
B) protein separation on 15% PAGE gel

S-G S-M

A) protein separation on 10% PAGE gel

S-M S-G

Raw SDS-PAGE gels visualized on figure 12 

B) Salivary gland homogenate tested on 
SDS PAGE zymography gel containing 
10% polyacrylamide with 0.002% HA, 
tested under reducing conditions

A) Salivary gland homogenate tested on SDS 
PAGE zymography gel containing 10% 
polyacrylamide with 0.002% HA, tested under 
non-reducing conditions

Raw SDS-PAGE zymography gels visualized on figure 13 

S-MS-G S-G S-MX XX X

First three lines on both gels: concentration 0.5 salivary gland per line; second three lines: concentration 1 salivary gland 
per line, which was used for publication; samples order: positive control Phlebotomus papatasi, Sergentomyia schwetzi 
gecko lineage, S. schwetzi mouse lineage

X X X X



S2 Fig. Functional gene ontology (GO) classification of the S. schwetzi salivary gland transcriptome

Functional gene ontology (GO) classification of the S. schwetzi salivary gland transcriptome. The percentage and distribution of top-level 
GO-terms are portrayed in the three categories: cellular component, molecular function and biological process. Transcripts annotated from whole 
transcriptome sequences dataset are indicated by blue bar (7,749 sequences) and transcripts annotated from arthropod sequences subset are 
in yellow (5,937 sequences).
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S3 Fig. Multiple sequence alignment of sand flies’ antigen 5-related proteins

Multiple sequence alignment of S. schwetzi antigen 5-related proteins with chosen sand 
flies’ antigen 5-related proteins. Name of sequence include sand fly species shortcut (P.tob – P. 
tobbi, P.ser – P. sergenti, P.per – P. perniciosus, P.ori – P. orientalis, P.ari – P. ariasi, P.ara – P. 
arabicus, P.pap – P. papatasi, P.dub – P. duboscqi, P.arg – P. argentipes, L.lon – L. longipalpis, 
L.aya – L. ayacuchensis, L.olm – L. olmeca, L.nei – L. neivai) and GenBank accession number. 
Sequence conservation is depicted by shading of purple color. Conserved cysteines residues are 
highlighted in green, putative glycosylation sites in SschwAg5r sequence are highlighted in blue. 
Lines below the alignment indicates conserved cysteines residues by “$”, glycosylation by “N” for 
N-glycosylation and by “O” for O-glycosylation and consensus sequence. Alignment was made by 
MAFFT with L-INS-i method and visualized in Jalview.
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S4 Fig. Multiple sequence alignment of sand flies’ lufaxin proteins

Multiple sequence alignment of S. schwetzi lufaxin proteins with chosen sand flies’ lufaxin 
proteins. Name of sequence include sand fly species shortcut (P.tob – P. tobbi, P.ser – P. 
sergenti, P.per – P. perniciosus, P.ari – P. ariasi, P.ara – P. arabicus, P.pap – P. papatasi, P.dub – 
P. duboscqi, P.arg – P. argentipes, L.lon – L. longipalpis, L.int – L. intermedia, L.aya – L. 
ayacuchensis, L.olm – L. olmeca, L.nei – L. neivai) and GenBank accession number. Sequence 
conservation is depicted by shading of purple color. Conserved cysteines residues are highlighted 
in green, putative glycosylation sites in SschwLuf sequences are highlighted in blue. Lines below 
the alignment indicates conserved cysteines residues by “$”, glycosylation by “N” for N-
glycosylation and by “O” for O-glycosylation and consensus sequence. Alignment was made by 
MAFFT with L-INS-i method and visualized in Jalview.
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S5 Fig. Multiple sequence alignment of sand flies’ D7-related proteins

Multiple sequence alignment of S. schwetzi D7-related proteins with chosen sand flies’ D7-
related proteins. Name of sequence include sand fly species shortcut (P.tob – P. tobbi, P.ser – P. 
sergenti, P.per – P. perniciosus, P.ori – P. orientalis, P.ari – P. ariasi, P.ara – P. arabicus, P.pap – P. 
papatasi, P.dub – P. duboscqi, P.arg – P. argentipes, L.lon – L. longipalpis, L.int – L. intermedia, 
L.aya – L. ayacuchensis, L.olm – L. olmeca, L.nei – L. neivai) and GenBank accession number. 
Sequence conservation is depicted by shading of purple color. Conserved cysteines residues are 
highlighted in green, putative glycosylation sites in SschwD7 sequences are highlighted in blue. 
Lines below the alignment indicates conserved cysteines residues by “$”, glycosylation by “N” for 
N-glycosylation and by “O” for O-glycosylation and consensus sequence. Alignment was made by 
MAFFT with L-INS-i method and visualized in Jalview.
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Multiple sequence alignment of S. schwetzi PpSP15-like proteins with two chosen P. 
papatasi SP15-like proteins. Name of sequence include sand fly species shortcut (P.pap – P. 
papatasi) and GenBank accession number. Sequence conservation is depicted by shading of 
purple color. Conserved cysteines residues are highlighted in green, putative glycosylation sites in 
SschwSP15 sequences are highlighted in blue. Lines below the alignment indicates conserved 
cysteines residues by “$” and for SschwSP15_2 the duplication of cysteines motive by “^”, 
glycosylation by “O” for O-glycosylation and consensus sequence. Alignment was made by 
MAFFT with L-INS-i method and visualized in Jalview.
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GDCS E T Y VY I TN F L S NAL F I YDHKNQQS WN VTDAT F K AE RPS T - F DH - QGKQY T Y KAGL F G I T L GDRDKDGN RP AY Y L AGS S I KVYS VNT KE L KQKN KK - -
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F VP T R I GDRE L P EDS P L RNKNL WAL S YS TGL NDA I TMAYDP L T K VL F VGE PNNRR I ACWK T EG - E F TDEN KDA I YS N - - - ND I Y L F KDMS VDAHGT L WS L V
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FDP I R I GDR - - - - - - - - - - - - - - - - - - - GP Y T E A I T L VYDP K T K V I F F AES I T RQVS CWN TQT - P L DS NH TDV I YS D - - - ARF L F GTD I S VDS NS T L WVMA
L N P E L L GNR - - - - - - - - - - - - - - - - - - - GK YNDA I AL AYDP K T K V I F F AE AN T KQVS CWN TQKMP L RMKN TDVVY TS - - - S RF VF GTD I S VDS KGGL WF MS
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A A AA
$

L E P+L L GDRE L P EDS P L RNKNL WAL S YS GK+T E A I AL AYDP K T K V I F F AES N+RQVS CWN TQKMP L +P EN TDV I YS +P RD+DF I F GTD I S VDS +GT L WF MS
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NGF P P VKNS Q - - KF K F DY P RY RL L N V - DTQAA I AGTN - C E I K P R - - - - - - -
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S7 Fig. Multiple sequence alignment of sand flies’ yellow-related proteins



Multiple sequence alignment of S. schwetzi YRPs with chosen sand flies’ YRPs. Name of 
sequence include sand fly species shortcut (P.tob – P. tobbi, P.ser – P. sergenti, P.per – P. 
perniciosus, P.ori – P. orientalis, P.ari – P. ariasi, P.ara – P. arabicus, P.pap – P. papatasi, P.dub – 
P. duboscqi, P.arg – P. argentipes, L.lon – L. longipalpis, L.int – L. intermedia, L.aya – L. 
ayacuchensis, L.olm – L. olmeca, L.nei – L. neivai) and GenBank accession number. Sequence 
conservation is depicted by shading of purple color. Conserved cysteines residues are highlighted 
in green, putative glycosylation sites in SschwYRPs sequences are highlighted in blue, putative 
amine binding residues are highlighted in orange. Lines below the alignment indicates amine 
binding site by “A”, conserved cysteines residues by “$”, glycosylation by “N” for N-glycosylation 
and by “O” for O-glycosylation and consensus sequence. Alignment was made by MAFFT with L-
INS-i method and visualized in Jalview.



SschwApy1
SschwApy2
SschwApy3
P.tob_ADJ54078
P.tob_ADJ54077
P.ser_ADJ54110
P.ser_ADJ54109
P.per_ABB00907
P.per_ABB00906
P.ori_AGT96454
P.ori_AGT96430
P.ori_AGT96455
P.ori_AGT96431
P.ori_AGT96429
P.ari_AAX56357
P.ara_ACS93497
P.ara_ACS93496
P.ara_ACS93495
P.pap_AGE83101
P.pap_AAG17637
P.dub_ABI20151
P.dub_ABI20147
P.arg_ABA12135
L.lon_AAD33513
L.int_AFP99246
L.aya_BAM69103
L.aya_BAM69102
L.aya_BAM69100
L.olm_ANW11470
L.nei_JAV08628
L.nei_JAV08629

Active site
Substrate binding site

Metal binding site
Glycosylation

Consensus

SschwApy1
SschwApy2
SschwApy3
P.tob_ADJ54078
P.tob_ADJ54077
P.ser_ADJ54110
P.ser_ADJ54109
P.per_ABB00907
P.per_ABB00906
P.ori_AGT96454
P.ori_AGT96430
P.ori_AGT96455
P.ori_AGT96431
P.ori_AGT96429
P.ari_AAX56357
P.ara_ACS93497
P.ara_ACS93496
P.ara_ACS93495
P.pap_AGE83101
P.pap_AAG17637
P.dub_ABI20151
P.dub_ABI20147
P.arg_ABA12135
L.lon_AAD33513
L.int_AFP99246
L.aya_BAM69103
L.aya_BAM69102
L.aya_BAM69100
L.olm_ANW11470
L.nei_JAV08628
L.nei_JAV08629

Active site
Substrate binding site

Metal binding site
Glycosylation

Consensus

SschwApy1
SschwApy2
SschwApy3
P.tob_ADJ54078
P.tob_ADJ54077
P.ser_ADJ54110
P.ser_ADJ54109
P.per_ABB00907
P.per_ABB00906
P.ori_AGT96454
P.ori_AGT96430
P.ori_AGT96455
P.ori_AGT96431
P.ori_AGT96429
P.ari_AAX56357
P.ara_ACS93497
P.ara_ACS93496
P.ara_ACS93495
P.pap_AGE83101
P.pap_AAG17637
P.dub_ABI20151
P.dub_ABI20147
P.arg_ABA12135
L.lon_AAD33513
L.int_AFP99246
L.aya_BAM69103
L.aya_BAM69102
L.aya_BAM69100
L.olm_ANW11470
L.nei_JAV08628
L.nei_JAV08629

Active site
Substrate binding site

Metal binding site
Glycosylation

Consensus

SschwApy1
SschwApy2
SschwApy3
P.tob_ADJ54078
P.tob_ADJ54077
P.ser_ADJ54110
P.ser_ADJ54109
P.per_ABB00907
P.per_ABB00906
P.ori_AGT96454
P.ori_AGT96430
P.ori_AGT96455
P.ori_AGT96431
P.ori_AGT96429
P.ari_AAX56357
P.ara_ACS93497
P.ara_ACS93496
P.ara_ACS93495
P.pap_AGE83101
P.pap_AAG17637
P.dub_ABI20151
P.dub_ABI20147
P.arg_ABA12135
L.lon_AAD33513
L.int_AFP99246
L.aya_BAM69103
L.aya_BAM69102
L.aya_BAM69100
L.olm_ANW11470
L.nei_JAV08628
L.nei_JAV08629

Active site
Substrate binding site

Metal binding site
Glycosylation

Consensus
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- - - - - ME I L VFQVV I T VF - T L I GL T L T AP - TG - - S I F YNFG I L ADL DKDA I VKGT PGT YS S I L KFGQL QY V - - NGKY E F Y VN - HMGS P I KTHF AYGGRGAE L
- - - - - MS F K I Y L I AVWAY - I C VQ I VKS AP VS Q - - S KVF Y FGL I ADRDRNS RVEGQS QT Y ES I L KFGE L KY E - - NDL Y E L VVK - QDNT VVKT K YS HKGAGAE L
- - - - - M I L K L C A I A - V I S - L L LGDGE AAP - RP - - T RF I P F A I I S DL H RK AM- HDE KNRF TS I VKYGQL KYN - - GE KY T LS I R - S ENL HY F TQNT Y KGTGADM
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- - - - - MF L K FC AL VF AT F - L S I N L S EGAP - QG - - GKS FNF A I I ADL DKKS I S KTDANNF KS I VKL GE L TQV - - GT KYD I VMKN KEDRE I F T K Y AY RGRGAE L
- - - - - MF L K FC AL VF AT F - L S I N L S EGAP - QG - - GKS FNF A I I ADL DKKS I S KTDANNF KS I I KS GE L T RV - - GT KYD I VMKNNEDRE I F T K Y AY RGRGAE L
M- - - - I L L K L C A I T - VAC - L L I GE AE AAP - RA - - T RF I P F AL I ADL DRKS I - KEDQKS F TS I VKYGE L KDN - - GE RY T LS L K - S ENL HY F T RYS YNGRGAE L
- - - - - M I L K L C A I A - VL F - F L I GDGE AAP - RP - - T RF I P F A I I S DL H RK AM- HDE KNRF TS I VKYGQL KYN - - GE KY T LS I R - S ENL HY F T KDT Y KGTGADM
- - - - - M I L K L C A I A - V I F - L L I GDGE AAP - RP - - T RF I P F A I I S DL H RK AM- HDE KNRF TS I VKYGQL KYN - - GE KY T LS I R - S ENL HY F TQDT Y KGTGAEM
- - - - - M I L K L C A I A - VAC - L L I GE AE AAP - RA - - T KF I P F AL I ADFDKKS I - KEDQKS F TS I VKYGE L KHN - - GE RY T LS L K - S ENL HY F T RY AYNGRGAE L
- - - - - M I L K L C A I A - VAC - L L I GE AE AAP - RA - - T KF I P F AL I ADFDKKS I - KEDQKS F TS I VKYGE L KHN - - GE RY T LS L K - S ENL HY F T RY AYNGRGAE L
- - - - - M I L K L C A I A - VAC - L L I GE AE AAP - RA - - T KF I P F AL I ADFDKKS I - KEDQKS F TS I VKYGE L KHN - - GE RY T LS L K - S ENL HY F T RY AYNGRGAE L
- - - - - M I L K L C A I A - V I F - L L I GDGE AAP - RP - - T RF I P F A I I S DL H RK AM- HDE KNRF TS I VKYGQL KYN - - GE KY T LS I R - S ENL HY F TQDT Y KGTGAEM
- - - - - M I I K L C A I A - VAC - L L TGDGE AAP - RA - - T RF I P F AV I S DL DKKS I - KS DQKS F TS I VRYGE L KDN - - GE RY T LS I K - S ENL HY F T RY AYNGRGAE L
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ME P L KM+L K L C A I AF ATC L L L I G+S E AAP VRAG+T RF I P F A I I ADL DKKS I S KS DQNT F TS I VKYGE L KHN T KGE RY T LS MKNS ENL HY F T RY AY KGRGAE L

