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Figure 17

P“’t“‘;f” Locus Catalytic CBM Functional class®
band domain

a SACTE_ 3159 CBM33 CBM2  cellulase

b SACTE_0265 GH10 CBM2 xylanase

c SACTE_4755 GH64 beta-1,3-glucanase

d SACTE_0482 GH5 CBM2 cellulase

e SACTE_0237 GHE CBM2  cellulase

f SACTE_0236 GH48 CBM2 cellulase

g SACTE_3717 GH9 CBM2 cellulase

h SACTE_2347 GH5 CBM2 mannanase

@ Protein bands labeled in Figure 3A were identified by MALDI-TOF mass
spectrometry. ® Function identified by assays of individual fractions from ion
exchange chromatography.



Figure 18: Spectra count of proteins identified on each substrate, where top 95 % spectra covered were bolded on glucose, cellobiose, cellulose, xylan switchgrass, AFEX-5G,
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SACTE_0358
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SACTE_1546
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SACTE_4730
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SACTE_1130
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Figure 18

1L-5G and chitin, repsectively.

identified Proteins (414)

ACTE 1, 4-beta cellobiohydrolase

ACTE_Glycoside hydrolase, 48F

ACTE_Cellulose-binding family fi/chitobiase, carbohydrate-binding domain
ACTE_Cellulose-binding domain, family §, bacterial type

ACTE _Cellulose-binding famity 1i/chitoblase, carbohydrate-binding domain
ACTE_Glycoside hydrofase, family 30

ACTE_Glycoside hydrolase/deacetylase, beta/aipha-barrat
ACTE_Catalase, N-terminal

ACTE_Celluinse-binding family 1l/chitobiase, carbohydrate-binding domain
ACTE_Glycoside hydrolase, family 11, active site

ACTE_Bacterial extracellutar solute-binding protein, family §
ACTE_Bacterioferritin

ACTE_Pectate lyase, catalytic

ACTE_Chondroitin AC/alginate lyase

ACTE_Alpha/beta hydrofase fold-1

ACTE_Carbohydrate-biading, CenC-like

ACTE_Phaspholipase C, phosphatidylinositol-specific , X domain
ACTE_Ef-Hand 1, calciume-binding site

ACTE_Citrate synthase-like, core

ACTE_Galactose-binding domain-fike

ACTE_Chitin-binding, domain 3

ACTE_Chitin-binding, damain 3

ACTE_Six-hairpin glycosidase-like

ACTE_fyridine nucteotide-disulphide oxidoreductase, class 1, active site
ACTE_Protein of unknown function DUF756

ACTE_Manganese/iron superoxide dismutase, Cterminal
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Extracetiular solute-binding protein, famity 3

ACTE_Ricin 8 lectin

ACTE _Enolase, N-terminat

ACTE_ABC-type glycine hetaine transport system, substrate-binding domai
ACTE_Galactose-binding domain-like

ACTE_S-adenosyimethionine synthetase, central domain
ACTE_feptidase S1/36, chymotrypsin/Hap

ACTE_Ricin B lectin

ACTE_ABC trangporter, substrate-binding protein, aliphatic sulphonates
ACTE_Glycoside hydrolase, family 3, C-terminal

ACTE_hypothetical protein

ACTE_Bacterial extracetiuiar solute-binding, farnily 1
ACTE_Galactose-binding domain-like

ACTE_Glycoside hydrolase, family 46

ACTE_Pyridaxal phosphate-dependent transferase, major domain
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_6-phosphogluconate dehydrogenase related protein

ACTE Xylose isomerase-like, TIM barrel domain
ACTE_Alpha-1,2-mannosidase, putative

ACTE_Galactose-binding domain-like

ACTE_Bacterial extraceliular solute-binding protein, family 5
ACTE_feptidase $33, tripeptidyl-peptidase C-terminat

ACTE_Glycoside hydrolase, family 31
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SACTE_(745
SACTE, 4468
SACTE_4363
SACTE_5166
SACTE_1369
SACTE_ 1364
SACTE, 5819
SACTE_D244
SACTE_4612
SACTE_3458
SACTE_4198
SACTE,_ 2033
SACTE_1367
SACTE_037%
SACTE_5371
SACTE_$623
SACTE, 4858
SACTE_D84d
SACTE_5589
SACTE_5240
SACTE_0604
SACTE, 4231
SACTE 5267
SACTE 4727
SACTE_1302
SACTE_6433
SACTE, 6549
SACTE_3731
SACTE_3064
SACTE_5764
SACTE_00S1
SACTE_1701
SACTE_5494
SACTE 2768
SACTE_2062
SACTE_0860
SACTE_4908
SACTE_DY26
SACTE_3097
SACTE_A173
SACTE_3666
SACTE_1858
SACTE_4083
SACTE_2384
SACTE_D634
SACTE_3078
SACTE_4669
SACTE_3685
SACTE_3452
SACTE_A033
SACTE_1356
SACTE_a472
SACTE_1702
SACTE_D450

GiHES
GHA3

GH2

GH23

GH18

Griag

GH102

GHAR

PL1

GHa3

GH19
GH18
GH13

GH18

GH18

Figure 18 (Continued)

ACTE_Twin-arginine franstocation pathway, signal sequence
ACTE_Bacterial extracetiular solute-binding, family 1
ALTE_hypothetical protein

ACTE_Twin-arginine translocation pathway, signal sequence

ACTE_Glyceraldehyde 3-phosphate dehydrogenase, NAD{P) binding domai

ACTE_fhosphoglucose isomerase, conserved site
ACTE_YD repeat

ALTE_N-acetylmuramoyi-l-atanine amidase, family 2
ACTE_hypothetical protein

ACTE_Surface protein from Gram-positive cotci
ACTE_NAD(P)-binding domain

ACTE_Nucleoside diphosphate kinase, core

ACTE Triosephosphate isomerase
ACTE_Galactose-binding domain-lilke
ACTE_Neuraminidase

ACTE_Ricin B lectin

ACTE_Galactose-binding domain-tike
ACTE_Glycoside hydrolase, subgroug, catalytic core
ACTE_Gamyna-glutamyltranspeptidase
ACTE_hypothetical protein

ACTE_NAD(F}-hinding domain

ACTE_Serine/cysteine peptidase, trypsin-like

ACTE Twin-arginine transiocation pathway, signal seguence
ACTE_socitrate/isopropylmalate delwydrogenase
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Glyeoside hydrolase, family 43
ACTE_Peptidase 511, D-alanyl-D-alanine carboxypeptidase A
ALTE_Glycosyl transferase, family 20
ACTE_Glycoside hydrofase, family 19, catalytic
ACTE_Carbohydrate-binding domain, family 5/12
ACTE_Glycoside hydrolase, family 19

ACTE_Htaa

ALTE_Glycoside hydrofase, chitinase active site
ACTE_Surface protein from Gram-positive cocci
ACTE_DSBA oxidoreductase
ACTE_Carbohydrate-binding domain, family 5/12
ACTE_Exoribonuclease, nhosphorolytic domain 2
ACTE_ Vitamin B& binsynthesis protein

ACTE_Heat shock protein Hsp70

ACTE_FAD-dependent pyridine nucleatide-disulphide oxidoreductase

ACTE_Histidine phosphatase superfamily, clade-1
ACTE_Bacterial stress protein

ACTE_Malate dehydrogenase, active site
ACTE_Phosphotransferase system, EIC component, type 1
ACTE_Periplasmic binding protein
ACTE_Ketose-bisphaosphate aldolase, tlass-i

ACTE_Pyridoxal phosphate-dependent transterase, major domain

ACTE_Molybdate/tungstate binding

ACTE_ Cobaltochelatase, CobN subunit

ACTE_MP dehydrogenase/GMP reductase
ACTE_Transaldolase, active site
ACTE_Glucosamine-6-phasphate isomerase, subgroup
ACTE_Mtaa

ACTE_Dak kinase
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SACTE 3399
SACTE, 4607
SACTE_B30S
SACTE_5342
SACTE_5751
SACTE_5260
SACTE, 0264
SACTE_4493
SACTE_4145
SACTE_A515
SACTE 5263
SACTE_ 3038
SACTE_3164
SACTE_2049
SACTE_3313
SACTE_3012
SACTE, 23823

SACTE_1949
SACTE_0935
SACTE_3327
SACTE. 5418
SACTE_2585
SACTE_5220
SACTE_A843
SACTE_0633
SACTE, 4243
SACTE_4738
SACTE_27260
SACTE_8078
SACTE_5657
SACTE 4436
SACTE_4946
SACTE 6131
SACTE_0324
SACTE_1137
SACTE_5455
SACTE_2645
SACTE 5859
SACTE_5231
SACTE_1073
SACTE_1901
SACTE_1673
SACTE_6558
SACTE_A718
SACTE_0841
SACTE_1897
SACTE_4728
SACTE_1619
SACTE_6303
SACTE_5482
SACTE_1650
SACTE_O782
SACTE_1895

GH25

GH23

GH16

GHS53

GH3L

GHEL

Figure 18 (Continued)

ACTE_feptidase M24B, X-Pro dipeptidase/aminopeptidase P, conserved sit

ACTE_Protein of unknown function DUF1557
ACTE_Periplasmic binding protein

¢
5

ACTE_Nitrite/sulphite reductase, hemoprotein beta-component, ferrodoxin G

ACTE _Twin-arginine translocation pathway, signal sequence
ACTE_fAD-dependent pyridine nudeotide-disulphide oxidoreductase
ACTE_Protein of unknown function DUFS41

ACTE_Superoxide dismutase, Nickel-type

ACTE_Basic membrane lipoprotein

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Dimeric alpha-bets barrel

ACTE_Bacterial stress protein

ALTE_hypothetical protein

ACTE_Ribose 5-phosphate isomerase, actinobacteria

ACTE_Pyridine nudeotide-disulphide oxidoreductase, class-ll, active site
ACTE_AMP-binding, conserved site

ACTE_Fumarylacetoacetase, C-terminal-related
ALTE_S-adenosyl-l-homaocysteine hydrolase, conserved site
ACTE_Peptidase M4, thermolysin
ACTE_N-acetyl-gamma-glutamyl-phosphate reductase
ACTE_NAD{F)-binding domain

ACTE_Peptidoglycan binding-like

ALTE_Phosphoribosyltransferase

4
0
¢}
i7
4
[
3
174
0
12
i
18
4]
3]
o
o
&2
4]
$

ACTE_Aconitase/3-isopropyimatate dehydratase large subunit, alpha/beta/ 45

ACTE_Arsinotransferase class-(il

ACTE_Formyl transferase, N-terminal
ACTE_Endoribonuclease L-PSP/chorismate mutase-like
ACTE_Galactose-binding domain-like

ACTE_Acyl-CoA dehydrogenase/oxidase, N-terminal
ACTE_MGS-fike

ACTE_MaoC-like dehvdratase

ACTE_Uncharacterised protein family UPFO182

ALTE_ABC transporter, conserved site

ACTE_Purple acid phosphatase-like, N-terminal
ACTE_Galactose-binding domain-like

ACTE_Feptidase 545, penicilfin amidase
ACTE_Amidohydrolase 1

ACTE_Penicillin/cephalosporin acylase

ACTE_hypothetical protein

ACTE_Giycoside hydrotase, family 31

ACTE_Proteasome, alpha subunit
ACTE_Alpha-l-arabinofuranosidase, C-terminal
ACTE_Proteasome, subunit alpha/beta
ACTE_Quinoprotein amine dehydrogenase, beta chain-like
ACTE_Delta-1-pyrroline-5-carboxylate dehydrogenase 1
ACTE_Winged helix-turn-helix transcription vepressor DNA-binding
ACTE hypothetical protein

ACTE_Aminotransferase, class (V

ACTE_Glutamine synthetase, heta-Grasp
ACTE_Serine/cysteine peptidase, trypsin-fike
ACTE_Aldo/keto reductase, conserved site

ACTE_Bacterial extraceliular solute-binding, famify 1

ACTE, Transcription regulator PadR N-terminal-like

ACTE,_ Mandelate racemase/muconate lactonizing enzyme, N-terminal
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SACTE_3219
SACTE_6051
SACTE_1473
SACTE_0534
SACTE_1136
SACTE_1344
SACTE_ 1859
SACTE_2065
SACTE_ 3700
SACTE_4624
SACTE_1250
SACTE_5685
SACTE_0364
SACTE_1312
SACTE_5682
SACTE_5606
SACTE_3777
SACTE_5850
SACTE 5741
SACTE_2762
SACTE_1162
SACTE__1640
SACTE_2544
SACTE 2213
SACTE_A253
SACTE_4102
SACTE_5740
SACTE_0133
SACTE_4566
SACTE_4563
SACTE_6063
SACTE_3962
SACTE_2518
SACTE 1738
SACTE_3227
SACTE_ 1995
SACTE_5109
SACTE_5881
SACTE_ 3741
SACTE_1638
SACTE_0528
SACTE_3107
SACTE_4483
SACTE_5630
SACTE_1603
SACTE, 1239
SACTE_D169
SACTE_3335
SACTE_0365
SACTE_1434
SACTE_1680
SACTE_1003
SACTE_0549
SACTE 1325

GH16

GH13
GHBY
PLY

GH13

CBM35,6

GH115

G

Figure 18 (Continued)

ACTE_Methionyl-lRNA synthetase, class fa, N-terminal
ACTE_Catalase

ACTE_Dienetactone hydrolase

ACTE_Bacterial extracethilar solute-binding, family 1
ACTE_Peptidoglycan recognition protein

ACTE_Pyridoxal phosphate-degendent transferase, major domain
ACTE_Bacterial stress protein

ACTE_Peptidase $8/553, subtilisin/kexin/sedoisin
ACTE_Bacterial stress protein

ACTE_Concanavalin A-like lectin/glucanase

ACTE_Peptidase S8/553, subtilisin, active site
ACTE_Glycoside hydrolase, subgroup, catalytic core
ACTE_Galactose-binding domain-ike

ACTE_Pectate lyase/Amb allergen

ACTE_Galactose-binding domain-fike

ACTE_{-hydantoinase

ACTE_Aldo/keto reductase

ACTE Twin-arginine transiocation pathway, signal sequence
ACTE_ NAD(P)-binding domain

ACTE_hypothetizal protein

ACTE_Lipase, class 2

ACTE_Glycoside hydrolase, carbohvdrate-binding

ACTE Thiolase, C-terminal

ACTE_NAD{P)-binding domain

ACTE_Peptidoglycan binding-like

ACTE_Fumarate reductase/succinate dehydrogenase, FAD-binding site
ACTE_Twin-arginine translocation pathway, signaf sequence
ACTE_Galactose-binding domain-like

ACTE_ATPase, F1 complex, alpha subunit, C-terminal
ACTE_ATPase, F1 complex, beta subunit

ACTE_Protein of unknown function DUF336
ACTE_Peptidase $14, chymotrypsin

ACTE_Acyl-Coh dehydrogenase/oxidase, N-terminal
ACTE_N-acetyl-gamma-glutamyl-phosphate reductase
ACTE_Peptidase M18, aminopeptidase |
ACTE_Gamma-giutamyl phosphate reductase GPR

ACTE Luciferase-fike

ACTE_Multicopper oxidase, type 2

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Tautomerase

ACTE_Twin-arginine transtocation pathway, signal sequence
ACTE_Heat shock protein Dnal-like protein djiA

ALTE_Cyclic nucleotide-binding-like

ACTE_Aldo/keto reductase

ACTE_Peptidase M17, teucyl ami idase, C-terminal
ACTE_Enoyi-lacyl-carrier-protein] reductase {NADH)
ACTE_Giyceraldehyde 3-phosphate dehydrogenase, active site
ACTE Single-strand DNA-binding

