gi|31793262|ref|NP_855755.1|   KHTAVIVPGTSSSVKGG------------WLHDNHDDALNLFNQA------KAADPNNPTAVIAWMGYDAPNDFTDPRI------------------------------------------------ATPMLARIGGAALAEDVNGLWVTHLG-----------VGQNVTVLGHSYGSTTVADAFALGGMH-------ANDAVLLGC-----PGTDLAHSAASFHLD-GGRVYVGAASTDPISMLGQLDSLSQYVNRGN-------------------LAGQLQGLAVG------------------LGTDPA-GDGFGSVRFRAEVPNSDGIN------------------------PHDHSYYYH------------RGSEALRSMADIAS
gi|31793724|ref|NP_856217.1|   DHVSVTVPGVSGTTRQ-------------TIATMTQEARGLREEARVI--AHSVGESENVATIAWVGYQPPPVLASWNT------------------------------------------------VDDDLAQAGAPKLEAFLRDLQAGSHN-----------PGHTTALFGHSYGSLLSGIALKDGASSL------VDNAVLYGS-----PGFDATSPAKLGMN--DHNFFVMTTPDDPIRYPARLAPLHG------------------------------------------------------WGSDGADTIGTVGRQGTPARVGIRP--------------------------QRDHRRI--------------PGPLPLHPSADRRG
gi|15842335|ref|NP_337372.1|   ANVSVTVPGVGSTTRG-------------ALPGMVTEARDLRSEVIRQ--LNAAGKPASVATIAWMGYHPPPNPLDTGS-----------------------------------------AGDLWQTMTDGQAHAGAADLSRYLQQVRANN-------------PSGHLTVLGHSYGSLTASLALQDLDAQSAHP---VNDVVFYGS-----PGLELYSPAQLGLD--HGHAYVMQAPHDLITNLVAPLAPLHG-----------------------------------------------------WGLDPYLTPGFTELSSQAGFDPGGIWRDG----------------------VYAHGDYPRSFLDAAGQPQLRISGYNLAAIAAGLP
gi|15608103|ref|NP_215478.1|   ERVGVTMGGLNTRVSS-------------SVGDMVKEAGIQRAKAAELRERAGWPNYDAVASIAWLGYDAPDGLKDVM--------------------------------------------------HDWSARDAAGPLNRFDKGLAATTNV-----------SDQHITAFGHSYGSLVTSLALQQGAP--------VSDVVLYGS-----PGTELTHASQLGVE--PGHAFYMIGVNDHVANTIPEFGA--------------------------------------------------------FGSAPQDVPGMTQLSVNTGLAPGPLLGD-----------------------GQLHERA----------------------------

gi|25029180|ref|NP_739234.1|   AAVTTMVAGVGSSDPV-------------HWQGNLDRARRIH-------------QATGAATILWSGYTAPAGIPQAL--------------------------------------------------SGRSAEVAGRELQTFQESLAARN-------------PDQRRVGLGYSYGSVVVGSAASESREG-------FDAVILVGS-----PGAGVEHARDIH-----ADVYAVTGTRDPIGLATTVVNGV-------------------------------------------------------HGRDPT-SPWFGSKVWES---------------------------------EVTHSGYWD-------------DPGFLDRVRDVVD

gi|19553985|ref|NP_601987.1|   TTVTTIVAGVGSSNPE-------------GWNTYVDRARTVS-------------ASTGSATVLWLGYQAPASIPAAV--------------------------------------------------SGAAANRAAADLQRFQAALQSRN-------------PHQRKVVMGYSYGSTVVGKAASSGELS-------ADALVLVGS-----PGAGVSHSSQLG-----APVYAVTGSADPIGFAGTQYDGI-------------------------------------------------------HGTDPT-AALFGATVWDS---------------------------------PSTHSGYWN-------------DQEFLGNVAEVVR