S E L I Y FNGE Y Y T FDDKS G I I F R I S NQNL I VPWVVL GDGYGNE TNGF KNEWAT VKDDH I Y VGS HG I ENL VK K TGE I ENVNMQY VKRVS KTGE VVHENWS HVYN
S E L VKFNNK Y Y T VCDK TG I VF E L DNYGY L I PWA I L ATGNGNQE RGF K AEWAT VKDNKL Y VGS TS I E F RD - P KKGV - NADS S WVKV I DDKNVVTHKS WKVY YD
S E F I DFNGK Y Y AVDE RTG I L F E VDPS DKL I PWA I L AAGDGNS R I GFDAKWAT VRNDML Y VGS L AT E Y I D - RNGKR - QDTS FWVKT I T KRGS VRS I NWKDRY E
S E L I Y FNNK L Y T L NDE TGT I Y E VKHGGE L I PWVT L KNDQGNE KDGF K AKWAT VKGDKL I VGS AGMVF L DAK TMN I - DRDAL WVKE I S ES GH I TNKYWDK E Y K
S E L L Y FNDK L Y T I GDK TG I VF E VKHGGDL I PWV I L ANGPGNQKDGF K AEWAT VKDDKL Y VGS TGMT F L DK RTGN I - S KNAL WVKE I DKNGE V I S I NWENQY K
S E F L RFNRK L YS FDDKS G I VFQL KDN ADL VPWVVL ANGDGNQKDGF K AEWAT AKDGKMY VGS TG I S WTD - KS G I P - NTS S L WI KE I DKEGRVQNKNWE K Y Y E
S E F L RFNC K L YS FDDKS G I VFQL KDN ADL VPWVVL ANGDGNQKDGF K AEWAT AKDGKMY VGS TG I S WTD - K KG I P - NTS S L WI KE I DKRGQVQNKNWGVY Y E
S E L L Y FNDK L Y T I GDK TG I VF E VVHGGDL I PWV I L S NGPGNQKDGF K AEWAT VKGDKL Y VXS TGMT F L DK RTGT I - S KNAL WVKV I DHNGE VTS I NWENQY K
S E L I Y FNDK L Y T L NDE TGT I Y E VKHGGE L I PWI T L KNDDGNQKDGF K AKWAT VKGNKL I VGS AGMAF L DAK TMN I - DRDAL WVKE I S ES GHVTNKYWDS QY K
S E L I Y FNNK L Y T L NDE TGT I Y E VKHGGE L I PWVT L KNDDGNDKDGF K AKWAT VKGDKL I VGS AGMAF L DAK TMN I - DRDAL WVKE I S ES GH I TNKYWDS E Y K
S E L L Y FNDK L Y T I GDK TG I VF E VKHGGDL I PWV I L S NGPGNQKDGF K AEWAT VKDDKL Y VGS TGMT F L DK RTGN I - S KNAL WVKE I NKEGE V I S I NWENQY K
S E L L Y FNDK L Y T I GDK TG I VF E VKHGGDL I PWV I L S NGPGNQKDGF K AEWAT VKDDKL Y VGS TGMT F L DK RTGN I - S KNAL WVKE I NKEGE V I S I NWENQY K
S E L L Y FNDK L Y T I GDK TG I VF E VKHGGDL I PWV I L S NGPGNQKDGF K AEWAT VKDDKL Y VGS TGMT F L DK RTGN I - S KNAL WVKE I NKEGE V I S I NWENQY K
S E L I Y FNNK L Y T L NDE TGT I Y E VKHGGE L I PWVT L KNDDGNDKDGF K AKWAT VKGDKL I VGS AGMAF L DAK TMN I - DRDAL WVKE I S ES GH I TNKYWDS E Y K
S E L L Y FNNK L Y T I DDK TG I I F E VKHGGDL I PWV I L S NGDGNQKNGF K AEWAT VKGDKL I VGS TG I PWF E E K TQS L - NT YS L WVKE I S KEGE VTN I NWKS QYS
S EML Y FNNK L YS I DDK TG I I F E VKHGGDL I PWV I L S NGDGNQKDGF K AEWAT VKGDKL I VGS TGMPWFNDKHQ I L - DS NAL WI KE I S T EGE VTN I NWKS QYS
S E L L Y FNNK L YS I DDK TG I I F E VKHGGDL I PWV I L S NGDGNQKDGF K AEWAT VKGDKL I VGS TGMPWFNDKHQ I L - DS NAL WI KE I S T EGE VTN I NWKS QYS
S E L L Y FNNK L YS I DDK TG I I F E VKHGGDL I PWV I L S NGDGNQKDGF K AEWAT VKGDKL I VGS TGMPWFNDKHQ I L - DS NAL WI KE I S P EGE VTN I NWKS QYS
S E F L I Y KWK L Y T FDDKS G I I F RL KTN ADL I PWVT L ANGNGDQTDGF K AEWAT T KGDKMY VGS TG I S F TD - K TGKL - NS NS L WI KE I DQDGK VQS L DWKEQYD
S E F L I Y KWK L Y T FDDKS G I VF RL KTN ADL I PWVT L ANGNGDQTDGF K AEWAT T KGDKMY VGS TG I S F TD - K TGKL - NS NS L WI KE I DQDGK VQS L DWKEQYD
S E F L VY KWK L Y T FDDKS G I VF KL KNN ADL VPWV I L ANGDGDQVDGF K AEWAT T KGDKMY VGS TG I S WS D - S TGKL - NS NS L WI KE I DQDGK VL S L NWKQY YD
S E F L VY KWK L Y T FDDKS G I VF KL KNN ADL VPWV I L ANGNGDQVDGF K AEWAT T KGDKMY VGS TG I S WS D - S TGKL - NS NS L WI KE I NQDGK VL S S NWKE Y YD
S E L L NFNS K L F T VDDK TG I VF E VKYGGNL I PWV I L ANGNS NKQEGMK AEWAT RKGDKMY VGS TGL MWYNE K T K E T - NS DS MWVKE I S RNGE VKS I DWHKQY E
S E I VVFNNK L Y T VDDKS G I T F R I T KDGKL F PWV I L ADADGQRPDGF KGEWAT I KDDT I Y VGS TGML - - - - - - - - K - F TS S L WVKK I T KDGVVTS HDWTDKY R
S E VVVYNNRL Y T FDDK TG I T F RMT KDGE L HPWV I L ANGDGNRPDGF K AEWAT I KS NT I Y VGS I GV I F KD - KNGKP - S PQS QWI KK I S KDGT VTS EDWS A I YQ
S E I L I FNKQL Y T FDDK TG I VF RMT KDGKL I PWVVL ANGDGKRPDGF K AEWAT VKNDK I Y VGS TG I T F KD - E KGNA - NTQS L WVNE I T KDGS VTS HDWS QKY K
S E I L VFNKQL Y T FDDK TG I VF RMT KDGKL I PWVVL ANGDGKQPDGF K AEWAT VKNDK I Y VGS TG I T F KD - E KGNA - NTQS L WAKE I T KDGS VTS HDWS QKY K
S E I L I FNKQL Y T FDDK TG I VF RT T KDGKL I PWVVL ANGDGKQPDGF K AEWAT VKNDK I Y VGS TG I T F KD - E KGNA - NTQS L WVKE I T KDGS VTS HDWS QKY K
S E I VVF KNRL Y T FDDKS G I T F RL T KDGE L HPWV I L ANGNGDS QEGY K AEWAT KKGDA I Y VGS TGVVF RD - RS GKL - S T KAL WI KK I S KDGAVTS I DWTD I YQ
S E L L F FNGK I Y T F EDK TG I I FDVT E - NRL I PWVVL GDGAGNE TNGF KC EWAT VKDDY I Y VGS NAL ENY L - PDGE I ANYNH FWI KK VS K I GE VS HENWFDF Y E
S E VVVYNNRL Y T FDDK TG I T F RMT KDGE L HPWV I L ANGDGNRS DGF K AEWAT I KS NT I Y VGS I GV I F KD - KNGKP - S PQS QWI KK I S KDGT VTS EDWS A I YQ
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S E L L Y FNNK L Y T FDDK TG I VF E VKHGGDL I PWV I L ANGDGNQKDGF K AEWAT VKGDKL Y VGS TGMT F L DK K TGN I +N+NS L WVKE I S KDGE VTS I NWKS QY K

