded in black and grey, respectively. Gaps are indicated by hyphens. The 

alpha helices (α) and beta folds (β) of the ubiquitin-like fold conserved in H. sapiens 



(GABARAP, 2; GATE-16, 3; MAP-LC3, 1) and A. thaliana 4ATG8s are marked. The 

scissile glycine (*) hydrolysed by ATG4 and residues (#) that interact with the E1-like 

enzyme ATG7 1 are marked. Residues that recognise and interact with the active site 

of the peptidase is marked with ψ. 5  Residues used as the basis for the peptide 

substrates synthesised are underlined.  Key: Lmj, L. major; Tb, T. brucei; Sc, S. 

cerevisiae; Hs, H. sapiens; At, A. thaliana.   GenBank accession numbers are: Sc, 

P38182; Hs-GATE-16, 1EO_6_A; Hs-GABARAP, CAG47031; Hs-MAP-LC3A, 

Q62625; At-ATG8A, NP_567642; At-ATG8E, NP_850431; At-ATG8H, 

NP_566518. GeneDB systematic names for the  L. major genes are:  LmjF19.1630 

(ATG8); LmjF22.1300 (ATG12);  LmjF19.0820 (ATG8B.1);  LmjF19.0840 

(ATG8A.1); LmjF19.0842 (ATG8B.2);  LmjF19.0844 (ATG8A.2); LmjF19.0846 

(ATG8B.3);  LmjF19.0848 (ATG8A.3); LmjF19.0850 (ATG8B.4); LmjF19.0860 

(ATG8B.5); LmjF19.0870 (ATG8B.6); LmjF19.0880 (ATG8B.7); LmjF19.0900 

(ATG8B.8); LmjF19.0910 (ATG8B.9); Lmj09.0150 (ATG8C.1); Lmj09.0152 

(ATG8C.2); Lmj09.0154 (ATG8C.3); Lmj09.0156 (ATG8C.4); Lmj09.0158 

(ATG8C.5); Lmj09.0160 (ATG8C.6); Lmj09.0162 (ATG8C.7); Lmj09.0164 

(ATG8C.8); Lmj09.0166 (ATG8C.9); Lmj09.0170 (ATG8C.10); Lmj09.0172 

(ATG8C.11); Lmj09.0174 (ATG8C.12); Lmj09.0180 (ATG8C.13).  

 

B. Phylogenetic analysis of ATG8 paralogues.  Conserved residues pruned of 

insertions and gaps were used for the analysis. Reliability values after bootstrapping 

are shown at the nodes. Key: GenBank accession numbers and GeneDB systematic 

names for L. major are as detailed in A. ScATG12, P38316; AtATG12, Q8S924; 

HsATG12, AAH12266; HIATG12, BAF75797.  



A 
                                                                                           Δ      
LmjATG4.1    (1) --MGTNAKVAEKTPCVDSGSLFKWWLNPSKIFRTPNRKLKNTTPVVVVGSGSHSGDGT-TEFVKVATKKLLYFSYRNCFPPLPSGS---T 
LmjATG4.2    (1) ----------------------MLRYVQDLWSAFFPTEAVFPLQVVGRSGAAVESREE---LEKALTDTFLIFTYRDGFEAIPAVTRLIE 
 TbATG4.1    (1) --------------------MIGFVYNIVCMIRCRSRDVVEEEDAYVVGSGTYCGGGT-AEMVKLAACKLLYFSYRCQFEPLRNGS---T 
 TbATG4.2    (1) -----------------------MERLKNFVHSVVGCDAHIEYPCCVLGTIQREPQQ----LDEHLENSFYLFTYRRYFDPLPYST--LT 
   ScATG4    (9) KMDLVQKVSHGVFEGSSEEPAALMNHDYIVLGEVYPERDEESGAEQCEQDCRYRG(19)TKEFLLDVQSRVNFTYRTRFVPIARAPDG(29) 
 HsATG4.1    (1) -------------------MDAATLTYDTLRFAEFEDFPETSEPVWILGRKYSIFTEK--DEILSDVASRLWFTYRKNFPAIGGTGP--T 
 HsATG4.2    (1) ----------------MESVLSKYEDQITIFTDYLEEYPDTDELVWILGKQHLLKTEK--SKLLSDISARLWFTYRRKFSPIGGTGP--S 
 HsATG4.3    (1) ----MEATGTDEVDKLKTKFISAWNNMKYSWVLKTKTYFSRNSPVLLLGKCYHFKYEDED(24)KDFISRIWLTYREEFPQIEGSAL--T 
 HsATG4.4   (51) -SPGAGPSEPDEVDKFKAKFLTAWNNVKYGWVVKSRTSFSKISSIHLCGRRYRFEGE---(6)QRDFVSRLWLTYRRDFPPLPGGCL--T 
  AtATG4a   (71) –VCTTRNGWTAFVKRVSMASGAIRRFQERVLGPNRTGLPSTTSDVWLLGVCYKISADENS(13)LDFSSKILMTYRKGFEPFRDTTY--T 
  AtATG4b   (68) –VCTTHSSWTVILKTASMASGAIRRFQDRVLGPSRTGISSSTSEIWLLGVCYKISEGESS(13)QDFSSLILMTYRRGFEPIGDTTY--T 
 
