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SUPPLEMENTAL MATERIAL 

The following supplemental material is available online: 

 

SUPPLEMENTAL TEXT 

 

GOHTAM and BLAST analyses. 

 

SUPPLEMENTAL TABLES 

 

Table S1 General features of reported esterases/lipases isolated from metagenomic resources. 

Data are based on bibliographic records that are specifically cited. 

 

Table S2 List of primers used in the study. 

 

Table S3 Percentage of identity between Arreo enzymes, determined by Matcher (EMBOSS 

package). Matches/alignment lengths (% identity) are specifically shown. 

 

Table S4 Half-saturation (Michaelis) coefficient (Km), the catalytic rate constant (kcat) and the 

catalytic efficiency (kcat/Km) values for the wild-type α/β hydrolases from Lake Arreo. Kinetic 

parameters were calculated at 30ºC as outlined in Table 1 and Materials and Method section 

in 96-well microtiter plate where each well contained 0.388-0.882 µM enzyme solution and 0-

100 mM substrate. For kinetic parameters determinations (performed in triplicate) a 

conventional Lineweaver and Burk model was used. Standard deviations (SD) are given. 

 

SUPPLEMENTAL FIGURES 
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FIG S1 Location map (a), vegetation and use of drainage basin (b) and bathymetric map (c) of 

Lake Arreo. Sampling point is indicated by an asterict. The map has been generated based on 

batimetric studies previously published (ref. 13 and 52 in main text). Location map in (a) was 

made with the Geographic data sets found on the ESRI Data&Maps Kit of the SIG ArcGis 9.2 

software. The limit of the drainage basin in (b) was established based on 1:25.000 maps of the 

digital cartographic base from the National Geographic Institute (Instituto Geográfico Nacional 

de España). The information was analyzed using the ArcGis 9.2 software. The correct 

establishment of the limit was further validated based on in situ measurements using 

topographic-geographic instrumentations (the digital free access information is available at the 

following URL “http://centrodedescargas.cnig.es/CentroDescargas”, as established in the 

Orden FOM/956/2008, dated on 31
th

 March 2008 [BOE 8
th

 April 2008]). The vegetation map 

was generated based on the photo-interpretation of the orthophotos "PNOA © Instituto 

Geográfico Nacional de España – Basque Country (Gobierno Vasco)”. The correct assignation 

of the vegetation units was established based on in situ visit to the studied area. To perform the 

bathymetric map (c) of Lake Arreo, an aerial photo obtained by Diputación Foral de Álava 

(1992) was used. The field study was performed in 1994, using a boat with electric engine and 

an ecosonda Furuno FE-4300 or a surveying rod. The obtained values were referenced and 

digitally treated using specific software (ArcGis v9.2 and Surfer v7.00). Further modifications 

and validations were done based on up-dated ortho-images. 

 

FIG S2 Lake Arreo proteins, as overexpressed in the active form in E. coli at 16ºC. A 

Coomassie-stained SDS-PAGE gel showing the expression level of the Lake Arreo proteins is 

shown. As shown, a high percentage of protein is produced in a soluble form, which resulted in 
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a purity higher than 98% after a single His6-tag purification step. Abbreviation: MW, molecular 

weight marker. 

 

FIG S3 Chemical structures of substrates applied for activity profiling of esterases/lipases 

preparations used in the present study. Note: ethyl 2-methylacetoacetate, ethyl 4-

chloroacetoacetate, ethyl (R)-(−)-3-hydroxybutyrate, ethyl propionate, ethyl acetate, ethyl 

hexanoate, ethyl 2-chloropropionate, ethyl caprate, ethyl 4-hydroxy-3-methoxycinnamate, 

methyl propionate, methyl 2,2-dimethyl-3-hydroxypropionate, methyl (S)-(+)-3-

hydroxybutyrate, methyl (R)-(+)-3-bromo-2-methylpropionate, (−)-methyl L-lactate, (+)-

methyl D-lactate, methyl 4-(hydroxymethyl)benzoote, methyl pyruvate, methyl acetoacetate, 

methyl 2-hydroxyisobutyrate, methyl (S)-(+)-3-hydroxy-2-methylpropionate, tert-butyl 3-

hydroxypropionate, isobutyl acetate, vinyl pivalate, vinyl methacrylate, vinyl crotonoate, 

vinyl acetate, vinyl propionate, vinyl laurate, vinyl butyrate, glycine ethyl ester, (1S)-(+)-

menthyl acetate, (1R)-(−)-menthyl acetate, (1S)-(+)-neomenthyl acetate,  (1R)-(−)-

neomenthyl acetate, were not used as substrates by any of the enzymes. 

 

FIG S4 Structural models of esterases/lipases from the αααα/ββββ hydrolase family 

characterised in this work. Residues belonging to the catalytic core are explicitly shown as 

follows: LAE1 (A), LAE2 (B), LAE3 (C), LAE4 (D), LAE5 (E), LAE6 (F), and LAE7 (G). 