K I RDA I GMP F P - - GWVMH E AVVWS P I NKKWI F L P RKCS P KS F L DVDE E K I GCNKM I F AS EDFS T I EHL E L QAT P L NS E RGFS S F K F L PDS QE K I I VGL T T VE
K VRK AMK I PDT - - GY I WH ES V I WS E KNRQWVMVP RKC T K E P FS E E TN E K I GCNK I I L ADENFNN I K I VK I KDQP L HP AAGFS S S K F L PGS DDK I I VAL RT VE
RVRK AMG I DY P - - GF VLH E AVNWS P I NS QWVL MP K KCS T RP YDT - T I ES VGCNK I V I ADE K FS D I QS I D I DRES S DP AAGFS S F K F I PGS KDKH I L AL RT VK
K VRDAMGL F - S - - GF I WH E AV I WS P RKNL WVFMP RKC TNE P Y T VDL DKK TGCNQ I I T ANEDFS D I K T I K I EGD I KDL AS GFS S F K F I PGT KNND I F AL K T I E
K VKDAMG I S - S - - GF VWH E AVNWS P RKNL WVFMP RKC TNQAFS AQ I E EN TGCNK I I T ANENFS DVK A I R I DRDAVDRAS GFS S F K F I PNT RNND I F A I K T I E
AVK K AMN I P - N - - GF VWH E AVNWS P I KKQWVF L P RKCS DL P YNT E T E EN I GCNE I I I ADAVF K T VKS I Q I DKNP I DS AS GFS S F K F L PDTNDQ I L I AL K T VE
AVK K AMN I P - N - - GF VWH E AVNWS P I KKQWVF L P RKCS E L P YNT E T E EN I GCNK I I I ADAVF K T VKS I Q I DKNP I DS AS GFS S F K F L PDTNDQ I L I AL K T VE
K VKDAMGMS - S - - GF VWH E AVNWS P RKNL WVFMP RKCS RQP FS AQ I E EH TGCNQ I I T ANENFNDVRV I H I N RAAADP AS GFS S F K F I PNT RNND I F A I K T I E
K VRDAMGL V - S - - GF VWH E AVNWS P RKNL WVFMP RKC TNE P Y T VRL DKK TGCNQ I I T ANEDFS E I K T I K I EGD I KDP AS GFS S F K F I PGT KNND I F AL K T I E
K VRDAMGL F - S - - GF VWH E AVNWS P RKNVWVF I P RKC TNE P Y T VRL DKN TGCNQ I I T ANEDFS D I K T I K I EGD I KDQAS GFS S F K F I PGT KNND I F AL K T I E
K VKDAMG I S - S - - GF VWH E AVNWS P RKN I WVFMP RKCS KQQFS AQ I E EN TGCNQ I I T ANENFS DVK A I N I DRAA I DP AS GFS S F K F I PNT RNND I F A I K T I E
K VKDAMG I S - S - - GF VWH E AVNWS P RKN I WVFMP RKCS KQQFS AQ I E EN TGCNQ I I T ANENFS DVK A I N I DRAAVDP AS GFS S F K F I PNT RNND I F A I K T I E
K VKDAMR I S - S - - GF VWH E AVNWS P RKN I WVFMP RKCS KQQFS AQ I E EN TGCNQ I I T ANENFS DVK A I N I DRAAVDP AS GFS S F K F I PNT RNND I F A I K T I E
K VRDAMGL F - S - - GF VWHGAVNWS P RKNVWVF I P RKC TNE P Y T VRL DKN TGCNQ I I T ANEDFS D I K T I K I EGD I KDQAS GFS S F K F I PGT KNND I F AL K T I E
K VKN AMG I P - S S VGF VWH E AVNWS P RKNL WVFMP RKC T T E Y F TS QVE E K TGCNQ I I T ANEDF TQVK A I R I DGP VQDQAAGFS S F K F I PGTQNND I F AL K T I E
K VKN AMG I P - S S VGF VWH E AVNWS P RKNL WVFMP RKC T T E Y F T AL VE E RTGCNK I I T ANEDFS QVK A I K I NGP VEDS AS GFS S F K F I PGTQNND I L AL K T I E
K VKN AMG I P - S S VGF VWH E AVNWS P RKNL WVFMP RKC T T E Y F T AL VE E RTGCNQ I I T ANEDFS QVK A I R I NGP VEDS AS GFS S F K F I PGTQNND I L AL K T I E
K VKN AMG I P - S S VGF VWH E AVNWS P RKNL WVFMP RKC T T E Y F T AL VE E K TGCNK I I T ANEDFS QVK A I R I NGP VEDS AS GFS S F K F I PGTQNND I L AL K T I E
K I KS AMK I P - N - - GF I WH E AVNWS K L KNQWVF L P RKCS DRP FDT KT E EN I GCNK I I I AS ENF E I I KS I Q I KGKS I NRAAGFS S F K F L PDS DDQ I L L AL K T I E
K I KS AMK I P - N - - GF I WH E AVNWS K L KNQWVF L P RKCS E RP FDT KT E E T I GCNK I I I AS ENF E I I KS I Q I KGKS I NRAAGFS S F K F L PDS DDQ I L L AL K T I E
KMKS VMK I P - N - - GF I WH E AVNWS K L KNQWVL L P RKCS E L P FDTNT E E T I GCNK I I I AS ENFQ I VRS I R I KGKS I DP AAGFS S F K F L P ES DDQ I L I AL K T I E
KMKS AMNMP - K - - GF I WH E AVNWS K K KNQWVL L P RKCS E L P FDT E T E E T I GCNK I I I AS ENFQK I NS I D I KGT P FDP AAGFS S F K F L PDS DDQ I L I AL K T I E
AVK K AL GMT - N - - GF VWH E AVTWS S H KKL WVF L P RKC T AE KYS RQ I E E T TGCNK I I T ANEDF T KVN AVS I TDNKNDP AS GFS S F K F I PGTNNEH I L A I K T I E
K I L K AL NMP - N - - GF VWH E AVTWS P F RKQWVFMP RKCS RH P FS QE L E E RTGCNK I VT ADENFND I QV I H I QDQP YNL AS GFS S F RF I PGT KNE RL L AL RT VE
K I RN AMKMP - N - - GF VWH E AAMWS P L RKEWVF L P RKCS KDP I S QENE E K TGCNK I I T ANENF KN I K V I D I KDT P RNP AS GFS T F RF I PGTNNGR I L AL RT VE
K I RE AMKL P EQ - - GF VWH E AV I WS Q I RKEWI F L P RKCS HL AF T PS S E E AS GCNL I I T ADE K FQN I K V I P VRDHP AE I AS GFS AF K F I PGTNNE K L L AL RT I E
K I RE AMKL P EQ - - GF VWH E AV I WS Q I RKEWI F L P RKCS HL AF T PS S E E AS GCNL I I T ADE K FQN I K V I P VKDHP AE I AS GFS AF K F I PGQNNE K L L AL RT I E
K I RE AMKL P KQ - - GF VWH E AV I WS Q I RKEWI F L P RKCS HL AF T PS S E E AS GCNL I I T ADE K FQN I K V I P VRDHP AE I AS GFS AF K F I PGTNNE K L L AL RT I E
K I RN AAK I P - N - - GF I WH E AATWS D I F KKWVFMP RKCS KDP L S QDNE E T TGCNK I I I ADENFND I QVFD I KDT P KHS AS GFS AF RF I PGT YNNR I L AL RT I E
K I RQS L GMS F P - - GF I VH E AVLWS P I NE KWI F L P RKCS P L P F VTS P VDY I GCNK L I F ANEDFS T I EH I D I H ANP L P AE RGFS T F K F L PDS QE T I I VAL T T VE
K I RN AMKMP - N - - GF VWH E AAMWS P L RKEWVF L P RKCS KDP I S QENE E K TGCNK I I T ANENF KN I K V I D I KDT P RNP AS GFS T F RF I PGTNNGR I L AL RT VE
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K VKDAMG I P+S S VGF VWH E AVNWS P RKN+WVF+P RKCS K E P F+++T E EN TGCNK I I T ANENFS D I K A I + I KG+P I DP AS GFS S F K F I PGTNNND I L AL K T I E

A - K T I T TS V I AFDL QGK I L F P E K KF FDDK Y EGL AF F KH - - - - - - - - - - - - - - - - - - - - - - - - - - - -
NDRE T P T Y VL I FDL EGNVL MK E RK I ES RK F ES I E F YMPDS Y K - - - - - - - - - - - - - - - - - - - - - - - -
KNDK T T T Y AVVVNTDGKVL MP E K K I S S E K F EGVL F F K E P T AK RF KN I - - - - - - - - - - - - - - - - - - S
RNGK I ATHG I V I D I NGKVL MP E RR I I DDK Y EGL VF F KHP VG I K - - - - - - - - - - - - - - - - - - - - - - -
RDGK T AT YGT V I D I NGKT L L PDK K I L DDK Y EG I AF F KDP KG I K - - - - - - - - - - - - - - - - - - - - - - -
KGDK T AT Y I T V I D I NGKVL MP E K L I NNDK Y EG I E L L KNAKGL F K RY A - - - - - - - - - - - - - - - - - - L
KGDKNAT Y I T V I D I NGKVL WP E K V I H T I NT RDL T - S ENAKDF FNL I I - - - - - - - - - - - - - - - - - - -
RNGQT AT YGT V I D I NGKT L L PDQR I L DDK Y EG I AF F KDP KG I K - - - - - - - - - - - - - - - - - - - - - - -
KNGK I AAYGT V I D I NGKT L MP E RR I L DDK Y EGL VF F KHP AG I KK - - - - - - - - - - - - - - - - - - - - - -
KNGK I AT YGT V I D I NGKT L MP E RR I I DDK Y EGL VF F RHP I G I K
RNGQT AT YGT V I D I NGKT L L PDK R I L DDNMKE L HF - S GS QG I K - - - - - - - - - - - - - - - - - - - - - - -
RNGQT AT YGT V I D I NGKT L L PDK R I L DDNMKE L HF - S GS QS I K - - - - - - - - - - - - - - - - - - - - - - -
RNGQT AT YGT V I D I NGKT L L PDK R I L DDK Y EG I AF F KDP KG I K - - - - - - - - - - - - - - - - - - - - - - -
KNGK I AT YGT V I D I NGKT L MP E RR I I DDK Y EGL VF F KHP I G I K
RNGQT AT YGT V I N I EGKT L L N E K R I L DDK Y EGVAF F KNP EG I I - - - - - - - - - - - - - - - - - - - - - - -
KNGGT AT Y AT V I N I EGKT L L QE KWI I NDK Y EGVAF F KNP KG I I - - - - - - - - - - - - - - - - - - - - - - -
KNGGT AT Y AT V I N I EGKT L L QE KWI I NDK Y EGVAF F KNP KG I I - - - - - - - - - - - - - - - - - - - - - - -
KNGGT AT Y AT V I N I EGKT L L QE KWI I NDK Y EGVAF F KNP KG I I - - - - - - - - - - - - - - - - - - - - - - -
KDDK T AT Y I T V I D I TGRVL MP EMQ I NS DK Y EG I VL L KS T EGF L K RS Q - - - - - - - - - - - - - - - - - - -
KDDK T AT Y I T V I D I TGRVL MP EMQ I NS DK Y EG I VL L KS T EGF L K RS Q - - - - - - - - - - - - - - - - - - -
KNGK T AT Y L T V I D I TGRVL MPDK I I N EDK F EG I VL L KNT EGF L K RK E - - - - - - - - - - - - - - - - - - -
KNGK T AT Y L T V I D I TGKVL MS DK I VN KDK F EG I VL L KS T EGF L K RK E - - - - - - - - - - - - - - - - - - -
KDGAT AT Y AKV I T L TGKT L L - S K K I L DT KNEGVE FMRNPQG I V - - - - - - - - - - - - - - - - - - - - - - -
QEDQVK TWAVVMDMKGT VL MY E K E L YDE K F EGL AF FGG I K KN - - - - - - - - - - - - - - - - - - - - - - - -
KDDL I E TS AVV I DMS GKVL MP E K KL YNDK Y EGL AF FGGVRRNKS - - - - - - - - - - - - - - - - - - - - - -
QGE K I AT Y AVV I DMEGNVL MP E RKL YDE K Y E R I P F FWGS QKNKVRL K - - - - - - - - - - - - - - - - - - D
QGDK I AT Y AVV I DMEGNVL MP E RKL YDE K Y EGVAF FGGVK KNKFD - - - - - - - - - - - - - - - - - - - - -
QGE K I AT Y AVV I DMEGNVL MP E RKL YDE K Y EG I P F FWGNQKNKFH - - - - - - - - - - - - - - - - - - - - -
QGK T VE TS VVV I N I RGRVFMN E K KL YDDK Y EGL AF FGGVRKNKS - - - - - - - - - - - - - - - - - - - - - -
T PQN VS TS I I A I N I EGN I L F P E T K I I DE K Y EGL VF F KHL MS HA I I PS TS WL I MT I I VVAQ I L Y TS K
KDDL I E TS AVV I DMS GKVL MS E K KL YNDK Y EGL AF FGGVRRNKS - - - - - - - - - - - - - - - - - - - - - -

B

KNGK T AT Y AT V I D I NGKVL MP E K K I L DDK Y EGL AF F KGP KG I KK R++TS WL I MT I I VVAQ I L Y TS +
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S8 Fig. Multiple sequence alignment of sand flies’ apyrases



Multiple sequence alignment of S. schwetzi apyrases with chosen 
sand flies’ apyrases. Name of sequence include sand fly species 
shortcut (P.tob – P. tobbi, P.ser – P. sergenti, P.per – P. perniciosus, P.ori 
– P. orientalis, P.ari – P. ariasi, P.ara – P. arabicus, P.pap – P. papatasi, 
P.dub – P. duboscqi, P.arg – P. argentipes, L.lon – L. longipalpis, L.int – L. 
intermedia, L.aya – L. ayacuchensis, L.olm – L. olmeca, L.nei – L. neivai) 
and GenBank accession number. Sequence conservation is depicted by 
shading of purple color. Active sites of enzyme are highlighted in orange, 
putative glycosylation sites in SschwApys sequence are highlighted in 
blue. Lines below the alignment indicates active site of enzyme by “A”, 
metal binding site by “&”, substrate binding site by “B”, glycosylation by 
“N” for N-glycosylation and “O” for O-glycosylation and consensus 
sequence. Alignment was made by MAFFT with L-INS-i method and 
visualized in Jalview.
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S9 Fig. Multiple sequence alignment of sand flies’ hyaluronidases

Multiple sequence alignment of S. schwetzi hyaluronidase with sand flies’ hyaluronidases. 
Name of sequence include sand fly species shortcut (P.tob – P. tobbi, P.per – P. perniciosus, P.ori 
– P. orientalis, P.ara – P. arabicus, L.lon – L. longipalpis, L.int – L. intermedia, L.olm – L. olmeca,
L.nei – L. neivai) and GenBank accession number. Sequence conservation is depicted by shading 
of purple color. Active sites of enzyme are highlighted in orange, putative glycosylation sites in 
SschwHya sequence are highlighted in blue. Lines below the alignment indicates active site of 
enzyme by “A”, glycosylation by “N” for N-glycosylation and “O” for O-glycosylation and consensus 
sequence. Alignment was made by MAFFT with L-INS-i method and visualized in Jalview.