ACTE_Peptidase 58/553, subtilisin/kexin/sedotisin
ACTE_5'-Nucleotidase/apyrase

ACTE Cupredoxin

ACTE_NAD{P}-binding domain

ACTE_Concanavalin A-like lectin/glucanase
ACTE_Dihydrodipicolinate synthetase
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SACTE_1324
SACTE_0222
SACTE_2068
SACTE 1281
SACTE_4038
SACTE_4081
SACTE, 2819
SACTE_3589
SACTE 6144
SACTE_4733
SACTE_4768
SACTE,_4360
SACTE_3765
SACTE_0687
SACTE_1715
SACTE_0325
SACTE_5146
SACTE_4910
SACTE_0213
SACTE_1311
SACTE_1313
SACTE_6512
SACTE_5114
SACTE 2698
SACTE_4618
SACTE_1240
SACTE_6206
SACTE_4814
SACTE 2318
SACTE_1862
SACTE_5493
SACTE_1002
SACTE_2381
SACTE_1703
SACTE_5235
SACTE_2566
SACTE, 2238
SACTE_1694
SACTE_0323
SACTE_4616
SACTE_S312
SACTE_4503
SACTE_A366
SACTE 0275
SACTE_0800
SACTE_5452
SACTE_0378
SACTE_1426
SACTE_ 2063
SACTE_1081
SACTE_6392
SACTE_ 5353
SACTE_3611
SACTE_3235

GH3

o

E8
CEL2
CBM13

GHY2

CBM32

Figure 18 (Continued)

ACTE_hypothetical protein

ACTE_peptidase M4, propentide, PepsSy

ACTE_Peptidase M1, aminopeptidase N actinomycete-type
ACTE_Surface protein from Gram-positive cocci
ACTE_Cystathionine beta-synthase, core
ACTE_NAD(P)-hinding domain

ACTE_Chaperonin ClpA/B, conservad site
ACTE_5'-Nucleotidase/apyrase

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Na-Ca exchanger/integrin-betad

ACTE_Glutamyl/glutaminyl-tRNA synthetase, class I, catalytic domain

ACTE_Aminotransferase dass-il

ACTE_hypotheticat protein

ACTE_Protein of unknown function DUF8SS, bacteriat
ACTE_Intermediate flament, C-terminal
ACTE_Bacterial stress protein

ACTE_FMN-binding split barrel, refated
ACTE_Dihydrodipicofinate reductase, N-terminat
ACTE_Luciferase-lke

ACTE_Pectinesterase, catalytic

ACTE_Lipase, GDSL

ACTE_Cadherin-ike

ACTE_Ornithine carbamoyftransferase
ACTE_hypothetical protein
ACTE_Phosphofructokinase, pyrophosphate dependent
ACTE_NAD(P}-binding domain

ACTE_hypothetical protein

ACTE_Ribosomal protein 119

ACTE_HAD-superfamily hydrolase, subfamity 11A

ACTE_Transketolase, C-terminal/Pyruvate-ferredoxin oxidoreductase, dom
ACTE_feriplasmic binding protein/Lacl transcriptional regufator

ACTE_Twin-arginine transtocation pathway, signal sequence
ACTE_Exoribonuctease, phosphorolytic domain 2
ACTE_Peripfasmic binding protein

ACTE_Galactose-binding domain-fike

ACTE_fyridoxal phosphate-dependent transferase, major domain

ACTE_Putative agmatinase

ACTE_NAD(P}-binding domain

ACTE_Galactose-binding domain-like
ACTE_acetate/butyrate kinase

ACTE_Peptidase M24, structural domain
ACTE_NAD{P)-binding domain

ACTE_4Fe-4S ferredoxin, iron-sulpur binding domain
ACTE_Aldehyde/histidinol dehydrogenase

ACTE_Glycine cleavage system P-protein, N-ferminal
ACTE_Travsthyretin/hydroxyisourate hydrolase

ACTE _Twin-arginine transiocation pathway, signal sequence
ACTE_Extraceliular ligand-binding receptor

ACTE Peptidase M1, aminopeptidase N actinomycete-type
ACTE_tRNA methyltransferase complex GCD14 subunit

ACTE _Peptidase 533, prolyt aminopentidase
ACTE_NAD{P}-binding domain

ACTE_L-asparaginase I}

ACTE_Peptidase 511, D-afanyl-D-alanine carboxypeptidase A
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SACTE_ 1582

SACTE_B36
SACTE 5555
SACTE_5395
SACTE_4606
SACTE, 4371
SACTE_1827
SACTE_5743
SACTE_435%
SACTE_2023
SACTE, 1131
SACTE_0847
SACTE 4591
SACTE_1151
SACTE_6170

5742

SACTE_4590
SACTE_4101
SACTE_2614
SACTE, 2342
SACTE_1575
SACTE 1224
SACTE_0983
SACTE_(872
SACTE, 6011
SACTE_8458
SACTE 6165
SACTE_5944
SACTE_ 5619
SACTE_5406
SACTE_4968
SACTE 3045
SACTE_2702
SACTE_2272
SACTE_ 1479
SACTE_5320
SACTE_5226
SACTE_1368
SACTE_4205
SACTE_5135
SACTE_4745
SACTE 4639
SACTE_3883
SACTE_2202
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Figure 18 (Continued)

ACTE_Cytochrome ¢ oxidase subunit H C-terminat
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ACTE_Molybdenum-pterin binding
ACTE_Beta-lactamase-like

ACTE_Barstar {barnase inhibitar)

ACTE_Cobalamin {vitamin 81.2)-dependent enzyme, catalytic subdomain
ACTE_Conserved hypothetical protein CHPOO730
ACTE_Protease inhibitor 14, serpin

ACTE_PKD/Chitinase domain

ACTE_Protein of unknown function DUF3107
ACTE_hypothetical protein
ACTE_N-acetylmuramoyi-L-alanine amidase, family 2
ACTE_Twin-arginine translocation pathway, signal seguence
ACTE_Thiolase-tike

ACTE_Cupin, RmiC-type

ACTE_Domain of unknown function DUF1936

ACTE_Xylose isomerase-like, TIM barrel dormain
ACTE_Arginine deiminase

ACTE_Glyoxatase/bleomycin resistance protein/dioxygenase
ACTE_Farredoxin

ACTE_Deoxyribonuclease, TatD Mg-dependent, prokaryote
ACTE_hypothetical protein

ACTE_Rieske [2fe-25] tron-sulphur domain

ACTE_Band 7 protein

ACTE_Arginine biosynthesis protein Arg)
ACIE_Cystathionine beta-synthase, core

ACTE_Glycoside hydrolase, family 27

ACTE_Glycoside hydrolase, family 25 subgroup
ACTE_NAD{P}-binding domain

ACTE_FMN-binding split barrel, related

ACTE_Isocitrate dehydrogenase NADP-dependent, monomeric type

ACTE_Aldehyde oxidase/xanthine dehydrogenase, molybdopterin binding

ACTE_Bacterial stress protein

ACTE_ Lipase, GOSL

ACTE_Luciferase-tike

ACTE_Acyi-CoA dehydrogenase/oxidase, N-terminat

ACTE Imidazoleglycerol-phasphate dehydratase, conserved site
ACTE_Immunogtobulin-like fold

ACTE_Glycoside hydrolase, family 1

ACTE_Phosphoglycerate kinase

ACTE_Cys/Met metabolism, pyridoxal phosphate-dependent enzyme
ACTE_Concanavafin A-tike lectin/glucanase

ACTE_Periplasmic binding protein

ACTE_Galactose-binding domain-like

ACTE_Farredoxin

ACTE_Metallophosphoesterase

ACTE_Serine/threonine-protein kinase, active site
ALTE_Glycoside hydrolase, family 43

ACTE_Glycoside hydrofase, family 20

ACTE_Giycoside hydrolase/deacetylase, beta/alpha-barrel
ACTE_Cellulose-binding domain, family ), bacteriaf type
ACTE_FAD-dependent glycerol-3-phosphate dehydrogenase
ACTE_Cys/Met metabolism, pyridoxal phosphate-dependent enzyme
ACTE_DeoxyUTF pyrophosphatase domain
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Figure 18 (Continued)

ACTE_Protein of unknown function DUF2342.

ACTE_Pyridoxat phosphate-dependent transferase, major domain

ACTE Peptidase M20, dimerisation

ACTE_Peptidase M7, snapalysin

ACTE_Nitrilase/cyanide hydratase, conserved site

ACTE_Predicted pyridoxal phosphate-dependent enzyme, YBLO36C type
ACTE_Aspartate decarboxylase-tike fold

ACTE_Transketolase, C-terminal/Pyruvate-ferredoxin oxidoreductase, dom 0

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Soluble quinoprotein glucose/sorbosone dehydrogenase
ACTE_Ribosormal protein 51, RNA-binding domain
ACTE_Acyl carrier protein-like

ACTE_Bacterial NAD-glutamate dehydrogenase
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Figure 18 (Continued)
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ACTE _Serine/threonine-protein kinase, active site
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Figure 19

atgagccgca.c*a;:\,mcaccacacigcowgatcgcgaacagmatcat,ggc spcgggcgeecicgiogecgeagecgeggaacice
geegragecgeggraceeticggigecaccgeegeegeggeggeesgetgeaccgicgactacaagatecagaaccagiggaacggc
gggeteaccgectioggtgagegicaccaacaacggggacgeeatctecggetggeagciceagiggagottogeoggeggegageag
gteagecaggegtegaacgecacogicictcagageggeteegoogicacogeeaaggacgeeggetacaacgecgoretggocace
ggugcateggeetoctic g mcaa,»g,cgacc'ffgcads:fmaaacagcfrtcgwcccgcgactrtitcaac:citffaacﬂgcgtca,cctgcaa
cggeggeaccacgggeecgaccgatcecacggaccecacggaccegacggacoegacegaccegocegegageaacegtaigac
aacecctaceagggages 5,;1@&&&**1; tacceggagiggicgacgaacgeegeggoegagecgggrggegacagaalegecga
ceageocancggegtetgac ggaac&,cazwccgugats.Gaoggcgbgaabgéi cgatggptctgegegaccatoicgacgaggce
clgacgeagaagggotecggegaactogtegiccaggicgicatctacaacctgocegggogagacigegeggegetggeciccaacgy
Lg.ioczcogacegacc,ga atcggecgetacaagacegagtacalcgaccegatogeggagateeteggegaccogaagtacgoggge
ctgegeatcgteaccacggtegagaicgacticgetgeoy (mcntagtcaccaagUaaggccggccgucwa ggecactceggeetgign
cgteatgaagaccaacggoaactacgicaagggegicgactacgegotcaacaageicggegacgogoccaacgtctacaaciacatog
acgegggecaccacggetgratoggeig ggawacaauttcgococct» CgegRagateticcacgaggeeerrgaccgegaggec
cgacegicaacgacgtgeacgecttcatcaccaacacegecaactacagegogetgaaggaggagaacticteeatcgacgacgeogty
aacggracgtegotocggcagicgaagiggpicgactggaaccgetacacggacgagetgtecticgegeaggecticegeaacgaget
ggtczccgicgoct‘ccaactccgchatcggcatgcﬁca‘tcsacacctcccgca, LECIEEEECECECEaaccgElgagegaaceyg
gocgcegaacaccagoegtogacacctaigtggacggegggcgciacgacegecgeatocaceigggeaactggtycaaccaguoaggs
gegagteteggoegaacggoeegraggecgececegagocggaeategacgegtacgtetggalgangoccocggegaagtocgacgy

ticca‘*cicgg&g&ccaWaac«vacga specaagggaticgaccggal gEcgactCyacclacacgeglaacgoceglaacaacanc

§{<] (JO '}’Q

aacatgtoggeegcgeigegtegegecceogictecegggaagtpgticicggeccagttccagragctcaigaagaacgectacecgge
getclag

>RACTE_0236igiveoside hydrolase family 481GHA4E (SEQ 1D NO:18)
giggacegeccicgoceicceottgggaatgacegeageggecggeacggaggcceaggeegecgeogtecgegtgeagegicgaciac
acgaccagigactgggpatoggegttcaccaccgaacteacceigaccaaccgggactocgecgogategacgetggacecigacgt
acgactacgeegggaaccageagotcacgagogeeiggageggeacciggicceagicaggcaagacegicagopigaagascgoag
cc:2ggaacgg’tgcgatog@cgecggiggcQsccgtoacgaccggcgcgoagﬁzcacctacagcggcgccaacaccgoaccgaecaccét
cgeegicaacggeacggictgegegggguoccaccagecgecgategecgtecicaceiccecggeggegggegecgicticteceges
ggggaceeggticogetggeggegaccges g*ﬂg"cﬂfcszﬂacgszggcoacgatcaocaamtcgagﬂctacgacgacacgaccctc
cteggeacegacaccacctoecegtacagetacgaggeegggcaaciggeggocggeagecacteegtgtacgecagggectacgacs
gecteggegectecgeggaticcocgencgeeggeatcacegicglvaccggecocgeggtegiogictoeoecegetonacicggegtec
ageagggeaggicgggaacciicgacgtotogotgiceacogogeorgeggoggacgtcaccatcacggecgeccggiccgeeg g aa
cacegeectgagegteacogges gjz,tcGauclmcmcaacuccgc's&abtggtwdczmcwdgaa,vgtva cgloacggecga
gocteoggeaceggggeegegaccticaccgivacggocorcggecacggoaaggeegagicacegicarcoageliggoguegac
gaaggagtacgacgeccgitectegaccictacgguaagatcaccgalcocgegagcggetacticiege ggdgggaamucmw&
cleegicgagacgeigategicgagacgoccgaccacgggoacgagaceaccicggaggoctacagetaccigatotggeigoaggeg
atgtacggeaagatcaceggegactiggaccaagiicaacggtgogtgegacaccatggagacsiacaigalocctacocacgoegacca
geecacgaactectictacgacgegiccaagecogecacotacgegoecgageacgacaccocgaacgagtacecogeggigetegac
ggotecgectectecggetecgaccegaicgeggeagagctgaagagegegtacggeacegacgacalelacggeatgenctiggatoca
ggacgicgacaacgictacggatacggoagegegocggeacgtpcgegaroggicecacceaggoecggtocgtociacatcaacace
Hocagogegaotegeaggagtcggictgrgagacegtoacecaccegacctgegacaacticacgtacggeggegeeaacggitacet
cgaceigltcaceggegaciceiogtacgecaageagiggaagiicaccaacgeocecgacgoegacgoecegegecglgeagaeegec
tactgggccgacgictgggegaaggageagggoaagrogacgaagicgocgacacegiogreaagecggcgaagatgggteacta

(f
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Figure 19 (continued)

cetgegetactecatgticgacaagtacticaagangateggegactgegieggeecgaccaceigeecggecggeiceggeaaggaca
gegegeactacetgatgicciggtactacgeotiggggeggegecaccgacacceicgaceggetggicctggoeggateggctecageeac
geecacgggggataccagaacocgatggoeggoctacgegeigageicogiggocgaccicaageoraagtoggocaccggagegeag
gaciggocecaagageciggaccgecaactggactictaccagiggotecagiccgacgagggigecategegggeggigegaceaaca
gotggaaggocagotacgoocagecocoggecggeacgeegaccticiacggeatgtactacgacgagaagecegigltaccacgasce
geegiccaaccagiggticggeticeaggegtggiceatggagegegicgocgagiactaccacgagicgggtgacgoceaggogaagy
cogtgcicgacaagtgggicgactgggeoatgicegagacgaccgicaacceggacggoacetatetgatgoectccaccetecagtggt
cgggegegecggacacciggaacgecicgaaccecggtgecascgeceagetecacgicacggiogeegactacaccgacgacgicy
gegtggecgregegtacgeoeggaeactgacctaciacgecegecaagioegetgacac gagpecgnggreaceglegaggegcty
ctegacggeatgtggoageaccaccaggacgacgoecgacgtggeggtooccgagacecgegecgactacaaceggticgacgaceeg
glelacgtcocoggigpotggacgggegotatgoceaacggtgavaccgtogacgaggactegacgitocicicealcogetectictaca
aggacgaccegaactggeeccaggigeagg CO“tacctvgaczr;zcggtgccgccecggtcttcacctaocaccggttctgggcgcaggc
cgacategeactggecctgggpecgtacgecgaccicoiggagiga