 

ANNEX 

Nucleotide and amino acid sequences of esterases/lipases from Lake Arreo. 
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SUPPLEMENTAL TEXT 
 

GOHTAM and BLAST analyses. Compositional similarity between the metagenomic 

fragments and the sequences of related bacterial chromosomes and plasmids was analyzed by 

the comparison of frequencies of tetranucleotides in DNA sequences using GOHTAM tool 

and protein blast of contig encoded proteins, the results of which are given below. 

 

The tree of contigs by pattern similarity is shown below: 
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Analysis of DNA fragment (contig 2) containing LAE1 and LAE2 enzymes 

 

Protein blast hits against plasmid proteins 

    Number of hits Subject plasmid 

 18  Arthrobacter aurescens TC1 plasmid TC2 [NC_008713] 

 14  Shewanella baltica OS155 plasmid pSbal01 [NC_009035] 

 11  Synechococcus sp. PCC 7002 plasmid pAQ7 [NC_010474] 

 10  Erwinia billingiae Eb661 plasmid pEB170 [NC_014305] 

 10  Mesorhizobium sp. BNC1 plasmid 2 [NC_008243] 

 10  Agrobacterium radiobacter K84 plasmid pAtK84c [NC_011987] 

 

Significant protein blast hit: 
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Analysis of DNA fragment (contig 3) containing LAE3 enzyme 

 

 

 

Protein blast hits against plasmid proteins 

 

    Number of hits Subject plasmid 

 12  Nitrobacter hamburgensis X14 plasmid 1 [NC_007959] 

 7  Azospirillum sp. B510 plasmid pAB510f [NC_013860] 
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Analysis of DNA fragment (contig 4) containing LAE7 

 

Protein blast hits against plasmid proteins 

    Number of hits Subject plasmid 

 10  Mesorhizobium sp. BNC1 plasmid 2 [NC_008243] 

 8  Polaromonas naphthalenivorans CJ2 plasmid pPNAP04 [NC_008760] 

 8  Agrobacterium radiobacter K84 plasmid pAtK84c [NC_011987] 

 

Significant protein blast hit: 
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Analysis of DNA fragment (contig 6) containing LAE4 

 

 

 

Protein blast hits against plasmid proteins 

Number of hits Subject plasmid 

 13 Azospirillum sp. B510 plasmid pAB510f [NC_013860] 

12 Rhizobium leguminosarum bv. trifolii WSM1325 plasmid pR132504 [NC_012852] 

 12 Acaryochloris marina MBIC11017 plasmid pREB1 [NC_009926] 

11 Rhizobium leguminosarum bv. trifolii WSM1325 plasmid pR132505 [NC_012854] 

 11 Rhizobium etli CFN 42 plasmid p42c [NC_007764] 

 10 Anabaena variabilis ATCC 29413 plasmid C [NC_007412] 

 10 Roseobacter denitrificans plasmid pTB1 [NC_008386] 

9 Halomicrobium mukohataei DSM 12286 plasmid pHmuk01 [NC_013201] 

Significant protein blast hit: 
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Analysis of DNA fragment (contig 7) containing LAE5  

 

Protein blast hits against plasmid proteins 

    Number of hits Subject plasmid 

 10  Thermus thermophilus HB8 plasmid pTT27 [NC_006462] 

 10  Mesorhizobium sp. BNC1 plasmid 2 [NC_008243] 

10 Rhodobacter sphaeroides ATCC 17029 plasmid pRSPH01 [NC_009040] 

 9  Agrobacterium radiobacter K84 plasmid pAtK84c [NC_011987] 

 

Significant protein blast hit: 

 

Analysis of DNA fragment (contig 19) containing LAE6 
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Protein blast hits against plasmid proteins 

 

    Number of hits Subject plasmid 

 3  Sphingomonas sp. KA1 plasmid pCAR3 [NC_008308] 
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Table S2 List of primers used in the study. 
 

Name Sequence 
LAE1Fwd 5´-GACGACGACAAGATG AACAGGATTGCC-3´ 

LAE1Rev 5´-GAGGAGAAGCCCGGTCAGTGGTGATTCTTCG-3´ 

LAE2Fwd 5´-GACGACGACAAGATGAGCAATTCTCTTGAACTG-3´ 

LAE2Rev 5´-GAGGAGAAGCCCGGTTAGCGGCCGGCCGGCGC-3´ 

LAE3Fwd 5´-GACGACGACAAGATGGCTAGCGCCGAGGC-3´ 

LAE3Rev   5´-GAGGAGAAGCCCGGTCATGGGGCGCTGGGGC-3´ 

LAE4Fwd   5´-GACGACGACAAGATGCGACATTCCATATCTC-3´ 

LAE4Rev   5´-GAGGAGAAGCCCGGTTACTTGGTTTGTTGGG-3´ 

LAE5Fwd   5´-GACGACGACAAGATGTATTTCGCAGCTGGC-3´ 

LAE5Rev   5´-GAGGAGAAGCCCGGTTAGCTATTCAGGCAGC-3´ 

LAE6Fwd 5´-GACGACGACAAGATG CTGCTGCCCGAGACC-3´ 

LAE6Rev 5´-GAGGAGAAGCCCGGTTACGTCCCGAAGTGCGC-3´ 

LAE7Fwd 5´-GACGACGACAAGATGCATTTCTTCGATCACG-3´ 

LAE7Rev 5´-GAGGAGAAGCCCGGTTAAGGACGCGCGCCC-3´ 
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Table S4 Half-saturation (Michaelis) coefficient (Km), the catalytic rate constant (kcat) and the 

catalytic efficiency (kcat/Km) values for the wild-type α/β hydrolases from Lake Arreo. 

