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Sequence Alignments

Sequence alignments for the esterase/lipases from D. capensis are shown along with an-

notation reference sequences from other plants. Cluster 1 (Figure S1) contains enzymes

with the traditional GDSL motif, including GDL1_CARPA from Carica papaya. Cluster 2

(Figure S2) contains only sequences from D. capensis, while Cluster 3 (Figure S3) contains

two reference sequences from Arabidopsis thaliana. Cluster 4 is split into two figures for

legibility (Figures S4 and S5). The alignment figures are annotated to highlight chemical

properties of the amino acid residues as well as important sequence features. The amino acid

attributes are color-coded as follows: cysteines are yellow, positively charged residues are

blue, negatively charged residues are red, hydrophobic residues are green, and all others are

black. Highly conserved residues are indicated with a dot above the sequence position. The

catalytic triad residues are marked with colored arrows. SignalP 4.11 is used to predict the

signal peptide cleavage site, which is specified by underlining the residues on either end of

the cleavage point. The signal peptide itself is highlighted in light orange. Strikethrough text

indicates sequence regions that are absent in the active enzyme, in this case the N-terminal

signal peptide that is expressed but removed during maturation. Functional blocks I-IV are

highlighted with colored boxes. Annotations were performed by homology to the annota-

tions reference sequences from C. papaya and A. thaliana found in the UniProt database

and identified by their UniProt IDs.
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GDL1_CARPA MEKPSGQFLG LSLLL-LPLL L--------- --PISCNAQQ LFIFGDSLYD NGNKPFLATD VP--STFWPY GLS-IDFPNG RWSDGRIVPD FIA-------

DCAP_3343  MARIQSTTIN LATLVLISTL FL--LSNNAH SVVIPDNHVA LFIFGDSLYD VGMNSYFKHG TL--STYLPY GETFFGKPTG RYCNGRVLPD FVA-------

DCAP_6947  MAPTPSSLLS IALI-LCTSL IVVQCSSSAR AAKAGQKQVP LFVFGDSLFD PGNNNYLNDT KMGQATSWPY GETFFKRATG RLSDGRIVPD FVGMGVRTLD

GDL1_CARPA ---EFLGIPF PPPVLDR-SA NFSSGVTFAT ADATIL-GTP PQTLTLGDQV KAFAQIKSTW T--------D AQRQKGIYMF YIGANDYLNY TNANLN---A 

DCAP_3343  ---EFANLPL LPPYLQPGLS NYTDGVNFAS AGACVLVDTR PGTINLKMQV DYFEEMVTKL RSQIGVAEAN KLLGNAVYLF SIGGNDYVSL VTANLNKPAL 

DCAP_6947  LDTEFFRLPL WKAYLEPGQH RFAGGANFAS GGAGVLSQTH PGTISLREQL SYFKDVVSTL KQQFGEAETK RKLMRAIYLF SMGGNDYFSF YTSY---PNA 

GDL1_CARPA TAQQQEAFVS QVIAKLKDQL LAIYGLGGRK FAFQNLAPLG CLPIVKQDFK TG-NFCLPLA SNLAAQHNQL LSETLENLSE TLDGFNYIIY DYFNSSLRRM 

DCAP_3343  SASYKREYIS TVLGNLTAHI TTIYNTGGRK FAFQNVGPIG CMPSTKALYT GDVGNCVKDP QTLAKTHNAV FLGIAQKLQT QLSGFKYSVF DYYSAAANRV 

DCAP_6947  SESAQKEYVS IVIGNLTEVI EEIYQIGGRK IAFQNVGALG CVPLNRQK-- TGDGSCAEET NALARSHNHA LAESLLSLGR RLPGFKYSIF DYYHAILDRV 

GDL1_CARPA ARPNNYGYFT TNLACCGTGS -HDAFGCGFK NVHSNLCSYQ RGYMFFDGRH NAEKTNEAVA HLIFSADPSV VFPMNLRELF VHP-

DCAP_3343  VYNTRYGFNQ SKIACCGSGA YNGAFTCGSP TVKFQACSDP SDYLWFDAAH PTEKANQQYA QLFWDGAAPN ----TLKALF STTT

DCAP_6947  SNPKKYGFMN GTSACYTGN- -----TPGKT TTKPSLCSDP SKYVWFDSGH TTEACNWQLS KLIWKGKKDI VSPYNVKQLY ELL-

 

signal sequence

signal cleavage siteXX

● conserved residue

active Ser residue

active Asp residue

active His residue

Block I Block II

Block III

Block IV

Figure S 1: Sequence alignment for Cluster 1 esterase/lipases, annotated by homology to the
reference sequence GDL1_CARPA. The four functional blocks that are critical for enzyme
function are highlighted using outlined colored boxes. The N-terminal signal peptide is
highlighted in light orange. Colored arrows indicate the catalytic triad residues. Conserved
residues are marked using colored dots: acidic (red), basic (blue), hydrophobic (green), and
hydrophilic (black) residues.