>SACTE 3159 chitin-binding domain 3 protemiCRM33,2 (SEQ 1D NO:{9)
atggoetagacgeageagacteatetecctggeageggtgetggcecaccetgeicggggegotoggecticacegeaciciggocgggoaa
ggepgaggegeacggtgtegegatgacceccggategegiacctateigigecagetogacgoestgiocggeaceggegogctyaac
ceeacgaacceggeetgecgggacgegetgageeagageggegegaacgegctgtacaactggticgeegtgotcgactecaacgeg
ggeggecgeggepegataigigeoggacggragecigigeagigecggtgacogciceorgtacgacticicegoctiacaacgeey
ceogegecgaciggeceeggacacatetgaccteeggtgogacgeteaaggtgoagtacageaacigggecgeecaccocggigactic
cgggtciacctgaccaageegggetgggeancoargicogaactogetigggacgacciicagtiggtacagaccglaagraaccogec
geageagggeggEgeyggeaccaacggoggecactactactgggacciggegetgecgicgggeegtiveggtyacgegetgatgtte
atccagigggtocgiicggacagicaggagaactictictcotgeioggacategicticgacggeggcaacggogaggloacgggaaicg

Lot
geggeacgageacceceaccescacicogaceeegacicegacecegaceccgacggacseggageacteeggttecigeatggoegt

ctacaacotcetcagdgctgggcc gtogcttccaggoctocgicgaggigatgaaccacgglacggaacegegraacggeiggoccg
tgeagtggaageceggticcgggacgeagatcaacagegigtggnacggcicectetiocacegggiccgacggoeacegigacggigeg
cgacgiggaccacaaccy! gicatgg,sc«,c ggacggcagigigaceticggaitcaccgeeacetocacgggeaacgactacocegoeg
ggacgatcgogiotetigaceicctag

>5ACTE_0482iglycoside hydrolase family 5IGHS (SEQ 1D NO:2¢)
glgaaacgetitetggectiactggecacctgogogacgglectggroctcacggractgaccggroccraggogelsgcogoceeseg
ctgeacggecgactacacgatcaccagecagiggragggeggcticcaggecgeggigaaggicaccaaccigggancocecgtgace
gegtggaageteacgticaccetgeoggacgepggacagaaggtcgiccaggeciggaacgecgectggtogeagicgggticcgegy
tcaccgeogeeggepccgactggaacggeacaciggeeaceggogegteggocgaggegggoticgigpgcicoticacgggoegoca
accegecteccacggegticgegeteaacggtaicgectgtacgggetc cwccg;ag'xacccw LECCERCICCLacERCHERCACCCT
cgtggacgicaacgggcagetecacgicigeggegtgaaceictgeaaccagiacgaceggocegigoagoigegggatatgagcacy
cacggceatecagiggitcgacgoctgotacgacgoegecte cctg, abgugm gregaacgaciggaagioggacctgetgegeatoge
catgiacgtgcaggagpacggtiacgagaccgacceggegggeticacceggegestnaacgaccic giCacatggeeaggecese
gaeatgtacgegttgategacticcacaccotgaccocgggegaccegaacgicaacctogacegegeoaagacgicticgegteogic
geegcgogeancgecggoaagaagaacgigatotacgagategoeaacgageocaacggegtzacciggacggecgicaagagetac
geegageaggtoateccggigalcogggecgoegaceoggacgecgiogicategicggeaceegegectggtectogetgggogtete
gracggotocgacgagagepagelogicaacageccegicaatgeoaccaacateaigtacgogticeacticlacgeagegagecaca
aggacgeotaccgeiceacgeigagecgggegacgecgegacticegetcticgicacegagticggracgaigagegecaceggegy
cgpggogatggaccgggegageaccacggectguciggacetgctcgaccageigaagatoagetatgogaactggacctaticegac
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Figure 19 {continued)

gogeccgagageagegeggegitceggocggEcaccigeggeggeggogactacageggeageggogtectgacegagiceggeg

>SACTE 0265iglycoside hydrolase family {OJGHI0 (SEQID NOG:21)
atggocaagaaaatcoccgoecgigecagacggaeacictecgicctgacggegggegtigotegecgecgoeeggegtegtotegetege
cggoacggesgaggoageageaceeigggtgacgeggegecpgegaaggegceggtacitoggeacegogeicgeggegaaccac
cteggegaggcacogtacgegiccacgetggacgeecagitegacicggicaccceggagaacgagatgaagigggacgeggtegagy
ggeagecgeaactecticaccticacggeegecgaceagategteagicacgoecagageaagpeaatgaageigogrgaecacaccs
iggigigacacicgeagotecoggeciggeloggopaectgggogocacegaceicogogoggegatgaacaacvacatcacceeagpt
gatgacgcactacaagggeaagatecaticcigggacgiggtgaacgaggoeticeaggacggeaacageggigeceggegeageteic
cettecaggacaagotggrigacggeticatogaggaggogiiccgeaccgeoegtacggtegatecgacegogaageicigitacaacy
actacagcaccgacggeoggaacgigaagagegacgeggictacgecatggogaaggacticasgeagegeggiztgeegategact
gegtgggcticeagtoceacticaacageaacteccoegtgeccicegactacegggeeaatcteoagegetiogecgaccioggicicga
cgiccagatcaccgaactggacategagggticcggoteggeecaggeogoegaactacacgagegtogigaacgegtacctggecgtiga
cecgetgeacoggectcaccgictggrgtatcacegacaagiactectiggegeageageggeacgeegetgeteticgacggegactac
aavaagaagecggegltacgacgeggigetegeegegeteggeggraccocegacgglggoggigacgacggogaiggogacancyg
geggegggascaceggeagcigeacggegacgtacacgeagaccgecacgiggaacggegggtacaacggigaggigacggicaag
geaggctestecggoatcaccaceiggicggtyooggigacegigecotogticocageaggicicogeceiciggaacggegeocecac
glggaacgeeggeaacacegigatgacggligaageocacciacaacgggaccetggoggecggtgoecicgacgagaticgygtiteacc
glcatgacgaacggeaacacctoggogeocgecgioggegectgeacegoctiectga

>SACTE 2347icelbidose-binding family IHGHS,CE3 (REQ 1D NO:22

gtgagaacagegatacgeacageacgacgaccacagececiggeectictgetgagaggtctggecgectiectgggactogeccicge
CREAgrCCiCEECoCggCCacegegogEecogegEaccigreccagogaeeggagaegogreeogecggectccacatvagesac
ggacgectgptegaaggeaacggeaacgactiegticatgegegacatcaaccacgeccacacetgglatecpggegagaceeagtocet
cgeegacatcaaggegaccggegegaacacgeiccgegtaatgctgiccgacggotaccgotggagegagaacagececgaggacgt
cgoectegatcategeocggtgeanggocgagergetcatcigogtott ggaggtocacgacaceaceggelacgggaggacgecgce
geeggaacectegaccacgeggeegactaciggateggectgaaggacglacicgacggogaggaguactacgicgicatcaacatey
HCAACEAZCCTIZEEECaatgeeealcegresgactggaccgeeecacgacggeegegalceagaaglgCEogcegecEgtite
geocacacgalcatggiggacgeacecaactggagecaggactggragggegicatgegggoegacgeccggagegtglacgacge
£EACCT gaccggmam'gatcmuOaumcata‘sacaﬁcgtcm(:ﬁagaccoccg»gaagg‘;cawgactac«,tcaacgccttcgtc
racgecggacticecotgetcatoggegagticggeggeecegeggaccaglacggegacceggacgaggacacgatgatggecace
scegaggagttagoacicguttacetggoctgaicetggagesgeaacacggatecgptecicgacctggioctegacticgaccecace
cggeteagelegigggacgagegegicotocacggeceegacggeateacegagacgtocegigaggecacggicticggoggongg
cagggeggergegacaccgaggeecegacegeacecggoacceegacggeciceggegtgacggegacetecgicacecteggeiy
gagtgecgecacegacgacgicggegtoaccgegtacgacgigpiccgegigacegacggeticegagacgaaggicgecteetecgeg
geeaccteggteaccgigaceggictgagegecggeacegegtacagettegeegtetacgeoegggacgeggeeggeaacegitogyg
cgegetceggeacggtgtoggicaccaccgacgagggeggeagegigeccgggggcgectgctcegtogactacogggtoaicggecg
agtggecgggoggoticcagggegagatcaccoicoggaacaceggegeegeegecgiogacg g,«,tszoa(,g: tog,;:c,tmgccmgc

cgacggEoagaccgicacgaacaiglggggopgoaccgoacgeagagcggggrcacagigagegtcaccecggecicgiacacct

coacgatogocgeeggeggeicggioacogioggaticaccgreacoigacigee e gancgeegeeoegy gg,ccl’{cacgctcaa
cggegecaceigeacegeggeciga

u3 0

>5ACTH
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Figure 19 {continued)

atgageatcacacocegicccteectgegegeeaiggicaceggicicgeegicgeogegicegoectggeggrogregocgioactge
cgeacoggeccgggeegecgctigeaacggotacgicgggcteacciicgacgacggaccgicggoggoccagaceceggeectget
gieogegeicaageagaacggectgoegggccaccatgiicaaccagggeaaciacgocgeotecaaceeegeceaggicangacceag
gtegacgecggeatgigggteggcaaccacageiacagecacoecgracoigacccageagagocaggegeagatggaciecgagatct
ceeggaceeagraggcalcgeegceggaggegrcgreacacegaaacigttcegecegecgiacggegagaceaacgoeacgeig
cggteggtcgagacaaagtacggicicaccgagatcatciggracgtcgactegoagractggancgggegagoaccgacgegateg
tgcagpegaictoccgaeteacegocggicaggicatoctgatgcacgagliggeocgecaacaccetegecgegatecegegeatogoe
cagaceetgiccgecaaggagiigtoticeggeatgateleceegeagaccggecgegeegicgeteocgacggeggeggaacggly
gagggpecggtegegatgocgantreaccgegacgitgteggegeataagaagteggeigaccggtacaaccigaacgtgpesptaa
geggetccageaactggacggtgacgatgaacgtycogicgggegagagggicatgacgacotygaacgicagegegagitatcegag
Cgegeageicoiggicgeraageegancgggaglgggaacanctggaetacaacgaleccaggreacggraactgaacetggeesa
cegictectgeaccacgagctga

>SACTE (358|Endo-1.4-beta-xylanaselGHI1 (SEQ ID NO:24)
atgaacccactegigtacacggagoegoeegeagacgeggeeggoteacctogetggeeggcagegtotgegeociggiactggocgecg
cggeegegalgotgetgeceggoacggeeagtgeegacacggtogicacgacgaaccagaccggceaacaacaacggeiactactacto
gtictggaccgacggeggeggecagatciecatgaacctggeciceggeggcagetacageaceicgtggacgaacaccggeaacticg
fegecggrasggaiggageacgggcggcegtaagageogicacetactoggaeaceticaacoegltocggeaacgoectacetgacgot
gtacggatggtcgacgaaccegetegicgagtactacategtggacaactggggcacciaceggeccaceggiacgticaaggaeeacgg
teiccagegacggeggeacgtacgacatetacgagaccaceegeaccaacgececctecatcgagggtacgaagaccticaageagtict
gragegtecggeagicgaageggaccggeggeaccatcaceacceggeaaccacticgacgectgggocegeaacggcatgaacctcg
graccatgagctacatgatcciogocaccgagygetacoagageagoeggoagciceascatcacggigageyagggeggatecggigg
iggeggegacaacggtggngrogegatgacgptagengeigcaccgeeacgtigicggoggaigagnagtggegigaccggtaca
accligaacgiggeggtgageggotccageaaciggacggigacgatgaacgtgcogicggeggagaaggtgeigtogacetggaacat
cagegegagttatccgageteccageiectggicgecaageegaacgggagegerancaactggrotocgacgatccaggcaacsyg
caactggacgiggeegacegicicotgeaccacgagetga

SRACTE 1310|Pectate lvaseiPL3 (SEQ ID NO:25)
atgagtgaangageoegeattoceacgiacceaceggrgocgcecegaiegecggegeategoeaccgegeigacggoggactggy
COICACOEEORCCRLacigeroaccgeegtoatgcicCagoeggrcEgeRgeaceaccgatcceegeCigReccicerecac
gggcagecagieegicicgaagaccatcgaggicteegggacgtacgacggoggictgaagegeticaceggeageggtgacciggge
gacggigrocaggacgagrgecaggaceegaicticaagetgaaggacggagcgacgatcaagaacgicatectgggeastoeggec
geegacggeatccactgetceggeagetgeacgateeagaacgiotgptgeragpacgteggegaggacgecgegtecticaagggea
cetocacgicgieegtigtacacgglginoggeggeggegegaagaaggectcogacaaggicticcagiicaacggegegggoaagetg
gicgtgacgaagticcaggicgecgaciicggeaageiggicegeicgigeggoaactgeiccaagoagtacaagegogagaicategic
aacgacgicgacgteacggogocgggeaagiccctggtogreatcaacaceaactacggggacaccgeggegetgegoteggigoge
glecacggegacagoageaagaagateaagooctgegloCgliacaccggeaacagracgggogciganccgaaggagacgggeay
cggiccggacggcacgtactgenagtucacegecieggaceigagetacgactag

>SACTE 3717glycoside hydrolase family 9jGHS (SEQ 1D NO:26)

atgiggtgtcaccegiaceictgecticogracgicoggacgaangaiticotoggligaacgecciiccaccoeoegeoeggoesgoacce
gtcegaccacggtoceggtacgggeggegegtpcicgggatgloggecgeegecatgeigtacacaggggccotggeegtgccoggia
CEECCAlgRCOEAcEAcEeCERACCoEgacceggreorgagragatcaccaacggogacitcgecaccgglaceicageecegiggt
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Figure 19 {continued)

getggacgocgaacgectoggeogecgigtcogagggeeggeicigegiggaggigocegecggeacggocaacgectgggacgica
tegteggecagaacgacgiacegategtegegrgegagagctacgageigicctacacggegegticgaccgigeocetigaccgiicag
accogggtocaggaggeggiggagecotacacgacgglectggrgacggeggatocggiggpegoggagpacacgogggtogoece
geacgitcacggecteggtugaccageccocgegicggipcagtigeagatcggtygeggueagoegggcgacracgtictecctgga
cgacgigicgctgeggrocgeproogagocgoccgigtacgiaccggacaceggeicgeoggicegegicaaceaggiogggtatotg
ceecgegetectaagageggcacegiggteaccgacgocgaggegeogeigacciggacggicaaageegaggacgeiicgacgge
cgecaccggtacgacegticegegageigaggaccocagoicgegocgacgggtecacaccticgaciicggegaccicancacggeg
geggacggetacacegiggagetcgacggigaggtoagegagcegticicgatecgeggggaccigtacgactcectgegeioggacg
cgetgoestactictaccacadcegeageggeategagatecgacgeggaccicgicgetuagcaglacgegegoeceggeeggtcacate
ggegtegegeceaacaagggegacacggacgtecogtgecgacciggggictgegactaceggctggacgtatoggeeggctggiac
gacgegggcgaccacggcaagiacgtgeicaacggeggratctegglggeceageigatgeecacgiacgageggacecticaccgee
ceggacgeggagicgrecogageteggogacggegegctgoggatgoccgagogogacaacggggtigecggacateetggacgagyg
cgegetgggagatgeacticotcatcaagatgeaggicceggegggegageagelggeggggatggiccaccacaagaigeacgacge
cgagtagaccggacigecgatgaagocgeaceiggaceogeageagegegagcigeaccegecgtogacggeegecacacteaact
cgecgeeacggecgeceagigegeccggetctacgegecoticgacgeggacticgrgacegrigectigeggaegergagaccge
glggpgacgcgpegaageggeacccggacgigoicgecgaccegaacgacggoaicggeggogeigogtacaacgacgacgacgict
cggacgagtictactggpeggoecgeegageicitcaccacgacgggeanggacatotaccggeaggoggtgoicicetecgeatggeac