Kinetic parameters were calculated at 30ºC as outlined in Table 1 and Materials and Method 

section in 96-well microtiter plate where each well contained 0.388-0.882 µM enzyme 

solution and 0-100 mM substrate. For kinetic parameters determinations (performed in 

triplicate) a conventional Lineweaver and Burk model was used. Standard deviations (SD) are 

given. 

  Km (mM) SD Km 
(mM) 

kcat (min-1) SD kcat 
(min-1) 

kcat/Km (min-

1mM-1) 

LAE1 

pNP acetate 0.66 0.05 2.7 0.3 4.1 

pNP propioante 0.29 0.02 6.2 0.7 21.4 

pNP butyrate 0.13 0.02 32.5 0.9 250 

pNP octanoate 0.08 0.05 3.4 0.3 42.5 

pNP decanoate 0.02 0.02 0.6 0 30.0 

Phenyl acetate 0.63 0.01 3.6 0.4 5.7 

Triacetin 16.9 0.4 2 1.5 0.1 

Tripropionin 0.32 0.18 10.7 26.3 33.4 

Tributyrin 0.29 0.01 6.2 0.6 21.4 

Methyl-(R)-(-)mandelate 3.58 0.15 9.0 3.3 2.5 

Methyl-(S)-(+)-mandelate 37.4 2.8 10.8 4.2 0.3 

Methyl α-bromoisobutyrate 0.65 0.01 4.3 0.5 6.6 

Methyl 2-bromopropionate 8.58 0.69 25.2 2 2.9 

Methyl bromoacetate 3.33 0.44 14.8 0.7 4.4 

α-D-Glucose pentaacetate 7 0.28 13.9 1.4 2.0 

Tri-O-acetyl-D-glucal 0.21 0.03 29.5 0.7 140 

LAE2  

pNP acetate 0.12 0.04 166 15.6 1383 

pNP propioante 0.04 0.01 11.7 0.9 293 

pNP butyrate 0.1 0.03 2.7 0.3 27.0 

Phenyl acetate 0.17 0.04 89.3 0.9 525 

Triacetin 0.06 0.02 4.3 0.1 71.7 

Methyl 4-bromobenzoate 21.5 0.5 22.4 1.9 1.0 

α-D-Glucose pentaacetate 0.42 0.09 3.5 0.3 8.3 

Tri-O-acetyl-D-glucal 0.41 0.09 3.5 0.4 8.5 

LAE3  

pNP acetate 0.55 0.03 346 9.1 629 

pNP propioante 1.07 0.16 10.2 0.3 9.5 

pNP butyrate 0.46 0.11 25.8 0.5 56.1 

pNP octanoate 0.2 0.26 1.1 0.1 5.5 

Triacetin 11.2 3.7 1265 39.6 113 

Tripropionin 6.7 0.3 1631 39 
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Tributyrin 2.94 0.28 36.5 0.3 12.4 