3



DCAP_0448  -----MHWQV HPK------- ICLYVITMRA KCGSKCKFEA IFNFGDSNSD TEGFWAAFPA QSGPFGMTYF KKPAGRATDG RLIVDFL--- ---------- 

DCAP_8086  --------ML LPRF--MMVM VFIVISGYFV ECGSKCKFEA IFNFGDSNSD TGGFWAVFPA QSGPFGMTYF KKPAGRATDG RLIVDFLAQA IGIPFLSPYL 

DCAP_0434  ---------- ---------- ----MRGAAG ADRPPCQFPA IYNFGDSNSD TGGISAAFRP IPCAYGATFF GKAARRNSDG RLLIDLIGIY TLSTLKGKSN 

DCAP_4098  ---------- ---------- ---MGGGAAA ADRPPCQFPA IYNFGDSNSD TGGISAAFMP IPWPYGATFF RKAAGRDCDG RLLIDFIAEE LDLPFLSAYL 

DCAP_5529  MESCRRIANL VPLL--LLIF ITQCTAKRAA SPTEPCKFPA IFNFGDSNSD TGGFSAAFGQ AAPPAGETFF GRPAGRYSDG RLIIDFIAQG LGVPYLSAYL 

DCAP_5165  ---------- ---------- --MEVVPETP TAAGPCKFAA IFNFGDSNSD TGGLSAAFGE IGSPAGETFF GHPAGRYCDG RLKIDFIAES FGLPFLSAYL 

DCAP_0448  ---------- ---------V LLPNTSLFVS GLSPFSVAIQ LNQNEGIQGK SLQIAIQPWV ---------- ---------- --------- ---------- 

DCAP_8086  QSIGSDYRHG ANYATLASTV LLPNTSLFVS GLSPFSLAIQ LNQMKEFKAR VYESRSN-HG ---------- ---------- --------- ---------- 

DCAP_0434  SSLGANFSHG ANFATRGSTI RRQNETIFEY GICSFSCSMS RSGITTSSNR GPLISTTKVK SP-SHFTNIS EINPNENKSN R----INSH A-LLIVMLQQ 

DCAP_4098  NSLGANFSHG ANFATGGSTI RRQNETIFEY GISPFSLDVQ LWHYDQFKSR SSDLH-NQVT DP-YHKS--- -ILP------ --------- --------KP 

DCAP_5529  DAVGSNFSHG ANFATAASTI RPQNKTLNQG GFSPISLNVQ WYQFYEFQSR TQYFRSQGIP HSRLHYPD-- -MIPIQITDI ILGIWVETD RMYLFSLRSG 

DCAP_5165  DSVGTNFSHG ANFATAGSTI RPQNTTLRQS GFSPVSLLDQ FVEFSDFYHR APA------- ---------- ---------- --------- -------LRK 

DCAP_0448  ---DATSFSS HIREGDIYTF YIGQNDSTSN -LAAIGVAIL ---------- ---------- ---------- ---------- ---------- -----QCS-- 

DCAP_8086  ---STPLPSV HIIGKAIYTF YIGQNDFTSN -LAAIGISGV MQYLPQVISQ IAYTIKELYA LGGRTFWVLN LAPIGCYPAF IVE-LPHDDS DVDQYGCLIS 

DCAP_0434  TRITKASFQS LWTSPRLYTH ---PISVKMI -FLKLSAEQQ IAALPNIISQ FSTAVQHLYE QGARLFWIPN TGPIGCLPVA VMYIADPKPG FLDPYGCIKG 

DCAP_4098  EDF------- ---SKALYTF DIGQNDLSVA -FRKLSVEQQ IAALPNIISQ FSTAVQHLYE QGARLFWIHS TGPIGCLPVA VMYITDPKPG FLDQYGCIKG 

DCAP_5529  GVYEELLPKP EYFSEALYTF DIGQNDLTAG YFLKMSTDEV RSFVPDLMDQ FRTIIKNIYG GGGRYFWIHN TGPVGCLPYV M-DSLLIKAS QVDRAGCASP 

DCAP_5165  GIYTELLPTA EAFTEALYTF DIGQNDLTAG YFSRMSTDQV KDFVPDLILN LSNIIRYIYA RGGRYFWIHN TGPVGCLPYV M-DTQLITAG QVDHIGCADP 

DCAP_0448  -----RNYNK MLKEALTETR ATLADASAIY VDVHSVMLEL FRRPTSHGLK HGTKACCGEG GGAYNFNPKV YCRNT-KVIN GTKTTAAACK DPSNYVSWDG 

DCAP_8086  YNAAVVNYNK MLKEALTETR AALADASLIY VDVHSVMLEL FRHPTFHGLK HGTKACCGEG GGAYNFNPKV YCGNT-KVIS GIKTTASACK DPSNYVSWDG 

DCAP_0434  QNDMAIELNR QLKDAVVKLR TQLPEAAITY VDLYAAKYGL ISTTKSPGFV DPLKICCGYH -EK---DGN- ----KGLTYN GTAVFGSSCA KREVHVSWDG 

DCAP_4098  QNDMAIELNR QLKDAVIKLR TQLPEAAITY VDLYAAKYRL ISTTKSQGFV DPLKICCGYH -EK---DGNV WCGQKGLTYN GTAVFGSSCA KPEEYVSWDG  

DCAP_5529  FNEVAQFFNQ ALKEAVAQLK KELPLAALTY VDVYSLKYDL ISNAKQHGFR EPLRACCGHG -GKYNFNSHV GCGGKIKVKG KEITVGKSCK DPSVAINWDG 

DCAP_5165  FNEVAKYFNS KLKEAVSQLR DELPLAALTY VDVNSVMYDL YEHATKYGFQ HPLKACCGHG -GKFNYNQHH GCGSP----- ----LGQSCK EPSKAINWDG 

DCAP_0448  IHATEAANKI VALSIMNGSL LILLSRFTSS VAYITS--

DCAP_8086  IHATEAANKN VALSIINGSL FDPPFPIQKL C-LLHHIG

DCAP_0434  VHYSEAANKW FADHILNRSL SRFLSPML-- --------

DCAP_4098  VHYSEAANKW FTDHILNGSL SDPSIPITHA CYRN----

DCAP_5529  VHYTEAANKW VFDRIVDGSF SYPPVPLKMA CRRVE---

DCAP_5165  VHYTEAGNKW VFDKIVNGSY SDPPIPLHMA CHRNP---

signal sequence

signal cleavage siteXX

● conserved residue

active Ser residue

active Asp residue

active His residue

Block I Block II

Block III

Block IV

Block IV

Figure S 2: Sequence alignment and annotation for Cluster 2. The four block regions are
determined by sequence conservation and outlined with colored boxes. Three D. capensis

esterase/lipases contain the N-terminal signal sequence (highlighted in light orange) and
three lack it. The catalytic triad is indicated using colored arrows. Colored dots denote
conserved residues.
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GLIP6_ARATH ---------- ---------- ---------- ---------- MSSSSSM--D L---LMCLLL LI-------- ---------- ---SP--VVL AKSSSTVPAI

GDL77_ARATH ---------- ---------- ---------- ---------- ------MTIS TVIAFMSMFL VFV------- ---------- -MSGP----- --IVVEGRAF

DCAP_1840   ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- -----MMGEG TDVNKRLGAS

DCAP_1460   ---------- ---------- ---------- --------MR MARVDDHPHR RLFMVCATFV SM-------- ---------- -LSMKLFING VSGDPQVPCY

DCAP_1380   METVGPLGQD YDWAEEDDDD DMNGMEHACM GYISLLHHAT LIRRTALPFE I--QQSAAYF HIVKLKTNTS FVTERKSNGA GVPAPHDVAD AAGSLQVPSM

DCAP_0405   ---------- ---------- ---------- ---------- -------MQN HSLKWMALYL SIV------- --AASLCSGA ---------A VVTDPHFPAM

DCAP_4465   ---------- ---------- ---------- ---------- ---------- ---------- ---------- -MQTSFCSGA ---------A VVTDPYFPAM

GLIP6_ARATH FTFGDSIFDA GNNHYNKNCT AQADFPPYGS SFFH---RPT GRFTNGRTVA DFISEFVGLP LQ-KPFLELQ IQILNGTSNF SNGINFASAG SGLLLDTNKF