ge
Utgawcoys:cgcg,;_mm cggegeReggeggaatcioctgggretecacggecggacicggegigeicaccotggeeacegige
caacgeccigacgicegatcagetegeceaggigegeacggiggigacegagggegecgaccgelacgeegegeagicocgigage
gocgtacgggctgecgtacgegecreggggggagractacgictzggggiccaacagtoaggigetcaacaacatggiogiectigge
cacegeccacgaccigacoggigacgeogectaceaggacgocgigetgegggacgeogactalctgetigggecgcaacocgetgaac
caglegtacgteaccggotacggegageggractegeacaaccageaccaccgeticigggegraccagaacgaceccagocigeega
acecggegeceggticgategoggacggeeceaaccteaccgegategentocggigacecggiggeggoggagaageicageggoet
gegegecegeeatgigetacgicgacgacateggetecigggegaccaacgagateaccaicaactiggaacgeacegetocgectteateg
coteciacolggacgacgegggegagpacgggragaccgeegoggeccgeacetgecaggieacgtacicotogeacecgigoaaca
gogggtcgacggtgacgelacgggicgagaacaceggetcggatcccgiotegeccet mgcg,ctg,acctzzodg)cmccg 'cs,ag,c
BCEE

m““:,»e

zeggeigageeacacgtzgagegepgagticgaccagracggorgtacggicagegeeeggorgetpicgipgaaccgacceigae
awcgvcg ggoggtcgacticggeticaacacetoggegaegggotocicgeocgageegggegegticaageigaacgge g,*

ctgcteagegggaciga

>SACTE _4638iconserved hypothetical protein] (SEQ ID NO:27)
atgegtaccggatecategegegegiestgggocicgeogoegeoctggcogoactgeicaccacggocttoalggoccoggecalgge
¢ggeaaacacgacgecaccgacteccogiccgeegeggecgeeceggegicoticacceacceeggegicotggicagoeggecgea
geicgacticgtacgeggraaggiceaggogeuggeccagecgigpaagegepogiacgaccagaigetegeeagtocctacgecicg
ctctcgcggacc"ccaagccccocgccgtc"tszfrazztgcsg"ctc"factccaaccccaacaacgzctgcaccgacgﬁgcgcgaggac
gegetggeezestacacceicicgeiggectggtacateagecaggacggeegeiacgoceagnaggcgatccagaleatggacgeoty
glcgggogtgatcagggaccacaccaacageaacgeoccgeigeagacgggotgggocgpctecicetggecgegggeggecgagat
catcaagtacacgtaczz%aactg,;ccnGcgtccggccgcttcggcaac&tg,s,tgcg gacgictacetgeocaaggicgecaacggeio
gaacageaacggeaactgggaacictoealgacegaggeogogateggeatcgeggicticctiggaggaccggggegociacgacagy
goegtegecangticogoggecgegicogrgogiac atatac"ts,accacwac ta;etggc"aaggcagzc"ccczzgcaﬂcagﬁtc
fcgacacgeg ggaaaag,atcaica&cmctogcaggg,«,cagtcgaccit(,gigg,acOg,sr(,tvicsrcagg,ag,acct%&gcg,&ccmacb
cacaceggeiacggectcteegegatetcccacalcgoogagaccagocggatetaggaccaggacciciaceeggaggiegecgace
ggetecgteacgegetygg g,g(,tocacoccaﬂgE&c»agcig,gggg,&g,aaggtcc(,gu./ctcuvig,tg,s. ggeggctegeteaaggacag
cefeggeccggicacegaggtoggcticaacgeceigeacaacegeatggattacgecal 2acgaacacecagacecteaccgagegge
ageggecogoegectogaacaaocigitegiggocigeeagacceigacgoacgecgacaaccegaactga



U.S. Patent Feb. 26, 2019 Sheet 34 of 70 US 10,214,758 B2

Figure 19 {continued)

>RACTE. 4738iglycoside hydrolase family 16[GH16 (SEQ ID NO:2E)
atgeectocogtacgacgtigatcgecactancgeggeectggicgoectegeegeeeccatggecio g gacicCegoeeoagencos
gacecegecgtogaggecgeogecgeggectgggacacegacegogeggogicogectacgoggoegaacceogoecge btcaccgc
giceggeagrgagaaccocgectocggaccgrgoegergeeacsgacggegacgreaccaceegeiggiceagegacticgeegaca
acgeetggatacgegtcgaccicggotocaceatecggalcaacoaggigaagetiggagtgagaggecgectacggceaagaagiacgic
ciggaagictecaaggacggeaccaactggacccecitctacacgaggacgrgggeaceggoggeacegicacegoceacacotace
cgeaggaggicaccggcegetacgigeggatgegeggegicgaacgegecacggectigggactacteecictictocticcaggictacg
gRggrgagecggeecergocicgaccaceegeageaaccicgeocicaaccaccecgectacggogaceictaccagracgocggea
actegeecgeaticgicaccgacggeggciggeccgeegacoigaaggegsacegeiocegotiggicotiecgactggaacgcggacey
ctggeteggogtegaccicggegegacciceaccategacagegtegacceictacipggaggcgaoctacgecgtogaciacgagatoc
aggiglecgaogacantcggacelggeggacegiccaccgeoceicogeegecgaggicgeeglragacgrgocgacgieanggcce
cgpecgaggeegicggacgecacgacaceaicaaceigeocacceeggeeaccggergetacgicoggatgelgggcaaggagugee
gitcotictacaaccoggeacceicoaccgeocagticggetactogeictacgagticcaggiglgupocaccggeggoagiageacg
cegectaccopgecotgorcaagaacocoggeggegectaccgeacoaccticticgacgacticacoggeteeggociggacegeior
aagtggegegtggtocgeacegglacggagatgggcecggicaacggggagieccaggectacgicgacicgecggacaacatcogta
oCgagaacggegeociggtcotggagiceaagtactycaagggotgcacococacgoectaacggeancitogacticacateggacoge
gicgacaccaacaccaagticgacttcacciacggeaaggtgagegecegtaigaageicecggicggegacggittciggeoggegttct
ggotgctggacagegacgicgacgacecggeggicteoiggeceggotocggegagacggacatcatggagaacatcggctacggeg
actggaccageiceggoctgracggacceggotactocglagacggcaacatcggogecicocagacclaccgaalggegacegsy
cegacgagiggeacacctacggegtegaatggaceceegaaggceatgaccticac szt gacgaccgegicgigeageagaceicecg

o >

¢ccagaagetggagtccaccogeggeaagigggicticgaceacaaccagiacgigatccicaaeciggocctogaiggegectaccegyg
geggatacaaceaggteace cag ccmciggggccmcgcagtccagcgtcgaccgu fegeacagggoegacateaagaeggagatl
cgactggetacggoicgagcagaagian

>SACTE 4755conserved hiypothetical proteinjGH64 (SEQ ID NOG:29)
gigatitcgegeagaatgitecigaceggegoecgeegectoogegaccgegeicacctaicogetetggggeacegeeetgageccgege
acgicggogreggecgecacgtgegaactggecciogagaacoglicgitgeccggtacggigeacgectacgicaccgeicacgagea
gggcaccgacageigggtactacigeggpcegacggcagegtgtacegoccegagicgecgggegeteegeagacceestotgecggt
ggacigegecateecgetgaacggegecggegecgacecggicgicctgacgetgeeccagatgtacggegegogggietacticgiee
gteacgacaageiggaciictaccigaaccegggececicgelggicgagecggocticgogacgoocacegacecgaaciacgggoge
acciggtegtictgegagttcaccticaaccegeageageigtacgegaacateagetacgicgaceiggicaccgecctgeegaicggoct
gaceotggagggegaciceacocacacegicgecocgoicoeggacgeegocgtgcagegealcgooegacgaceigacggeocagge
cgcegeegacgggragecgtggacaageigeteaceogigacicgracgaceaggtinotgegggtogictegecgeagaaceigat
geogeegtacttogacoggecegacgagatgeegticegggacetgticgeggeccagategacgaggiciggragaagtacegoetecs
cegaccigeggategacotecagggeggccggggcacceiggegggeegggtcagegggracacgetgaccticgaggpcggacac
acecticiceaageocaccicgaaggacaicticaccigeaaccacggtocgticacgaacaacocgagegacteggacganaagaaggc
getgetggecaggategeggegggcticaaceggiogatcatgeigagecaccccagocagecgaacggeaccicggtggeggaciact
accaggacgeggtgacoaaccactggicgegagicgiceacgegaacicocecategggtacgegticeegtacgacgacgiacgeocs
gacggtgageoggacgieiegggegeggegaacgacggeaacceceggegettcacggtgagegiggattectiga

0‘"

>SACTE 5457
gigcticacocrccacaaccgeaccgeacgicgeaceacteggeicaccogeaccggeggtetegecgecgegeccicgggotegeget
catggegeiceeegicacegetcacgecggegcecccacgeageoggocgeteaicatotggaggecgecgegaccggactggacgat
cocgegaagaaggacategeeatgeagtiggiciccagegeggagaaciccacgetggactggaaggogragtacggctacatogagg
catcggegacggacgeggotacaccgeeggeoatcategaettotacticogggaccggagacatgotegecctiggicgagogotacacy
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Figure 19 (continged)

gaccgetcacegggeaacgtaciggegicgtacctgecogoestgegegaggtogacggracegacicgcacgacgggotesacece
ggctleccecgggacigggoecgaggecgegaaggaceeggtaticeageaggogeagaacgacgagegggacegggtgtactiogac
coggeggigegocaggeenaggacgacgggotiggpgacgctoggecagticgegtactacgacgecatcgteatgoncggagacgsc
ggggacagoacgageticgggicoatceggeagegogogetegeggaggegraaccgeectcgeggggeggigacgaggtcgeeta
cotegacgegiicciggacgrgegegicigggegaigcggeaggaggaggocracioggalactagoegggicgacaccgoegeage
gepleticcigegegacggraalctgaacotggatocgeogotggactggeaggigtacggogacagoticoacateggeiga

SACTE 5647coagulation factor 5/8 type domain proteinjGHE7 (SEQ 1D NO:31D)
atgaccocaccgeacagacaccgecigticaggegeicggtetocgeticecictegeiggoccicacegeegtogacacegocgeegeg
glegloctgaeoggtgoceeggrggrecagglegocgrgloceegeacclitotoggieggeatatoCggeegaugegecgeeglic
cogiivacggagcagy agzccgagtawccgwaccaac rgcacgeicatcggencggaceggogctacggoicacigecctoggag
gegteeggecggoaggeegicacgeicgacgeggeeggigagtacgiggagitcacceicaccgoeocecgeeaacgogatgaccitoe
gotatfcgetgecggacaacgocgeegguacgggeegapacgocteictegaceigeggatgaacgacteggicctcaagagegigoe
getpaccicgaaglacggctggiactacggeggitacoocitcaacaacaacocegggracaccaacocgeaceatitotacgacgagac
ecggaceatgticggcicgaccotgeoecgeoggtacgaaggiccggctgoaggiggogiceaccgeeggcicgeoctiegticaccgiog
acciggecgacticgageaggtggeogegocogtoggeaagocgtecggogoactggacgtgptyagegaciicgggrrcgaccega
ceggegeggocgacteeaccgegaagatoc aégc;; cggic gzmg,wg,goc geacceagggeaaggtogictacatecogoagggy
accticcaggigegtgaccacategtogtgrace gjg,a geigegeggegeeggeenciggtacagegtgeigacggrgegteacce
cacggaccggageaaggeggteggtgtotacgggaagia gocgcagggcggc agcaggaacgicacceoicaaggacticgecate
atcggegacalccaggagegigiggacaacgaccagglc aacgncatcggcggggc»atgtccgactaggmgtcgacaacgtctgs,at
geageacaccaagtzegeegoctggatgacgrecegatggacaatitcaccatcaagaacagicgeatostggaccagacoegeggac
ggegtgaacticeactacggggicacgaacicgacegicacgaacaccttogicegoaacaccggigacgacggoctggecatgiggac
ggagascgiceogancgigaagaacaagticacgiicaacacggtgatectgecgatectggoecaacancategigacgtacggeggcaa
geacatcacgatoiccgacaacgicatggeggacaccatcacoaacggogregegetgoacatogecaacegetaceegggegleaact
cggagcagggoacggocgiogeggagacgeacacggecgegegeaacacectgatecgtaceggeaacagegacticaactggaact
tcggegteggrecgatcigaiteageggpcicaacgaaccgatcageaacgeeaccatonacalcaccgacagegaggtectzgacage
tectacgecgegatecaceigategagggtgogageaacgggotgeacticaagaacgicaagatogacgggacgggtacclacgeect
geagatceaggeacegggeacggccaccticgagaacgicgtggecacceacategeccagiceaaccegatccacaactgigicggea
geggettocagatcacecgggeeageggeaactecggetgglacgeegaccogocegoctgoactggggictggecogacooggigle
£ACCaACLECILeYILCOCEZALLOELCEEIOCCACLAVCTCOZACCLACCCCACCZACTLCACCEACCOZACLLACOCCATOZAC
cegecigagragacgggeaaccicgeotgggacgoacsgicaccgagaceagecacacggacgtgtacggegeggeeaacacegt
cpacggoaacgoggacacgtactgggagagecgeaacaacgectiocegeagicegteacegicgaccicggegetgocaagaepgly
aagegggtgeigcigaagetoccgeoggeegecgegiggregacecgracgeagacgciciocgigleccggragearcgacancggy

acgtacaactcgetgaaggegiogropggtincacettcaaccegicgagoggeaacacegegacggioteccteceggrracgocggt
ccggtaccigoggotgaccticacecagaacacegggtggocegecgeecagetgiccganctggaggectacaccagetga

=SACTE 3978{Pectaie lyase/Amb allergen{PL1 (BEQ ID NO32)
atgaggagaccagiegeectigegacicagegogacgggggecacectggoociggetigecgegacegaegeacigatggegatgece
£agEeggegicggcagegaceggrgarglicaccggatacgegaceagascgEeggraciaceggegECgecgpogggcagucy
gtecgggocaccacegggaccgegatccacgeegeccigigegggogggecageageiccaccoecgeicaccaiccaggicgagggs
accatecaaccacggeaacaccgacaaggtctegggeageagotgcaacacegoegeoggagicategagetgaagoagalcagoaad
gicacgategteggegtzggegucggoyccgioticgaccaagtaggeatecacyiccgouagtiorageascateateatccagaacgic
accgicaagaacgicaagaagicoggotogeccacgtocaacggeggtgacgecateggcatggagaaggacgiccgeaacgicigee
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Figure 19 {continued)

tggaceacaccaccoiggaggocicgggegucgagtoggaggpottc wcg cicticgacatgaaggocggeacceagiacgigac
gotgtectacageatectgegeaactecggecgeggaggectogieggetecagegagagegaccicicgaacggeticatcacetacea
ceacaacetgtacgagaacatogactecegogeeestotgeizogegpoggegicgoecacatciacaacaaccactacgigggacicay
caagicgggeatcaactcocgggecggegeccgegeeaaggiggacaacaactacticgaggactcCaaggacgtoctgggeacatict
acaccgacgeggeeggctactggoagpicageggcaacgicticgacaneglgacgtaggiCoggregeagragegacaacaaceeeg
cgggeeeggaccegeagiceaacaccteggicageateccctacgectacaceategacggggcgaacigogtaccegteegiogtgage
cggacggeggeepcgaacacgpgectaangtpicggacggeagcigoiogoegagacgoCcggacorgaccgaceccaccerey
accegacgoeggaceegacegaccecactecgeccacegggaccagccicagoctoggggecggotoggaoggeiceageaaggeg
ﬁchzﬂgaccaﬂcmcvgugacGts,cgogacggtgacatoavcacctactggtcaccﬂtccrrgctcgaccszotmcgsctmatcaas,:tsz

gagetcegecaceacegictecaagateaacgigegegaggeggeggectecacgggotocatcaceicetggaaggicggeaacgee

gacaccggegecgtectggecteoggeagegggrogggegtcateacgitccegeagacciegetgogeaagatcacgticgagatcac
gegetegacggpeacgecgaaggtegecgagticgagacgtacgecggeiga