Multiple sequence alignment of S. schwetzi 5’-nucleotidase with other sand flies’ 5’-
nucleotidases. Name of sequence include sand fly species shortcut (L.lon – L. longipalpis, 
L.nei – L. neivai) and GenBank accession number. Sequence conservation is depicted by 
shading of purple color. Active sites of enzyme are highlighted in orange, putative glycosylation 
sites in Sschw5nuc sequence are highlighted in blue. Lines below the alignment indicates 
active site of enzyme by “A”, metal binding site by “&”, glycosylation by “N” for N-glycosylation 
and consensus sequence. Alignment was made by MAFFT with L-INS-i method and visualized 
in Jalview.
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QAY AY T K Y LGY L K I MVNS TGS I VDWDGQP I L L N AS I PQDS L VL AAL - QK Y RAGVE E YGS RVVGVS RV I L DGDS T TC RF RECNMGN L I ADAF VHAN

QAY AY T K Y LGY L K+++NS TGS +V+W+GQP I L L N++ I PQD++VL +AL K+K Y R++VE+YG+RVVGVS RV I L NGD+T TC RF+ECNMGN L I TDAF VY AN

VAS NQDTN I S K VWTDAS I VL YQAGG I RAA I DVN I TGGS I T RH E L DN VL P FS GDL S VS P VPGS T L RK AL EH AVH RY T L KQGYGE F L QVS GL QVVYD
V I S T PMS - - TN AWTDAS VVL YQS GG I RAP I DP RT AAGS I T RL E L DN VL P FGN AL Y VVK VPGN VL RK AL EHS VH RYS N TS GWGE F PQVS GL K I RFN
A I T T P L S - - E T AWTDAS VAL YQS GG I RAP I DP RAAGGN I T RL E L DN VMP FGN TMY VVE VPGS VL RE AL EHS VH RYS K T TGWGE F L QVAGL QVVFD

V I S T P+S N I ++AWTDAS VVL YQS GG I RAP I DP R+AGGS I T RL E L DN VL P FGN+L Y VV+VPGS VL RK AL EHS VH RYS +T+GWGE F L QVS GL QVVFD

L NQDS GS RVKS VK VKCN ECS VP RF E E L DEN R I YNV I I N K F I KDGGDGF EMF KDL E VL K I L PD I D I EMVDVY I GRL S P I Y P AVEGR I I VKGK P KE -
VN E E I GK RVKS VK VL CS NCS QP E YQP L RNK K T YNV I MDS FMKDGGDGYS MF K P L K I I K T L P LGD I E T VE AY I E KMGP I F P AVEGR I T VL GGL QK -
FDKA I GE RVES VN VL CS S CS QP K YS P L NNQQN YNV I MTN F L KDGGDGYDMF L P L K I I K T L P E TD I Q I VDT Y I E RMS P I F P AVEWR I I I KGDP P T T

+N++ I G+RVKS VK VL CS +CS QP+Y+P L +N+++YNV I M++F+KDGGDGY+MF K P L K I I K T L P++D I E+VD+Y I E RMS P I F P AVEGR I I VKG+P++T

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - S DEDWH
S P P T T K P PGDGGGS AS S F AL S GVL F I TML V I H VTS K I GS S

S P P T T K P PGDGGGS AS S F AL S GVL F I TML V I H VTS +++++

1
1
1

90
95
90

91
96
91

182
190
185

183
191
186

276
285
279

277
286
280

371
379
373

372
380
374

466
472
466

467
473
467

560
566
561

567
562

572
601
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P.dub_ABI20162
L.lon_AAF78901

Active site
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Consensus
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Glycosylation

Consensus

SschwADA1
P.per_ALL27025
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SschwADA1
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L.lon_AAF78901

Active site
Glycosylation

Consensus

SschwADA1
P.per_ALL27025
P.dub_ABI20162
L.lon_AAF78901

Active site
Glycosylation

Consensus

MF I KG I F L L L ATS AVCHGVNL VDS F K AL RL E RE Y AQYMRK RAN F I NDE E KQS L GS DL T L NDK E K I VN E RL ME L K K AE I DQGL S DP AS F I P
ML L K VVVWL L ATS AV - - - - - L AFDWT E F RME RK Y KDY L QK RS Y Y L AE E EDRS VGS D I E L T AK EQ I VN E RL MAL K RK E L AEGL ENP AGF I P
MF P RL I VWL L AAS AVH - - - - AVL D I S N I K P K RDY EN F L QK Y AE Y ADDE VDRS VGS D I T L S L K E K F VNQY L MDL K T E E L K AGL KNPS QF I P
MFS QL VVWL L ATS T VC - - - - L AWD - NS WI MDMK Y E RYS QRRS Y Y L AE E EDRS VGS D I E L T AK EQVVN E RL ME L KMT E L KNGL QDP AGF I P

MF+K L +VWL L ATS AVCHGVNL ++D++++RME RK Y E+Y L QK R+Y Y L A+E EDRS VGS D I +L T AK E+ I VN E RL ME L K++E L K+GL ++P AGF I P

WNHF FS VL DR I NS S E L FH I I QKMP KGG I L H AHDT AL CS TDY VVS L T Y RDN L WQC EDT T TGAL QF K FS RE AP PS TDS CS WT L VK T E RE AQG
WNHMFDVL N R I NS S E I FD I L RRMP KGG I L H AHDT AL CS TDY V I S L T Y E PN L WQC TDP E TGAL S F K FS RE AP TNT E TCQWTS VAAE RT K L G
S NHF FS VL DR I NS S E I F K I I RRMP KGA I L H AHDT AL CS TDY VVS I T Y RDH L WQC ADP K TGAL QF RFS K ES P KNTDTCQWT P VS E E RKNQG
WNH I FDVL Y R I NS S E L FH I I QKMP KGG I L H AHDT AL CS TDY V I S L T Y E PN L WQC ADP T TGAFQF L FS RE AP TNTDTC TWT L VADE RAKQG

A A A
O O

WNHF F+VL DR I NS S E+FH I I ++MP KGG I L H AHDT AL CS TDY V+S L T Y++N L WQC ADP T TGAL QF K FS RE AP TNTDTCQWT L VA+E R+KQG

E E E YNS K L RS QL S L Y T TDP I NHN RDVDS I WRQFMGL FGVNS GL L MY AP VWRE Y Y YQF L T EMMEDGVQY L E L RGT L PQL YDL DGK VYNE E E
E ENYNS GL RS QL S L Y T TDP I NHN RDVDS I WRQFMG I FGVNDGL L S Y AP I WK AY Y KQF L K EMMEDGVQY L E L RGT L P P L YDL DGK T YHE E E
E EQYNS K L RS QL S L YN TDP I NRS RDVDS I WNDFMGL FGVN FGL L T Y AP VWKDY Y KQF L K EMMEDGVQY L E L RGT L P P L YDL DGK I YNE EQ
E ENYNS AL RS QL S MYN TN P I MHN RDVDS I WRQFMG I FGVNGGL L T Y AP VWK AY Y L QF L K EMF ADGVQY L E L RT T L P P L YDL DGK T YNE VE

OO

E ENYNS K L RS QL S L Y+TDP I NHN RDVDS I WRQFMG+FGVN+GL L T Y AP VWK AY Y KQF L K EMMEDGVQY L E L RGT L P P L YDL DGK T YNE E E

NL Q I Y Y E E TQRFMREN P T F I GAK F I Y AP VRVVT E PDQP AL MQK VVDL HN K Y PN FMAGFDL VGQEDKGL P L I DFS KN L L S L PDS I DF F FHA
I L H I YQDAT RE F KQEN P T F I GAK F I Y AP VRVVDDAGL P AL MDK VRE L H EQY PN FMAGFDL VGQEDKGRP L I DFS K E I L GL PDS I NF F FHA
VVE I Y YNVT E E F K K ENS T F I GAK F I Y AP VRF VN ATG I K T L T T T VKQL H E RF PDF L AGFDL VGQEDKGGP L I GFS RE L L E L P ES I NF F FHS
I MQ I Y YDAT KE F K KQN P T F I GAK I I Y AP VRVVDDAG I P AL MAK VRE L H E K F PDFMAGFDL VGQEDKGRP L I AFS RE I L K L PNS I DF Y FHA

A A

I L Q I Y YDAT+E F K K EN P T F I GAK F I Y AP VRVVDDAG I P AL M+K VRE L H E K+P+FMAGFDL VGQEDKGRP L I DFS +E+L +L PDS I +F F FHA

GE TNWYGE TDENL VDAVL L GT K R I GHGY A I T KH P RVMRE I RRKN I AVE VC P I S NQVL RL VS D I RNH PM I Y FMAN - DL P I V I S S DDPS FWE
GE TNWNGL TDDNL I DAVL L GT K R I GHGY AVL KH P RVL KQVK RDK I AL E VC P VS NQVL RL VADMRNH PGAVL L AN K E Y P VV I S S DDPS FWE
GE TNWNGMTDDNL I AAVT L GT K R I GHGY AL F KH P RVL KQVK KDK I A I E VC P I S NQVL RL VADMRNH PGS I L L AN K K Y PMV I S S DDPS FWE
GE TNWDGMTDDNL I DAVL L GT K R I GHGY AVL KH P RVL K E VK RN K I A I E VC P AS NQVL RL VADY RNH PGS VL L AN K E Y P VV I S S DDPS FWE

A A AA

GE TNWNGMTDDNL I DAVL L GT K R I GHGY AVL KH P RVL K+VK RDK I A I E VC P I S NQVL RL VADMRNH PGS VL L AN K E Y P VV I S S DDPS FWE

AT P L S HDF Y I AF L GMT AS YHDL R I L KQL AMNS I T YS S MN RS E KDRAT K L WQAEWDK F I N EMAAS L - - - - A
AK P L THDF YMAF L GL AS E RQDL RL L KQL A I NS I K YS AMT P L E KMN AMRL WE AEWK K F I E E L S A - - - - - - -
AT P L S HDF YMAFMGL AS YHQDL RML KQL A I NS L E YS S MT L E E K TN AMK L WE AEWE K F I K E L E T E VFS L L E
AK P L S HDF YMAF L GL AS S RQDL RL L KQL A I NS I K YS AMS P RE K L QAMQMWE AEWK K F I DGFNA - - - - - - -

A+P L S HDF YMAF L GL AS S RQDL RL L KQL A I NS I K YS +MT P+E K+N AMK L WE AEWK K F I +E L +A++FS L L +

1
1
1
1

90
85
86
85

91
86
87
86

180
175
176
175

181
176
177
176

270
265
266
265

271
266
267
266

360
355
356
355

361
356
357
356

449
445
446
445

450
446
447
446

515
508
516
508

S11 Fig. Multiple sequence alignment of sand flies’ adenosine deaminases

Multiple sequence alignment of S. schwetzi and other sand flies’ adenosine deaminases. 
Name of sequence include sand fly species shortcut (P.per – P. perniciosus, P.dub – P. duboscqi, 
L.lon – L. longipalpis) and GenBank accession number. Sequence conservation is depicted by 
shading of purple color. Active sites of enzyme are highlighted in orange, putative glycosylation 
sites in SschwADA1 sequence are highlighted in blue. Lines below the alignment indicates active 
site of enzyme by “A”, glycosylation by “O” for O-glycosylation and consensus sequence. 
Alignment was made by MAFFT with L-INS-i method and visualized in Jalview.
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- - - - - - - - - - - MK VF S
MS L VGAS KS DKMK VL S
- - - - - - - - - - - MK L F -
- - - - - - - - - - - - - - - -
- - - - - - - - - - - MN I L I
- - - - - - - - - - - MK F L I
- - - - - - - - - - - MHF I S
- - - - - - - - - - - - - - - -
- - - - - - - - - - - MRL V -
- - - - - - - - - - - MRL V -

AL F
T F L
I VA
- - -
AL A
GFG
GFG
- - -
GVA
GVA

V I FC L VT I S QS QYN PHY I DN RN V I VHL F EWKWND I ADEC VN F L GPNGF AGVQVS P VN ENWI S DE RAWY E RYQPMS Y K L I T RS
I I CC L L G I S KS QFN PN Y VDN RT VMVQL FDWT FND I ADEC VN F L GP YGF GGVQVS P I T ECWI S EQGFWY E RYS V I S Y K I F T RS
L - L T F VS AAQGQFN PN F AAGRN V I VHL F EWKWED I AAEC E RF L GPNGF AGVQVS P PN ENV I VTN RPWWE RYQPMS Y R I E T RS
- - - - - - - - - - - - - - - - - - - - - - - I VHL F EWKWND I AK ECQDF L GP YGF AGVQVS P VN ENWVS DE RAWY E RYQP I S Y K L T T RS
V I VTS L S V - RAQFN PHF I DN RN V I VHL F EWKWND I AS EC KN F L GPNGF AGVQVS P VN ENWVS P E RAWY E RYQP I S Y K L T T RS
VVL L L VAV - AAQYDPHY L DK RT VMVHL F EWKWND I AK ECQDY L GPNGF GGVQVS P VN ENWVS GE RAWF E RYQP I S Y K L T T RS
VVL I L VAV - AAQYDPHY L DK RT VMVHL F EWKWND I AK ECQDY L GPNGF GGVQVS P VN ENWVS GE RAWF E RYQP I S Y K L T T RS
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
L VL GL C AL S S GQHWPN FWGGRTG I VHL F EWK FS DVADEC E RF L AP KGF AGVQL S P VN ENV I I PN RPWWE RYQP I S Y VL T T RS
L VL GL C AL S S GQHWPN FWGGRTG I VHL F EWK FS DVADEC E RF L AP KGF AGVQL S P VN ENV I I PN RPWWE RYQP I S Y VL T T RS

AA AA

^52 ^386

MS L VGAS KS DKMK L L S G+AVVL +L VAVS ++Q+N P+++D+RT V I VHL F EWKWND I ADEC++F L GPNGF AGVQVS P VN ENWI S P E RAWY E RYQP I S Y K L T T RS