Methyl-(R)-(-)mandelate 0.82 0.03 1004 25.2 1224 

Methyl-(S)-(+)-mandelate 21 1.1 32.5 5 1.5 

Methyl 4-bromobenzoate 0.28 0.12 7.1 0.7 25.4 

Methyl 2-bromopropionate 1.88 0.18 80.3 5.6 42.7 

α-D-Glucose pentaacetate 0.57 0.02 52.4 0.9 91.9 

Tri-O-acetyl-D-glucal 3.4 0.01 132 19.2 38.8 

Methyl p-coumarate 0.6 0.02 10.3 3.1 17.2 

LAE4 

pNP acetate 0.03 0.01 1.9 0.1 63.3 

pNP propioante 0.004 0.002 4.2 0.3 1050 

pNP butyrate 0.02 0.01 4 0.1 200 

Phenyl acetate 2.59 0.83 215 12.5 83.0 

Triacetin 0.79 0.07 1005 75 1272 

Tripropionin 0.78 0.08 2333 41.5 2991 

Methyl-(S)-(-)mandelate 3.82 0.37 2.2 0.2 0.6 

Methyl-(R)-(+)-mandelate 11.4 0.4 3.6 0.2 0.3 

Methyl 4-bromobenzoate 1.21 0.07 114 22.9 94.2 

Methyl p-coumarate 17 0.5 986 64.1 58.0 

LAE5 

pNP acetate 0.09 0.03 35.9 0.9 399 

pNP propioante 0.03 0.01 45.7 5 1523 

pNP butyrate 0.21 0.07 0.3 0 1.4 

Phenyl acetate 0.25 0.11 896 126 3584 

Propyl acetate 11.4 3.3 32.3 0.8 2.8 

Geranyl acetate 20.6 9 2.9 0.4 0.1 

Triacetin 0.08 0.03 88.8 5.9 1110 

Methyl 4-bromobenzoate 2.51 0.2 74.9 0.2 29.8 

Methyl bromoacetate 0.57 0.02 5.7 0.8 10.0 

α-D-Glucose pentaacetate 0.53 0.03 1418 35.4 2676 

Tri-O-acetyl-D-glucal 0.38 0.03 1108 25.8 2916 

Methyl sinapinate 1.65 0.06 3.3 4.7 2.0 

LAE6 

pNP acetate 0.58 0.04 1229 154.4 2119 

pNP propioante 0.26 0.01 4544 605.2 17500 

pNP butyrate 0.83 0.03 2999 165.2 3613 

pNP octanoate 0.33 0.03 122 6.8 370 

pNP decanoate 0.09 0.01 34.8 1.4 387 

pNP laurate 0.19 0.97 6.7 0.2 35.3 

Phenyl acetate 0.08 0.02 266 9.5 3325 

Propyl acetate 3.21 0.47 2.8 0.3 0.9 

Ethyl benzoate 0.5 0.03 0.7 0.2 1.4 

Ethyl butyrate 8.84 0.22 8.7 20.3 1.0 

Triacetin 0.25 0.05 60.1 3.8 240 

Tripropionin 0.24 0.04 600 31.8 2500 

Tributyrin 0.49 0.15 77.5 10.7 158 

Methyl (+/-)-α-bromophenylacetate 0.35 0.01 21.5 2.6 61.4 

Methyl α-bromoisobutyrate 2.39 0.16 18.1 0.9 7.6 

Methyl 4-bromobenzoate 0.31 0.08 32.6 3.2 
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Methyl bromoacetate 0.2 0.02 558 13.9 2790 

Tri-O-acetyl-D-glucal 0.36 0.09 33.7 3.4 93.6 

Methyl cinnamate  0.21 0.03 57 5.4 271 

Methyl p-coumarate 0.57 0.06 7.1 0.3 12.5 

(R)-(−)-Glycidyl butyrate 0.04 0.01 64.8 1 1620 

(S)-(+)-Glycidyl butyrate 0.52 0.03 58.0 1.2 112 

γ-Butyrolacton 0.38 0.02 57.6 0.8 152 

LAE7 

pNP acetate 0.05 0.02 29.1 3.3 582 

pNP propioante 0.03 0.02 5.1 0.1 170 

pNP butyrate 0.05 0.01 0.8 0 16.0 

Phenyl acetate 0.41 0.02 3.8 1.4 9.3 

Triacetin 0.28 0.04 34.9 1.7 125 

Tributyrin 1.17 0.27 4 0.2 3.4 

Methyl 4-bromobenzoate 0.1 0.06 0.8 0.1 8.0 

Methyl α-bromoisobutyrate 1.62 0.21 33.1 1.9 20.4 

α-D-Glucose pentaacetate 2.53 0.11 6.7 2.3 2.6 

Tri-O-acetyl-D-glucal 1.53 0.13 44.8 2 29.3 
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FIG S2 Lake Arreo proteins, as overexpressed in the active form in E. coli at 16ºC. A Coomassie-

stained SDS-PAGE gel showing the expression level of the Lake Arreo proteins is shown. As shown, a 

high percentage of protein is produced in a soluble form, which resulted in a purity higher than 98% 

after a single His6-tag purification step. Abbreviation: MW, molecular weight marker. 
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FIG S3 Chemical structures of substrates applied for activity profiling of esterases/lipases preparations used in 

the present study.Note: ethyl 2-methylacetoacetate, ethyl 4-chloroacetoacetate, ethyl (R)-(−)-3-hydroxybutyrate, 

ethyl propionate, ethyl acetate, ethyl hexanoate, ethyl 2-chloropropionate, ethyl caprate, ethyl 4-hydroxy-3-

methoxycinnamate, methyl propionate, methyl 2,2-dimethyl-3-hydroxypropionate, methyl (S)-(+)-3-

hydroxybutyrate, methyl (R)-(+)-3-bromo-2-methylpropionate, (−)-methyl L-lactate, (+)-methyl D-lactate, 

methyl 4-(hydroxymethyl)benzoote, methyl pyruvate, methyl acetoacetate, methyl 2-hydroxyisobutyrate, methyl 

(S)-(+)-3-hydroxy-2-methylpropionate, tert-butyl 3-hydroxypropionate, isobutyl acetate, vinyl pivalate, vinyl 

methacrylate, vinyl crotonoate, vinyl acetate, vinyl propionate, vinyl laurate, vinyl butyrate, glycine ethyl ester, 

(1S)-(+)-menthyl acetate, (1R)-(−)-menthyl acetate, (1S)-(+)-neomenthyl acetate,  (1R)-(−)-neomenthyl acetate, 

were not used as substrates by any of the enzymes. 
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FIG S4 Structural models of esterases/lipases from the αααα/ββββ hydrolase family 

characterised in this work. Residues belonging to the catalytic core are explicitly shown as 

follows: LAE1 (A), LAE2 (B), LAE3 (C), LAE4 (D), LAE5 (E), LAE6 (F), and LAE7 (G). 
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ANNEX: 

 

Fosmid DNA isolated from each clone was sequenced as a pool using a Roche GS FLX DNA 

sequencer (1/16 plate), which produced 77,841 reads with an average length per read of 

454.69 bp. Accordingly, a total of 38.5 Mbp of raw DNA sequences were obtained, which 

were assembled into 735,686 bp (19 contigs with length ranging from 1,854 to 43,416 bp. 