GDL77_ARATH FVFGDSLVDS GNNNYL-VTT ARADSPPYGI DFPT--RRPT GRFSNGLNIP DLISEAIGNE EPPLPYLSPE ----LRGRSL LNGANFASAG IGILNDTGFQ

DCAP_1840   FIFGDSLVDA GNNNFL-PTL SRANVTPNGI DFKASGGTPT GRYSNGRTMS DIIGEELGQS NYAVPFLAPN ----STGKAI LHGVNYASGG GGIINSTGSI

DCAP_1460   FIFGDSLVDN GNNNNI-ASL ARSNYLPYGI DFPQ---GPT GRFSNGKTTV DVITQLLGFD DY-IP-PHAT ----ASGEQI LKGVNFASAA AGIREETGQQ

DCAP_1380   FVFGDSIIDV GNNNFL-NSV AKSNFWPYGC DFSR---GPT GRFSNGKTVV DFIGELLGIS NI-PAFADPA ----TAGTKV VTGINYASAA AGILDETGRH

DCAP_0405   FVFGDSVIDS GNNNYL-NSA AKANYFPYGI EFEQ---GPT GRFCNGRTFM DYLAEMLGLP RI-PAFANPL ----ETGHGI LHGVNYASAS AGILEETGIA

DCAP_4465   FVFGDSVIDS GNNNYL-NSV AKANYFPYGI DFEQ---GPT GRFCNGRTFI DYLAEMLGLR RI-PAFANPF ----ETGHGI LHGINYASAS AGILEETGLA

GLIP6_ARATH MGV------- ---TPIQTQL QQFQTLVEQ- ---------N LIEKSIIQES LFLLETGSND IF-NYFLPFR AP----TLSP DAYVNAMLDQ VNKTIDQIYK

GDL77_ARATH FIN------- --IIRMYQQL DYFQQYQQRV SRLIGKP--- -QTQRLVSQA LVLITVGGND FVNNYFLFPY SAR-SRQFTL PDYVRLLISE YKKILLRLNS

DCAP_1840   FIASVVIHWQ INRLGMDVQV DYFNITRKQC DRLLGASN-- -TRNYIMHES IFSITIGSND FLNNYLLPFS SVGSRITQSP TAFVDDMISQ LKNQLTRLYQ

DCAP_1460   LGG------- --RISFNGQV NNYKNTVSQI VNILGDED-- -SAASYLSKC MYTIGLGNND YLNNYFMPLY YST-SNRYTP DQYADVLIQE YSQQIQSLYN

DCAP_1380   WGD------- --RYSLSQQV LNFESTLGQL KNTMATANPT FNMSQHLAKS MVFMSFGSND YINNYLLPSL YTS-SFTYTP VDFANLLLNH YARQILALHS

DCAP_0405   LGD------- --RFSLRRQV QNFEITLTQL RGPMTET--- -EMKDYLPNV LMMMVLGSND YLNNYLLPTL YTS-PKTSQI SLS------- ----------

DCAP_4465   LGD------- --RFSLRRQV QNFEITLTQL RGQITET--- -EMKDYLPNV LMMMVLGSND YLNNYLLPTL YPS-SNLYKP ENFADILISE YNRQIVTLHS

GLIP6_ARATH LGARRIAFFS LGPVGCVPAR AMLPNAPTNK CFGKMNVMAK MYNKRLEDIV NIIPTKYPGA IAVFGAVYGI THRFQTYPAR YGFSDVSNAC CGN-GTLGGL

GDL77_ARATH LGVGRVLVTG AGPLGCAPAE LARSGTSNGR CSAELQRAAS LYDPQLLQMI NELNKKIGRN VFIAANTNQM QEDFLSTPRR YGFVTSKVAC CGQ-GPYNGM

DCAP_1840   LDARKFSVGS VGPIGCIPYQ KIINQLNADQ CADLPNKMAL AYNSKLKDLL IQLNKNLPGA TFVYANVYDL VMELISNYKA YGFVTATQAC CNGGGIFAGI

DCAP_1460   FGARKMALIG IGQIGCSPNE LANNSPDGKT CDGKINSANQ MFNGKLKSLV DQLNSQFSDA HFIYINAYDI FQDMLDNPAA YGFRVTNAGC CGV-GRNNGQ

DCAP_1380   IGLRKFFLAG IAPLGCIPNQ RASGLAPAGR CVDSVNQMLG SFNEGLRSLV SLLNSKYPGS IFVYGNTYGA VGDILNNPTR NGFSVVDRGC CGL-GRNQGQ

DCAP_0405   ---------- ---------- ---------- -------ASI TSRPWLEKLA DQLNSNHPDA KFVYGDTYAA SMDMIANGST YGFNVADEGC CGI-GRNRGQ

DCAP_4465   LGLRKFFMAG IGPLGCIPNQ RASGAGPPGK CVSAVNDMVL MFNLRLDKLA DQLNSNHPDA KFVYGDTYAA SMDMIANGST YGFKVVDEGC CGI-GRNRGQ

GLIP6_ARATH MQCGREGYKI CNNPNEFLFW DFYHPTEHTY RLMSKALWNG N-KNHIRPFN LMALATNKIT F

GDL77_ARATH GLCTVL-SNL CPNRELYVFW DAFHPTEKAN RMIVRHILTG T-TKYMNPMN LSSALAL--- -

DCAP_1840   VPCGPT-SSL CQDRHKHVFW DPYHPSEAAN LILAKQLMDG D-TKYVSPIN LRQLRDL--- -

DCAP_1460   ITCLPM-QQP CPNRNEYLFW DAYHPTEAAN IVVGTRSYRA QSASDAYPYD IQHLAQL--- -

DCAP_1380   ITCLPY-AVP CANRTQYVFW DAFHVTEAVN SLLARRAFFG P-PTDCYPIN IQQLALL--- -

DCAP_0405   VSCLPL-LPP CANRDEYVFW DAFHPTQAAN KTLAAEAYKI I-LSKF---- ---------- -

DCAP_4465   VSCLPL-LPP CANRDEYVFW DAFHPTQAAN KILAAEAYKI I-LSKF---- ---------- -

signal sequence

signal cleavage siteXX

● conserved residue

active Ser residue

active Asp residue

active His residue

Block I Block II

Block III

Block IV

Figure S 3: Sequence alignment and annotation for Cluster 3. Reference sequences are
GLIP6_ARATH and GDL77_ARATH. All but three Cluster 3 esterase/lipases contain a
N-terminal signal peptide (highlighted in light orange). Functional block regions are outlined
using colored boxes. Colored dots indicate conserved residues.
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DCAP_6218  ---------- ---------- ---------- -----MAVLY NSRGSNSFVI PENETVPALI VFGDSIVDPG NTDRLDTICR ADHSPYGRDF EGGKATGRFS