GT E E E F ARMVQ I C RL QGVR I Y VDVVF NHMAS GN L GS K I YGTGGS E ADPDT F Y Y P AVP YN KS DFHADCS I S DY TDVYQVRNCQL AS L RDL NQT I P Y VRE K I I
GT E E E F ARMVK VCQEQGVR I Y VN VVF NHMT AN - L GP E I YGYGGS VAY P PDY Y Y P AVP YN KS HFHP ECD I TN FQN AS E VRNCQL Y T L RDL NQT I P Y VRE K I I
GN EQQF ANMVF RCNNVGVR I Y PD I V I NHMAAS H - - P VM I GTGGS T ANVAN RDY P AVP YS I HDFN PS C P I TN YNDRYQVRNC E L VGL PDL NQGVAWVRDR I V
GT EQE F AS MVE TC RQRGVR I F VDVVF NHMAS GP L GKT I VGT AGS K AHPDT FDY P AVP FDKCC FHPDCS I I DY KDVNQVRNCQL AS L RDL NQT I P Y VRE K I L
GTQE E F AS MVE TC RQS GVR I Y VDVVF NHMAS GS L DT I L VGT AGS E AY PQVFDY P AVP F T K ADFHPDC T I TDYQDVYQ I RNCQL S S L RDL NQTS P Y VRE K I L
GN EDE F AAMVK TC RQNGVR I F VDVVVNHMAS GAL EDT I YGTGGS E AHPGP FDY P AVP Y E KNDFHPDCS I S DYQDVYQVRNCQL S S L RDL NQT I P Y VRE K I L
GT EDE F AAMVK TC RQNGVR I F VD I VVNHMAS GAL EDT I YGTGGS E AHPGP FDY P AVP Y E KNDFHPDCS I S DYQN VYQVRNCQL S S L RDL NQT I P Y VRE K I L
- - - - - - - - - - - - - - - - - - R I Y VDVVF NHMAAGE - - GE VVGTGGS L VY P E E RL Y PHVP YGP EDFN P PC I I KDYQDVKQVRNCGL VS L PDL NQKS EN VRRS V I
GN ENDF L DMS RRCNAVG I R I Y VDVL L NHMS ADN - - DP AHGT AGNHAVTS QRS WP AVP YGPNDFN P RC E I HNWDDPWE I RQC E L VGL HDL NQGT EHVRNML V
GN ENDF L DMS RRCNAVG I R I Y VDVL L NHMS ADN - - DP AHGT AGNHAVTS QRS WP AVP YGPNDFN P RC E I HNWDDPWE I RQC E L VGL HDL NQGT EHVRNML V

A A AAAA
& &

OO N O
O

GT E E E F A+MVK TC RQVGVR I Y VDVVF NHMA+GN L GDT I YGTGGS E A+P++FDY P AVP YGKNDFHPDCS I +DYQDVYQVRNCQL VS L RDL NQT I P Y VRE K I L

DF L NHL VDL GVAGF RVDAAKHMDPS DL RY I YS N I K KL NTS FGF RP TDRAF I AQE V I DL GGE A I TS S QY AP L GVVT E F K AS N F L GE AF RG I I QL ADL VRWGP
GL L DHL I DL GVAGF R I DAAKHMDPS DL GY I YS HT KNL NP L FGF KHTDT AL F AQE V I DYGF E P I T AS E YS P I GVVT E F K AC Y F L GVAF RGK L K L AVL K TWGP
E Y L DHL VAL GVAGF R I DAAKHMWPGDL E I I YS RVRNL NT VHGF PGNS RP F F FQE V I DQGGE AVS S T E Y I GFGVVT E F K F S AE I GRVF RGNDL L THL NNWGE
DF L NHL VY L GVAGF RVDAAKHMDP KDL K Y I YS H I KNL NTN FGF K ATDK AF I VQE V I DL GGE A I TS QQYGT L GVVT E F K AS DDL GK VF RGQVPMT E L DKWGT
GF L NQL VDL GVAGF RVDAAKHMDPQDL RY I Y RT I K RL NKDS GF RATDK AF I VQE V I DL GGE AVTS RE Y TS FGVVT E F K AS DE L GK AF RGK Y P L ADL RHWGP
DF L NHL VDL GVAGF R I DAAKHMDP KDL RY I YNH I K KL NKDAE F K AGDK AF I FQE V I DL GGE AVS S RE Y I S L GVVT E F K AS DDL GK L F RGQVAL S T L E RWGP
DF L NHL VDL GVAGF R I DAAKHMDP KDL RY I YNH I K KL NKDAE - - AGDK AF I FQE V I DL GGE AVS S RE Y I S L GVVT E F K AS DDL GK L F RGQVAL S T L E RWGP
E F L DRL I DYGVAGF RADAC KHMWP EDVE F L FGN T KDL NK E FGF P KN ARP F L YQE V I DL GQE P I S KNE Y TS I GVVT E F L F S AE I GN T F RNK - K L KDL MQWGS
N F L DHL VDL GVAGF RVDAAKHVWPHDL E V I YN RVKNL NTDFGF APGS RAF I YQE V I DL GGDP I - RY E Y T P L GAVT E F K F S AE I GAAF RGYNQL RWL YN FGP
N F L DHL VDL GVAGF RVDAAKHVWPHDL E V I YN RVKNL NTDFGF APGS RAF I YQE V I DL GGDP I - RY E Y T P L GAVT E F K F S AE I GGAF RGYNQL RWL YN FGP

A AA AA A A A

DF L +HL VDL GVAGF RVDAAKHMDP KDL +Y I Y+H I KNL NTDFGF K A+DRAF I +QE V I DL GGE A I +S RE Y T+L GVVT E F K AS +E L GK AF RG+VQL ADL ++WGP

MF - - - QML PS N K AL VF VENHDN E RGHGAGGS N I L T Y KNE K I YQMAVVFN L AHN YG I P R I MS S Y AFDDAS QGP PHDS DYN I L RPS P FS NGGT TCS NGWVCQH
S FS QLS ML PS N RAF VF VDNHDT E R - - - QGGPDL I S Y KDGK I Y I MAV I FN L AH I YGT P R I MS S Y AFDNYDQGP PHDENNN I I GPGP F TNGE T TC TNDWI CQH
GW- - - GF L PS N RAL VF VENHDN E RGHGAGGDQ I L T Y KQAKQY KMAVAFGL AHT YG I P R I MS S F AF TNT E VGP PMDGNQN I VS PS - I N ADG - TCGNGWVCQH
RP - - - GL L S S YQAL VF VENHDN E RGHGAGGDN I L T Y KNGK I Y TMAVVFN L AHS YG I P RVMS S YHFDDPS QGP PHDDYGN I L S P E - FS S DGQS CS NGWVCQH
L Y - - - GL L P PN RAL VF VENHDN E RGHGAGGEN I L T Y KNGK I Y TMAVAFN L AHS YG I P R I MS S Y E FNDPS QGP PHDDS NN I L S P E - FS S NGES C TNGWVCQH
QY - - - GL L PS N RAL AF VENHDN E RGHGAGGTN I L T Y KDGK I Y TMAVVFN L AHS YGVP RMMS S Y E FNDPS QGP PHDDNS N I L T P E - FS ADGNS C TNGWVCQH
QY - - - GL L PS N RAL AF VENHDN E RGHGAGGTN I L T Y KDGK I Y TMAVVFN L AHS YGVP RMMS S Y E FNDPS QGP PHDDNNN I L T P E - FS ADGNS C TNGWVCQH
DK - - - RF L RS DRAL VF VENHDN E RGHGAGGKD I L T Y KDGK L Y L L AVL F T I S HP YG I P R I MS S Y E FS NS DQGP P AS ANGD I KS P V - MNS RG - I C TNGWI CQH
HW- - - GF VPS DVAL VF VDNHDNQRGHGAGGGN VL T Y KQP RHY KMAT AF T L AWN YGT VRL MS S F AFDHGDQGP PQDANEN I I S PS - I N PDN - S CGNGWVC EH
AW- - - GF VPS DVAL VF VDNHDNQRGHGGGGGN VL T Y KQP RHY KMAT AF T L AWN YGT VRL MS S F AFDDGDQGP PQDANEN I I S PS - I N PDN - S CGNGWVC EH

AA A a

O O

Q+S QLG+L PS N RAL VF VENHDN E RGHGAGG+N I L T Y KDGK I Y TMAV+FN L AHS YG I P R I MS S Y AFDDPS QGP PHDDNNN I L S P+P FS +DG+S C TNGWVCQH

RWRP I RNMVK F RN VVG I AP VT L WYDNGS NQ I AFS RGVRGF VAFNN - DVVDFN AK I RT F L PS GT YCD I I S GE K L NGGC TGK T L GV - RS G I VGV I I RADDDFG
RWRP I RNMVQF RN VVK E E P L T L WYDNGGNQ I AFS RGGRGF VAFNN - EDF AFS S I VK TS L P TG I YCDV I S GE K I NG I C TGK I I AV - MGGE VT VN I P ANDE FG
RWRQ I FNMVRF RN E VGT AAL TNWWS NGS QQ I AF ARAGRGF I AFNN - QGS NMN VN L QTS L PGGT YCDV I S GN VS GGS C TGK T VHVNGDGT AN I S I GAAE EDG
RWL P I RNMVK F RNDVGTS S VVL WQDNGS NQ I GFS RGNRGF VAFN K - DDVDL N KQFS TN L APGF YCDV I S GE KS GNS C TGK VL F V - KNS K VS V I I RADDP YG
RWL A I RNMVK F RN VVRK TS VT L WYDNGS NQ I AFS RGT RGF I AFNG - DK VDFN AK VRT Y L RS GT YCDV I S GE KNGNS C TGK T VN V - RRS E VAV I I E ADDP YG
RWRPMRNMVK F RN I VGRKS VRKWYDNGS NQ I AFS RGNQGF VAFN L - D I VDFNQQVP TDL PDGVYCDV I S GE KNGN EC TGK VV I V - S K RK AAV I L RADDN YG
RWRPMRNMVK F RN I VGRK P VRKWYDNGS NQ I AFS RGNQGF VAFNM- D I VDFNQQVP TDL PDGVYCDV I TGE KNGN EC TGK VV I V - S K RK AAV I L RADDDYG
RWPGVVGMVQF RN AVAGRG I L NWMDNGEQQ I AFC RGDL GF VAFNGY TMAN L NS T VK VC L P PG I YCDV I TGDVTDAGC TGQE VL VN KS GY AN I F I PGDS P TG
RWRQ I YNM I GF ANQVRGTS VNDWWDNGNS Q I AFC RGNQGF I AFNN - EQHN FS HT L QTC L P AGT YCD I I S GEN TGNGCS GVT I T VNWDQT AH I F I P VDHYDG
RWRQ I YNM I GF ANQVRGTS VNDWFDNGNS Q I AFC RGDQGF I AFNN - EQHN FS HT L QTC L P AGT YCD I I S GEN TGNGCS GVT I T VHWDQT AH I F I P VDHYDG

N

RWRP I RNMVK F RN VVGGTS VT L WYDNGS NQ I AFS RGNRGF VAFNN YD+VDFN++VQTC L P+GT YCDV I S GE K+GNGC TGK T V+VN+DG+AAV I I +ADDP YG

VVA I HRDS K L - - -
T I A I HTNS K L - - -
VL A I HVGARL - - -
VVA I HT ES K L - - -
V I A I HAES K L - - -
VL A I HS ES K L - - -
VL A I HS ES K L - - -
VL A I HWGS VY L L D
V I A I HQGP TS K VN
V I A I HRGP TS RVN

V+A I H++S K L +VN

1
1
1
1
1
1
1

1
1

90
101
88
59
89
89

525

89
89

91
102
89
60
90
90

526
1

90
90

191
201
187
160
190
190
626
81

188
188

192
202
188
161
191
191
627
82

189
189

292
302
288
261
291
291
725
181
288
288

293
303
289
262
292
292
726
182
289
289

390
400
384
358
388
388
822
277
384
384

391
401
385
359
389
389
823
278
385
385

489
499
484
457
487
487
921
378
484
484

490
500
485
458
488
488
922
379
485
485

499
509
494
467
497
497
931
391
497
497

S12 Fig. Multiple sequence alignment of sand flies’ amylases



Multiple sequence alignment of S. schwetzi amylases and other sand flies’ amylases. Name 
of sequence include sand fly species shortcut (P.ara – P. arabicus, P.pap – P. papatasi, L.lon – L. 
longipalpis, L.nei – L. neivai) and GenBank accession number or UniProtKB accession number. 
Sequence conservation is depicted by shading of purple color. Active sites of enzyme are 
highlighted in orange, putative glycosylation sites in SschwAmy sequences are highlighted in blue. 
Lines below the alignment indicates active site of enzyme by “A”, metal binding site by “&”, 
glycosylation by “N” for N-glycosylation and “O” for O-glycosylation and consensus sequence. For 
easier visualisation two parts of sequence L. longipalpis (A0A1B0CMM1) were hidden (highlighted 
by blue vertical lines with arrows, number of hidden aa is displayed below the alignment). 
Alignment was made by MAFFT with L-INS-i method and visualized in Jalview.