gi|38234662|ref|NP_940429.1|   DSITTVVAGVGSANPT-------------QWLNYVERAQHIQ-------------QATGGAAVAWLGYNAPANVAAAA--------------------------------------------------AQTPAQQGASQLQKFQKELRTLN-------------PKARLMVFGHSYGSVVAGHAVAHGLD--------ADTFIVAGS-----PGVPPNPQLHSP----NPRLISVLGSHDIIGLTGTNTVAAHG-----------------------------------------------------IDPSALSAQDAGFERWGV---------------------------------AGGHESYFT-------------DKRLLQRLAQEAH
gi|29832338|ref|NP_826972.1|   QRISVVVPGVDTDLLTFQRTFRK-YSAPVGMARSLYRAERAA------------SPTTRTAVIAWADYTSPSGLGIDSA-------------------------------------------------TAMRAADGAVRLDALVRALP----------------GRSPVALYCHSYGSVLCGIAARSLPSR-------VSDIAVAGS-----PGMRAEKVSGLGTS---ARVWAMRDSDDWIQDVPHLEVGGLG-----------------------------------------------------HGADPV-SRAFGARLLSATT-------------------------------AKGHGGYFE------------PGTDSLRNFAEIGV
gi|29831122|ref|NP_825756.1|   NNVSAYVPGLSTKLDGE------------FVGGSMKRAQDTALGA------KEADPHSSTASIVWLGYDAPQLSPTDLA-------------------------------------------ANTDVMFRENAEAGAPAYNSFMAGISATNEN-----------ENPHITAIGHSYGSLTVGLAAQEKGGVPG-----ADDIILVGS-----PGTDAKTADDLNVG--KHHVFVGAADNDIVTKLPNHNEASGMGAGAAGGGSAGLVLGLGMGGPVGGVVGGAAGTVVGGIAGYMAQDQQTDPSQIWFGTDPA-NKAFGATRFLVDDGPPVTDGG-----------------------FDAHSHYFT------------PTKDQMSADNIANI
gi|29831075|ref|NP_825709.1|   DRVAVLVPGSDTTLDT--------------YGRFRAGALALHQR-----------TGPRTAVIAWLGYETPRTISTIAL-------------------------------------------------TATRAKEAAPQLRGLISELRDLHELSENRGLNPSSHPAPHISLLCHSYGTVVCARAAGDLD---------VDDIALLGS-----PGTGADSAAALHTP---ARVWASRGADDWVEDVPHTHADLFGTTVG-------------------------------------------------FGTDPV-SPSFGAHVFAAG--------------------------------DGGHSDYFR------------PGSVSLDNLARIVL
gi|21220842|ref|NP_626621.1|   ERVSVVVPGVDTELLTFQRTDRKRYAAPVGMAKSLYAAERAA------------SPGTGTAVIAWADYTSPSGLGMEAA-------------------------------------------------TANRAAHGAVRLNALLRALP----------------GRSPVSLFCHSYGSVVCGLAADMLPSR-------VTDIAVAGS-----PGMRAENAARLDTS---ARVWAMRDADDWIQDVPYLEVGGLG-----------------------------------------------------HGADPV-SAGFGARVLSARD-------------------------------AQGHSGYFV------------PGTDSLRNFAGIGV
gi|21222171|ref|NP_627950.1|   AHVSVIVPGSDIDAE--------------TFDRTAQRAADLQ-----------AAAGDDTAVIAWAGYTTPSGIGPDLA-------------------------------------------------TGRLAEAGAERLARLTEGLDAA--------------GLPDPSLFCHSYGSVVCGLAADDTD---------ARDIVVMGS-----PGMRADDVGALGTD---AHVWAAKSPDDWIDRVPNVEFLGLG-----------------------------------------------------HGADPT-SPGFGATVLPADD-------------------------------VPAHDEYFT------------PGTSTLAAFAAIAD