Sequences are available at NCBI under accession number SRA059294. A total number of 

378 open reading frames were identified. Their amino acid and nucleotide sequences are 

described below. Seven genes encoding experimentally characterized esterases/lipases in this 

study, herein named LAE1 to LAE7, were identified and their sequences are given below: 

 
LAE1 gene sequence 

GTGAACAGGATTGCCGGGCTGTGCGTGCTGGCAGCCACGATGCAAGGCATCGGCTCCTCG 

CCGGCGCATGCACAGCAAGCCGCACCCGGCGAGCAAGCCGCCAGCTTCGGGGCGCAGTTC 

GGGCCGGTCGACCCGCGCGTCGAGATGCGGACCTACGTGTTTGCAGACACCGGTGAAAGG 

ATTCCCTACGGCGTGTTCGTCTCTTCCAGCGTCACCATGGAGCGCAAGGCACCGCTGGTC 

GTGGCGCTGCACGGGCTGGGCGCATCACAGGAATCCATGGTCCGCACCAGCTTCCGCGCT 

GTCGAGCTGGCGGAAAAAGGCGGGTACATCCTGGTGGTACCGCTGGGGTACAACAGCAGC 

GGCTGGTACGGCGTCCAGGCTGGCGGCAGCGTGCAGCAGCAGCGCGAGTACAGCGAAAAG 

GACGTCATGAACGTGCTGGCGATGGTGCGCGATGAGTTCAACATAGATGACGATCGCATC 

TTCCTGATGGGTCATTCGATGGGCGGTGCGGGCACATTGCACCTGGGCATGAAATACCCC 

TCCATCTGGGCCGCCCTGGCGCCCATCGCGCCCGCCACTGCAGCTCTGGATCCGGACTCG 

CTGGCCTCGATCCGCCACATGCCGGTGATCATCGTGCAGGGCGACGCGGACACGGCCGTT 

CCGGTTGCCGTCACGCGGCGCTGGGCTTCCAAACTCCGGGAACTGCAGATGACCTTCCGC 

TACATCGAAATTCCGGGCGGCGATCACATGGGCGTGATCGGCACGGGCATGCCGGACATC 

TTCGCGTTCTTCGAGGCACACCCGAAGAATCACCACTGA 

 

LAE1 protein sequence 

VNRIAGLCVLAATMQGIGSSPAHAQQAAPGEQAASFGAQFGPVDPRVEMRTYVFADTGER 

IPYGVFVSSSVTMERKAPLVVALHGLGASQESMVRTSFRAVELAEKGGYILVVPLGYNSS 

GWYGVQAGGSVQQQREYSEKDVMNVLAMVRDEFNIDDDRIFLMGHSMGGAGTLHLGMKYP 

SIWAALAPIAPATAALDPDSLASIRHMPVIIVQGDADTAVPVAVTRRWASKLRELQMTFR 

YIEIPGGDHMGVIGTGMPDIFAFFEAHPKNHH 

 

LAE2 gene sequence 

ATGAGCAATTCTCTTGAACTGCGCAGCAAGCGCATGCCTGCCGCCCGCAACCTGCTGACC 

GCCCTGCTGCTGGCCACAACTTGCGGCGCGCTCGCGCAGGTAGGCCCTGGCGGCCCGGGT 

GGTCCGCGTGGCGGTGGTTTTGGCGCTCCGCCCACTCCGCCGGGACCGGCTGCCGAGGTA 

CCCGCCGCGGTGCGCATGGCACGCCCCACCGCTGCCGAAGTGGCCTCGGTCCGCGCCAGC 

GTCGACAAGCTCGACCTGGCGAAGAAGTATCCGGGCCTGGTGCAGATCAATGTGCCTGCG 

CCCATGAGCGAGAACACGGCCATCCGGCCGTCGCTGTCCGGCGGGTTCCAGCAGAAGCAC 

CAGGACAACCTGGCAGTGGCGAAGCAGGGCGACGCCGAACTGCTGTTCATGGGTGATTCC 

ATCACCGACTGGTGGCGCAGCGAGACCGGCACCAACGCCGGCAAGGCCGTGCAGGACAAG 

TACTTCGGCCAGTGGAAGGTGGCGAACTTCGGTATCGCCGGCGACACCACGCAGGGCGTG 

CTCTACCGCCTGCAGAACGGCGAAGGCAAGGGCTTCAAGCCCAAGGCCGTCATGCTGATG 

ATCGGCACCAACAATACGGGCCGGAATTCCGCCGGCGAGATCGCCGAGGGTGTCGGTGCC 

GTGGTCCTGCAGCTGCAGAAGGATTTCCCCGACGCGCGTATCCTGCTGCTGGCCATCTTC 
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CCGCGTGGCAATCCGGGCGACGCGGCGCGCGGCACCATTGCCCAGATCAACGACACCATC 