 β3 β4 β5 
 
                   ο   *                                                                     Π 
LmjATG4.1   (85) TDTHWGCLVRTTQMLVGTCLLRYHCKGAYVLPEA-DNAELKERISRLFMDVPSAPLGIHKAEDEAHKNS-VKYASMLSP----TEAGMAI 
LmjATG4.2   (66) TDQGWGCLLRTSQMLLAHFLWVHG--------RP----ADRKLSLFFDHSAETAPFSIHNMIRSVWNRR-VFKAEYWSPS-QGCEAIKRT 
 TbATG4.1   (67) TDIGWGCTIRAGQMMLAHALMRYKNGGGASFEDS-IVPSLKQATQHLFHDDPSAPFGIHAITNKGVQHG-APCGSWFGP----THVAVVM 
 TbATG4.2   (62) SDKGWGCLARATQMLLACSLRRHS--------AQ----DCKLQYFADLDDEQVAPFSLHCMVRHILKQGESLRPVYWAPS-QGCEAISGC 
   ScATG4  (148) TDIGWGCMIRTGQSLLGNALQILHLGRDFRVNGN-ESLERESKFVNWFNDTPEAPFSLHNFVSAGTELSDKRPGEWFGP----AATARSI 
 HsATG4.1   (68) SDTGWGCMLRCGQMIFAQALVCRHLGRDWRWTQRKRQPDSYFSVLNAFIDRKDSYYSIHQIAQMGVGEG-KSIGQWYGP(16)SSLAVHIA 
 HsATG4.2   (71) SDAGWGCMLRCGQMMLAQALICRHLGRDWSWEKQKEQPKEYQRILQCFLDRKDCCYSIHQMAQMGVGEG-KSIGEWFGP(17)NSLAVYVS 
 HsATG4.3  (109) TDCGWGCTLRTGQMLLAQGLILHFLGRAWTWPDALNIE(56)KIISWFGDSPLALFGLHQLIEYGKKSG-KKAGDWYGP----AVVAHIL 
 HsATG4.4  (142) SDCGWGCMLRSGQMMLAQGLLLHFLPRDWTWAEGMGLG(38)QIVSWFADHPRAPFGLHRLVELGQSSG-KKAGDWYGP----SLVAHIL 
  AtATG4a  (172) SDVNWGCMIRSSQMLFAQALLFHRLGRAWTKKSELP-EQEYLETLEPFGDSEPSAFSIHNLIIAGASYG-LAAGSWVGP(8)ESLACKKR 
  AtATG4b  (169) SDVNWGCMLRSGQMLFAQALLFQRLGRSWRKKDSEPADEKYLEILELFGDTEASAFSIHNLILAGESYG-LAAGSWVGP(8)ESLARKNK 
 
  
                                                                            Π 

β7 Linker β6 β8 β9 

LmjATG4.1  (169) AAALIAFRAQGGDVPFTFCCESRHIDEPAVMAKLLEG-------------QHVVLIIPVVLGIA-PMSDQYELVMLKILDVKACCGIAGG 
LmjATG4.2  (142) VQGAVKTEQLQTRVMVVTSTNGCIYADEVQHTFKQGA-------------DVVLVLASVRVSAAAQLTQESYLQIEKLMEQPQCLGVVGG 
 TbATG4.1  (151) GALMEDYLRNGGQGPDVLVLRDRQVMEDEVRKILLLS-------------KHVLLLIPVMLGPH-HISEGYAKLLKRCLRMESTVGAVGG 
 TbATG4.2  (139) VKRATERGILSSPLSVVITVAGAVPAEEVSCHLKESR--------------NVLILAPLRCGASRYMSQKMFLSLEHLLLAPESVGMVGG 
   ScATG4  (281) QSLIYGFPECGIDDCIVSVSSGDIYENEVEKVFAENP----------N--SRILFLLGVKLGIN-AVNESYRESICGILSSTQSVGIAGG 
 HsATG4.1  (172) MDNTVVMEEIRRLCRTSVPCAGATAFPADSDRHCNGFPAGAEVTNRPSPWRPLVLLIPLRLGLT-DINEAYVETLKHCFMMPQSLGVIGG 
 HsATG4.2  (175) MDNTVVIEDIKKMCRVLPLSADTAGDRPPDSLTASNQSKGTSAY--CSAWKPLLLIVPLRLGIN-QINPVYVDAFKECFKMPQSLGALGG 
 HsATG4.3  (250) RKAVEEARHPDLQGITIYVAQDCTVYNSDVIDKQSAS-----MTSDNADDKAVIILVPVRLGGE-RTNTDYLEFVKGILSLEYCVGIIGG 
 HsATG4.4  (265) RKAVESCS--DVTRLVVYVSQDCTVYKADVARLVAR-------PDPTAEWKSVVILVPVRLGGE-TLNPVYVPCVKELLRCELCLGIMGG 
  AtATG4a  (268) KQTDSKNQTLPMAVHIVSGSEDGERGGAPILCIEDATKSCLEFSKGQSEWTPIILLVPLVLGLD-SVNPRYIPSLVATFTFPQSVGILGG 
  AtATG4b  (266) EETDDKHKSFSMAVHIVSGSEDGERGGAPILCIEDVTKTCLEFSEGETEWPPILLLVPLVLGLD-RVNPRYIPSLIATFTFPQSLGILGG 
 