DCAP_6260  MIYSGKGRMH QKMPSPT--- KI-------S AISIIIHVLV LHRGTHSQSL PQNVTVPAIF FFGDSVVDPG NSDWILSVCR ADHPPYGRDF EGGVATGRFS

EXL3_ARATH ---------- --MKDNS-SW SCSCSWSSWK -IC-LLSVLF LTETITAVKL PPKLIIPAVI AFGDSIVDTG MNNNVKTVVK CDFLPYGINF QSGVATGRFC

DCAP_1761  --------MQ RLYSSMN-QK SLAAKLVVFQ -FIATLHM-- ------LSAY KLGRRVPAVF VFGDSIVDTG NNNYLQTIGK CDFPPYGCDF PTGLPTGRYS

DCAP_6217  ---------- -MMEFNN-KN QCKAFLVVFK -LAKILTFLN LFLLSEAVIL PNGEEVPAVI AFGDSIVDPG NNNYINTIAR CNFPPYGKDF PGGKATGRFS

DCAP_5461  ---------- ---------- --MKFLCIRI LFAQLLISPL LQELHALVQL PPNVTVPAIF AFGDSILDAG MNNDYPTLCK TNHAPYGRDF KGSKPTGRFS

DCAP_0158  ---------- --MHYSSSSV LIFVFWCLFI ---------- -FHNAEGSKL PEGVTVPAIF VFGDSIVDSG NNNHIITTCR SNFVPYGRDF EECKPTGRFT

DCAP_2088  ---------- ---------- ---------- ---------- ---------L PNNATVPGIF VFGDSVVDTG NNNYNSTLCK SNFPPYGRDF PGGQATGRFS

DCAP_2089  ---------- ---------- ---------- ---------- -------MML PTNVTVPGIF VFGDSIVDSG NNNYISTLCK SNFPPYGRDF PGGQATGRFS

DCAP_6218  NAKIPTDYLA ESLGIKDLLP AYLDPTIETE DLLTGVSFAF ACCGYDPLTP QFFVSIHFHF DFYSSSTCIA LVVVHGWILS VTERVPSLQD QLEYFKEYKK

DCAP_6260  NAKIPSDYTA QEFGVKELLP AYLDISLRTE DLLTGVSFAF TCSGYDPMTS L-IF------ ---------- ---------- ---QVPTLTD QLQHFREWQL

EXL3_ARATH DGRVPADLLA EELGIKSIVP AYLDPNLKSK DLLTGVSFAS GGSGYDPITP K-LV------ ---------- ---------- ---AVISLED QLSYFEEYIE

DCAP_1761  NGKVPADLIV EKLGIKEYLP PYLNQSLEFQ DLVTGVNFAT GATGYDPVSA Q-LA------ ---------- ---------- ---TVKSLDD QLELFKDYKT

DCAP_6217  NGKIPTDLFA ELLGIKELLP AYLDPTLTTQ DLLTGVSFGS GVAGYDPVSA A-LL------ ---------- ---------- ---ATLSLDA QLNLFKEYQS

DCAP_5461  NGYIPTDILA QELGIKEMVP SYLDEGLSPN DMLTGVSFAC GCSGWDPSTS RARY------ ---------- ---------- ---TARTLAE QYGYFEEYIV

DCAP_0158  NGKVPSDLFA EAFGVKELVP PYLDPSLTMD DLLTGVNFAS ACSGYLPATA LHLS------ ---------- ---------- ---PSLSLED QLDLFKEYIS

DCAP_2088  DGIVPSDIVA QAFGVKKFVP AYLDPSLSTD EMLTGVNFAS ACSGYLPLTA TYKC------ ---------- ---------- ---ISLSLEN QLDLFKQYIV

DCAP_2089  DGIVPSDIVG NSE--RKLS- --------NE ---------- ----SSNHLV LFQY------ ---------- ---------- ---FSLSLEN QLDLFKQYVV

DCAP_6218  KLIAAVGEER TSFIVSKSIY VVVAGSNDFT FTYNLF--KL RKEMNMSSYT DLMISQASII L--QALYDLG ARRIGVLQLL ---------- ----------

DCAP_6260  KVKTAVGGKK ASYVISESVY LIVTGNNDFT FNYYGS-LFR SLQYNVSSYC DLLLTFASTF L--QELYNLG ARRIGAIGLP PQGCLPAMRT SAEGHSRPCN

EXL3_ARATH KVKNIVGEAR KDFIVANSLF LLVAGSDDIA NTYYTL-R-A RPEYDVDSYT TLMSDSASEF V--TKLYGYG VRRVAVFGAP PIGCVPSQRT LGGGILRDCA

DCAP_1761  RMTAAIGNSK ASKLISKSAY LIFAGSNDIT NTYFLT-NLR RPQYDVDSYT DLLVSFASKF Y--QALYAEG VRTMGVMNIP PIGCLPSQRT FAGGLQRSCV

DCAP_6217  KVVAAVGQNR TAEIISKSMY LVCAGSNDVT DTYFAT-PFR KPFYNMTAYA DLLKGFANNF V--KELYSMG ARKIGVFSVP KSGCLPSART LFGGLFRTCV

DCAP_5461  NMKLEVGDEN VSSILSQAFY LVGTGVNDFL NNFDDPSSER RRNHDLASYT DLLIRFASNS L--KALYSLG ARRIGIFGIP PYGHIPFSRT TAGGVFRAPV

DCAP_0158  KLTAEVGEQK TSSLLSQGIL LLATGSNDFN YFYDTQ---- -KNGNITAFL DILVNYTSGF LTPIVI---- ---------- ---------- ----------