AAGAAGCTGGATGACGGCAAGAAGGTGTTCTACATGGACATCGGCAGGAACTTCCTCGAC 

GCCAGCGGCGCGATACCGCGCGAGATCATGGGCGATGGACTGCATCCCACCACGGCGGGC 

TACGAGATCTGGGCCAAGGCGGTCATCGATCCCATCACGGCGATGATGAACGGCCGCGCG 

CCGGCCGGCCGCTAA 

 

LAE2 protein sequence 

MSNSLELRSKRMPAARNLLTALLLATTCGALAQVGPGGPGGPRGGGFGAPPTPPGPAAEV 

PAAVRMARPTAAEVASVRASVDKLDLAKKYPGLVQINVPAPMSENTAIRPSLSGGFQQKH 

QDNLAVAKQGDAELLFMGDSITDWWRSETGTNAGKAVQDKYFGQWKVANFGIAGDTTQGV 

LYRLQNGEGKGFKPKAVMLMIGTNNTGRNSAGEIAEGVGAVVLQLQKDFPDARILLLAIF 

PRGNPGDAARGTIAQINDTIKKLDDGKKVFYMDIGRNFLDASGAIPREIMGDGLHPTTAG 

YEIWAKAVIDPITAMMNGRAPAGR 

 

LAE3 gene sequence 

ATGGCTAGCGCCGAGGCTTTGAAGATGATGGCGGAGCTGCGGGCGAACCGAAAGCCGGAT 

CGGCCGCTTGCACAGGCTCGCGCCGAATGGGACATCGAAGCGGCTGCCCAGGCGCTGCCG 

GCGGAGACCGTGGTCGAACCCGGCCAGATGGGCGGGGTCGCCTCGGAGTGGATCGTGTGC 

GGTCCGGTGATCGAGCGTGGCGTCGTGCTGTTGCTGCATGGTGGCGGTTACCACGCCGGC 

GGGCTGGTGACCCATCGCGCCTTCGCAGCCCGCGTCTCGCGCGCGCTCGGGCGGCGGGTA 

TTGCAGATTGCCTATGCTCTTGCCCCGGAGCATCCCTTTCCGGCCGGGCTGCATGATGCT 

CTGGCGGCCTACAAGGCGCTGATCGCCGAAGGCGTCGTCCCCGGCGAAATCGTCCTGCTC 

GGCGACAGCGCCGGGGGCGGACTGGCCATTTCGTTGATGCTGGCCCTCAAACGCGACGGC 

GACCCGCAGCCGGCCGGTGCGGTGCTCCTGTCGCCGTGGACCGATCTCGAATGCTCGGGC 

ACCAGCTATCGGACGAACCTTTCGCGCGATCCCAACATGTCGCGCGAAGATCTGCTGGCG 

GCAGCGGACGACTATCGCGGCAGCCTGCCGGCAAGCGAGCCGATGCTGTCCCCCATCCAT 

GCCGACCTGTCCGGCCTGCCGCCCATGCTCGTCCAGGCGGGTGGCGGCGAGATCATGCTC 

GACGATTCGATCTTTTTTGCCGAGCAGGCTCGCACCACCGGCTGCCGTGTGACGCTCGAC 

GTGACGCCCGATCTCTGGCACGTCTTCCAGAACGGACCCGACGACATTCCCGAGGTGAGG 

GCGGCCTTCGACCGCATGGGGACCTTCGTTGCCGGGGTGATGGCCCGCCCCAGCGCCCCA 

TGA 

 

LAE3 protein sequence 

MASAEALKMMAELRANRKPDRPLAQARAEWDIEAAAQALPAETVVEPGQMGGVASEWIVC 

GPVIERGVVLLLHGGGYHAGGLVTHRAFAARVSRALGRRVLQIAYALAPEHPFPAGLHDA 

LAAYKALIAEGVVPGEIVLLGDSAGGGLAISLMLALKRDGDPQPAGAVLLSPWTDLECSG 

TSYRTNLSRDPNMSREDLLAAADDYRGSLPASEPMLSPIHADLSGLPPMLVQAGGGEIML 

DDSIFFAEQARTTGCRVTLDVTPDLWHVFQNGPDDIPEVRAAFDRMGTFVAGVMARPSAP 

 