Inhibitory loop  β10 β11 β12  
                                     * *                                   Π 
LmjATG4.1  (245) FKQASLYMFGHQGRS-VFFMDPHYVQNAYTSS------RTVGTLEGSRGELRARRFDPCMVLGFYLHTPEDYRVFAEELAVANSL----V 
LmjATG4.2  (219) VPGR-SYYFFAHNQTQLFYLDPHQRTAAALLCEGLSAAASVTPSVADVRCVHWSRVDTSLFLAFAVTTRDEWAALEVHLSNRFMH----V 
 TbATG4.1  (227) KEGSAFFFMGYQGGN-LIVLDPHYAQSAFTCS------DTQGKISGEWYTLPLTSCSTSVLLGFYIHSPDSFSQFTGDIKDANSS----L 
 TbATG4.2  (215) VPNRGYYIIGTGAQELLLYLDPHCKTQDALLSSEPGETGVVKPTSSNLRSVPYGQVDTSFFLGFFVDSQSRWESLQKRIEGLSKQ----K 
   ScATG4  (310) RPSSSLYFFGYQGNE-FLHFDPHIPQPAVEDS------FVESCHTSKFGKLQLSEMDPSMLIGILIKGEKDWQQWKLEVAESAIINVLAK 
 HsATG4.1  (261) KPNSAHYFIGYVGEE-LIYLDPHTTQPAVEPTDGCFIPDESFHCQHPPCRMSIAELDPSIAVGFFCKTEDDFNDWCQQVKKLSLLG---G 
 HsATG4.2  (262) KPNNAYYFIGFLGDE-LIFLDPHTTQTFVDTEENGTVNDQTFHCLQSPQRMNILNLDPSVALGFFCKEEKDFDNWCSLVQKEILK----E 
 HsATG4.3  (334) KPKQSYYFAGFQDDS-LIYMDPHYCQSFVDVS-IKDFPLETFHCP-SPKKMSFRKMDPSCTIGFYCRNVQDFKRASEEITKMLKFS-SKE 
 HsATG4.4  (345) KPRHSLYFIGYQDDF-LLYLDPHYCQPTVDVS-QADFPLESFHCT-SPRKMAFAKMDPSCTVGFYAGDRKEFETLCSELTRVLSSSSATE 
  AtATG4a  (357) KPGASTYIVGVQEDK-GFYLDPHEVQQVVTVNKETPDVDTSSYHCNVLRYVPLESLDPSLALGFYCRDKDDFDDFCLRALKLAEES---N 
  AtATG4b  (355) KPGASTYIVGVQEDK-GFYLDPHDVQQVVTVKKENQDVDTSSYHCNTLRYVPLESLDPSLALGFYCQHKDDFDDFCIRATKLAGDS---N 
 
 β13 
 
LmjATG4.1  (324) VFPLISFGRRPREGTTLSEDRVVSVAESAESITLHEKEKPQRSRNPLAADGEHARSSNSISSPPS------------------------- 
LmjATG4.2  (304) ESQQTQRDCDH----------LGGARPGHADSTFVSPLQMGHSCAMGGAS----ISETAPLVHRRTLRLPRKRFKEGGVGTATAAAAERD 
 TbATG4.1  (306) IFPLIEVTTS-------DVGHIFNEDDPDVCSLVSFGDEESSGASQPVT----------------------------------------- 
 TbATG4.2  (301) LHPIVSVYRGG----------PHTPVDSLVMEWPTEP----------------------------------------------------- 
   ScATG4  (393) RMDDFDVSCSMDDVESVS----SNSMKKDAS(24)EDVDEYDCFQDIHCKKQKIVVMGNTHTVNANLTDYESNSMKKDASNTNTEDVDEY 
 HsATG4.1  (347) ALPMFELVEQQPSHL----------ACPDVLNLSLDSSDVERLERFFDSEDEDFEILSL------------------------------- 
 HsATG4.2  (347) NLRMFELVQKHPSHWPP----FVPPAKPEVTTTGAEFIDSTEQLEEFD-LEEDFEILSV------------------------------- 
 HsATG4.3  (420) KYPLFTFVNGHSRDYD------FTSTTTNEEDLFSEDEKK----QLKRFSTEEFVLL--------------------------------- 
 HsATG4.4  (432) RYPMFTLAEGHAQDHS------LDDLCSQLAQPTLRLPRTGRLLRAKRPSSEDFVFL--------------------------------- 
  AtATG4a  (443) GAPLFTVTQTH-------------TAINQSNYGFADDDSEDE--R----E-DDWQML--------------------------------- 
  AtATG4b  (441) GAPLFTVTQSHR-------------RNDCGIAETSSSTETSTEISGEE-HEDDWQLL--------------------------------- 
 
 
LmjATG4.2  (380) DGEDELDTDSWEYLD--------------------------------------------------------------------------- 
   ScATG4  (503) DCFQDIHCKKQKIVVMGNTHTVNANLTDYEVEGVLVEKETVGIHSPIDEKC--------------------------------------- 
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A  
 
 
 