DCAP_2088  KPLY------ ---------- ---------- ---------- ---------- ---------H NNKQRLYDTG ARRVVLGDSA PQGCVPAART NYGGLLRFIV

DCAP_2089  KVKAAVGEER TTRIISQSIF IICTGSNDFL YYYETQ---- -KSGNMSAYT DSVVNYASGF LKVRRLYDIG ARRIVLGGAP PQGCLPAART NYGGLLRFIV

DCAP_6218  ---------- -------TLY LRGKNPDSRF VYLDLYNPVL RLVQNPTQSG FQ---ISNVG CCATGTSETS IFCNSLF--D LFSTCKNESE YLFWDAYHPT

DCAP_6260  KQYNQNAMLF NSKLESLMGS LGKNLTGAKL VYLDLYGPLL QLVKNPENFV LPESPVVTKA RKGDTNREMV -FCALRLISR ETLRCTECSS YKASLSISKM

EXL3_ARATH DNYNEAAKLF NSKLSPKLDS LRKTLPGIKP IYINIYDPLF DIIQNPANYG FE---VSNKG CCGTGAIEVA VLCNKI---T S-SVCPDVST HVFWDSYHPT

DCAP_1761  DEYNKAALLF NSKLNTEIES LNRNLSGVAM FFLDVYAPLL DLINNPSQAG FE---VVDKG CCGTGNIEVS FLCNRL---E NLLTCKDATK YIFWDSFHPT

DCAP_6217  PQFDQLALLF NSKLQETVVD LNKNLTGAKL AYIDLYQPLA HLINNGSEYG FQ---VVNRG CCGTGLFEAS ILCNPF---D --ITCKNDSQ YIFWDAFHPT

DCAP_5461  TEFNNAATLF NFKLQTLIDS LNRNFPGAKF GYLDIYSKLM YVIENAADFG CK---VNDRG CCGTGLVEMG VACNGL---V DIFSCKNNSE YVFWDAAHPT

DCAP_0158  ---------- ---------- ---------- ---------- --VCIFFLVG FE---VVNRG CCGTGLFEEG FLCNVF---S IPFSCKHTSK YVFWDGSHPT

DCAP_2088  ESFNQDSLDF NLKLQAMLKS LKNTLQGSRF AYFDLYYTVL DLIQKPHEYG FE---VVGKG CCGTGFFEEG PLCNIF---S SLISCPNASK YVFWDASHPT

DCAP_2089  ESFNQDTLNF NLKLQTMLKS LQNTLQGSRF IYFDFYYTVL DLVQKPHDYG FE---VVDKG CCGTGLFEEG PLCNIV---S TLISCPNASK YVFWDASHPT

DCAP_6218  DRANKIIIEE LFGKKMVSMA CINFGCPEGL SVELAGRTGN RTLASITRAF VQSQRGDIV

DCAP_6260  TMIY------ ---------- ---------- ---------- ---------- ---------

EXL3_ARATH EKTYKVLVSL LINKFVNQFV ---------- ---------- ---------- ---------

DCAP_1761  EATYRIIVDK AVKDNINFFY ---------- ---------- ---------- ---------

DCAP_6217  QRTYQILVNG LVNTTINDLY N--------- ---------- ---------- ---------

DCAP_5461  EQINQYLVTT LTAENLHKFF ---------- ---------- ---------- ---------

DCAP_0158  QAAYKHVLDR ILNVTMPHFF ---------- ---------- ---------- ---------

DCAP_2088  QAAYNIVLAK NFNQTMSKFF ---------- ---------- ---------- ---------

DCAP_2089  QAAYNIIVAR NINQTMSQFF ---------- ---------- ---------- ---------

● ●● ●● ●● ●● ●●●●

signal sequence

signal cleavage siteXX

● conserved residue

active Ser residue

active Asp residue

active His residue

●

● ●● ●● ●● ● ● ●

● ● ● ● ● ● ● ●

●● ● ●

Block I Block II

Block III

Block IV

Figure S 4: Sequence alignment and annotation of Cluster 4a (first set), annotated by
homology to EXL3_ARATH. Cluster 4 is separated into two parts (4a and 4b) for clarity.
Block regions I-IV are shown in colored boxes with active site residues marked by colored
arrows. Colored dots indicate conserved residues. When present, the N-terminal signal
peptide is highlighted in light orange.
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DCAP_5138  MEQ-KQDKSV MIKMEMKFEN VLSSFVI-IL VLVLAAENIN AQPLVPALII FGDSSVDTGN NDYIHTLFKA NYPPYGRDFI DKKATGRFCN GKLATDITAD 