LAE4 gene sequence 

ATGCGACATTCCATATCTCTCGTATTCCTGGTTGCCCTGGCCGCGCTGCCGTGGGCTTGT 

CTTGCCGCCGAGGATGACAAAGCGCCGGACGTCCGCCGCACGGAAGACGTGATCTACGGC 

CGAAAATCGGGCATGGCTTTGACGATGGACGTCTTCCAGCCCGCCAAACCGAACAAGTGC 

GGCGTCGTCTTCCTCGTCAATGGCGGCTGGTTTTCCAGCAAGGCGACGCCGATGATGGAG 

ACCGTTCAACCGGATCGCTACCAGCCGTTTCTCGATCGCGGCTACACGGTCTTTGCCGTG 

GTCACCAGTTCCCAGCCTGTATTCACGATTCCCGACCTCATGCAAGACGTGCAGCGCGCC 

GTCCGTTTCATACGGCACAATGCCGCGAGGTTCGGAGTTGATCCGAATCGACTCGGAGTG 

ACCGGCGCAAGTTCCGGCGGCCAACTTTCCTTGACGATCGCAACGCAAGGCGGCCCAGGC 

AAAGCCGACTCGCCCGATCCGGTCGAGCGTGAAAGCAGCGCCGTCCAGGCCGTCGCCTGC 

TTCTTCCCGCCGACCGATTTTCTGAACTATGGCGGCCCCGGCGTCGATGGCGTGGGCCGC 

GGCCCGTTGGAGCCCATCAAGGCGGCATTCGGTTCCCGCGCCCAGACGCTCGAAGGGCGC 

CATGCCCTCGGCAAGGAAATATCGCCGATCTATTACGTCTCCGCGAAGCTGCCGCCGACG 

CTGATCGTTCACGGCGATGCCGACAACGTCGTGCCTTTCCAGCAAGCCGAGAGTTTTATG 

AAACGGGCCAAAGAGGCCGGCGCAAAGGACCTTCAACTCATCGTGCGTCCCGGCAAGGGA 

CACGGCTGGGGCGATTTCTGGAAATCCGCCGAAGACGTCAACGCATTCGCCGACTGGTTC 

GACAAGTTCCTACCCCAACAAACCAAGTAG 

 

LAE4 protein sequence 

MRHSISLVFLVALAALPWACLAAEDDKAPDVRRTEDVIYGRKSGMALTMDVFQPAKPNKC 

GVVFLVNGGWFSSKATPMMETVQPDRYQPFLDRGYTVFAVVTSSQPVFTIPDLMQDVQRA 

VRFIRHNAARFGVDPNRLGVTGASSGGQLSLTIATQGGPGKADSPDPVERESSAVQAVAC 
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FFPPTDFLNYGGPGVDGVGRGPLEPIKAAFGSRAQTLEGRHALGKEISPIYYVSAKLPPT 

LIVHGDADNVVPFQQAESFMKRAKEAGAKDLQLIVRPGKGHGWGDFWKSAEDVNAFADWF 

DKFLPQQTK 

 

LAE5 gene sequence 

ATGTATTTCGCAGCTGGCAGCAAGTTGGTCATCATCGGCGACTCGATCACGGACGCGGGA 

CGGGACAAGGGGATCGGCGGCGAGGGGCTCTTCAACGCCCATGGCAGCGGCTATGTGGCA 

TTGCTCAACGCCCACCTCTTCGCCCGCTTCCCCGAACGGCGGCTGCGGCTCGTCAACCAG 

GGCAACAGCGGCAACACCGTGCGCGATCTGGCCGCCCGCTGGCAAAACGATGTCTTCGGC 

CTGAAGCCCGACTATGTGGCGATGATGATCGGCATCAACGACGTCTGGCGCCAGTTCGAC 

CTGCCGCTGATGACCGACCGCCATGTCTGCCCGGAAGAGTACGAGAAGACCCTCGACGAG 

TTGGTGGCGCGCACCGCCCCGACGGTCAAGGGGATGATTCTGCTGACCCCCTACTTCATC 

GAGCCTAACCGCGAGGACGCCATGCGCGCCCGCATGGACGTCTACGGCGACCTGATGCGC 

CGCGTCGCCGAGCGTCACGGCTGCCTGCTGGTCGATGTCCAGGGAGCCTTCGACCGCTAT 

CTGCAACACTACCATCCGGCGCAGCTCGCCTGGGACCGCATCCACCCCAACCTCGCGGGC 

CACCAGGTCATCGCCAACGCCTTCCTCGCGGCCACCGGCTGCCTGAATAGCTGA 

 

 

LAE5 protein sequence 

MYFAAGSKLVIIGDSITDAGRDKGIGGEGLFNAHGSGYVALLNAHLFARFPERRLRLVNQ 

GNSGNTVRDLAARWQNDVFGLKPDYVAMMIGINDVWRQFDLPLMTDRHVCPEEYEKTLDE 

LVARTAPTVKGMILLTPYFIEPNREDAMRARMDVYGDLMRRVAERHGCLLVDVQGAFDRY 

LQHYHPAQLAWDRIHPNLAGHQVIANAFLAATGCLNS 

 