                            -----  --------------     ~~~~~~#~~~         ~~~~~ΨΨ  -----------    ~~~~~ Ψ Ψ~ α1 α2 β1 β2 α4 β4 (i) 
 LmjF19.1630    (1) ------MSSRVAGSYKKAHTLEARLRDAEKV-RERAPDRILVICEKAENSPVPDLDK------SKFLVPPDATVGGFLVSIRRRITMEAEKALFLFVGD- 
 LmjF22.1300    (1) MHAPPQPPPPPRTHYQYMHSFEHRCLLSKKM-LRLYGASTVPVIVEPTE(58)-S----AKSTLKCILLRSKSVAEVILTLRGRLALDSCQSLFLSVGEN 
     Sc-ATG8    (1) ----------MKSTFKSEYPFEKRKAESERI-ADRFKNRIPVICEKAEKSDIPEIDK------RKYLVPADLTVGQFVYVIRKRIMLPPEKAIFIFVND- 
 Hs-MAP-LC3A    (1) --------MPSEKTFKQRRSFEQRVEDVR-LIREQHPTKIPVIIERYKGEK-----QLPVLDKTKFLVPDHVNMSELIKIIRRRLQLNANQAFFLLVNG- 
  Hs-GABARAP    (1) ----------MKFVYKEEHPFEKRRSEGEKI-RKKYPDRVPVIVEKAPKARIGDLDK------KKYLVPSDLTVGQFYFLIRKRIHLRAEDALFFFVNN- 
  Hs-GATE-16    (1) ----------MKWMFKEDHSLEHRCVESAKI-RAKYPDRVPVIVEKVSGSQIVDIDK------RKYLVPSDITVAQFMWIIRKRIQLPSEKAIFLFVDK- 
    At-ATG8A    (1) ---------MAKSSFKISNPLEARMSESSRI-REKYPDRIPVIVEKAGQSDVPDIDK------KKYLVPADLTVGQFVYVVRKRIKLGAEKAIFVFVKN- 
    At-ATG8E    (1) --------MNKGSIFKMDDDFEKRKAEAGRI-REKYPDRIPVIVEKAEKSEVPNIDK------KKYLVPSDLTVGQFVYVIRKRIKLSAEKAIFIFVDN- 
    At-ATG8H    (1) -----------MKSFKEQYTLDERLAESREI-IAKYPTRIPVIAEKYCKTDLPAIEK------KKFLVPRDMSVGQFIYILSARLHLSPGKALFVFVNN- 
 LmjF19.0840    (1) -----------MSMYQSLIPADARRAECERV-RREHPEQLPVVVESAN-----------SSHVRFLAVQRDATVADLEAEVRQALGRTNKK-VALAIEG- 
 LmjF19.0844    (1) -----------MSMYQSLIPADARRAECERV-RREHPEQLPVVVESAN-----------SSHVRFLAVQRDATVADLEAEVRQALGRTNKK-VALAIEG- 
 LmjF19.0848    (1) -----------MSMYQSLIPADARRAECERV-RREHPEQLPVVVESAN-----------SSHVRFLAVQRDATVADLEAEVRQALGRTNKK-VALAIEG- 
 LmjF19.0820    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHAAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKE-VTLAIEG- 
 LmjF19.0842    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHAAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKK-VTLAIEG- 
 LmjF19.0846    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHAAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKE-VTLAIEG- 
 LmjF19.0950    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHVAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKK-VTLAIEG- 
 LmjF19.0860    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHVAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKK-VTLAIEG- 
 LmjF19.0870    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHVAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKK-VTLAIEG- 
 LmjF19.0880    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHVAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKK-VTLAIEG- 
 LmjF19.0900    (1) -----------MSAYHSSNPVEARRAECARL-QAKYPGHVAVVVEAAEKA---------GSKVHFLALPRDATVAELEAAVRQALGTSAKK-VTLAIEG- 
 LmjF09.0150    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0152    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALVRETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0154    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0156    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0158    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0160    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0162    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0164    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALVRETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0166    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0170    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAHFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0172    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0174    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 LmjF09.0180    (1) -----------MSAYVLSTPLEARVAKCASL-RAAN--AVPVVVEEAQAR---------GGKAYFSALARETTVAQLVAAVRGFRGVDAKKPVALTVAG- 
 
 
 