APG2_ARATH ---------- -------MDR CTSSFLLLTL VSTLSILQIS FAQLVPAIMT FGDSVVDVGN NNYLPTLFRA DYPPYGRDFA NHKATGRFCN GKLATDITAE 

DCAP_1365  ---------- --MAHVSTAF FAATYKILLL SLLLLVFLVT CEAKVPAIIV FGDSSVDPGN NNQVPTMARS NFAPYGRDLP GGQPTGRFCN GKLVPDFISE 

DCAP_5587  ---------- -------MVI FHHGFIILIF LAQLITLQHV LGSKVPAIIV FGDSSVDTGN NNVIATVLKS NFRPYGRDFD GGRPTGRFSN GRVPADFISE

DCAP_2187  ---------- ---------- ----MARNPA LWNTSKVTSS SPSQVPAVFV FGDSTVDPGN NNYIGTIFTS NYAPYGRDLP NHIPTGRFSN GRLATDFIAS 

DCAP_4076  MEQFSTNSTL VIVFLIVSLI ICIPIQTRGG IGFGRHVKNG SDPMVPAILV FGDSTMDPGN NDYIATTFRS NFAPYGRDFA NHEATGRFTN GRLVTDFVAS 

DCAP_5138  TLGFTSYPPS YLSPQAAGKN LAIGANFASA GSGYDDLTAY LSHAIPLSQQ LEYYKEYQGK LSVLVGSSNA NSTLTGALYV IGAGNSDFVQ NYFLNP--VL 

APG2_ARATH TLGFTKYPPA YLSPEASGKN LLIGANFASA ASGYDDKAAL LNHAIPLYQQ VEYFKEYKSK LIKIAGSKKA DSIIKGAICL LSAGSSDFVQ NYYVNP--LL  

DCAP_1365  AIGLKQLVPA YLDPGYTIAD FATGVSFASA GTGYDTTTSN VLSVIPLWRE VEYYKEFQQR LRDYLGEEKA NVIISEALYM TSIGTNDFLE NYYTLP--QR 

DCAP_5587  FFRLKKTVPA YLDPMYDISN FSTGVCFASA GTGYDNSTAA VLSVIPLWKE VEYYKEYQAR LREYLGEREA NHILSEAVYL ISIGTNDFLE NYYLPT-GAR 

DCAP_2187  DLGVKEYVPP YLDPKLMANE LITGVSFASA GSGYDPYTAQ LGGVITMQKQ LEYFREYKAK IEKLVGKEKS RHIIENAAYI VSAGANDFAF NYYLPPLMSR 

DCAP_4076  YLGIKKYVPA YLDPSLSDQE LLTGVSFASG GNGYDPLTPQ LSGVISMQRQ LEYFKEYKSR IEKLVGEEKA DHIVGSAGYV ISAGTNDFVV NYYSTALPIR 

DCAP_5138  QKTYTPAQYA SKLTCIFSKF IKDLYKLGAR RIGATNLPPL GCAPAAITLF GD---HSNNC VTRLNKAALL YNK----KLN ETAAQLQKQY PDLKLVVFNI 

APG2_ARATH YKVYTVDAYG SFLIDNFSTF IKQVYAVGAR KIGVTSLPPT GCLPAARTLF GF---HEKGC VSRLNTDAQN FNK----KLN AAASKLQKQY SDLKIVVFDI 

DCAP_1365  RTQFTVEQYQ DYLVRIAEDF LRQLYGLGAR KFSFGGLPPM GCLPLERATN VQ---GQQGC NEEYNSVAWD FNA----KLY EMVDRLNVQL PGLKMALGNP  

DCAP_5587  SLQFTIEQYQ NFLVGIARNF IVQIYNLGAR KMSLGGLPPM GCLPLERTTN II---GGNAC ISKYNNVAKQ FNS----KLE VLVNQLNGDL PDAKVLFSNP 

DCAP_2187  R-NLSVEQYQ PFLLQIAQDF VQELWKEGAR KIGVVGLAPL GCLPMVITLN TKNITQPRGC LKSPGLVVSS YNQQLQMKLN DIQNQLAVSD QRTKLFYLDI 

DCAP_4076  RNTYSVGEYQ KFLLQNVQEF IQGLWKEGAR KLAVVGLPPM GCLPEVITTN SRSIFQGREC IESLSSISRE YNQQFQSQLD VLQRQFAAEV QTTKLAYIDI 

DCAP_5138  YDAVYDLIQR PQDFGFAESR KGCCGTGVIE TTIFLCNPLS IGTCRNATEY VFWDAVHPSE AANELLASSL LIQGIDLIS- - 

APG2_ARATH YSPLYDLVQN PSKSGFTEAT KGCCGTGTVE TTSLLCNPKS FGTCSNATQY VFWDSVHPSE AANEILATAL IGQGFSLLG- - 

DCAP_1365  FYILQELVLY PQDHGFEVTN RGCCGTGQYE MG-YVCNQ-S PVTCPDASKY VFWDSFHPTE RTNQLVADHL VKNYLVELLH - 

DCAP_5587  YGILLRMIRR PSLYGFEETS RGCCATGRFE MS-YLCNEFS PFTCTDATKF IFWDSFHPTE KANFIIAKHV FERSLGPKFL - 

DCAP_2187  NTPTLSYIQD PTRFGFEEVA RGCCGTGYLE LS-FLCNPTT I-SCPDPSKY VFWDSIHPSQ RTCRLVVDTF RPVLDEMKAS T 

DCAP_4076  YTPIANMVQE PSKYGFEEVN RGCCGTGYVE II-FLCNPIS N-TCTDDSKY VFFDAIHPTE KAYNIIFQYI RPVIDSLKLI G... 

●● ●

● ● ●
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●● ● ●● ● ● ● ● ●

C-terminal domain of DCAP_4076 not shown

● ●● ● ● ● ● ●● ●

●

●●●

signal sequence

signal cleavage siteXX

● conserved residue

active Ser residue

active Asp residue

active His residue

● ● ● ●●● ●● ●
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●
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●
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● ● ●

● ● ● ● ●● ● ●●

Block I Block II

Block III

Block IV

Figure S 5: Sequence alignment and annotation of Cluster 4b (second set), annotated by
homology to APG2_ARATH. Cluster 4 is separated into two parts (4a and 4b) for clarity.
Block regions I-IV are shown in colored boxes with active site residues marked by colored
arrows. Colored dots indicate conserved residues. When present, the N-terminal signal
peptide is highlighted in light orange. DCAP_4076 has an additional C-terminal domain
(shown in Figure S8).

Preliminary Structural Models and In silico Maturation

Preliminary models for the esterase/lipases were produced using the online Robetta im-

plementation2 of Rosetta3. The Rosetta structures contain the full sequences, including

the N-terminal signal peptides that are cleaved during maturation. We performed in silico

maturation, which we have previously described for cysteine proteases,4 for each protein.

The initial Rosetta structure for each enzyme includes the signal peptide and lacks post-

translational modifications. During in silico maturation, the signal sequence is removed and

the structure is equilibrated for 500 ps in explicit TIP3P solvent using NAMD.5 Figures

of predicted structures were generated using Chimera.6 Figure S6A shows the workflow of

the overall enzyme discovery process. Panels (B) and (C) show an example of a Cluster

7



2 esterase/lipase, DCAP_8086, before (B) and after (C) the in silico maturation process.

Further comparison of a Cluster 3 esterase/lipase (DCAP_1460) to Cluster 4 enzymes and

a cutin synthase from Solanum lycopersicum (tomato), G1DEX3_SOLLC, is shown in Fig-

ure S7. Functional sequence blocks DCAP_1460 and G1DEX3_SOLLC are highlighted

by color (Figure S7). DCAP_4076, has an additional C-terminal domain. A PSI-BLAST

search for the sequence of this domain indicated that it is related to the negative regulator

of systemic acquired resistance proteins previously discovered in other plants,7 with approx-

imately 36% sequence identity to the SNI1 proteins from Arabidopsis thaliana (Uniprot ID:

SNI1_ARATH) and Glycine max (Uniprot ID: Q0ZFU8_SOYBN). The Arabidopsis pro-

tein negatively regulates DNA recombination and gene expression during short-term stress

responses. It has been suggested that SNI1_ARATH provides a scaffold for other proteins

involved in regulation of transcription to bind;8 it is possible that this domain is playing a

similar role here. DCAP_4076 lacks the N-terminal secretion signal common to many of the

esterase/lipases, suggesting an intracellular function (Figure S8).

The template structures used by Rosetta to calculate the predicted structures for a rep-

resentative esterase / lipase, DCAP_0434, are tabulated in Supplementary Table S1.
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Block III Block IVBlock IIBlock I signal sequence

N-terminus

            B. DCAP_8086 Rosetta (full)                C. DCAP_8086 Rosetta (equilibrated)

            A.

Gene 

Discovery

Target

Selection

Feature

Annotation

Structure

Prediction

Structure

Equilibration

Experimental

Validation

Experimental

Bioinformatics

Molecular Modeling

      Genomic 

    DNA

Genome

   Assembly

Analysis

Figure S 6: (A) Flow chart illustrating the overall strategy for identifying enzymatic targets
from genomic DNA. The workflow is indicated with solid arrows, while dotted arrows repre-
sent steps where information from a later stage of the pipeline enables refinement of earlier
stages in an iterative manner. After genome sequencing, assembly, and gene discovery, target
proteins are identified based on putative enzymatic activity. Functional sequence features
are identified by analogy to annotation reference sequences found in the UniProt database.
Structures are predicted using the Rosetta software, and equilibrated in explicit solvent af-
ter removal of sequence regions not present in the mature enzyme. Structures are compared
using network analytic methods, enabling strategic selection of enzymes for experimental
characterization in a future study. (B) DCAP_8086 before and (C) after in silico matura-
tion. The light orange helix in part A is the N-terminal signal sequence, which is cleaved
upon maturation. Important residues are color-coded as follows: dark cyan (catalytically
active serine), red (active site aspartic acid), purple (active site histidine).