SschwEnuc1
P.per_ABA43064
P.ori_AGT96473
P.ori_AGT96449
P.ari_AAX55752
P.ara_C6FX63
P.arg_ABA12142
L.lon_AAS16916
L.int_J7HBS9
L.olm_ANW11473
L.nei_A0A1L8DQC0

Active site
Metal binding site

Glycosylation

Consensus

SschwEnuc1
P.per_ABA43064
P.ori_AGT96473
P.ori_AGT96449
P.ari_AAX55752
P.ara_C6FX63
P.arg_ABA12142
L.lon_AAS16916
L.int_J7HBS9
L.olm_ANW11473
L.nei_A0A1L8DQC0

Active site
Metal binding site

Glycosylation

Consensus

SschwEnuc1
P.per_ABA43064
P.ori_AGT96473
P.ori_AGT96449
P.ari_AAX55752
P.ara_C6FX63
P.arg_ABA12142
L.lon_AAS16916
L.int_J7HBS9
L.olm_ANW11473
L.nei_A0A1L8DQC0

Active site
Metal binding site

Glycosylation

Consensus

SschwEnuc1
P.per_ABA43064
P.ori_AGT96473
P.ori_AGT96449
P.ari_AAX55752
P.ara_C6FX63
P.arg_ABA12142
L.lon_AAS16916
L.int_J7HBS9
L.olm_ANW11473
L.nei_A0A1L8DQC0

Active site
Metal binding site

Glycosylation

Consensus

SschwEnuc1
P.per_ABA43064
P.ori_AGT96473
P.ori_AGT96449
P.ari_AAX55752
P.ara_C6FX63
P.arg_ABA12142
L.lon_AAS16916
L.int_J7HBS9
L.olm_ANW11473
L.nei_A0A1L8DQC0

Active site
Metal binding site

Glycosylation

Consensus

SschwEnuc1
P.per_ABA43064
P.ori_AGT96473
P.ori_AGT96449
P.ari_AAX55752
P.ara_C6FX63
P.arg_ABA12142
L.lon_AAS16916
L.int_J7HBS9
L.olm_ANW11473
L.nei_A0A1L8DQC0

Active site
Metal binding site

Glycosylation

Consensus

M- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - GRVS S K AF TMN F L V I C AF - VVT VFGL WCC E - G - - - S QE
M I NS - T V I QF I F L F V I - - F L PGKS KS AP - - - - - K TC E I N L P TS I P T KGES I Y L L NG - - NGS - - - VF RPDGK L TQL N I GDS L S I YC PG - QKE L K RVPCS P - - - K F S L E
M I NS - T V I QF I F L L L L - - - - - GKS RS AP - - - - - K TC E I N L P TS I P T KGE P I Y L L NG - - NGS - - - VF RPDGRL TQL N I GDS L T I YC PG - QKE L K RVPCGP - - - RF S L E
M I NS - T V I QF I F L L L L - - - - - GKS RS AP - - - - - K TC E I N L P TS I P T KGE P I Y L L NG - - NGS - - - VF RPDGRL TQL N I GDS L T I YC PG - QE E L K RVPCS P - - - RF S L E
M I N P - I VL RF T F L L V I - - L L PGKC KS AP - - - - - KS C T I N L P TS I P K KGE P I Y - L NS - - NGS - - - VF RP I GGL TQL N I GDS L S I YC P P - L KK L KS VPCS R - - - K F S L E
M I NS - T VL RF T F L L L I - - L L CS KS QS AP - - - - - KS CS I T L P TS I P T KGE P I Y - L N T - - NGS - - - AF RPDGGL TQL G I GDS I S I YC PG - QE K L KS VTCN R - - - QF S L E
M I RQ - - - - - - - WI L P L C L F VL H I P FS AA - - - - - KS C T I RVP ED I PHDGE P I Y - L N P - - DES - - - GF R I TGK VT K I - - - ES L S VF C PG - - RT I ES VPCQRDGHS L L VA
M- - - - - - H L QL NL C A I L L S VL NG I QGAP KS I NS KS C A I S F P EN VT AK K E P VY - L K PS NDGS L S T P L QPS GP F VS L K I GES L A I F C PGDGKDVE T I TCN T - - - NF DL A
M- - - - - TH L HT F VL A I T F I S L NG I HGVP - - - - - ES C K I S L PGG I PQHGE P VY - L RT T KNGS L - RAL QP TGH T TS I P I GES VS I F C PNDEQK I QK VTCGR - - - NF DL T
MNH F YS VY F F T F AL S L - F A I L HGAQS AP - - - - - KS C T I S L PGG I PQKGE P VY - L T T T TNGS L - MAL QPS GQL TS I AS GES L S I F C PGDPQK I H K I TCGR - - - DF DL S
M- - - - - TH L HT F VL A I T F I S L NG I YGVP - - - - - ES C K I S L PGG I PQHGE P VY - L RT T KNGS L - RAL QP TGH T TS I P I GES VS I F C PNDEQK I QK VTCGR - - - NF DL T

M I NS Y T V++F T F L L + I T F +L L GKS QS AP KS I NS KS C+ I +L P TS I P T KGE P I Y L L N T T KNGS L S R+F RPDGRL T+L N I G+S L S I +C PGDQKK L K+V+CGRDGHNF S L E

ATQL I RRS L S I K L NP E I S CGVN RK F Y I V - - - - L N E K I D I AY VAC F DE E L KNS VF T I HH L DKS - - - - N I KDTGGYS K VF K AEDHL GHKD I NS Y Y KQH T K K F MDHF HE K
N I TCNS N VHS E L VDT E E KCGKDGKC YN I S F P L P TNT F H T I Y RTC F NKQK L T P I YS YH V I NGK AVGYHVKQP RGN F RPGKGV - - Y RK I N I NE L Y K TH I S RF K R I I GS T
D I TC TS N VHS E L VE T E E KCGRDGK Y YN I S F P L P TNT F H T I Y RTC F NRQK L T P I YS YH V I NGK AVGYHVKQP RGN F RPGKGV - - Y RK I N I NE L Y K TH I S RF K R I F GAT
D I TC TS N VHS E L VE T E E KCGRDGK Y YN I S F P L P TNT F H T I Y RTC F NRQK L T P I YS YH V I NGK AVGYHVKQP RGN F RPGKGV - - Y RK I N I NE L Y K TH I S RF K R I F GAT
S YS CNNS S QS E L VQT E E ECGQEGKWYN I GF P L P TNAF H T I Y RTC F NKQK L T P I YS YH V I NGK AVGYHVKQP RGN F RPGKGV - - Y RK I N I NE L Y K TH I S RF K K VF GDK
S I S C TS S VHS E L VT T E E ECGTGGKWY K I GF AL P TNDF H T I Y K TC F NKQK L T P I YS YH V I NGK AVGYHVKQP RGN F RPGKGV - - Y RK I N I NE L Y K TH I S RF K K L F GP T
QK KC KGR I L S E L L DT RE KCGKS GT L I E I GF QL PS KHF YS I YS S C F DRKS L S P L Y THH VL NGKGVK Y RVKQP RK T F REGKGV - - Y I GVNMDE L Y KGQL E RF RK L F GAK
S YS CN KS TS TDT I E T E E VCGGS GK VY K VGF P L PS GNF HS I YQTC F DK KNL T P L YS I H I L NGQAVGYHL KH T RGS F R - TNG I - - YGK VN I DK L Y K TQ I E K F NK L F GP K
K Y I C TGS T T T E T I E T L E ECGGS GKWY K I G I T L P KGDF H T I Y RTC F DRKHL T P I YS FH I L NGK AVGYHVKH I RGS F RT T KGV - - YGK VR I DN L Y K TH I S RF K K VF GS T
K Y TCS AK T K T E T I E T K E KCGNGGKWY K I G I P L P TGDF H T I Y RTC F NRE L L T P I YS FH T L NGK AVGYHVKH I RGS F RT T KS V - - YGK VN I DN L Y K KH I S RF E K I F GS S
K Y I C TGS T T T E T I E THE ECGGS GKWY K I G I P L P KGDF H T I Y RTC F DRKHL T P I YS FH I L NGK AVGYHVKH I RGS F RT T KGV - - YGK VR I DN L Y K TH I S RF K K VF GS T

O O

+Y TC TS S +HS E L VE T E E KCGGS GKWY K I GF P L P TNDF H T I Y RTC F NRQK L T P I YS YH VL NGK AVGYHVKQP RGN F RPGKGVDHY+K+N I NE L Y K TH I S RF K K I F GS T

YDFC T Y E Y F - - - AGPNNY L ARGH L VPDADF NANVDK K AT YN Y I N T APQF QK VNEGDWL RVEDY VRE I AE K F KF F L KN P RN L NVDKS EQE RQK AL VK Y K I S I NT ANKS
QT F - - - - - F - - - RK P L HY L ARGH L S P E VDF VF GN EQH AT E F Y I N T APQYQS I NQGNWL RVE KH VRK L AK AL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L HY L ARGH L S P E VDF VF GT EQH AT E F Y I N T APQYQS I NQGNWL RVE KH VRK L AK AL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L HY L ARGH L S P E VDF VF GT EQH AT E F Y I N T APQYQS I NQGNWL RVE KH VRK L AK AL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L HY L ARGH L S P E VDF VF GT EQH AT E F Y I N T APQYQS I NQGNWL RVE KH VRGL AK AL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L HY L S RGH L S P E VDF VF GN EQH AT E F Y I N T APQYQS I NQGNWL RVE KH VRS L AK AL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QQF - - - - - VL S S K TS QL F L S RGH L S P E ADF T F GT EQH AS EMY VN T APQF QS F NAGNWL RVES RVRAL ANAL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RRP L NF L S RGH L S P E VDF T F RREQH AT EMY I N T APQYQS I NQGNWL RVENH VRDL AK VL Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L F F L S RGH L S P E VDF T F GT EQH AT E I Y L N T APQYQT I NQGS WL N VE KH VRNL AG I L Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L F Y L S RGH L S P E VDF T F GT EQH AT E I Y L N T APQYQS MNQGNWL S VENH VRNL AK L L Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
QT F - - - - - F - - - RK P L F F L S RGH L S P E VDF T F GT EQH AT E I Y L N T APQYQT I NQGS WL N VE KH VRNL AG I L Q - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AA A A A A
&

QT FC T Y E Y F L S S RK P L HY L S RGH L S P E VDF +F GT EQH AT E F Y I N T APQYQS I NQGNWL RVE KH VR+L AK AL QF F L KN P RN L NVDKS EQE RQK AL VK Y K I S I NT ANKS

DRQRL L TDY K L RS QNTHAQMAAHC E T T RN RRRARS AS DRK K ENQS KS VK AHDKT RQRN K E RDQENL K KMRE I E RK F I L AQK RY F ADMN P I T VMTGVL GN TQ I K - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DDL H VVTG I L G I L K F S NK RA
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DDL H VVTG I L G I L K F S NK RT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DDPH VVTG I L G I L K F S NK RT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DN L L VVTG I L D I L K F S NK RA
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - KDL H VVTGVL G I L RF S NK RA
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DDL H VF TGVL DVL QL ANRK -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - KD I T VVTG I L G I L RL KS K K I
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - EN L P VVTG I L GL L HL KNK RT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - DD I P VVTGVL G I L RL KNK RT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - EN L P VVTG I L GL L HL KNK RT

O OO O O O O O

DRQRL L TDY K L RS QNTHAQMAAHC E T T RN RRRARS AS DRK K ENQS KS VK AHDKT RQRN K E RDQENL K KMRE I E RK F I L AQK RY F ADMDDL H VVTG I L G I L K++NK RT

E EDL Y L ADK K I P VPHL F WK VV I YH KDCNVNL I F L RTN Y Y YDK L GS - I CS N I C EN I GF L RS K - - DQAY AATD I E E EN EDEN AGADDP EDS T VCC Y L NS F F Y EDDNK F S
E RE I Y L GEGV I P VPQ I F WK AVFH P K TS S A I VF VS S NN PH E K T FN P - MC KDVC E T ARFGGKQH ENQNF - - - - - - - - - - - - - - - S NHT VGF T I CC E L PDF L GN - - - - - S
E RE I Y L GEGV I P VPQ I F WK AVFH P KNS T A I VF VTS NN PH E K T FN P - I C KDVC E T ARL GDKQH ES QNF - - - - - - - - - - - - - - - S NHT VGF T I CC E L PDF L GN - - - - - S
E RE I Y L GEGV I P VPQ I F WK AVFH P K TS T A I VF VTS NN PH E K T FN P - I C KDVC E T ARL GDKQH ES QNF - - - - - - - - - - - - - - - S NY T VGF T I CC E L PDF L GN - - - - - S
DT E I Y L GDG I I P VPQ I F WK A I FH L RTS S A I VF VTS NN PH E T T FNN - I C KDAC EMAGFGDKQHGNQNF - - - - - - - - - - - - - - - S NYS L GF T I CC E L QDF I GN - - - - - S
DK E I Y L GDDV I P VPDVF WK AVL E P T AS S A I VF I AS NN PH E K T F KH - I C KDVC E AS GFG - - - - - NQNF - - - - - - - - - - - - - - - S NHT L GF T I CCQL L DF I GK - - - - - S
- - - VF L GNGVVP VP AL F WK AVFH VK TS AA I VF VGANN PH AENGAPS VC KDVC T E AGF AE - - - - - NS F - - - - - - - - - - - - - - - S NS T L G I T I CC AL KN I VKQ - - - - - S
E K E I Y L GDDV I AVP AMF WK AVFDPQKQE A I VF VS S NN PH VK T FN P - NC KDVC AQAGFGNDN - - L E Y F - - - - - - - - - - - - - - - S NYS I GL T I CC K L E E F VK R - - - - - N
EQD I Y L GDGVVP VP E I F WK AVFN P K T F E A I VF VGS NN PH T K T FN P - GCQDVCDAAGYGDS QH P KQK F - - - - - - - - - - - - - - - DNPS S GL T I CC K L ME F I E K - - - - - S
EQDVY L GDGVVP VP A I F WK AVFH P KN I - - - - - - - - GN P - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - WL L - - - - - - - - - - -
EQD I Y L GDGVVP VP EMF WK AVFN P K T F E A I VF VGS NN PH T K T FN P - GCQDVCDAAGYGDS QH P KQK F - - - - - - - - - - - - - - - DNPS S GL T I CC K L ME F I E K - - - - - S