gi|21222058|ref|NP_627837.1|   DRVAVLVPGSDTGLDT--------------YGRFRATALALHRQLV-----AEAPAGTRTAVVAWLGYETPGTVSTTVA-------------------------------------------------TTDRADRAAPELRALVGDLRRITG------------PGTRLALLCHSYGSVVCARAADGLE---------VADIALVGS-----PGTGADTAAGLHSE---ARVWAGRGAEDWVEHVPHVSADLFGTTVG-------------------------------------------------FGTDPV-SPAFGARVFDAG--------------------------------DGGHSDYFD------------PGSRSLTNLARIAL
gi|21232943|ref|NP_638860.1|   QWAVIWLHGLGADGSD--------------FAPMVPELVRPQ-----------------WPALRFVFPHAPIRPITINNGVRMRGWYDIVGMDFAQRA------------------------------DKVGIAESVAQVEALIANEQARGI------------APDRILLAGFSQGGAVTLAVGLQRRVP-------LAGLIAMSTYLPD-PAAAASQLQPGALA---QPLFMAHGSADPVVPYRAGEQSAQALQALGF--------------------------------------------------------TLEWHSYP-----------------------------------MGHQVCV-------------EEIDALRDWMQARF
gi|11513309|pdb|1FJ2|A         TAAVIFLHGLGDTGHG--------------WAEAFAGIRSS--------------------HIKYICPHAPVRPVTLNMNVAMPSWFDIIGLSPDSQE------------------------------DESGIKQAAENIKALIDQEVKNGI------------PSNRIILGGFSQGGALSLYTALTTQQK-------LAGVTALSCWLPLRASFPQGPIGGANRD---ISILQCHGDCDPLVPLMFGSLTVEKLKTLVNPA------------------------------------------------------NVTFKTYE----------------------------------GMMHSSCQ-------------QEMMDVKQFIDKLL
gi|19115077|ref|NP_594165.1|   TATVIFLHGLGDSGQG--------------WSFMANTWSNF-------------------KHIKWIFPNAPSIPVTVNNGMKMPAWYDIYSFADMKRE------------------------------DENGILRSAGQLHELIDAELALGI------------PSDRILIGGFSQGCMVSLYAGLTYPKR-------LAGIMGHSGFLPL-ASKFPSALSRVAKE---IPILLTYMTEDPIVPSVLSSASAKYLINNLQL-------------------------------------------------------KCLDRPFE----------------------------------GDAHSLSS-------------ESFMAMYKFTQTVI
gi|17508057|ref|NP_492213.1|   KGTLIFLHGLGDQGHG--------------WADAFKTEAKH-------------------DNIKFICPHSSERPVTLNMGMRMPAWFDLFGLDPNAQE------------------------------DEQGINRATQYVHQLIDAEVAAGI------------PASRIAVGGFSMGGALAIYAGLTYPQK-------LGGIVGLSSFFLQ-RTKFPGSFTANNA----TPIFLGHGTDDFLVPLQFGQMSEQYIKKFNP--------------------------------------------------------KVELHTYR----------------------------------GMQHSSCG-------------EEMRDVKTFLSAHI
gi|15618191|ref|NP_224476.1|   DPIIILCHGYGSLADN--------------LTFFPSICSFS------------------KLRPTWIFPNGILPLENDFRGSRACFPLNVLLLQELSRL------------------------------YANGVGNLQEKYDELFDVDLETPKEALEELILNLNRPYNEIIIGGFSQGAILATHLVLTSQNP-------YAGALIFAGARLF-NQGWEEGLKQCAQ----VPFLQSHGYEDEILPYHLGAHLNDLLLTKL---------------------------------------------------------NGQFVSFH-----------------------------------GGHEIPS-------------VVFQKMQVTVPNWI
gi|23464700|ref|NP_695303.1|   --MPDLLNYCGAGSAD--------------YASLQAPIAYG-------------------MGYTWFGA----------------------WAHEGVPE-------------------------------GESLDKQATEAAQAIDAWVAEHI-----------PATRPVVAMGFSQGGLLAAHLLRCNPQR-------YAAAVSCSGWLA--PGPVSGDAELAALK---PPVFYGHGAADDIFPKADVTAMGEFWHEHG---------------------------------------------------------TLTEQVYP----------------------------------GMAHSINM-------------PEMRDIQRFLETNG
gi|3023719|sp|Q53547|EST2_PSEF DACVIWLHGLGADRYD--------------FMPVAEALQESL------------------LTTRFVLPQAPTRPVTINGGYEMPSWYDIKAMSPARSI------------------------------SLEELEVSAKMVTDLIEAQKRTGI------------DASRIFLAGFSQGGAVVFHTAFINWQGP------LGGVIALSTYAP--TFGDELELSASQQR---IPALCLHGQYDDVVQNAMGRSAFEHLKSRGV--------------------------------------------------------TVTWQEYP-----------------------------------MGHEVLP-------------QEIHDIGAWLAARL
gi|999873|pdb|1TIB|            KLIVLSFRGSRS--------------------------------------------------------------------------------------IENWIGNLNFDLK-EINDICSGCRGHD--GFTSSWRSVADTLRQKVEDAVREH-------------PDYRVVFTGHSLGGALATVAGADLRGNG-----YDIDVFSYGA-----PRVGNRAFAEFLTVQTGGTLYRITHTNDIVPRLPPREFGYSH--------------------------------------------------------------SSPEYWIKSGTLVPVTRNDIVKIEGIDATGG---NNQPNIPDIPAHLWYFG--------------------------