9



Block III

Block IVBlock II

Block I

DCAP_2088

DCAP_6260

DCAP_5587

DCAP_1460 G1DEX3_SOLLC

A

DC

B

Figure S 7: Comparison of DCAP_1460 (Cluster 3) to D. capensis esterase/lipases from
each of the other clusters. These pairwise alignments of structural models provide an in-
dication of the type and magnitude of structural differences between clusters: in general,
the overall fold and secondary structural elements is conserved, although considerable varia-
tion can be observed in their relative positions and the conformations of loops and termini.
Alignment was performed using the matchmaker feature of Chimera with default settings.6

Functional block regions I-IV are colored accordingly while the catalytic triad (Ser-His-Asp)
residues are colored dark cyan, red, and purple. Active site residues are located in block I
and IV, binding residues in block II-III. A. Comparison of DCAP_1460 to esterase/lipase
DCAP_6260 (Cluster 4a). B. Comparison of DCAP_1460 to DCAP_5587 (Cluster 4b). C.
Comparison of DCAP_1460 to DCAP_2088 (Cluster 4a). D. Comparison of DCAP_1460
to model esterase/lipase, G1DEX3_SOLLC, from Solanum lycopersicum (tomato).
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● conserved residue
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catalytic domain
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C              B              

SNI1_ARATH      ----MSKETK GNNNTSRVMS GYGGS----- ---------- ---------- LEANTLAMID STGA------ -------KDS RDANEDRLQY LEAV--RAAS

DCAP_4076_CTD PKNGYHKESI GDQRS---SG GDGGEHDGIL FLDAVRFASI VPENGNPPTK LPKFVYGLFE PNTLRVSLWD SKLGSESRAY STCTDSTYAF VFVVFVLMCV

Q0ZFU8_SOYBN    ----MENPSS GERWS---RA G--------- ---------- ---------- IDDNMLAMFD ASETK----- -------DVH QDALDDRIAF IDA-VRASC-

SNI1_ARATH      LVPENGIPPT NKMYQAIFRI LRFGKTLELI TASFQLLTQL HQRFPWVYVS DS-------- -ADQLDIVDE AWSPFNFGSD VDSDEKDLSV R-------SL

DCAP_4076_CTD FFVNHVVKIY SKMWQAIIRI LREGKSMELI IGSYHLLIEL EKRFPRVYMK MLDERELASS KRVDLIVIEE AWSPFDLSGE IGSNEKHAAV SKHNARLDPA

Q0ZFU8_SOYBN    ---EHGKPPT SKIFGAVFHM LRTGKSLELI VGSYKLLVDL DKHFPRVYLS GMDDSRSSSN SPSKLVVVKE AWAPIIGFVD KATAVSEAGD KQSGGSLDHS

SNI1_ARATH      FLQQLIQNMN KRVN--ESEE SDLKILGNMF LFKYLAHVLK LDFTPRNQVY EETMNWSLLK ESFLNLLLAS RKVNFKLLMK DYLSTMCASI DADEKS----

DCAP_4076_CTD GFATLLENLA EASIDTEYRS ---KLLQDML LFQYLVNVLE GDYRPRNRTF ADTQEWNLLR ESLLNRLLGS RKINYKDLVK ISLSILSTSG AAYSQGSDSR

Q0ZFU8_SOYBN    SFQALIEELA EILSETKFEA ASMEPLRNML IFQYLVVVFE DDFLPRNAT- ---LNWSMQR ESLLSLLLGS RKINYKSLMK YFMAILCQLS QLQSELSKHP

SNI1_ARATH      ---------- ---------I SLVELHK--- ---DMLTAMK ELLVMIMELD TSKKKADLEG ITSRGDGVRT PAMEIILDEL TYDGYLLSKF LQVFDDPKWK

DCAP_4076_CTD SHTV----ST GDASATALLL ALPEAERCTR RAAQNLLVMA STGEKMMELD SLRKKAEMQG LTTRADAVRT PALEIILDEL MYNKHFLAPF FEVFDEPKLK

Q0ZFU8_SOYBN    VLQESSESKL SKNCHTALSL ALHGVLKDTC ------VSME KLLVMIMDLD MARKIADIEG HTTRGDSPRT PLMDIILDEL SYNKDSVPVF LKIFSESKWK

SNI1_ARATH      LEIVLQYLTK YIPKPVVRTR RTTVPQAEDS KTLNGILKTF SNGTNPKNIT KKIGPDIVQI LIGHAFLARL TFSD------ ------PHEG DSISEICSSI

DCAP_4076_CTD LEVILKYFGK YSGKPSVRTR RGSG--ATHD ATISRFLMSL SNSKESRTLI KKIGSEVLQL LIAHVLQACI SLPNDELFGV TADLDEGAET HTVEEICRNV

Q0ZFU8_SOYBN    LEIVVQYLWK YITKPSVRTR KSNG--HTED ATFDGALKCF SNKTGTKSLI KKIGVDVVQF LLAHGFQAHL SILSKGNAGD -----KQGGD SAIVDSCQTF

SNI1_ARATH      ISAFTSLKRV DQKI-EILPF GK--EVLFTA GMVLKAKA-- ---------- ----

DCAP_4076_CTD ISAFIKMREL NKIVVDFLGL SLKHVCVQRY GDLTFWKASS VHSSNNPICQ IIEA

Q0ZFU8_SOYBN    ISAFDSLRST DAHM-EILSI GK--EALFTA ATIIFMKS-- ---------- ----
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active site D 

Figure S 8: A. Sequence alignment of the C-terminal domain of DCAP_4076 with the SNI1
proteins from Arabidopsis thaliana (Uniprot ID: SNI1_ARATH) and Glycine max (Uniprot
ID: Q0ZFU8_SOYBN). B. Ribbon structure of DCAP_4076, with the catalytic domain in
light blue and the C-terminal domain in dark blue. C. Structural model of DCAP_4076
showing the surface representation. The active site D (red) and H (magenta) residues are
visible at the top of the model.
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All initial and equilibrated structures available for download as PDB files are tabulated

in Supplementary Tables 1 and 2, respectively.