>SACTE 5230xylose isomerase! (SEQ ID NO:48)
atgecggageptiicacteccactectgaggacaagtticacgiieggictgtzgacegtggacigacgggrcaacgaccogicggtgage
cgacgegtocggtgctggacceggiggagicggicgageggetggeggageticgaisencacgggetracgticeatgacgacgacet
gattcegticgggicgpacgacsgigagegagegogactagicgegeguticagggaggegctggagegtacegggoicasggiges
gatggegacgacgaacctgticacgeacecggigticaaggacggegggticacctocaacgacegigacgigoggeggticgegetge
geaaggigatocgeaacatcgatctcgeggtggagotegacgegcagacgtatgtygectgogpegggegtuapgoogocgagiceg
gtgegaccaagpacgtgeggtcggeeciggaceggatgaaggaggecticgacctgeigggegactacgicacegageagggetacea
cetgeggticgogategagoecaagoccaacgageoregeggigacatectgotgeceacgateggpeacgogotgaecticatera g
geclggagegeccogagotggicgggatgaacooggagacegggracgageagatggecgggetgaacticoeccac g,v catege
aggecctigtyggegggcaagotcticcacatcgaccteaacggecagtocgggatcaagiacgaceaggaciicegeticgge g,acsrvt
gaccigegecaggegtictgoctegtggacctoctggagacggecggetgggacggctcacgecacticgacticas g cggtacgeac
cgacggeategacgggatatgponotocgegaagaactgeatgegenactaccicatocicaaggagegegoegecgocticcgogee
{Yaccc g cgtccaggaggeceteaccgectceogoctogacgaactcgeeegoceoaccgeegacgacggectcaaggeactecicg
scegaccgeaccgectacgaggacticgacgecacegocgeegocgaacgotocatggocticgaagoccicgaccageicgeeatgga
scacctecicgacgtecgetga

(i"-'c

R

>

>SACTE 4571 glvcoside bydrolase family I8|GHIS (SEQ 1D NO49)
atgacaagegegetcaggaegacgeagggttigeagtecacgaaccaceccegtitgteggacctoaccegaggageacegtigageac
tgaateccoccgaagaagticocgictcagatggagacteggoceggpgegggocaccogggocaaggeggtcgegggcticaccgea
ctgetgetgeegetogecgegatggiogeectggegiocceggescaggeegegaccteggegacegecacciaceteaagaagicgy
actggegeageggeticgaggroecagiggacggigaagascaceggeaccacegeoctgtecieetggacgategagtggpactices
steeggeacogoggicggctocgecigggacgectocgigacoageieeggaccoaciggaccgecaagaacctoggeiggaacg gt
acggicgeocegggigecageateagettogacticaasggeaceggatceggetecoccaceggcigoaagetgaacggtaoctoctgt
gacggegacggeacggicceoggegacagegeocegiccaageceggoacecceacegegageggoatcacegacaccicggtgaa
getctoCiggagegcageraccgacEacaagggealcangaactacgacgicCigcReacgacgecaagricgegacggioaccac
gacgacgtacacogacaccggecicaccaagggeacggaciaciectactoogtgeaggc cogcg, CACCECoEACoALACOERACC
gglcageggegeggiggocgigegeaccacggaogggaacgacanccogggeeecggoaccggeageaaggteaaccieggetact
fcaccaactggggegictacgggegeaactaccacgicaagaacciggigaccicgggetcggoecgagaagatcacgeacaicaactac
rxccttcggcaac0tccavgﬁcgocaa0tocaccatcggcgactcciacgccgactacgaca%gsgcctacaccgccgaccagtcggtcg
acggegtegeegacacgigggaccageogetgegeggeaaciicaaccagetgegeaageteaaggegaagtacecgeacatoaagat
gatctggicgticggogacigaacciggtecggeggeticggigocgeggegeagaacceggeogegticgeceagteotgetacgacct
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Figure 19 {continued)

ggiggagraccorcgetggecogatpicticgacgpeatogacatogacigggagtaccecancgectgeggectgacctgigacacca
geggececgecgegotgaggaacotgtectcogegetocgegccaagicggegegaagaacciggteacegeegegateacogepga
cggotegeacggegecaagatcgacgocgeegactacgeggpogecgegeagiecticgactggtacaacgtgatgacgtacgactict
feggegeetgggaggcgaaggalocgacggeocegeacticoccgetgaacgegtacgoecggcateocgeaggacggeticaaciceg
cegeogecatcgecaagotgaaggecaaggaegtoccggectogaageigetgcteggeaicggotictacggeegeggotlggacggg
cglgacccaggrgaoacogggoeggeaccgecaceggoegoggoccogggeacgtacgaggogggcatogagractacanggiceton
agaccagoigeecggocaccggeacgatogeeggeacegegtacgegeactgeggeaceaactgatggagctacgacacteoggogs
ceatcaccicCaagatggectiggpegaacagecagggecteggeggtocgticlictpgpagiioageggcgacacegocacggrga
getegigagogocatggacagoggectcaaciag

>SACTE 2313 |chitin-binding domain 3 proteinjfCBM33 (8EQ 1D NG:5G)
atgeggaasaggglaageglggocgicataggoectggegategecggegictegatgitcgecaccageagtgecageagecacgget
acaccgaticecccateageagacayaageigigleccaacggracegicaceggetgcggcaacatccagtgroagecgeagagegt
sgaggreocgaaggcticeegglggragglocggegracggeaagatcigegeeggeggaaacagotocticgongogetogacya
oeegegegggegeaactggecogoecacceaggicacoggeggcoagggetacaacticogetggeagiicacogeiogocasgeeac
gacegacticegglactacatcaccaaggacggetgggactccaccaagocgeicaccagggengocciggagicgoagoocticaiga
cggtgeegtacgggaaccagrageoceoggegaccotgancoaceagggoaceatccocaccragaagicogaeaageacatcatoct
ggeegictggaacgtggoigacaccgecaacgegtictacgogtgelicggacgtgaagiiciga

>SACTE binding CenC domain proteiniGH1E (SEQ ID NO:5)
giggeegecciocgeggeoggegeocigacegigacceggtolggicggeacegeacageczgeesacatcaacgicgreaagancgee
geeticgagageggeotcageggetggacciglacoggeggeageggegocacegiotociceocegigeacggeggetcegeegeee
teaaggeeaceCogageggocaggacaacgegaagigoacecagacegiggeegigaageocaaciceacetatgegeicagitecty
g‘tgcac gocgemtacgoctacclogaggcgag *g-vcaccggcaccaccoacmctccacctggacccccggcagcaccogd Boa
ageigegeacgageticaccaceggoecgiccaccaccicggigeagatotacacceacggeiggtacggecaggeggestactae
gg,acgacgtcgcggm?ccggacccgam geggeggergtacggagrageecggeceggegatceceggrgeeceegecggtc
rocogicggraccaccacgtocticcieggiggecoigtogtggaacgegetetocggegecaceggctacacegictaccggracgge
a»ca&vgu gaccaccaceaceggeacciecgegacggigageggectggecgecgacacegegtaccagitotoggtgagogecace
agcgocgecEgtragicogicagglicgropaceglEagrgracglacggocangnaggacagaceEgeecggrecectesacete
ggtgcccaageacgeegtgaccggetaciggcagaacticascaacggegeggecgtecagaageicagogacgtgeecgegaaciac
gacatcategeogletecticgeggacgeeecggiaceecgggtgccgicacoticaacetcgactegreggocotigaacggetacace
gtegeceagitcaaggocgacatoagggocaagcagpecgeggcaagaacgteaicateiecgicggogacgagaagggoaccgiot
cggicaacagegacgocteggegaacgegitcgeggacicgetgtacacgeigatecaggagtacggeticaacggogicgacategac
clggagaacggectcaaciceacctacatgacgaaggeccigeggtogeigtectegaagetgasciceggictegicatcacgatggcy
scgeagacgatcgacatgeagiogacgtogeetgagtaciicaagacggegotoaacalcaaggacatcctgacegtogicaacatgeag
tactacaacageggttegatgetgggotgegacggeaaggtetactogeagggeteggiggacticotcacegegetegectgeatecagt
tzgaggrogpectogoceegtoccaggicggecicggtgteceogectecaccogoggegegggeageggetacgiogeecegtogat
cgtgaacgeggeeetggactgeotggecaaggaeaceggetgeggticcticaageegiceaggacgtacocggacatocgiggigega
tgacctggiogacgaacigggacgecacggeggacaacgeetggiccaacgeggicggeecgeacgiceacggecticestaa

"*G'« f?‘?’-‘e

>SACTE G {SEQ ID NO:52)

gtgatcagacgegtoa fmgcctgcua cgegetggecgegategtegegacgotegieticciccocgeegesacggectoggogge
cacetgegeoecggectggaacgecicgicoegtgtacacgggeggeggetocgectegiacaacgggeac a< gg gbgaaomo
tggacgeagaacgagegiccgggcaceioggaegtctygy uﬂaccaogécgcctgoggticwgcsgcgg ggeactgaceegaa
ccecteggpcttogicgicagogaggegcagticaaccagatgticecgagecggaaciceticiacacctacagrggoteacogecge

geigagegectaccocgesticgocaacaceggeagegacacogigaagasgoaggaggcggoggogticctogecaacgteageoat
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Figure 19 {continued)

gagaccggeggectgtccacatcgiggageagaacacegecaactacceogactactgegacaccagecagicctacggoigeccgg
coggocaggeogeatactacggeegeggecocatccageicageiggaacticaactacaaggeggecggtyacgecoioggeatoga
cetgetgggeaaceocigeaggtggageagaacgectecgiggectggaagacegaectctgtact ggaacacecagiccggecee
ggeaccatgacgococacaacgecategieaacgaoicoggaticggigagaceatcoggteeaicagcggoageategagtgoaacgg

cggeaaccecggocaggtccagagecgegicaacacctaccagicgitegiocagatectegglaccacgeecggeticgaacoigaget
gctza
OV HE

>SACTE 5764{Chitinase|lGH1E (SEQ 1D NO:53)
atgagacgcteacgatocgtocgegegetggtgacggeggecgicaccacggiggoecgeggeaggeatggeegtgetggactcoggea
cegeccaggeggegaceecgeigescgaccacgicticgecccctacticgagicgigraceggagagageccggeggeeatggegy
cegagteegpggegaancacetgaccatggegticeiceagacgacggecanggaoiccigeacgecglactggaacgrogacaccgg
cetgeegatcgeceaggegicoticggegecgacatogacacgatccaggeeggagacggogacgicatecogtegticggoggetaca
cegeggacaccaccggeacggagatcgecgacagotgeacegacgiogaccagalegecgeggectaceagaaggtogicacgacgt
acgacgictcgeggeicgacatggacatcgaggtcgactocctogacgacacegecgggategaceggcggaacaaggeoalcaagaa
getecaggactgggeggacgegaacggeegigacctggagatctcetacacgeticegacgaccaccegeggactigaeciceagegec
ccgeegigetgegeaacgecgigaccascggopcacggatogacgiogipaacctgatgacgticgactactacgacaacgegiocea
cgacatggeegocgacaccgagaccgoogeceagggectgtacgaccagetogegaagelgtaccogggeaggaccgeeacecaget
gtggtccatggtogpegicaccgagatgecoggegicgacgacticggeocggoecgagaccicacgotegocaacgeogecegggtat
acgactgggoggtggecaaggecatcaacacecigicoiciggeeaciceage gl gacancggogeetgceoegaeagoceggeey
cegacgactgeiceggeatecageagaacaccigggacticaccogegictiogogoecticaccagiggraccacggcgorgracgac
gactictoggtgacggecacgecgecicogggacggigacegegggcgpttcggocaccaceacggigaagacegocgigaccaay
geegeggeacageaggicggecicacggicagoggegteccggeegpigicaccgectoccteagecocicctieggtpacegeggae
gaceggtcancgeicaccotogocacgacecaggeegeegteteggaeacgtaceggaicagegicacegatacgagecegtoggaca
gecacgegacggectacacgeigaccgicaccggeggeaceggeagocagigeacggoggepocgigagoegggegggacggictac
accggeggecageaggicicgiacanggeocacacciggaagrocaagigrigracgacgggrgageagceogEcactaccggign
glaggocgictgecaggacciggucygectigetya

>SACTE 4439|Catalase| (SEQ IDNO:54)
gigacgeagggacegoicaccacggaggeeggegcgergglageogacaaccagaacagigagacegoaggecocggiggacegst
tetegticaggaccaggegettciggagangeiggeccacticasccgggagegeatcecggagogegicgtacatgeecggggagccg
poegegtacgoeacgticacgetgacoegtoacgiciecgeagiggacgeninogaagticctote ggaggtepcaagaagaccgagace
ttectgegetictccacogicgegggeaacteggeteggoecgacgoeggegegigaoccgegegactggaegetgaagttotacaccga
agagggceaactacgacciegteggeaacaacaceceggigitcticatcaaggacgeeatcaagticeecgacttcatecacacecagaag
cgegaccegiacacgggcteccaggaggoggacaacgtotgggactictgggecotatogecggaatecacceaccaggigacetgget
citeggtgacegeggeateceggeciogtiecgicacatgaacggeiacggotcgeacacghiccagiggasCascgaggeeggegagy
fettetgggtcaagtaccacitcaagacegaccagggeatcaagaacetcaccacegaggagecogteegeetetecggeglegaccegg
acagecaccagegegatetgegtgagiceatcgagegeggtgacticocgacciggacggigeaggiccagaicatgeeggegeeega
ggcggocacgtaccgettenaccogitogacctgaccaaggigtggecgeacgaggactaceegeegalcgagatcggeaagotggag
ctcaacegeaacecggagaacateticgeegaggicgageagiogatettcageocggegeacticglacecggeatcggeeogicoceg
racaagatgetecagggocgeetgticgegiacggegacgeeeacegotacegogieggeatcaacgecgaccacei geeggtgaace
gleegeacgeoaccgaggogegtaccaacagecgigacggetacetglacgacggocgglacaagggeacgaagaaciacgagecga
acageticggeggoceggteragacegacaggaeegeiciggeagocgtoleegioaccggeggiacgugeaacoacgagacegecy
tecacgeggagracaacgacticgigeaggocggeaatetctaccageigatptogrageacgagaagggccgeigategacancet

ggecgpoticategoegaagatgicgcgegacgacategocgatcgegegatcaacaacticegicaggeogacgeggacticggoaage
ggctggagotcgeggiceaggeccigegeggctiga
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Figure 19 (continued)