 
                          -----#--     ~~~~~~#     

α4 β4 

 LmjF19.1630   (87) -SVPANSTLMSDLFNRYKDEDG-FLYVTYSGENTYGGQGLH---------------------- 

*

LmjF22.1300   (154) DVLVPGNSLLGDLYERYRNADG-FLYLGYLLENTFGGDVRSAAGEAASHTVRRPVQR------ 
     Sc-ATG8   (83) -TLPPTAALMSAIYQEHKDKDG-FLYVTYSGENTFGR-------------------------- 
 Hs-MAP-LC3A   (86) HSMVSVSTPISEVYESERDEDG-FLYMVYASQETFGTALAVTYMSALKATATGREPCL----- 
  Hs-GABARAP   (83) -VIPPTSATMGQLYQEHHEEDF-FLYIAYSDESVYGL-------------------------- 
  Hs-GATE-16   (83) -TVPQSSLTMGQLYEKEKDEDG-FLYVAYSGENTFGF-------------------------- 
    At-ATG8A   (84) -TLPPTAALMSAIYEEHKDEDG-FLYMTYSGENTFGSLTVA---------------------- 
    At-ATG8E   (85) -VLPPTGELMSSVYEDKKDEDG-FLYITYSGENTFGASSI----------------------- 
    At-ATG8H   (82) -TLPQTAALMDSVYESYKDDDG-FVYMCYSSEKTFG--------------------------- 
 LmjF19.0840   (76) -CSPAATTVMGDIFDACKQVDG-FLHVSCARESSMGAKDLCCFGNTGKYFADIENNPDLLGSL 
 LmjF19.0844   (76) -CSPAATTVMGDIFDACKQVDG-FLHVSCARESSMGAKDLCCFGNTGKYFADIENNPDLLGSL 
 LmjF19.0848   (76) -CSPAATTVMGDIFDACKQVDS-FLHVSCARESSMGAKDLCCFGNTGKYFADIENNPDLLGSL 
 LmjF19.0820   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGAFASPCLSTY----------------- 
 LmjF19.0842   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGAFASPCLSTY----------------- 
 LmjF19.0846   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGAFASPCFSVA----------------- 
 LmjF19.0850   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGGIAGLCFASDSGGI------------- 
 LmjF19.0860   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGGIAGLCFASDSGGI------------- 
 LmjF19.0870   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGAFASPCFSVA----------------- 
 LmjF19.0880   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGGIAGLCFASDSGGI------------- 
 LmjF19.0900   (78) -STPAVTATVGDIADACKRDDG-FLYVSVRTEQAMGAFASPCFSVA----------------- 
 LmjF09.0150   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCAWDGSSADDDVII---- 
 LmjF09.0152   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCSWN-------------- 
 LmjF09.0154   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCAWDGSSADDDVII---- 
 LmjF09.0156   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCMSCGSCALN-------------- 
 LmjF09.0158   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCAWDGSSADDDVII---- 
 LmjF09.0160   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCMSCGSCALN-------------- 
 LmjF09.0162   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCAWDGSSADDDVII---- 
 LmjF09.0164   (77) -CSVSPSATLGELHDTCRQADDGMLYVAYTAERCMGTAVCTPCGSCSWN-------------- 
 LmjF09.0166   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCAWDGSSADDDVII---- 
 LmjF09.0170   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGSCAWDGSSADDDVII---- 
 LmjF09.0172   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCMSCGSCALN-------------- 
 LmjF09.0174   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCMPCDSCAWDGSSADDDVII---- 
 LmjF09.0180   (77) -CSVSPSATLGELHDACRQADDGMLYVAYTAERCMGAAVCTPCGLCA---------------- 
 
 
 
 
 
 

Insertion 
 (ii)  
LmjF22.1300   (39) TVPVIVEPTESHLRLSPSPPSLHGESKSSAGSAGGFGGYARHGQLSSSGRAGAGVTASSLASAFTSPSAKSTLKCILLRSKSVA 
   Sc-ATG12   (73) SSGTYEQEETIKTNAQTSKQKS-------------------------HKDEKNIQKIQIKFQPIGSIGQLKPSVCKISMSQSFA 
   Hs-ATG12   (62) IAAGGEGLTDVSPETTTPEPPSSA----------------AVSPGTEEPAGDTKKKIDILLKAVGDTPIMKTKKWAVERTRTIQ 
   At-ATG12   (11) VRKVVVHLRATG-----------------------------------------------------GAPILKQSKFKIPGTDKFA  
LmjF19.1630   (33) ILVICEKAENSPVPDLD------------------------------------------------K------SKFLVPPDATVG 
    Sc-ATG8   (29) IPVICEKAEKSDIPEID------------------------------------------------K------RKYLVPADLTVG 
Hs-MAP-LC3A   (31) IPVIIERYKGEK-----------------------------------------------------QLPVLDKTKFLVPDHVNMS 
 Hs-GATE-16   (29) VPVIVEKVSGSQIVDID------------------------------------------------K------RKYLVPSDITVA 
 Hs-GABARAP   (29) VPVIVEKAPKARIGDLD------------------------------------------------K------KKYLVPSDLTVG 
   At-ATG8A   (30) IPVIVEKAGQSDVPDID------------------------------------------------K------KKYLVPADLTVG 
   At-ATG8E   (31) IPVIVEKAEKSEVPNID------------------------------------------------K------KKYLVPSDLTVG 
   At-ATG8H   (28) IPVIAEKYCKTDLPAIE------------------------------------------------K------KKFLVPRDMSVG 
LmjF19.0840   (28) LPVVVESAN-----------------------------------------------------------SSHVRFLAVQRDATVA 
LmjF19.0820   (28) AAVVVEAAEKA---------------------------------------------------------GSKVHFLALPRDATVA 
LmjF09.0150   (26) VPVVVEEAQAR---------------------------------------------------------GGKAYFSALARETTVA 
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Table S1.  Plasmids used in this study 
 
(i) For transforming E. coli 
Plasmid Characteristic Primer combination 
pET21a+ATG4.1 Plasmid containing a 1.1 kb ORF of 

LmjF32.3890 modified with the 
NdeI/Xho1 restriction sites.   

NT158 5’CAT ATG GGC ACG AAC GCC AAA GTG GCA GAG3’ 
NT5159 5’CTC GAG GCT CGG TGG AGA AGA GAT TGA ATT CGA GC3’ 
 

pET21a+ATG4.2 Plasmid containing a 1.2 kb ORF of 
LmjF30.0270 modified with the 
NdeI/Xho1 restriction sites.   

NT160 5’CAT ATG CTC CGC TAC GTG CAA GAT T3’ 
NT161 5’CTC GAG ATC CAG ATA CTC CCA CGA A3’ 

pET28a+ATG8-HA Plasmid containing a 0.39 kb ORF of 
LmjF19.1630 containing the HA tag and 
modified with the NdeI/Xho1 restriction 
sites.   

NT208 5’CAT ATG TCT TCC AGA GTA GCT GGG TGG TA3’ 
NT209 5’ CTC GAG TCA AGC GTA GTG TGG GAC GTC GTA TGG GTA GTG CAG CCC CTG CCC GCC 
GTA3’ 
 

pET28a+ATG8A-HA Plasmid containing a 0.42 kb ORF of 
LmjF19.0840 containing the HA tag and 
modified with the NdeI/Xho1 restriction 
sites.   