E+E I Y L GDGV I P VPQ I F WK AVFH P K TS +A I VF V+S NN PH E K T FN PS I C KDVC E+AGFGDKQH ENQNF AATD I E E EN EDEN AGS N+T+GF T I CC E L PDF I GNDDNK F S

KNMK P Y R I Q I RENL ES VKN L WE T K - - - - - - - - - - - - - - - - -
K V I L P K E F QGKNY - RK L L KMPGK P - - - - - - - - - - - - - - - - -
RV I L P K E F HGKNY - RK L L KMPGK P - - - - - - - - - - - - - - - - -
K A I L P K E F HGNNY - RK L L KMPGK P - - - - - - - - - - - - - - - - -
K VVL P KD I QVKNH - RK L L QL P K P KQ - - - - - - - - - - - - - - - -
K VVL P K E L QVKNY - RK L L K L P K VKQ - - - - - - - - - - - - - - - -
K VVL P RD I EGRKM- QHF T K L L TS AEGRNGN - - - - - - - - - - -
K I I L P K E VNNKNY T K K L L K F P K T RN - K EGDK K VVRK RAKGA
N V I L P E E L NY K K Y - NK I L K L P KS S GN K ENS AK - - - - - - RG -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N V I L P E E L NY K K Y - NK I L K L P KS S GN K ENS AK - - - - - - RG -

K V I L P K E+QGKNY+RK L L K L P K+++N K E+S AK VVRK RARGA

1
1
1
1
1
1
1
1
1
1
1

34
90
87
87
89
89
84
97
92
96
92

35
91
88
88
90
90
85
98
93
97
93

133
195
192
192
194
194
189
201
197
201
197

134
196
193
193
195
195
190
202
198
202
198

237
259
256
256
258
258
256
265
261
265
261

238
260
257
257
259
259
257
266
262
266
262

340
279
276
276
278
278
275
285
281
285
281

341
280
277
277
279
279
276
286
282
286
282

444
365
362
362
364
359
354
369
367
318
367

445
366
363
363
365
360
355
370
368

368

468
388
385
385
388
383
383
409
400

400

S13 Fig. Multiple sequence alignment of sand flies’ endonucleases

Multiple sequence alignment of S. schwetzi and other sand flies endonucleases. Name of 
sequence include sand fly species shortcut (P.per – P. perniciosus, P.ori – P. orientalis, P.ari – P. 
ariasi, P.ara – P. arabicus, P.arg – P. argentipes, L.lon – L. longipalpis, L.int – L. intermedia, L.olm 
– L. olmeca, L.nei – L. neivai) and GenBank accession number or UniProtKB accession number. 
Sequence conservation is depicted by shading of purple color. Active sites of enzyme are 
highlighted in orange, putative glycosylation sites in SschwEnuc1 sequence are highlighted in blue. 
Lines below the alignment indicates active site of enzyme by “A”, metal binding site by “&”, 
glycosylation by “O” for O-glycosylation and consensus sequence. Alignment was made by 
MAFFT with L-INS-i method and visualized in Jalview.



SschwPLA2_1
P.per_ABA43062
P.ori_AGT96476
P.ari_AAX54852
P.ara_ACS93491

Active site
Metal binding site

Glycosylation

Consensus

SschwPLA2_1
P.per_ABA43062
P.ori_AGT96476
P.ari_AAX54852
P.ara_ACS93491

Active site
Metal binding site

Glycosylation

Consensus

SschwPLA2_1
P.per_ABA43062
P.ori_AGT96476
P.ari_AAX54852
P.ara_ACS93491

Active site
Metal binding site

Glycosylation

Consensus

SschwPLA2_1
P.per_ABA43062
P.ori_AGT96476
P.ari_AAX54852
P.ara_ACS93491

Active site
Metal binding site

Glycosylation

Consensus

SschwPLA2_1
P.per_ABA43062
P.ori_AGT96476
P.ari_AAX54852
P.ara_ACS93491

Active site
Metal binding site

Glycosylation

Consensus

- MNS F S VS S I C I S L L L I GA - - - TS GS V I GNS GL S RH I P K ES F L I TDH L ADGE F E RR I S F NGL I GKQTS I S E TS KS L S L WQL TDGH L F L QF I YS G
MMS RWS KS VKF VC L L L CGGF T F L T TS ARAKP T L T F QL P P AL TN L P P F I G I S RF VE RKMQNDQMKT Y TGVRQTNDS L VM- - - - - - - - - - - - I YHH
MMS RWS KS VKF VC L L L CGGF T F L T TS ARAKP T L T F QL P P AL TN L P P F I G I S RF VE RKMQNDQMKT Y TGVRQTNDS L VM- - - - - - - - - - - - I YHH
MMS RWS KS VKF VC L L L CGGF T F L T TS ARAKP T L T F QL P P AL TN L P P F VG I S RF VE RKMQN EQMKT Y TGVRQTN ES L VM- - - - - - - - - - - - I YHH
MMS RWS NS VKF VC L L L CGGF T F F T TS ARAKP T L S F QL P P AF AN L P P F RG I S RF VE RKMQNDQMKT Y TGVRQS NDS L MM- - - - - - - - - - - - I YH Y

MMS RWS KS VKF VC L L L CGGF T F L T TS ARAKP T L T F QL P P AL TN L P P F I G I S RF VE RKMQNDQMKT Y TGVRQTNDS L VMWQL TDGH L F L QF I YHH

DDK I VDC E Y I RE KHH I H E F I S KF NGDVT L ARS HN F TNDNGYQYHQS AL P AVT KH E F RN F L DNDA I P PS YQMAFDDVEDF E I TNDL ARKS E RF GM
DL T I A I VE L GP E K T L L GC E L I E I N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NDDEGAKVL T E L AT - - - - - - -
DL T I A I VE L GP E K T L L GC E L I E I N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NDDEGAKVL T E L AT - - - - - - -
DL T I A I VE L GP E KS L L GC E L I E I N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NDDEGAKVL KE L AT - - - - - - -
DL T I A I VE L GPQK T L L GC E L I E I N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - NDDEGARVL KDL S T - - - - - - -

O O

DL T I A I VE L GP E K T L L GC E L I E I NGDVT L ARS HN F TNDNGYQYHQS AL P AVT KH E F RN F L DNDA I P PS YQMAFNDDEGAKVL +E L AT KS E RF GM

RN F T F VE L RDL QD I PS DL L P L L D I QS I T EQCNQRH E EMQR I - - VGG I DS DDE E I RKN AT EH L - - DRRKRAL S DMF R - MPN T KWCGTGNGAG I YN
- - - - - - - - - - - VN I P L Q - I DF REMVKL MKQC - E K I DYMRK VK RQGAS ES DQT TN RQHQTGY F GL GGAT AGL S I L S G I L PGT KWCGTGD I AKT YH
- - - - - - - - - - - VN I P L Q - I DF REMVKL MKQC - E K I DYMRK VK RQGAS ES DQT TN RQHQTGY F - - GGAT AGL S I L S G I L PGT KWCGTGD I AKT YH
- - - - - - - - - - - VN I P L E - I DF REMVKL MKQC - E K I DY I RK VK RQGAP ES DQT TN RQHQTGY F - - TGAT AGL S I L S G I L PGT KWCGTGD I ART YH
- - - - - - - - - - - VN I P L Q - I DF WEMMKL MKQC - E K I DYMRK VK RQGTS QGDE T TN RQHQTGL L - - AGATGGL S I L S G I L PGT KWCGTGD I AQS YH

& & &
N N O

RN F T F VE L RDL VN I P L QL I DF REMVKL MKQCN E K I DYMRK VK RQGAS ES DQT TN RQHQTGY F GL GGAT AGL S I L S G I L PGT KWCGTGD I AKT YH

QL GGAS RADMCC RKHDHC K L N I QAMTN KWQF F N Y RF Y T I S S CS CDRRF RTC L KMADS PDAN I VGK I F FN I VQS KC F I L K P E K YC KQRS WWGEC L
DL GT E ATMDMCC RTHDL C P VK VRS YQQRYN L S NNS I Y T KS PC KCDDML FNC L KRTN TS AS QF MGT I Y FN VVQVPC VL DT E RGY - - - - - - - - - - -
DL GT E ATMDMCC RTHDL C P VK VRS YQQRYN L S NNS I Y T KS HC KCDDML FNC L KRTN TS AS QF MGT I Y FN VVQVPC VL DT E RGY - - - - - - - - - - -
DL GT E ATMDMCC RTHDL C P VK VRS YQQRYN L TN KS I Y T KS HC KCDDML FNC L KRTN TS AS QF MGT I Y FN VVQVPC VL DTDRGY - - - - - - - - - - -
DL GT E ATMDMCC RTHDL C P VK VRS YQQRYN L TNNS I Y T KS HC KCDDML FNC L KRTN TS TS QF MGT L Y FN VVQVPC VL Y T E RGL - - - - - - - - - - -

A A A
&

O

DL GT E ATMDMCC RTHDL C P VK VRS YQQRYN L +NNS I Y T KS HC KCDDML FNC L KRTN TS AS QF MGT I Y FN VVQVPC VL DT E RGYC KQRS WWGEC L

K KGVRK RAH L RDN RKF -
- - - - - - - - RF RK ART F S
- - - - - - - - RF RK ART F S
- - - - - - - - RF RK ART F S
- - - - - - - - QF RK ART F S

K KGVRK RARF RK ART F S

1
1
1
1
1

90
82
82
82
82

91
83
83
83
83

184
120
120
120
120

185
121
121
121
121

273
201
199
199
199

274
202
200
200
200

367
284
282
282
282

368
285
283
283
283

383
293
291
291
291

S14 Fig. Multiple sequence alignment of sand flies’ phospholipases A2

Multiple sequence alignment of S. schwetzi phospholipase A2 with other sand flies’ 
phospholipases A2. Name of sequence include sand fly species shortcut (P.per – P. perniciosus, 
P.ori – P. orientalis, P.ari – P. ariasi, P.ara – P. arabicus) and GenBank accession number. 
Sequence conservation is depicted by shading of purple color. Active sites of enzyme are 
highlighted in orange, putative glycosylation sites in SschwPLA2_1 sequence are highlighted in blue. 
Lines below the alignment indicates active site of enzyme by “A”, metal binding site by “&”, 
glycosylation by “N” for N-glycosylation and “O” for O-glycosylation and consensus sequence. 
Alignment was made by MAFFT with L-INS-i method and visualized in Jalview.