LAE6 gene sequence 

ATGCTGCTGCCCGAGACCCGCAACCTGCTCGACCTGATGGACGCCGCCACCAGGGGCGGC 

CGGCCCCGGCTGGAGACCCTGCCGCATGCCGTGGGGCGCAAGGCAGTCGACAAAATGTCG 

GAGGATGGCGAGGCCGATCCGCCGGAAGTGGCCGAGGTGGCGAACGGCGGCTTCGCGGGA 

CCGGCGAGCGAGATCCGGTTCCGGCGCTACCGTCCGCTAGGTGAGGCGGCCGGGCTGCTG 

CCGACGCTGATCTACTATCACGGCGGCGGCTTCGTGATCGGCAACATCGAGACGCATGAT 

TCGACCTGCCGGAGGCTCGCCAACAAAAGCCGCTGCCAGGTGATCTCGATCGACTACCGC 

CTGGCGCCGGAGCATCCGTTCCCGGCGCCGATCGACGACGGGATCGCGGCGTTCCGGCAT 

ATCCGCGACAACGCGGAGTCGTTCGGCGCCGATGCCGCGCGCCTCGCGGTGGGCGGCGAT 

TCGGCGGGCGGCGCGATGGCGGCCGTGGTGTGCCAGGCCTGCCGCGACGCCGGCGAGACG 

GGGCCCGCGTTCCAGATGCTGATCTATCCCGCGACGGACTCGAGCAGGGAGAGCGCCTCG 

CGCGTGGCCTTCGCCGAAGGCTACTTCCTCAGCAAGGCGCTGATGGACTGGTTCTGGGAG 

GCCTATGTGCCGGAGGACACCGACCTCACCGACCTCCGCCTCTCACCGCTCCTCGCCACG 

GACTTCACCGGACTGCCGCCGGCCTTCGTGCTCACCGCCGGCTACGACCCGCTGCGCGAC 

GAGGGCCGCGCCTATGCCGACAGGCTGATCGAGGCCGGCATCAAGACGACCTATGTGAAC 

TATCCCGGCACCATCCACGGCTTCTTCTCGCTGACGCGATTCCTGAGCCAGGGACTGAAA 

GCCAACGACGAGGCGGCGGCGGTGATGGGGGCGCACTTCGGGACGTAG 

 

 

LAE6 protein sequence 

MLLPETRNLLDLMDAATRGGRPRLETLPHAVGRKAVDKMSEDGEADPPEVAEVANGGFAG 

PASEIRFRRYRPLGEAAGLLPTLIYYHGGGFVIGNIETHDSTCRRLANKSRCQVISIDYR 

LAPEHPFPAPIDDGIAAFRHIRDNAESFGADAARLAVGGDSAGGAMAAVVCQACRDAGET 

GPAFQMLIYPATDSSRESASRVAFAEGYFLSKALMDWFWEAYVPEDTDLTDLRLSPLLAT 

DFTGLPPAFVLTAGYDPLRDEGRAYADRLIEAGIKTTYVNYPGTIHGFFSLTRFLSQGLK 

ANDEAAAVMGAHFGT 

 

LAE7 gene sequence 

ATGCATTTCTTCGATCACGGTCGCGTGACTCGCAACTTCATGCTCGTGGCGCTGCTCGCC 

GGCAGTGCCGGCGCGCATGCCCAAGCCCTGCGCGCTCCTGCGGCACAAGCGGCCCCTGTG 

CCCGCCGCCGTGCCGGCCGCAGTGGCGATTCCGCGTCCCACGGCTGCCGAGGTCGAGCTC 

GCGCGCGGCAGTCTCGCGAAGTTCCTTGCCTCGGCCGATGCTGCCACGCGCAGCGTGCTC 

GAGAAATATCCCGGGCTGCTCGAAGTGCGGCCACCGGGGCCGAACAGCGCGATCCTGCCG 

GGCTTGGCACCGCAGTTCCAGGCGAAACACCAGGCGAACCTCGAAGTCGCTCGCCAAGGC 

GACGCCGAAGTGTTGTTCATGGGCGACTCGATCACCGATTTCTGGCGCAACGCCGAAGGT 

CCGTTCGCAGGCAAGCCCGTGCTCGACCGGCATTTCGGGCACTGGAAGGTGGCGAACTTC 

GGTATCGCCGGCGACACGACGCAGGGCGTTCTCTATCGGCTGCAGAACGGCGAGGGGCGC 
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GGTTTCAACCCGCGCGCCGTGATGTTGATGATCGGCACGAACAACACGGCCAGGAACACG 

GCGGCCGAGATCGCCGAAGGCATCGGCGCCGTCGTGCTCGAGCTGCAGCGCGATTTTCCG 

CAAGCGAAGATTCTGCTGCTCGGCGTATTTCCGCGCGGCCGGCCGAACGATCCGGTCCGC 

GGCACGATTGCCGAGATCAACCGCGCGATCGCGAAGCTTCACGACGGCGACCGCGTCCAC 

TATCTCGACATCGGCGCGCAATTCCTCGCTGCCGACGGCAGCATTCCGGCCGACGTCATG 

AGCGATCTGCTGCACCCCGGGCCGAAGGGCTACGAGATCTGGGCGCAGGCCGTCAAGGAG 

CCGTTGACGAAGCTGATGGGCGCGCGTCCTTAG 

 

LAE7 protein sequence 

MHFFDHGRVTRNFMLVALLAGSAGAHAQALRAPAAQAAPVPAAVPAAVAIPRPTAAEVEL 

ARGSLAKFLASADAATRSVLEKYPGLLEVRPPGPNSAILPGLAPQFQAKHQANLEVARQG 

DAEVLFMGDSITDFWRNAEGPFAGKPVLDRHFGHWKVANFGIAGDTTQGVLYRLQNGEGR 

GFNPRAVMLMIGTNNTARNTAAEIAEGIGAVVLELQRDFPQAKILLLGVFPRGRPNDPVR 

GTIAEINRAIAKLHDGDRVHYLDIGAQFLAADGSIPADVMSDLLHPGPKGYEIWAQAVKE 

PLTKLMGARP 

 

 

 