NT212 5’CAT ATG TCC ATG TAC CAG TCG CTG ATC CCT GCC G3’ 
NT213 5’CTC GAG TCA AGC GTA GTG TGG GAC GTG GTA TGG GTA CAA GGA GCC AAG CAG GTC 
CGG GT3’ 
 

pET28a+ATG8B-HA Plasmid containing a 0.38 kb ORF of 
LmjF19.0850 containing the HA tag and 
modified with the NdeI/Xho1 restriction 
sites.   

NT210 5’ CAT ATG TCC GCC TAC CAC AGC AGC AAC C3’ 
NT211 5’ CTC GAG TCA AGC GTA GTG TGG GAC GTC GTA TGG GTA AGC GAC GGA GAA GCA CGG 
ACT C3’ 
 

pET28a+ATG8C-HA Plasmid containing a 0.42 kb ORF of 
LmjF09.0150 containing the HA tag and 
modified with the NdeI/Xho1 restriction 
sites.   

NT390 5’ATC GTA TGG GTA AAT GAT CAC GTC ATC GTC CGC AGA GCT GC3’ 
NT391 5’ TGG CAT ATG TCC GCC TAC GTG TTG TCG ACG CCG CTG GAG3’ 

pET28a+LmjF22.1300-HA Plasmid containing a 0.63 kb ORF of 
LmjF22.1300 containing the HA tag and 
modified with the NdeI/Xho1 restriction 
sites.   

NT388 5’ AAC ATC GTA TGG GTA CCG CTG CAC CGG TCG CCT CAC CGT ATG AG3’ 
NT389 5’ TGG CAT ATG CAC GCG CCA CCA CAG CCG CCG CCG CCA CCT CG3’ 

 
 
 
 
 
 
 
 



(ii) For transfecting L. major. 
Plasmid Characteristic Primer combination 
pGLATG4.2-HYG5'3' 
pGLATG4.2-BSD5'3' 

Plamid containing the 5’ and 3’ flanks of L. major ATG4.2 
0.0270) for genetic mani

Besteiro et al., 2006 
gene (LmjF3 pulation.  

pN-[GFP-ATG8] ining the 0.39 kb ORF 
restricti

.   

teiro et al., 2006 

pN-[GFP-ATG8A] e 0.42 kb ORF of LmjF19.0849 
 restricti

NT250 5’AGA TCT ATG TCC ATG TAC CAG TCG CTG ATC CCT GCC 

CC AAG CAG GTC CGG GTT ATT 
CTC3’ 

pN-[GFP-ATG8B] RF 
ricti or cloning into 

the pNUS-nHGFP vector.   
GAG GCC C3’ 
NT253 5’GGT ACC AGC GAC GGA GAA GCA CGG ACT CGC AAA 

pN-[GFP-ATG8C] RF 150 
modified with the BglII/XhoI restriction sites for cloning into 

NT256 5’AGA TCT ATG TCC GCC TAC GTG TTG TCG ACG CCG CTG3’ 
NT257 5’CTC GAG AAT GAT CAC GTC ATC GTC CGC AGA GCT 

pN[RFP-ATG12] R 300 
modified with the BglII/XhoI restriction sites for cloning into 

NT350 5’CTC GAG TCA CCG CTG CAC CGG TCG CC3’ 
NT351 5’AGA TCT ATG CAC GCG CCA CCA CAG CC3’ 

pN-ATG4.2 RF 
iction sites for cloning into 

the pNUS-nHGFP vector and used to replace GFP in the 

 Plasmid conta of LmjF19.1630 Bes
modified with the BglII/XhoI 
the pNUS-nHGFP vector

 Plasmid containing th

on sites for cloning into 

modified with the BglII/KpnI
the pNUS-nGFP vector.   

on sites for cloning into GAC3’ 
NT251 5’GGT ACC CAA GGA G

 
Plasmid containing the 0.38 kb O
modified with the BglII/KpnI rest

of LmjF19.0850 
on sites f

NT252 5’AGA TCT ATG TCC GCC TAC CAC AGC AGC AAC CCT GTC 

GGC3’ 
 

of LmjF09.0Plasmid containing the 0.42 kb O

the pNUS-nHGFP vector.   

Plasmid containing the 0.63 kb O

GCC3’ 
 

F of LmjF22.1

the pNUS-nHRFP vector.   
Plasmid containing the 1.39 kb O
modified with the NdeI/XhoI restr

 
of LmjF30.0270 Besteiro et al., 2006 

plasmid.   
 
 
 
 
 
 
 
 
 
 
 



(iii) For transforming yeast str
Charac

ains. 
PriPlasmid teristic mer combination 

pCM185[ATG5] Plasmid c
with the B

CTC GCC ATT GTG CGG GAC CTC CTT3’ 
NT365 5’GCG GCC GCT CAC ACC TGA ACC GTG ACA AAA AT3’ 
 

ontaining a 1.38 kb ORF of LmjF30.0980 and modified 
amHI/Not1 restriction sites.   