SschwPP1
P.per_ALL27023
P.ori_AGT96453
P.ara_ACS93498
P.dub_ABI20154
P.arg_ABA12155

Active site
Metal binding site

Glycosylation
Consensus

SschwPP1
P.per_ALL27023
P.ori_AGT96453
P.ara_ACS93498
P.dub_ABI20154
P.arg_ABA12155

Active site
Metal binding site

Glycosylation
Consensus

SschwPP1
P.per_ALL27023
P.ori_AGT96453
P.ara_ACS93498
P.dub_ABI20154
P.arg_ABA12155

Active site
Metal binding site

Glycosylation
Consensus

SschwPP1
P.per_ALL27023
P.ori_AGT96453
P.ara_ACS93498
P.dub_ABI20154
P.arg_ABA12155

Active site
Metal binding site

Glycosylation
Consensus

SschwPP1
P.per_ALL27023
P.ori_AGT96453
P.ara_ACS93498
P.dub_ABI20154
P.arg_ABA12155

Active site
Metal binding site

Glycosylation
Consensus

SschwPP1
P.per_ALL27023
P.ori_AGT96453
P.ara_ACS93498
P.dub_ABI20154
P.arg_ABA12155

Active site
Metal binding site

Glycosylation
Consensus

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MS L S VK I I L VVS L VNL WC Y F L E I S AVP V - - - VQNS L L V I S YDAF RN E Y L S RN I T P F L NN F
MF F EQGAK KP I GAAE KGKRDAKS QY F AAFS H VKM- - - VNRS E I RL F L S AL I VL L F AT L R I VDGS QGNS L L V I S YDAF RNDY L K RN I T P Y L NN F
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M- - - VNL S E I RL F L S AL L V I L F AT L R I I DGS QGNS L L V I S YDAF RNDY L K RN I T P F L NN L
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M- - - - - L L L VE AAV I L WCC I I KC - - - - I TGCQENS L I V I S FDGF RNDY L E RN I T P Y L N AF
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M- - - L NF TGVS I A I VL WC AVTGS AARNV - GRQENS L L V I S YDAF RN E Y L QRN I TS YMNS F

A
&

MF F EQGAK KP I GAAE KGKRDAKS QY F AAFS H VKMS L S VNL S +VRL ++S L WC V I L F AT+R I VDGS Q+NS L L V I S YDAF RNDY L K RN I T P Y L NN F

RAEGVS VP YMRNVF P T K T F PNHHS I ATGL F PGTHGVT ANS VFDL KS GKVL E YGHQL FHYNE A I L P I WT L NQ I RGRHS GCMMWPGS DFS Y AGVN
RE EGVS VP FMKNVF P T K T F PNHHT I ATGVF PGVHGVT ANS VFDRVS GQKL E YGY P L FHYNE A I VP I WT L NEMRGH YS GCMMWPGS DFS YS GRN
RE EGVS VP FMKNVF P T K T F PNHHT I ATGVF PGVHGVT ANS VFDRVS GQKL E YGY P L FHYNE A I VP I WT L NEMRGQYS GCMMWPGTDF P YS GRN
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
RE EGVS VP Y VKNVF PS K T F PNHHT I ATGVF P E VHG I MANAL FDHKT KE KL VYGY P L YHQNE A I I P I WT L NEMQGKHS GCMMWPGS NF F YS GKN
QQQGVS AP YMKNVF P T K T F PNHHS I ATGVF PGVHGVT ANS VYDRVS GKY L NYGF P L FHHNEQVVP I Y T L NE L RGK YS GCMMWPGS DF P YS GRN

AA A
&

N
RE EGVS VP YMKNVF P T K T F PNHHT I ATGVF PGVHGVT ANS VFDRVS G+KL E YGY P L FHYNE A I VP I WT L NEMRGK YS GCMMWPGS DF+YS GRN

C T Y VQAYN RS I S WDDRVDRS I S WL RN P E KP ANL I MMY F EDPDS HGH I YGPDS L V I RDL I I KL DN L T KS I HE KL RF FNL TDHVN V I HL S DHGML
C T Y VVS YN KS I AWEDRVDT VMQWL S DP KKP ANL VMMY F EDPDTHGH I YGPDS NV I RDL I I KL DN L T RS I QQKL KE KNL TDRVN V I HL S DHGME
C T Y VVS YN KS I AWE E RVDT VMQWL S DP KKP AS L VMMY F EDPDTHGH I YGPDS NV I RDL I I KL DN L T KS I QQKL KE KNL TDRVN V I HL S DHGME
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I RDL I I KL DN L T KS I QQKL KDNHL ADRVN V I HL S DHGME
C T YN I P YN KS I PWDE RVD I AL S WMTDKE KP ANL L I MY F EDPDS HGH T YGPNS DK VNE A I T KVDN L VYS I QE KL KK KQL FDHVN I VF L S DHGME
C THVQVYN KS MAWS E RVD I VMNWL TDKE KP AS L VMMY I E E PDTDGH I YGPDS DV I RAL I I KL DN L T K I I QE KL KENS L S DRVN V I HL S DHGME

A A AA
& & &&

N
C T Y V+S YN KS I AW+E RVD+VM+WL +DP E KP ANL VMMY F EDPDTHGH I YGPDS +V I RDL I I KL DN L T KS I Q+KL KE KNL TDRVN V I HL S DHGME

GVS S S Y F I DL RQF VNNN TCDF HGTS P VL QVVP K PGKFDE VYQS L KS GAAANKHF KVYS N ADL L P RWN FNNS QRS GP I T AL ADPGY AFQDMY E A
GVS S AKF I DL RKAVTNGS C E F YGTS P VL Q I VP KDGKF T E VYQN L T RE AKTNGHF KVYS NDE L L ARWH FNNS ARS GP I T AL ADPGY AFQDMY E A
GVS S AKF I DL HKAVTNGS C E F YGTS P VL Q I VP KDGKFN E VYQN L T RDAKT YGHF KVYS NDE L L ARWH FNNS A - - - - - - - - - - - - - - - - - - - - -
GVTS AKF I DL RQAVTNGS CDF YGTS P VL Q I VP K TGKFDE VY RN L KRE AT T KGHF K I YS NDE L L ARWH FNNS ARS GP I T AL ADAGY AFQDMY E A
GV I QDNF I DL YNF VANGS CDF YGS S P I L QVVP K PGKYDE VL CGL KKGAE TNRHY KVF T K KKN P P L WH YNNT E RTGP I T VL ADP P Y AFQDMF T A
GVTS KNV I DL RKF VNNGTCDF YGTS P AL Q I VP K PGQFDDVYQRL RRGAES NGHF KVYNDT E L L E RWH F KNP ARS GP I T AVADP VY AFQDL YDS

O
GVS S AKF I DL RK+VTNGS CDF YGTS P VL Q I VP K PGKFDE VYQN L KRGA+TNGHF KVYS NDE L L ARWH FNNS ARS GP I T AL ADPGY AFQDMY E A

AE Y Y AKT YN I S I T PNY K FGVHGYDN KDL PDMYS MFMAKGPDFQE RK VL QP FDS VDL YS L F VK I L NL S DP P P TNGS L T VVGE AL KS S NL S RGHQ
ADWY AE KYN VS F T PQHE YG I HGYDN EGL PS MYS MFMAKGPDFQQHK VL T P FDT VDL FS L F VK I L N I S NP P T TNGT L S H VTDAL KS T I PS GS S R
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AEWY AE KYN VS F T PQHE YG I HGYNN EGL PS MYS MFMAKGPDFQEHK AL VP FDT VDL FS L F VK I L N I S NP P P TNGT L S H L ANAL KS TNS S GS T R
AENY KKT YN VS GV - NHT YGVHGYDNQAAPS MYS MFMAKGPDF RNRK VL L P FNT VDY YNL F AQL L N I S NP P P TNGT L AH L KDAL KTS DS S G I Y R
AAWY T ANYN VT F T PDHVYG I HGYDNQGL PS MYS MFMAKGPDFQEHK VL E P FDS VDL YDL F VK I L N I S NP P VTNGT L AH VAE AL KTS S L S NS T R

A
&

N OO
AEWY A++YN VS F T P+HE YG I HGYDN+GL PS MYS MFMAKGPDFQEHK VL +P FDT VDL YS L F VK I L N I S NP P P TNGT L +H VA+AL KS S N+S GS T R

KDP K VS AA I VARS
KDP K VS AA I VARS
- - - - - - - - - - - - -
KDP K VS AA I VARS
K - - - - - - - - - - - Y
KN P K VS AA I VARS

O
KDP K VS AA I VARS

1
1
1

1
1

57
90
57

51
56

58
91
58

52
57

150
183
150

144
149

151
184
151

1
145
150

243
276
243

39
237
242

244
277
244

40
238
243

336
369
315
132
330
335

337
370

133
331
336

429
462

225
422
428

430
463

226
423
429

442
475

238
424
441

S15 Fig. Multiple sequence alignment of sand flies’ pyrophosphatases

Multiple sequence alignment of S. schwetzi pyrophosphatase with other sand flies 
pyrophosphatases. Name of sequence include sand fly species shortcut (P.per – P. perniciosus, 
P.ori – P. orientalis, P.ara – P. arabicus, P.dub – P. duboscqi, P.arg – P. argentipes) and GenBank 
accession number. Sequence conservation is depicted by shading of purple color. Active sites of 
enzyme are highlighted in orange, putative glycosylation sites in SschwPP1 sequence are 
highlighted in blue. Lines below the alignment indicates active site of enzyme by “A”, metal binding 
site by “&”, glycosylation by “N” for N-glycosylation and “O” for O-glycosylation and consensus 
sequence. Alignment was made by MAFFT with L-INS-i method and visualized in Jalview.



Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

Sschw71kDa1
L.lon_AAS16911
L.aya_BAM69203
L.olm_ANW11475

Active site
Metal binding site

Glycosylation
Consensus

- - - MK I T F VWL V I T L I A I AEGAAF VKKVGES L E E E ES RAVQRL KE I NE E L DRRKN I NT VAS WAY AS N I TDENL KKMNDVS VE T AQY Y KE L AKE
- - - MK I T V I L F TGF T I AL V - S S AVL KKNGE T I E E E E VRAEQRL RE I NE E L DRRKN I NT VAAWAY AS N I T E VNL KNMNDVS VE T AKY Y KE L AS E
- - - MR I T V I F F TG I T I AL V - S C AVL KKS GE T I DE E E ARAAVRL KE I NE E L DRKKN I NT L AS WAY AS N I T E TNL KS MNDVAVE T AKY Y - - - - - -
MC I MRFS VL F I T AL T VT VV - S C AVL KKS GE T P E E E ES RAVL RL KE I NE E L DS KKNYNT VAS WAY AS N I T EDNL KRMNDVS VE T AKY Y KE L AS E

O N
MC I M+ I T V I F F TG+T I AL VES C AVL KKS GE T I E E E ES RAVQRL KE I NE E L DR+KN I NT VAS WAY AS N I T E+NL K+MNDVS VE T AKY Y KE L AS E

L KQL NNKE F KS EDL KRQ I KK LS KLGYS GL P ADKY KE L L E A I TWMES NY AKVKVCDY KDKT KCDL AL E PDL T E I F I KS L DP E E L KY YWQQWYDK
L KGFNAKE Y KS EDL KRQ I KK LS KLGYS AL PS E KY KE L L E A I TWMES NY AKVKVCS Y KDP KKCDL AL E P E I T E I L I KS RDP E E L KY YWKQWYDK
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
L KGFNAKE Y KS EDL KRQ I KK LS KLGYS ALS S E KY KE L L E A I TWMES NY AKVKVCS Y KDP KKCDL AL E P E I T E I L I KS RDP E E L KY YWKQWYDK

C
L KGFNAKE Y KS EDL KRQ I KK LS KLGYS AL PS E KY KE L L E A I TWMES NY AKVKVCS Y KDP KKCDL AL E P E I T E I L I KS RDP E E L KY YWKQWYDK

AGT P T RP Y FDKY I E LN RE AAKLDGF PS GAES WL DE Y EDE T F E KQL E T I F EQ I RP L Y EQL HAY VRF KL RE KFGKDVVP E KGS I PMHL L GNMWAQ
AGT P T RES FN KY VQLN RE AAKLDGF YS GAES WL DE Y EDE T F E KQL ED I F AQ I RP L Y EQL HAY VRF KL RE KYGNDVVS E KGP I PMHL L GNMWGQ
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGT P T RES FN KY VE LN RE AAVLDGF KS GAES WL DE Y EDE T F E KQL ED I F AQ I RP L Y EQL HAY VRF RL RE KYGDGVVS E RGP I PMHL L GNMWGQ

AGT P T RES FN KY VE LN RE AAKLDGF+S GAES WL DE Y EDE T F E KQL ED I F AQ I RP L Y EQL HAY VRF KL RE KYG+DVVS E KGP I PMHL L GNMWGQ

TWS E KAE I L VP F P E KKL L DVTDE L VKQGY T P VS MF E KGDE F FQS L NMT KL P ES FWKYS VL E KP TDGRE L I CHAS AWDF YQNDDVR I KQC T RVT
TWS E VAP I L VP Y P E KKL L DVTDEMVKQGY T P I S MF E KGDE F FQS L NMT KL P KT FWE YS I L E KPQDGRE L I CHAS AWDF Y T KDDVR I KQC T RVT
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
TWS E VAP I S VS I S EQKL L DVTDEMVKQGY T A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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S16 Fig. Multiple sequence alignment of sand flies’ 71 kDa-like proteins

Multiple sequence alignment of S. schwetzi 71 kDa-like protein with other sand flies 71 kDa-
like proteins. Name of sequence include sand fly species shortcut (L.lon – L. longipalpis, L.aya – 
L. ayacuchensis, L.olm – L. olmeca) and GenBank accession number or UniProtKB accession 
number. Sequence conservation is depicted by shading of purple color. Active sites of enzyme are 
highlighted in orange, putative glycosylation sites in Sschw71kDa1 sequence are highlighted in 
blue. Lines below the alignment indicates active site of enzyme by “A”, metal binding site by “&”, 
glycosylation by “N” for N-glycosylation, “O” for O-glycosylation, “C” for C-glycosylation and 
consensus sequence. Alignment was made by MAFFT with L-INS-i method and visualized in 
Jalview.
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S17 Fig. RNA-seq transcriptome analysis of S. schwetzi salivary glands
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S18 Fig.  Proteome analysis of S. schwetzi salivary glands

A) Distribution of the proteins from whole proteome dataset
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Comparison of ATPase and ADPase activities and their pH  
optima in two  S. schwetzi  lineages maintained on different  
blood-meal sources, geckos (S-G) and mice (S-M).  Results  
represent the mean of five independent measurements.
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S19 Fig. Comparison of ATPase and ADPase activities and their pH optima in two  
S. schwetzi  lineages
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