Supplementary Table 1: Rosetta structures for esterase / lipases (PDB files available for
download)

Protein Organism Sequence Elements included File Name
GDL1_CARPA Carica papaya signal, active region GDL1_CARPA_m1.pdb
DCAP_3343 D. capensis signal, active region DCAP_3343_m1.pdb
DCAP_6947 D. capensis signal, active region DCAP_6947_m1.pdb
DCAP_0448 D. capensis signal, active region DCAP_0448_m1.pdb
DCAP_8086 D. capensis signal, active region DCAP_8086_m1.pdb
DCAP_0434 D. capensis active region DCAP_0434_m1.pdb
DCAP_4098 D. capensis active region DCAP_4098_m1.pdb
DCAP_5529 D. capensis signal, active region DCAP_5529_m1.pdb
DCAP_5165 D. capensis active region DCAP_5165_m1.pdb

GLIP6_ARATH A. thaliana signal, active region GLIP6_ARATH_m1.pdb
GDL77_ARATH A. thaliana signal, active region GDL77_ARATH_m1.pdb

DCAP_1840 D. capensis active region DCAP_1840_m1.pdb
DCAP_1460 D. capensis signal, active region DCAP_1460_m1.pdb
DCAP_1380 D. capensis active region DCAP_1380_m1.pdb
DCAP_0405 D. capensis signal, active region DCAP_0405_m1.pdb
DCAP_4465 D. capensis active region DCAP_4465_m1.pdb
DCAP_6218 D. capensis active region DCAP_6218_m1.pdb
DCAP_6260 D. capensis active region DCAP_6260_m1.pdb

EXL3_ARATH A. thaliana signal, active region EXL3_ARATH _m1.pdb
DCAP_1761 D. capensis active region DCAP_1761_m1.pdb
DCAP_6217 D. capensis signal, active region DCAP_6217_m1.pdb
DCAP_5461 D. capensis signal, active region DCAP_5461_m1.pdb
DCAP_0158 D. capensis signal, active region DCAP_0158_m1.pdb
DCAP_2088 D. capensis active region DCAP_2088_m1.pdb
DCAP_2089 D. capensis active region DCAP_2089_m1.pdb
DCAP_5138 D. capensis active region DCAP_5138_m1.pdb

APG2_ARATH A. thaliana signal, active region APG2_ARATH _m1.pdb
DCAP_1365 D. capensis signal, active region DCAP_1365_m1.pdb
DCAP_5587 D. capensis signal, active region DCAP_5587_m1.pdb
DCAP_2187 D. capensis active region DCAP_2187_m1.pdb
DCAP_4076 D. capensis active region DCAP_4076_m1.pdb
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Supplementary Table 2: Mature structures for esterase / lipases (PDB files available for
download)

Protein Organism Sequence Elements included File Name
GDL1_CARPA Carica papaya active region GDL1_CARPA_mature_m1.pdb
DCAP_3343 D. capensis active region DCAP_3343_mature_m1.pdb
DCAP_6947 D. capensis active region DCAP_6947_mature_m1.pdb
DCAP_0448 D. capensis active region DCAP_0448_mature_m1.pdb
DCAP_8086 D. capensis active region DCAP_8086_mature_m1.pdb
DCAP_0434 D. capensis active region DCAP_0434_mature_m1.pdb
DCAP_4098 D. capensis active region DCAP_4098_mature_m1.pdb
DCAP_5529 D. capensis active region DCAP_5529_mature_m1.pdb
DCAP_5165 D. capensis active region DCAP_5165_mature_m1.pdb

GLIP6_ARATH A. thaliana active region GLIP6_ARATH_mature_m1.pdb
GDL77_ARATH A. thaliana active region GDL77_ARATH_mature_m1.pdb

DCAP_1840 D. capensis active region DCAP_1840_mature_m1.pdb
DCAP_1460 D. capensis active region DCAP_1460_mature_m1.pdb
DCAP_1380 D. capensis active region DCAP_1380_mature_m1.pdb
DCAP_0405 D. capensis active region DCAP_0405_mature_m1.pdb
DCAP_4465 D. capensis active region DCAP_4465_mature_m1.pdb
DCAP_6218 D. capensis active region DCAP_6218_mature_m1.pdb
DCAP_6260 D. capensis active region DCAP_6260_mature_m1.pdb

EXL3_ARATH A. thaliana active region EXL3_ARATH _mature_m1.pdb
DCAP_1761 D. capensis active region DCAP_1761_mature_m1.pdb
DCAP_6217 D. capensis active region DCAP_6217_mature_m1.pdb
DCAP_5461 D. capensis active region DCAP_5461_mature_m1.pdb
DCAP_0158 D. capensis active region DCAP_0158_mature_m1.pdb
DCAP_2088 D. capensis active region DCAP_2088_mature_m1.pdb
DCAP_2089 D. capensis active region DCAP_2089_mature_m1.pdb
DCAP_5138 D. capensis active region DCAP_5138_mature_m1.pdb

APG2_ARATH A. thaliana active region APG2_ARATH _mature_m1.pdb
DCAP_1365 D. capensis active region DCAP_1365_mature_m1.pdb
DCAP_5587 D. capensis active region DCAP_5587_mature_m1.pdb
DCAP_2187 D. capensis active region DCAP_2187_mature_m1.pdb
DCAP_4076 D. capensis active region DCAP_4076_mature_m1.pdb
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Supplementary Table 3: Templates used for structure prediction of DCAP_0434, designated by PDBID.
PDBID protein organism citation

3KVN (A) EstA Pseudomonas aeruginosa 9

3KVN (X) EstA Pseudomonas aeruginosa 9

1ESC (A) Streptomyces scabies esterase Streptomyces scabiei 10

3RJT (A) lipolytic protein Alicyclobacillus acidocaldarius 11

3MIL (A) isoamyl acetate- hydrolyzing esterase Saccharomyces cerevisiae 12

4JJ6 (A) Axe2 variant H194A Geobacillus stearothermophilus 13

4OAP (A) Axe2 variant W190I Geobacillus stearothermophilus 14

3W7V (A) Axe2 Geobacillus stearothermophilus 15

4JKO (A) Axe2 variant S15A Geobacillus stearothermophilus 16

4HYQ (A) phospholipase A1 Streptomyces albidoflavus NA297 17

4ZR8 (A) uroporphyrinogen decarboxylase Acinetobacter baumannii 18

4WSH (B) probable uroporphyrinogen decarboxylase Pseudomonas aeruginosa 19

4R7G (A) Phosphoribosylformylglycinamidine synthase Salmonella enterica 20
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Active Site Network Constraint Measures

To assess the extent to which each active site was structurally constrained, four base con-

straint measures and one derived measure (the first principal component of these measures

following standardization) were computed as described in the main text. Figure S9 shows

the values of each studied protein on five constraint measures; proteins are ordered vertically

by rank on the omnibus site constraint measure.
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Figure S 9: Constraint measures for the active site networks. Vertical axes indicate values
on each of the four base constraint measures and the omnibus derived measure, as described
in the main text.
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