NT364 5’GGA TCC ATG CTT 

pCM185[ATG10] Plasmid c
with the B

3  TGC TCT GAG GCG GTC CTC GTG3’ 
NT363 5’GCG GCC GCT CAT GCA CGT GCG GTA TCG AA3’ 
 

Plasmid c
and modif

3
3

 
pCM185[ATG8g] Plasmid containing a 0.39 kb ORF of LmjF19.1630 (LmjATG8) 

terminatin
BamHI/N

NT352 5’GGA TCC ATG TCT TCC AGA GTA GCT GGG TCG TAC AAG3’ 
NT3

pCM185[ATG8A] Plasmid c
(LmjATG8A.1) BamHI/Not1 restriction 
sites.   

3 AC3’ 

TC3
 

Plasmid c
(LmjATG
sites.   

3
C

NT367 5’GCG GCC GCC TAA GCG ACG GAG AAG CAC GGA CTC GCA AAG 
GC3

pCM185[ATG8C] Plasmid c
(LmjATG
sites.   

TCG ACG CCG CTG3’ 
G TCA TCG TCC GCA GAG CTG  

3

pCM185[ATG12] 
with the restriction sites.   

NT360 5’GGA TCC ATG CAC GCG CCA CCA CAG CC3’ 
NT361 5’GCG GCC GCT CAC CGC TGC ACC GGT CGC C3’ 
 

CM185[ATG12g] Plasmid containing a 0.63 kb ORF of LmjF22.1300 terminating at 
the scissile glycine and modified with the BamHI/Not1 restriction 
sites.   

NT360 5’GGA TCC ATG CAC GCG CCA CCA CAG CC3’ 
NT368 5’ GCG GCC TCC GCC GAA GGT GTT TTC CAG CAA GTA3’ 
 

ontaining a 0.78 kb ORF of LmjF31.3105 and modified 
amHI/Not1 restriction sites.   

NT 62 5’GGA TCC GAC

pCM185[ATG8] ontaining a 0.39 kb ORF of LmjF19.1630 (LmjATG8) 
ied with the BamHI/Not1 restriction sites.   

NT
NT

52 5’GGA TCC ATG TCT TCC AGA GTA GCT GGG TCG TAC AAG3’ 
53 5’GCG GCC GCC TAG TGC AGC CCC TGC CC3’ 

g at the scissile glycine and modified with the 
ot1 restriction sites.    
ontaining a 0.42 kb ORF of LmjF19.0840 

and modified with the 
NT

57 5’GCG GCC GCC TAG TGC AGC CCC TGC CC3’ 

54 5’GGA TCC ATG TCC ATG TAC CAG TGC CTG ATC CCT GCC G
NT355 5’GCG GCC GCT TAC AAG GAG CCA AGC AGG TCC GGG TTA TTC 

’ 

pCM185[ATG8B] ontaining a 0.38 kb ORF of LmjF19.0850 
8B.4) and modified with the BamHI/Not1 restriction 

NT
CC

56 5’GGAT CCA TGT CCG CCT ACC ACA GCA GCA ACC CTG TC
3’ 

G AGG 

’ 
 

ontaining a 0.42 kb ORF of LmjF09.0150 
8C.1) and modified with the BamHI/Not1 restriction 

CC
 

Plasmid containing a 0.63 kb ORF of LmjF22.1300 and modified 
BamHI/Not1 

NT358 5’GGA TCC ATG TCC GCC TAC GTG TTG 
NT359 5’GCG GCC GCT TAA ATG ATC AC

’ 

p

* pCM vectors were obtained from EUROSCARF 
 described previously in Besteiro et al., 2006 *

 



Table S2.   Strains used in this study 

(i) L. major  
Strain Genotype and characteristics Reference 
Δatg4.2 L. major deficient in the cysteine peptidase ATG4.2 Besteiro et al., 2006 
Δatg4.2[pN-GFP-ATG8] GF
Δatg4.2[pN-GFP-ATG8A] atg4.2 transfected with pN-GFP-ATG

L. major Δatg4.2 transfected with pN- 
L. major Δ

P-ATG8  Besteiro et al., 2006 
8A  This study 

Δatg4.2[pN-GFP-ATG8B] L. major Δatg4.2 transfected with pN-GFP-ATG8B This study 
Δatg4.2[pN-GFP-ATG8C] L. major Δatg4.2 transfected with pN-GFP-ATG8C  This study 
WT[pN-GFP-ATG8] L. major transfected with pN-GFP-ATG8  Besteiro et al., 2006 
WT[pN-GFP-ATG8A] L. major transfected with pN-GFP-ATG8A This study 
WT[pN-GFP-ATG8B] L. major transfected with pN-GFP-ATG8B  This study 
WT[pN-GFP-ATG8C] L. major transfected with pN-GFP-ATG8C  This study 
WT[pN-ATG4.2/pN-GFP-ATG8] L. major co-transfected with pN-GFP-ATG8 and pN-ATG4.2  This study 
WT[pN-GFP-ATG8/pN-RFP-ATG12] L. major co-transfected with pN-GFP-ATG8 and pN-RFP-ATG12  This study 
 
 

(ii) E. coli 

 
 

Strain Genotype and characteristics Reference 
BL21-ATG4.1-His BL21(DE3) transformed with pET21a+ATG4.1  This study 
BL21-ATG4.2-His BL21(DE3) transformed 

BL21(DE3) transformed with pET2
with pET21a+AT

BL21-His-ATG8-HA 8a+Hi
BL21-His-ATG8A-HA BL21(DE3) transformed with pET28a+ This study 
BL21-His-ATG8B-HA BL21(DE3) transformed with pET28a+AT 8B-HA  This study 