>SACTE 0562(celbslose-binding family HIGHT74 {(SEQ ID NOSS)
gtgtatgeeatgeeciceacegoecectgeggeggtecagiceggagaggacgoteccgtgegttcaageeecagacccticgeegecetg
ctggeggcgetegoletgaccgeagggttpicactcateggaaccoctgeegiggegegetcegacgaggeaccigotgegacazange
atcgpatgtetccatagoegeggacacctiacacciggaagancgeocggaicgacgeeggcgecticgicesegggategieticaaceg
giecgagangaacetogectacgeceggancgacatcggegregestaccgeigggaceagtccgecaageagtagaapcoccigotyg
gactgegtgpactgggaccgeigggaciggacgegegigatgageciocgecteegacacggicgacceogacaacgigtacgecgee
giggggacgtacaccaacageigggacoegacegacgaegeggicotgegeiccicggaceggggegeciceiggaaggeggeeace
ctocegiteaagetogac g caacatgocoggacgeggeaigggpragcggotegipgicgaccegascaagaacicogigotetacct
gEgcgegeceagoggeaacggeoteiggeggtceacegacgeggeagteagetagteogaggteacggecticeccaaccocgggaa
ctacgegeaggacocgicggacaccageggctacggeaacgacaaccaggygcat g tgggagacci‘mgaa@gaGmc IECALe
gegggeagigccaceoaggacatctacgteggegtegecgacaaggagaacacogictacegeticeacggacggaeggegeeacetgg
fcgeggateccgggecageccaccggetacciegegeacaagggegtactegacics g gaccggecacetclatetfgacgceigagegn
cacgggeggeocctacgacggeggcaaggaccggatciggeggtacgacacggegiccggcgectggeaggacgtcageetggteg
cggaggeegacgeotactacggeticageggeetctecglpgacoggeagaageeegeaccetgatpgecacegeotacagetocts
gtegecogacacceagatcttocgetocacggacagegpigocacctggacocaggectgagaciacaceggetacocgaacegotoca
ascgclacacgetggacgtetectocgigeogtgaeictoctggggegcttecccocgeaccgecegagaccgeoeccgaageiggeeisg
atgacggaggerciggagatcgacecgticgacicggaceggatgalgtacgacaceggagegacggiciacggeacegaggaccica
cgtectgggactcoggeggeacgitcaggatcacceocatgglzaaggogate gagragacggecglcanc gacCiggreageeogec
ciceggggeacegitgetgagegeacteggigacatcggggpoticeggracacegaccicgacgeegtgecggaccigatgtacacet
cecegaaccicgactegaccaccagectggacicgeggagagetegoccggeacggicgiccgggteggeaacicogacgoogegee
ceacateggetictccacegacaacggggecaacigaitceagggetoggageciteggaegtcacoggiggeggeacygticgeggeg
geggeggacggcageggeticgigiggageecggagggegegggegtccaccacaccaccggeticggeaceiectggacegeatce
accggeateceggecgatgecacggicgagtecgaceggaagaacectgagaagtictacgeaticgaggeggacacctictacgiote
gaccgacszgcocgocoaccﬁcaccoccgachcaccgggctgcccgccgagggcaacgtccgctfccaggcac{gcccg SACEY
agggcegacatotggeicgegggcgeciccracaccgagaoptacggtetgtggeactosacegaciceggugegacgiicacgaagic
cgc Cggegtegagcaggeggacagzegigggoticggcasggocgeccegggegectegiaceggacggtgticgteagegegaagat
CRECHY gmgugcggcatcmcguwawgacvc»gggguga‘g‘mggaccaggaicamOa gacgeeeaceagigregetesa
cggegecgegatcacgggegaceccaggatctacgggogegictacgtotccaccasogggegcgpgatecaggtagaopagacct
Jeggeggeggaggeacggaccocggeacegatcocggoacegaicoeggoacegateceggiceggageageec ocgga
ctgigeggigacgtacgeggicaccaaccagigaeogggegacticcaggeegatgigacggicaccaacacggatgacy
c,"gtacaacgoctg aageticggetgptegticcocggogggeageagaicagecagaiciggaacgocicgeaccggeaggacgy
gigaaggicaccgteacgpacgccggetiggaacggeacggtggegeecggeicg cggwogoticggctiaacc;;.,gc&frﬁgggcgv
ggagcaacgeegaaccggocgecttcaccetggacggocaggectgeacegiggaciga

o0 O
(]
IRt
<
;‘.v

Q

>SACTE 4343 extracellnlar solute-binding protein family 51 (SEQ 1D NO:56)

atgCeog g EraagazeecangizeiCgCRgsanerecanteat goCCligEeegogacceecigiggigrCEgegacagomac
agcgzs;:aa%ug(/cadgogbg,«,cot(,g%g cgracgecataticicogiegaggicggtgagecgeagaaccogetgcagocggee
aacacgatpgagicgaacggeageategteacegasgocalciteicgeageicgtogactacgacecegacggeaagetogagaigate
aacgeegagtecgicgagacgaccegacageaagetgtygacggicaagetoaagaaggactggaagiiccacgacggeaccceegica
cegecgacicetacgicaaggeotggaactggaccgogaacatcgagaacgegeagacgaacgoeciectggticgeegacatcaaggy
ctacgeegacgiocacecegacggegagggogecaagocgaagiecgacgecatgtocggectgaagaaggiggacgactiacacciic
accategagetcaacteggeegtccegtactictegtacaagetoggetacacggicticicgeegeigecegagtecttctacgeggacee
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Figure 19 {continued)

gaaggeogeeggtigagaageeggicgacaacggeregiacnagticgicageiggrarcacangaageagalcaaggicgtocgean
cgacgactacaagggococgacaaggcegaagancggiggtgtgatoticaagaactacaccaceotogagacegoctacgaggaccica
agtecggceaacgtogacgtgetccgecagateggecegaaggaccicccggictiacegigecgacetegaggaccgegocgiggacaa
ggcotacicegeggticagacgeicggigtogocatgtacaccgaccagiggaagaacacggaccogaaggicctecagggectgiogat
ggecatcgacegggacacgatcaccaagacggigoiccagggaccogegageeggecacgggeiggmtegecaagggegiocteg
ghaccaggagaacgtegocggigacgicaccaagtacgacceggogaaggecaaggeocicaicaaggaggptggegatoticeggy
caacgagatciicatecagiicaacgeegacggeggccacaaggagiggatcgaggegglotgeaacagalcacgoaggecaccguc
gicaagigeaceggegactogaaggecgacticoaggecgaccigaacgocogogacgeeaageaggtgaagtogtictacogeagty
getggoteoticgactaceeggicaacgecaacticateagegaccigticegeaceggigeggee ggeaacaacggottetictocaacaa
ggacctogacgegaagateaaggeogeggactecgecgegageetegacgatteggtcaaggectaceaggagategagaaggaget
ggtcaactacatgecoageatecegeictiggtactacaaggicancgeoggetactoggagaacgtoaagaacgiggactacgogeagga
cggegaccegalectgacegaagiccagglicatcaagtaa

>SACTE 1546bacterioferritin (SEQ ID NO:57)
atgeagggegacccegaggtectegagticetgaacgaacageigacegocgaatigacigecatcaatcagiacticctgeacgegaag
atgeaggatcacegeggeiggaccaagelogodaaacacacecgggocgagicgiicgacgagatgaageacgeggagatoctgacey
accggatectgetgetggacggecigeccaactatcageggotgttccacgtgegggtgggocagacegicacggagatgticcaggoeg
accggeaggtegaggicgaggegalcgacegactgeggogeggigtegatetgalgegegecaagagegacalcacgiecgecaacat
cttcgaacggatcolggaggacgaggageaccacaicgaciatetegacacecagiiggagotigaticgagaageicggggagcgeict
acctegocoaggicatogagoaggiogagetotga

E_35%90iphosphatidylinositol-specific phospholipase C X region) {SEQ 1D NO:58)

Y%
¥
>

e
e

)

gettectggacgtgegetgeoggatcacegaegacgegticgegatecaccacggegeotogtaccagaacotgatgiicggggacgice
teatcgectgecgggacticetggoegegeaccegtecgagacggigotgatgrggoicaagceaggagtacticggaggagagogacge
cgegttceggeagalcttogacoiglacetogacggeaagggctggegcocgeicticegeoicgaccocaceotgecggaccicggogs
cgeecggggeaaggicgtgetcctcgegaacascggeggeaigeeoggggtecggiacgocgacieggeggtettcgacatecagga

cgactacatggcogageccticggeaagtaccocaagatogaggegtaghicogeaaggeogeecageagoceggeaagetciicatga
actacgtgiccaccgetgecotgeigecgeegegeicgaacgecgaceggetcaaccegeaggiceacacgiiccicgacggeteegag

geggegggetggacegpectoggaategicocgeiggacintocggeogacecgeocoggectggicgagicgeigatcaggeacaace
cggtggeciga

>SACTE 2172ictirate synthase | (3EQ 1D NO:5S9)Y
gtgagoegageacaccaacaacgotgtagtactgegglacggogatgacgagtacacctacecggigatcgacageacegicggegacaa
gggoticgacatogggaagoticeggeocaatacgggectggtoacgrtggacageggatacggoaacacegeogociainaatocgee
atcacctatctegacggegaacagggeatecigegetacegoggetaccegaicgageagetcgeggagagcicgacgitoctcgaggtc
goctacacgeigatcaacggogaccticecaaggicgacgagoetgtoggecticaagaacgagalcaceoageacacgeigotgeacga
ggacgtcaagegcticticgacggottocogegegacgeocaceogatggeeatgeigtocicggtegtcagegegetgtecacgtictac
caggacagoecacaaccogticgacgageagengogicacctoicgacgatcoggeigotggecaageiccegacgatogoecgegtacg
cglacaagaagtcgatcggieaceegticgictacecgegeaacgaccicggitacgicgagaacticotgegeatgacctictoggiceeg
goceaggagtacgtgecggaccegategicgtctoggegeicgagaageigoteatecigeacgeggaccacgageagaactgticgac
ctocacegtgogtetgrieggctecicgeaggecaacatgticgectecatctecgoeggeateteggogetigegacecgetgeacggt
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Figure 19 {continued)

geegecaaceagicggtaciggagatgciggangeeatecaggecaacggopgegacgicgactocticatecagaaggicaagaaca
aggaggacggegtcegecigatgggeticggecaccgggtgtacaagiccticgacoegogegecaagatcatCaaggecgggecea
cgacgtectctectegeicggeaagicogacgagetgetggacatcgegetcaageiggaggageacgegeicteegacgactaciiegic
fegegeaacctotaccocaacgtggactictacacgggectgaictacogggeeatgggoticecgacegagatgticacegigeicticge
geteggecgeetceceggliggategotcagiggeacgagaigalcaaggagocgggticocgeateggoegocegegeoagatctaca
cogpegaggtectgesegacticgicccegtogagagecgetiga

>RACTE 5668iSerine Protease] (SEQ 1D NOw6O)
atgacgasacgtgeaggeatictgglogeagloggegecacgglogoeggaotggicaccgeggticogieogoegegtocacegegee
eggggecectgggoecgecgegeegctgaagtggacegetigegagacgeaggegtatecgacceageagtgegeaaecgticgege
cecactggaccatgacaggeegic ag< acggeaggtcacgeicgecetcgeceggatecegeacacggegaagacctegeagggice
getgotggicaacoceggeggocccggeggengeggeetctegaiggecgpeticgiggegtectegotgeoggegaagetogoegee
cagtacgacgigatcggeticgaccegegeggggteggeaggagoageocggegetggacigegiaccgaagoacticgacecggtac
geceegacacegigeccggciceocgegggacgagegraccascegggaacgegeegegicottcgeogacgogigegacgagaag
cacgggpaccigetgeogticalggacacggivageaccgegaaggacciggacgigaicegonggaeccicggogoacggcagatea
actacticggetactectacggeacctaccigggegecgictacgecaagetgticeeggage g cgtgoggegeetggigetegacicgat
cgtegacceggacggegteigatacgaggacaaccteggaeeaggactacgecitegacgeocgicacaaggegticgeegeetggaty
gogragaacgacgoecacctaceggotcggeacegacceggegaaggicgaagocgeetpgtaceggatgeggeccgegaigangaa
goaccecgeggegggaaggicggecegagegagotggaggacaccitcotgeecggeggetactacascggetactggecgeaact
ggecgaggegticgecgegtacgigaacgacaaggacgaggacgogotiggecacggogia g cgacticgeggeggicgacgega
gegggracaacggotactcegtctacacggocgiccagigecgegacacgggetggocgaagicotggaceacetggegraacgacac
ctgg ageege g,cocaaggbg,woncatote,ntszoam'iacaucig;zmcaacg%cuclg,ugacacct goceglegeascgeige

ggeegaigeggatcaccaaccgogagatecegoeggegalecicicraggecacegaegacgcgeegacceeglacgagguegsec
t\gagmtgm cgoaagetcaaggpotegegociggtogicgaggagrocegegacaaccacggcatcagoctgagepgeaacgact
gs.cicudcgcgwwm&cgcatdgctcas.wac,gs.c&cu.tgu.c sgolecggegacagoggegecgacgeggtotacgacgeget
ceccgagoeggagaeygeggepacegogaaggegasggocgetacgggccagaagggcageaccoigeacageotgeicggetice
geggetga

atgaaﬁ;gﬁcaigzatcgcatczms.t{csug,% %to acvacac aoctgagcggmmmﬁa gccgccg,ivcids.u.maccco&
ggacacggeegaggeceacggeicggtogtegacocegegiccegeaactacggetgetggicegotgay gcaocaacttacagaac
ccogecatggereaggaagaceecat gigotegeaggeatgaoaggocgaccegancgeeatgiggaacigpascggoctgiacege
aacgagiecgeeggeaacticcoggeagtgatcoocgacgggeagetgigcagoggeggeeggaccgaggaegacogatacaacgc
getggacaecgtyggogociggeaggeoacggacatcacggacgacticacegligaggetggaggaccaggecagoracgeegecy
actacticegggtgtacgteaccgageagggeticgaccecactigeteageccetgacctgg ‘gggggactcgaaciogtggcg,gaffacc
gpacgtiacggtoccagtacgagotacgagatecocgtpagiacgioggagtacaccggocgecatgtogictacacgatctggeagge
tegeacatggaceagacgtacticcigigeagigacgigaacticggciga

>SACTE 0366iaipha-L-rhamnosidaselGHT8 (SEQ 1D N(:62)
gtgatcageagaagacgacigeteageaccacegeegecacegeogoeategecgoggictcciegecegecged gcgccgccgcc
coggeegacaccgergeeggtogacicogogicaccgggocgacegtggagtacgtacgocgeecgetoggoctogac C
coecggetgageiggecoctegecicggaceacceggacoacggeeagiccgectaccaggigeggsic Ocaau‘tog ggaccge
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Figore 19 {continued)

ciggeocgeocegacgivigggacageggeaaggicgtgicocegacgtoggtgotggicecgtacgegggocoggegotggicicce