gi|999872|pdb|1TIA|            SAVVLAFRGSYS--------------------------------------------------------------------------------------VRNWVADATFVHT--NPGLCDGCLAEL--GFWSSWKLVRDDIIKELKEVVAQN-------------PNYELVVVGHSLGAAVATLAATDLRGKG----YPSAKLYAYAS-----PRVGNAALAKYITAQ--GNNFRFTHTNDPVPKLPLLSMGYVH--------------------------------------------------------------VSPEYWITSPNNATVSTSDIKVIDGDVSFDGNTGTGLPLLTDFEAHIWYFV--------------------------

gi|21425569|emb|CAD32695.1|    NAVIVVFRGTQENS------------------------------------------------------------------------------------IQNWIEDLLWKQLDLDYPGMPEAMVHRGFYSAYHNTTIRDGIVSGIQKTRKLH-------------GDVPIMVTGHSMGAAMASFCALDLVVNYG---LDDVKLMTFGQ-----PRVGNAAFASYFKRYL-PHAIRVTNANDIVPHLPPYFSFFPQKAYHH---------------------------------------------------------FPREVWVHDVGLGSLVYTVEQICDDSGEDPACS-RSV-SGNSIQDHITYLG--------------------------

gi|17560334|ref|NP_505743.1|   KAIVISFRGTQG--------------------------------------------------------------------------------------FFQLISEANKSVFESQMSWIAGGKVSK-YFGDAFTKVWAAGMKDDFATLLAAN-------------PGYEVWVSGHSLGGSLASLAASYVIGTK-MVDGSRVKLVTYGE-----PRTGNKDYAHAHDNQL-AFSYRVTHNRDVVPHVPNEDFMGYYH-------------------------------------------------------------NKYEVYYRENMKSGA---KFTICNGD-EDNGCS-DGLWITTSIDDHLHYFE--------------------------

gi|42784068|ref|NP_981315.1|   DTVIVAFRGTQT--------------------------------------------------------------------------------------DTDWIIDSLVNQK-PYPYALNSGNVHN-----GFLSIYESCRDSIMDMLVSLP-------------AHKKLLATGHSLGGALATLHILDARINTA---FAQYGLYTFAS-----PKVGDIAFRNYYKLQV-ASSFRFVNLFDVVPLLPPRNINFND--------------------------------------------------------------QDWEYAHVHHNM------TFTKNTK---------------SITNNHAMTTY--------------------------

gi|494918|pdb|5TGL|            KTIYIVFRGSSS--------------------------------------------------------------------------------------IRNWIADLTFVPV--SYPPVSGTKVHK--GFLDSYGEVQNELVATVLDQFKQY-------------PSYKVAVTGHSLGGATVLLCALDLYQREEGLSSSNLFLYTQGQ-----PRVGDPAFANYVVSTG-IPYRRTVNERDIVPHLPPAAFGFLH--------------------------------------------------------------AGEEYWITDNSPE-----TVQVCTSDLETSDCS-NSIVPFTSVLDHLSYFG--------------------------
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Multiple sequence alignment of DUF1023 proteins (Pfam database accession number: PF06259) and representative  hydrolases (carboxylesterase and fungal lipase families of  hydrolases in SCOP database). Each sequence is identified by NCBI gene identification (gi) number. The gi numbers of sequences with known structure are underlined. Uncharged residues at dominantly hydrophobic positions are marked in yellow and small residues (G, A, S, T, C, P) at sites containing mostly small residues are shadowed in gray. The conserved catalytic residues S, D and H are highlighted with bold white letter in black background. The residues possibly forming oxyanion hole are marked in bold red letter. The diagrams of the secondary structure elements for the two  hydrolase families are shown below the corresponding sequences. The diagrams are drawn according to the structures of Pseudomonas fluorescens carboxylesterase (PfC, PDB: 1aur, chain A, gi|3023719) and Rhizomucor miehei fungal lipase (RmL, PDB: 5tgl, gi|494918): blue cylinders and yellow arrows represent -helices and -strands, respectively; -hairpins S1-S4 in PfC and the short -helix H2 functioning as ‘lid’ in RmL are also shown. 








Fungal lipase





General base





Nucleophile





General acid





F





(3





A





B





(5





C





(6





D





(7





E





(8





4











B





(5





C





(6





D





(7





E





(8





(9





(3





S2





S1





S3





S4