HA AT
BL21-His-ATG8-HA[ATG4. co-transformed with pET28a
BL21-His-ATG8-HA[ATG4.2-His] BL21(DE3) co-transformed with pET28a ATG8-HA and pET21a+ATG4.2 This study 

A[AT a
BL21-His-ATG8A-HA[AT a
BL21-His-ATG8B-HA[ATG4.  BL21(DE3) co-transformed with pET28a ATG8B-HA and pET21a+ATG4.1 This study 

BL21(DE3) co-transformed with pET28a+ATG8B-HA and pET21a+ATG4.2 This study 
BL21(DE3) co-transformed with pET28a+ATG8C-HA and pET21a+ATG4.1 This study 

L21-His-ATG8C-HA[ATG4.2-His] BL21(DE3) co-transformed with pET28a+ATG8C-HA and pET21a+ATG4.2 This study 

G4.2  This study 
s-ATG8-HA  This study 

ATG8A-HA  
G

BL21-His-ATG8C- BL21(DE3) transformed with pET28a+

1-His] BL21(DE3) 
G8C-HA  This study 

+ATG8-HA and pET21a+ATG4.1  This study 
+

BL21-His-ATG8A-H G4.1-His] BL21(DE3) co-transformed with pET28
G4.2-His] BL21(DE3) co-transformed with pET28

1-His]

+ATG8A-HA and pET21a+ATG4.1 This study 
+ATG8A-HA and pET21a+ATG4.2 This study 
+

BL21-His-ATG8B-HA[ATG4.2-His] 
BL21-His-ATG8C-HA[ATG4.1-His] 
B
 
 



 
 
 

ins obtained from EUROSC
 

ast sta(iii) Ye ARF 
Name  Strain Genotype 
YPL149w atg5Δ 3Δ0; YPL149w::KANmx4 BY4741; Mat a; his3Δ0; leuΔ0; met15Δ0; ura
YBL078c atg8Δ a3Δ0; YBL078C::KANmx4 

atg10Δ 3Δ0; YLL047c::KANmx4 
atg12Δ a3Δ0; YBR217c::KANmx4 
Wild type 15Δ0 

BY4741; Mat a; his3Δ0; leuΔ0; met15Δ0; ur
YLL047c BY4741; Mat a; his3Δ0; leuΔ0; met15Δ0; ura

t15Δ0; urYBR217c BY4741; Mat a; his3Δ0; leuΔ0; me
Y00000 BY4741; Mat a; his3Δ1; leu2Δ0; met
 
 
 
(iv)  Yeast strains generated for this study 
Strain Genotype and characteristics Reference 
atg5Δ [pCM185-ATG5] atg5Δ  transformed  with pCM185- LmjATG5 [LmjF30.0980] This study 
atg10Δ [pCM-ATG10] atg10Δ transformed with pCM185-LmjATG10 [LmjF31.3105] This study 

5-ATG8]  atg8Δ transformed with pCM185-ATG8 [LmjF19.1630] This study 
5-ATG8g]  atg8Δ transform minating at the scissile glycine residue]  

 [pCM185-ATG8A]  atg8Δ transform  
G8B]  atg8Δ transform udy 

8C]  atg8Δ transform udy 
]  atg8Δ transform udy 
g]  atg8Δ transform at the scissile glycine residue] udy 
]  atg12Δ transfor udy 

 atg12Δ transfor sidue] udy 
 atg12Δ transfor udy 
 atg12Δ transfor udy 
 atg12Δ transfor udy 
 atg12Δ transfor udy 
 atg12Δ transfor sidue] udy 

atg8Δ [pCM18
M18atg8Δ [pC

atg8Δ
ed with pCM185-ATG8 [LmjF19.1630 ter
ed with pCM185-ATG8 [LmjF19.0840] 

This study
This study

atg8Δ [pCM185-AT ed with pCM185-ATG8 [LmjF19.0850] This st
atg8Δ [pCM185-ATG
atg8Δ [pCM185-ATG

ed with pCM185-ATG8 [LmjF09.0150] This st
12 ed with pCM185-ATG12 [LmjF22.1300] This st

atg8Δ [pCM185-ATG12 ed with pCM185-ATG12 [LmjF22.1300 terminating This st
atg12Δ [pCM185-ATG8 med with pCM185-ATG8 [LmjF19.1630] This st
atg12Δ [pCM185-ATG8g] med with pCM185-ATG8 [LmjF19.1630 terminating at the scissile glycine re This st
atg12Δ [pCM185-ATG8A] med with pCM185-ATG8 [LmjF19.0840] This st
atg12Δ [pCM185-ATG8B] med with pCM185-ATG8 [LmjF19.0850] This st
atg12Δ [pCM185-ATG8C] med with pCM185-ATG8 [LmjF09.0150] This st
atg12Δ [pCM185-ATG12] med with pCM185-ATG12 [LmjF22.1300] This st
atg12Δ [pCM185-ATG12g] med with pCM185-ATG12 [LmjF22.1300 terminating at the scissile glycine re This st
 
 
 
 



Sequences alignments and phylogenetic analyses 

mino acid sequences from the ATG8 genes were aligned using the Clustal W algorithm with AlignX program included in the Vector NTI 10.1 

 set were converted to a multiple sequence file (MSF) format and the MEGA2 software 6 used to 

e a phylogenetic t g the Neighbo ethod and Poisson-corrected amino acid distance. The reliability of clustering patterns 

e was tested by rapping (100 pse
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