gtacgepetaccactggicgitacgegtglgggaccaggacggacgepicteggeciggascgageegtccigeigggagaceggget
ceiggacgaggecgactggicggeggaatpralcggegegeccgeegegotgaccicctcacertocctggaggogpectociggatot
gelicecggagggegatceggeegtgggegeiceggoggeeacceggigaticegeggeeggatggagateeccgagggegicaces
gegeecgeciggicatgaccgeegacgacggettcacegeectiggiogacggigiccaggtggrorglaccgagoucgacgaorcege
geagaactggegtegtecegtggtggtygacgigacggegeaceictccoecggetecegggiogtcgeegtgacggceaceaacgeg
gtggacggeceggeeggtotactcgggregctggagetmaccaccgoegacggtacpgtcacacicgecacgggaaceggalgeese
geeacegacegggageeggacggguactgggogiceggeggctacgacgacaceggetggecegeegeagoggiectegeacegiy
ggettecggececiggagegagotacggacgpecctcteccocgecacecageigogeacggaatiecgaciggacogeaagegegt
cgegegggecogeetgtactegacegegeteggoctgtacgaggigttceigaacggegcacgigicggogaggaccggoicgegoee
ggotggacogactacegeaagegegiccagtaccagacgiacgacgigacggeactgeticggatocggeggeaacgeictoggagicac
ccicgegeegggptgptacgocggrancatogecizgticggaccgeaceagtacggegaacgiceggeegtactggeccagtiggag
g caccticacegacgggicgatcgagegegtgctgicgggeaceggotgggocgeegegacegggecagicacegocacegaccica
ggeaggcgaggagtacgacgeceggeiggagacegacggetiggagecgegecggaticgacgegicgaggtggeticgeggeagaa
gegptggaaggegteacggecgtgecggtegocgeggtggacggggoctgecgtptogage gegagctgacggeeogegaggigac
cgaaccegagecegggaictacgipticgacctoggacagaacalgaigrecacggiacggetectigieioggarecgagngeacg
acggigeggotgcgecacgecgaggtactgaaccoggacggeacocictacacggecaacclgogoacogoatggacoacegacace
tacacgeticaggggeggeggaccggagacgtacgageccegeiicaceticocacggiticegetacgicgaggigacgguciicegage
cgececgggeeggacegeigeingggecggtcatecacaccicggegecgticaceatggoctictegacegacgiceccatgeicga
ceggciceacageaacatcaccigggggcagegeggeaaciiccicieogicocgacogacacgeocgegegegacgaacgeciegge
tggaccggegacateaacgtcticgegeccacegccgegtacacgatggagtegacecgeticeteggeaagtggctecaggaceigeg
CEACLRCCAZCIZEOCHALELOHOCHICeCEABCEICEOCeCERAcICCCgEge gICEECageEgugeggoecagrigregogacy
ccgggaigacggtccegtgggoccigiaccaggegtacggegacgigeggetiactggageagioctiggicgicgatggtoseciggacty
gagtacciccaggogracagegacggiciectgeggocggecpatggatacgggractygcicascatogaggacgagacacocaag
gacgteatcggeacggrglaciicgoreacageacogaccivacggoeceggaccgecgaggigoiggueaaggaccecgggocctac
cgoacgotgtocggecegglglacracgogicCegergpoglacgigpucracgpegegegentigaaggergacacgeagacey
cgtacgicetggecotgtogatggaccigotggagecgggegacegegeascggeigegeacaggctgetogegeigategaggegan
ggactggeacctgicgacggggticcicggeacacegegectgetgeeggigeigacegacaccgggoacacggacgiegectaccgy
cigotgacgeggoggacgticcogagetgeggataceagalegaccggggtaceaccacgatgtgpgagegciggracteegigegge
cggacggeggtticeaggacgecgggatgaactocticaaccactacgeotacgggicgptggeogagtggatgtacgcgaacategeg
ggeatcgocceggeggegeseggaitecgegagatecgggigegtocgegtccggaegpegragtocaceggecgaggeecggtt
cgacteectgtacgggec w‘toa&cawcg&t rgaccteggacgggggeggcticgogeticgggigpicotgoocgeoaacacgacy
gecgaggtatggatoceny cogt acgggaggagetcegtccgggacacegocgigitectgegegggagracggrisogoggt
CHOgoEECeEECiegRgC it accgeitcacogogocggectya

o
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Figure 20

SSACTE 0237)1, 4-beta cellobiohydrolaselGH6IGE 344313496 (SEQ 1D NO: 1)
MSRTSRTTLRRSETALMAAGALVAAAAGSAAAAAPFGATAAAAAGCTVDYKIQNQW
NGGLTASVSVTNNGDAISGWOLOWSFAGGEQVSQUOWNATYSQOSGSAVTAKDAGYNA
ALATGASASFGFNATGNGNSVVPATFRLNGVTONGGTTGPTDPTDPTDPTDPTDPPAGK
RVDNPYQGAKVYVNPEWSANAAARPGGDRIADQPTGVWLDRIAAIEGANGSMGLRDH
LDEALTOKGSGELVVQVVIYNLPGRDCAALASNGELGPTEIGRYK TEYIDPIAEILGDPK
YAGLRIVTTVEIDSLPNLVTNAGGRPTATPACDVMKANGNY VEGVGYALNKLGDAPN
VYNYIDAGHHGWIGWDDNFGASARIFHEAATARGATVNDVHGFITNTANY SALEEENT
SIDDAVNGTSVRQSKWYVDWNR Y TDELSFAQAFRNELVSVGENSGIGMLIDTSRNGWGG
ANRPSGPGANTSVDTY VDGGRYDRRIHLGNWONQAGAGLGERPQAAPEPGIDAYVWM
KPPGESDGSSSEIPNDEGKGFDRMCDPTY TGNARNNNNMSGALGGAPYVSGEWFSAQEG
ELMEKNAYPAL®

>SACTE 0236{glycoside hydrolase family 481GH48IGE 344313495 (SEQ ID NO2)
VAALALPLGMTAAAGTEAQAAAVACSVDYTTSDWGSGFTTELTLTNRGSAAIDGWTLT
YOYAGNQOLTSGWSGTWSOSGETVSVKNAAWNGAIAAGAAVTTGAQFTYSGANTAP
TTFAVNGTVCAGAHQPPIAVLTSPAAGAVESAGDPVPLAATAAAADGATISKVEFYDDT
TLLGTDTTSPYSYFAGQLAAGSHSVYARAYDSLGASADSPPAGITVVTGPAVVVEPAQL
GVQOGRSCGTFDVSLSTAPAADVTVTAARSAGNTGLSVTGGSTLTFTPANWSTPQKVTV
TADGSGTGAATFIVTAPGHGRAEVTVTOQLAAAREYDARFLDLYGRITDPANGYFSPEGE
PYHSVETLIVEAPDHGHETTSEAYSYLIWLQAMYGKITGDWTKFNGAWDTMETYMIPT
HADQPTNSFYDASKPATYAPEHDTPNEYPAVLDGSASSGSDPIAAELKSAYGTDDIYGM
HWIQDVDNVYGYOGNAPGTCAAGPTQAGPSYINTFQRGSQESVWETVTHPTCDNFTYGG
ANGYLDLFTGDSSYAKQWKFTNAPDADARAVQAAYWADVWAKEQGKAGEVADTVEG
KAAKMGDYERYSMPDRKYFKKIGDCVGPTTCPAGSGKBSAHYLMSWY YAWGGATDTS
AGWSWRIGSSHAHGGYONPMAAY ALSSVADLEPKSATGAQDWAKSLDROLDFYQWL
OSDEGAIAGGATNSWKGSY AQPPAGTPTFYGMY YDEKPVYHDPPSNOWFGFQAWSME
RVAEYYHESGDAQAKAVLDEWVDWALSETTVNPDGTYLMPSTLOWSGAPDTWNASN
PGANAQLHVTVADYTDDVGVAGAYARTLTYYAAKSGDTEABATARALLDGMWOHHG
DDAGVAVPETRADYNRFDDPVYVPGGWTGAMPNGDTVDEDSTFLSIRSFYKDDPNWP
QVOAYLDGGAAPVETYHRFWAQADIALALGAYADLLE?

>SACTE 3159(chitin-binding domain 3 protein|CBM33,2iG1:344316337 (SEQ {D NO:D)
MARRSRLISLAAVLATLLGALGLTALWPGKAEAHGVAMTPGSRTYLCQLDALSGTGAL
NPTNPACRDALSQSGANALYNWFAVEDSNAGGRGAGY VPRGILCSAGDREPYDFSAY
NAARADWPRTHLTSGATLEVOQYSNWAAHPGDFRVYLTEPOGWAPTSELAWDDLOLVQ
TVSNPPOQOGGAGTINGGHY YWDLALPSGRSGDALMFIQWVRSDSQENFFSCESDIVEDGG
NGEVTGIGGTGTPTPTPTPTPTPTPTDPEHSGSCMAVYNVVESWAGGFQASVEVMNHGT
EPRMNGWAVOWKPGSGTOINSYWNGSLSTGSDGTVTVRDVDHNRVIAPDGSVIFGFTAT
STONDYPAGTIGCVTS™
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Figure 28 {continued)

VERFLALLATCATVLGLTALTGPOAVAAAGCTADYTITSQWOGGFQAAVKVTNLGTPY
TGWEKLTFTLPDAGOQKVVOGWNAAWSQSGSAVTAAGADWNGTLATGASAEAGEFVGSE
TGANPPPTAFALNGVACTGRTGEPPAGEDGGTPVDVNGOLHVCGVNLONQYDRPVQLR
GMSTHGIQWEFDACYDAASLDALANDWKSDLLRIAMYVOEDGYETDPAGFTRRVNDLY
DMAEARGMYALIDFHTLTPGDPNVNLDRAKTFFASVAARNAGKEKNVIYEIANEPNGVT
WITAVKSYAEQVIPVIRAADPDAVVIVOGTRGWSSLOVSDGSDESEVVNSPVNATNIMYAF
HEYAASHKDAYRSTLSRAAARLPLEVTEFGTVSATGOGOAMDRASTTAWLDLLDOLKIS
YANWTYSDAPESSAAFRPGTCGGGDYSGEGVLTESGALLKNRISTPDSFPTG®

>SACTE 0265|glycoside hydrolase family 10/GH10|GT:344313522 (SEQ ID NO:5)
MAKKIFARARRALSVLTAGVLAAAGVVSLAGTARAAGTLGODAAAAKGRYFGTAVAAN
HLGEAPYASTLDAQFDSVIPENEMK WDAVEGSRNSFTFTAADQIVSHAQSKGMEVRG

HTLVWHSQLPGWYGGLGATDLRAAMNNIITQVMTHYK GKIHS WDV VNEAFQDGNSG
ARRSSPFQDELGDGFIEEAFRTARTVDPTAKLCYNDYNTDGRENAKSDAVYAMAKDFKQ
ROVPIDCVGFOSHFNSNSPVPSDYRANLORFADLGLDVQITELDIEGSGSAQAANYTSVY
NACLAVIRCTGLTVWGVTDKYSWRSSGTPLLFDGDYNKKPAYDAVLAALGGTPDGGG
DDGGGDNGGONTGSCTATY TOTATWNGGY NGEVTYKAGSSGITTWSVPVTVPSSQUV

SALWNGAPTWNAGNTYMTVKPTYNGTLAAGASTSFGFTVMTNGNTSAPAVGACTASH

>SACTE_2347|cellulose-binding family HGHS,CE3IGL:344315549 (SEQ 1D NO:6)
VRTAIRTARRPOPLALLLERGLAAFLGLALAGALGPATARAADLPQRAEARAAGLHISDG
RLVEGNGONDEVMRGINHAHTWYPOETOQSLADIKATOANTVRVVLSDOYRWSENSPED
VASHARCERAERLICVLEVHDTTGYGEDAAAGTLDHAADYWIGLKDBVLDGEEDYVVINI
GNEPWONADPAGWTAPTTAAIQKLRAAGFAHTIMVDAPNWGODWEGVMRADARSVY
DADPTGNLIESIHMYSVYDTAAKVTDYLNAFVDAGLPLLIGEFGGPADQYGDPDEDTM
MATAPELGLOGYLAWSWSGNTDPVLDLVLDFDPTRLSSWGERVLHGPDGITETSREATY
FGGGQGGGDTEAPTAPGTPTASGVTATSVTILGWSAATDDVGVTAYDVVRVTGGRETK
VASSAATSVIVTGLSAGTAYSFAVYARDAAGNRSARSGTVEVTTDEGGSVPGGACSVG
YRVIGEWPGGFQGEITLENTGAAAVDOWTLGFAFADGOTVINMWGGTATOSGGAVSY
TPASYTSTIAAGGRSVTIVGFTGTLTGANAAPAAFTLNGATCTAAY

>SACTE 0357|polysaccharide deacetylaselCES4GE344313612 (SEQ D NOT)
MSITPRPSLRAMVTGLAVAASALAGGAVTAAPARAAACNGYVGLTFDDGPESAAQTPAL
LSALKONGLRATMPENQGNYAASNPAQVEKAQVDAGMWVGNHSYSHPHLTQQSQAQGM
DSEISRTQQAIAAGGGGTPKLFRPPYGETNATLRSVEARKYGLTEVIWDVDSQDWNGAST
DAIVQAVSRLTAGOVILMHEWPANTLAAIPRIAQTLSAKGLCSGMISPOTGRAVAPDGG
ONGOGGOOGGOGCTATLSAGEKWODRYNLNVAVEGSSNWTVTMNVPSGERVMTTWN
VBASYPSAQVLVAKPNGEGNNWGATIOANGNWTWPRTVSCTTS*

>RACTE 0358 Endo-1 4-beta-xvianase|GHI LGL 3443 13613 (BEQ 1D NG:§;
MNPLVYTERRRRGRLTSLAGSVCALVLAAAAAMLLPGTASADTVVTINQTGNNNGYY
YSFWTDGOGOVEMNLASGGSYSTSWINTONFVAGKGWSTGGRKSVTY SGTENPSGNA
YLTLYGWSTNPLVEYYIVDNWGTYRPTGTFKGTVSSDGGTYDIYETTRTNAPSIEGTKTF
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Figure 20 {continued)

KOFWAVROSKRETGGTITTONHFDAWARNGMNLGTMNYMILATEGYQSSGSSNITVSEG
GRGGGHGDNGGGGGEOGOOCTATLSAGEKWGDR Y NLNVAVEGSSNWTVIMNVPSAEKY
LSTWNISASYPSSQVLVAKPNGSOGNNWGATIQANGNWTWPRTVSCTTS*

>SACTE 1310{Pectate lyase|PL3IG1344314542 (SEQ ID NO:%)
MSERAASPRTHRRRPGRRRIATALTAALGLTGAALATOVMLOPAGAATTAIPAWESATY
GSQSVSKTIEVSGTYDOGGLKRFTGSGDLGDGGQDEGQDPIFKLKDGATIKNVILGTPAAD
GIHCSGSCTIONVWWEDVGEDAASFRKGTSTSS VY TVY GGGAKKASDE VFQFNGAGKL
VVTKFQVADFGKLVRSCOGNCSKOYKREHVNDVDVTAPGKSLVGINTNYGDTAALRSY
RVHGDSSKKIKPCVRYTGNSTGAEPKETGRGPDGTYCKYTASDLSYD*

>SACTE 371 iglvenside bydralase family SIGHIG3443165877 (REQ 1D NO: 10}
MWCHPYLRLRTSGRKVSSYVNALPPPARPAPVRPRERYGRRVLGMSAAALLCAGALAVP
GTAMADDAEPGPGPEQITNGDFRFATGTSAPWWWTENASAAVSEGRLOVEVPAGTANAW
DVIVGONDVPIVAGESYELSYTARSTVPLTVOTRVQEAVEPYTTVLATADPVGAEDTRY
ARTFTASVDOQPAASVQLOIGGGERATTFCLDDVSLRGGAEPPVYVPDTGSPVRVNQVG
YLPRGPKSGTVVTDAEAPLTWTVKAEDGSTAATGTTVPRGEDPSSEREVHTEDFGDLTT
AGDGYTVEVDGEVSEPFSIRGDLYDSLRSDALAYFYHNRSGIEIDADLVGEQY ARPAGHI
GVAPNKGDTDVPCRPGVCDYRLDVSGOWYDAGDHGKYVYNGGISVAQLMATYERTL
TAPDAESAELGDGALRVPERDNGVPDILDEARWEMDFLIKMOQVPAGEQLAGMVEHKM
HDAEWTGLPMKPHLDPOORELHPPSTAATINLAATAAQCARLYAPFDADFADRCLRA
AETAWDAAKRHPDVLADPNDGIGGGAYNDDDVSDEFYWAAAELFTTTGREDIYRQAVL
SSAWHGDAGAVEPAGGGISWGSTAGLGVLTLATVPNALTSDOLAQVRTVVTEGADRY
AAQSREQAYGLPYAPRGEDYVWGSNSOQVLNNMVVLATAHDLTGDAAYQDAVLRGAD
YLLGRNPLKNQSYVTGYGERDSHNQHHRFWAHONDPSLENPAPGSIAGGPNLTAIABGDP
VAAEKLSGCAPAMCYVDDIGSWATNEITINWNAPLAFIASYLDDAGEGGQTAAARTCQ
VTYSSHPWNSGSTVTVRVENTGSDPVSPWALTWLLPGEQRLSHTWSAEFDQHGRTVSA
RPLEWNRTLAPGAAVDFGENTSAAGSSPEPGAFKLNGRACSAGH

>SACTE 4638iconserved hypothetical protein{iGL344317777(SEQ ID NG D)
MRTGSIARVLGLAAALAALLTTAFMAPAMAGKHDATDSPSAAAAPASFTHPGVLVSRP
QLDFVRGKVQAGAQPWKGAYDUMLASPYASLSRTAKPRAVVECGSYSNPNNGCTDER
EDALAAYTLSLAWYISQODGRY AQKAIGIMBAWSGVIKDHTNSNAPLQTGWAGSSWPR
AABHKYTYGNWPASGRFGTMLRDVYLPRKVANGENSNGNWELSMTEAAIGIAVFLEDR
GAYDRAVAKFRGREVPAYIYVTADGSLPKAAPGSGLDTREKINYWOGOSTEVDGLSQETY
CROLTHTGYGLSAISHIAETSRIQGODLYPEVADRLRHALGLHAKYQLGEKVPSSLCGGS
LKEOSLGPVTEVGENALHENRMGY AMTNTQTLTERQRPAASNNLFVAWETLTHADNPN*

>SALCTE 4738iglyeoside hydrolase family 16/GHI6|GL344317876 (SEQ 1 NG:12)

MPSRTTLIATTAALVALAAPMAFAAPAPAPDPAVEAAAAAWDTDRAASAYAANPAAY
TASGSENPASGPGAATDGDATTRWSSDFADNAWIRVDLGSTIRINGVELEWEAAYGRR.
YVLEVSKDGTNWTIPFYTEDAGTGGTVTAHTYPQEVTGRYVEMRGVERATAWGYSLES
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Figure 20 {continued)

FOVYGGEPAPASTTRENLALNHPAYGDLYQHAGNSPAFVTDGOWPADLKADRSRWSS
DWNADRWVGVDLGATSTINSVDLYWEAAYAVDYEIQVSDDNRTWRTVHRPSAAEVA
ARBADVEAPAEAVGRHDTINLPTPATGRY VRMLGKERRSFYNPAPSTAQFGYSLYEFRQ
VWGETGGSADAAYPALPKNPGGAYRTTFFDDFTGSGLDREEWRVVRTGTEMGPVNGES
QAYVDSPONIRTENGALVLESKYCKGCTPTPNGTFRFTSGRVDTNTKEFDETYGEVSARM
KLPVGDGFWPAFWLLGSDVDDPAVEWPGSGETDIMENIGY GDWTSSGLHGPGYSADG
NIGASQTYPNGGRADEWHTYGVEWTPEGMTITFTVDDRVVQQTSROKLESTRGKWVEDH
NOQYVILNLALGGAYPGGYNQVTOPY WGLPOSSVDRIAQGGIKAEIDWVRVEQKH

>SACTE_4755|conserved hypothetical proteinfGH64IGE344317893 {(SEQ 1D NO:13)
VISRRMFLTGAAASATALTYPLWGTALSPRTSAAAATCELALENRSLPGTVHAYVTGHE
QGTDSWVLLRADGSVYRPESPGAPQTPLPVDCAIPLNGAGAGPVVLTLPOMYGARVYF
VRODELDFYLNPGPSLVEPAFATPTDPNYGRTWSFCEFTFNPQOLYANISYVDLVTALPL
GLTLEGDSTHTIVAPLPDGAVQRIADDLTAQAAADGOPWDKLVTRGSDGQVLRVVEPQ
NLMAPYFDRPDEMPFRDLFAAQIDEVWEKYRSTDLRIDLQGGRGTLAGRVSGDTLIFE
GGHTESKPTSKDIFTONHGPFTNNPSDSDDKKALLARIAAGFNRSIMLSHPSQPNGTSVA
DYYQDAVINHWSRVVHANSPIGYAFPYDDYRPDGEPDVSGAANDGNPRRFTVSVGS*

>SACTE 5457ChitosanaselGH4G|{GL3443 18578 (SEQ ID NO: 14)
VEHPHNRTARRTTRLTRTGGLAAAALGLALMALPVTABAGAPTOPAAHHLEAAATGL
DDPAKKDIAMQLVSSAENSTLDWKAQYGYIEDIGDGRGYTAGHGFCSGTGDMLALVER
YTDRSPONVELASYIPALREVDGTDSHDGLDPGFPRDWAEAAKDPVFQQAQNDERDRY
YFDPAVRQAKDDGLGTLGOFAYY DAIVMHGGGGDSTSFGSIRQRALAEAEPPRIRGGDE
VAYLDAFLDARVWAMRQEEAHSDTSRVDTAQRVILRDGNLNLDPPLDW(GVYGDSFHI

>SACTE 5647|coagulation factor 5/8 type domain proteinjGHE7IG1:344318749 (SEQ 1D
N(1s)
MTPPHRHRLFRRSVSASLSLALTAVGTAAAVVLAGAPAAQAAAVPAPSPVGISGRGAA
VEFTEQEAEYAATNGTLIGPDRRYGSLPSEASGRQAVTLDAAGEYVEFTLTAPANAMITY
RYSLPDNAAGTGRDASLDLRVNGSVLESVPVTSKYGWY YGGYPFNNNPGDTNPHHFY
DETRTMFGSTLPAGTKVRLOVASTAGSPSFTVDLADFEQVAAPVGKPSGALDVVEDFG
ADPTGAADSTAKIQAAVDAGRTROKVVYIPRGTFQVRDHIVVDOVTLRGAGPWYSVLT
GRHPTDRSKAVGVYGKYSAQGGSRNVTLKDFANGDIGQERVDNDQVNAIGGAMSDSVY
DNVWMOQHTKOCGAWMDOPMDNFTIKNSRILDOTADGYVNFHYGVTNSTVINTEVRNTG
DOGLAMWAENVPNVKNKFTENTVILPILANNIVTYGOGKDITISDNVMADTITNGGGLHI
ANRYPGVNSGOQGTAVAGTHTAARNTLIRTGNSDENWNFGVGAIWEFSGLNEPISNATINI
TDSEVLDSSYAAIHLIEGASNGLHFENVEIDGAGTYALQIQAPGTATFENVVATHIAQSN
PHHNCVGSGFCITRGSGNSGWYADPPACTOVWPDPVWINGGVPGGGGPTNPTDPTDPT
DPTDPTDPPEETGNLARGRTIVIETSHTDVYGAANTVDGNADTY WESRNNAFPOQSVIVD
LOAAKAVERVVLKLPPAAAWATRTQTLSVSGSTDNGTYNSLKASAGYTENPSSGNTAT
VILPGTPVRYLRLTFTONTGWPRAAQLSELEAYTR?

FSACTE 5978|Pectate fvase/Amb allergeniPL HGH344319072 (SEQ 1B NGOG
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Figure 20 (continued)

MRRPVALRLSAAGATLALAAATGALMAMPEAASAATGGVTGY ATONGGTTGGAGGQ
TVRATTGTAIHAALCGRASSSTPLTIOVEGTINHGNTDK VSGSSCNTAAGVIELKQISNYT
IVGVGGOAVIDQVGIHVRESSNIHONVTVKNVEESGSPTENGGDAIGMEKDVRNVWYVD
HTTLEASGGESEGFDGLFDMEKAGTQYVTLSYSILRNSGRGGLVGSSESDLSNGFITYHHN
LYENIDSRAPLLRGGVAHIYNNHYVGLSKSGINSRAGARAKVIDNNYFEDSKDVLGTFYT
DAAGYWOVSGNVEDNVTWSGRESDONNPAGPDPOSNTSVSIPYAYTLDGAKNCVPSVVSR
TAGANTGLIEVSDGSCSPQTPDPTDPTPDPTPDPTDRIPPTGTNLSLGAGSDGSSKASGTS
YODVRDGDMETYWSPSGETGSVBIKWESATTVSKINVREAAGSTGSITSWKVEGNADTG
AVLASGSGAGVITFPOQTSLRKITFEITGSTGTPKVAEFETYAGH

>SACTE 5230ikylose isomerasell(G1:344318358 (SEQ 1D NO:33)
MPERFTPTPEDKFTFGLWTVGWRGNDPFGEPTRPVLDPVESVERLAELGAHGVTFHDD
DBLIPFGRDDRERARLVGRFREALERTGLEVEMATTRLETHPVEKDGGFTSNDRDVRRFA
LREVIRNIDLAVELGAQTYVAWGGREGAESGAAKDVRSALDRMEEAFDLLGDYVTEQ
GYDLRFAIEPKPNEPRGDILLPTIGHALAFIERLERPELVGVNPETGHEQMAGLNFPHGIA
QALWAGKLFHIDINGQSGIKYDOQDFRFGAGDLROAFWLVDLLETAGWDGSRHFDFKP
VRTDGIDGVWESAKNCMENYLILKERAAAFRADPAVOEALTASRLDELARPTADDGLEK
ALLADRTAYEDFDATAAAERSMAFEALDQLAMDHLLNVR*

>SACTE_4571glycoside hydrofase family 18/0HI8IGL344317711 {SEQ 1D NO:34)
MTSALRATQGLQSTNHPRLSDLTRGAPLSTESPRRSSRLRWRLGPGRATRAKAVAGETA
LLLPLAAMVGLASPAQAATSATATYLKKSDWGSGFEGOWTVENTGTTALSSWTIEWDF
PSGTAVGSAWDASVTSSGTHWTAKNLGWNGTVAPGASISFGFNGTGSGSPTGCKLNGA
SCDGGGTVPGDSAPSKPGTPTASGITDTSVKLSWSAATDDKGIKNY DVLRDGAKVATY
TETTYTDTGLTKGTDYSYSVQARDTADQTGPVSGAVAVRTTGGNDNPGPGTGSKVNLG
YETNWGVYGRNYHVKNLVTSGSAEKITHINY AFGNVQGOKCTIGDSY ADYDKAYTAD
QSVDGYVADTWDOPLRGNFNQLRKLKAKY PHIKVIWSFGGW TWSGGFGAAAQNPAAFA
GSCYDLVEDPRWADVEDGIDIDWEY PNACGLTCDTSGPAALKNLSSALRAKFGAKNLY
TAAITADGSDGGKIDAADY AGAAQSFDWYNVMTYDFFGAWEAKGPTAPHSPLNAYAG
PODGENSAAATAKLEARGVPASKLLLGIGFYGRGWTGVTOAAPGGTATGAAPGTYEA
GIEDYKVLKTSCPATOTIAGTAYAHCGTNWWSYDTPATITSKMAWANSQGLGOAFFWE
FSGDTANGELVSAMDSGLN*

>SACTE 2313ichitin-binding domain 3 protein]CBM33|GE 344315516 (SEQ 1D NO:35)
MEKRASAAVIGLAIAGVEMFATSSASSHOY TDSPISRQKLCANGTVTGCGRIQWEPRQSY
EGPRKGFPAAGPADGKICAGGNSSFAALDDPRGGNWPATQVTGGQGYNFRWQFTARHA
TTDFRYYITKDOGWDSTKPLTRAALESQPFMTVPYONQOPPATLTHQGTIPTQRESGKHIIL
AVWNVADTANAFYACSDVKE*

>SACTE 4246iCarbohydrate-binding CenC domain protemiGHIBIGE344317385 (SEQ 1D
NG:36)
VAALAAGALTVTGLVGTAQAADINVAKNAGFESGLSGWTCTGGRGATVSSPVHGGSA
ALKATPSGODNAKCTOTVAVEPNSTYALSSWYVQGGYAYLGASGTGTTDVSTWTPGST
GWTQLRTSFTTGPRTTSVOVYTHGOWYGQAAYYADDVAVTGPDGGGGTEEPGPAIPGAP
AGLAVGTTTESSVALSWNAVSGATGY TVYRDGTKATTITTGTSATVSGLAADTAYQESY
SATNAAGESVRSATVSGRTAKKDETGPGPSTSVPKHAVTGY WONFNNGAAVOKLSDY
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Figure 20 (continned)

PANYDHAVSFADAAGTPGAVTINLDSAGINGYTVAQFKADIKAKQAAGENVHSVGGE
KGTYSVNSDASANAFADSLYTLIQEYGPNGVDIDLENGLNSTYMTEALRSLESKVGSGL
VITMAPQTIDMOSTSGEYFKTALNIKDILTVVNMOQYYNSGSMLGCDGKVY SQGSVDELT
ALACIGLEGGLAPSQVGLGVPASTRGAGSGYVAPSVVNAALDCLAKGTGCGSFKPSRT
YPDIRGAMTWSTNWDATAGNAWSNAVGPHVHGLPY

»>SACTE 3064{ChitinaselGHI9{G1:344316244 (SEQ 1D NO3T)
VIRRYVMGLLTALAAVVATLVFLPAATASAATCAPAWNASSVYTGGGBASYNGHNWSA
KWWTONERPGTSDVWADQGACGSGGGGTDPNPSGEVVSEAQFNOMEPSRNSFYTYSG
LTAALSAYPAFANTGSDTVKKOQEAAAFLANVSHETGGLVHIVEQNTANYPHYCDTSGS
YGCPAGQAAYYGRGPIQLSWNENYRKAAGDALGIDLLONPWQVEQNASVAWKTGLWY
WNTOQSGPGTMTPHNAIVNGSGFGETIREINGSIECNGGNPGOVOSRYNTYQSFVQILGTT
PGSNLSC*

>BACTE_5764|ChitinasejGH18(G1:344318865 (SEQ 1D NO:38)
MRRSKSVRALVTAAVITVAAAGMAVLGSGTAQAATPLPDHVEFAPYFESWTGESPAAM
AAESGAKHUTMAFLOQTTAKGSCTPY WNGDTGLPIAQASFGADIDTIQAGGGDVIPSFGG
YTADTTOTEIADSCTDVDOIAAAYQKVVTTYDVSRLDMDIEVDSLODTAGIDRRNEAIK
KLODWADANGRDLEISYTLPTTTRGLASSGLAVLRNAVINGARVDVVNLMTEDYYDN
ASHDMAADTETAAQGLYDOLAKLYPGRTATOLWSMVGVTEMPGVDDFGPAETFTLAN
AARVYDWAVAKGINTLSFWALQRONGGUPGGPAADDCSGIQONTWDEFTRVFAPTISG
TTAPDDBFSVTATPASGTVTAGGSATTTVKTAVTKGAAQOQVGLTYSGVPAGVTASLSPS
SVTAGORSTLTLATTOQAAVSGTYRISVTGTSPSGSHATAYTLTVTIGGTGRQCTAGPWAG
GTVYTOGQOVSYKGHTWEKAKWWTTGEEPGTTGEWGVWODLGACH

SSACTE 4439(CatalasellGT:344317584 (SEQ ID NO:39)
VTQUGPLTTEAGAPVADNONSETAGPGUPVLVODOALLEKLAHFNRERIPERVVHARGA
GAYGTFTLTRDVSOWTRAKFLSEVGKETETFLRFSTVAGNLGSADAARDPRGWALKFY
TEEGNYDLVGNNTEVEFIK DATKFPDFTHTOKRDPY TGSQEADNVWDF WG LSPESTHQV
TWLFGDRGIPASFREMNGY GSHTFQWNNEAGEVFW VK YHFK TDOGIKNLTTEEAVRLS
GVDPDSHORDLRESIERGDFPTWTVQVOIMPAAEAATYRFNPFDLTK VWPHEDYPPRIEIG
KLELNRNPENIFAEYVEQSIFSPAHFVPGIGPSPDRMLQGRLEAY GDAHKRYRVGINADHLE
VNRPHATEARTNSRDGYLYDGRHKGTRKNYEPNSFGGPVOTDRPLWOPVSVTGGTONH
BAAVHAEDNDFVQAGNLYRLMSEDEKGRLIDNLAGFIAKVSRDDIADRAINNFRQADA
DFGKRLEVAVQALRG*

>SACTE 0562|celiulose-binding family HGH741GE344313814 (SEQ 1D NO:4G)
VYAMPSTAPAAVQSGEDAPVRSSPRPFAALLAALALTAGLSLIGTPAVARSDEAPAATE
ASDVSIAADTYTWERNARIDGGGFVPGIVENRSEENLAYARTOIGGAYRWDQSGROQWKE
LLDOWVDWDRWGWTGVVSLASDTVDPDNVYAAVGTYTNSWDPTDGAVLRSSDRGAS
WEKAATLPFKLGOGNMPGROMGERLAVDPNEKNSVLYLGAPSGNGLWRSTDAGVSWSEV
TAFPNPGNYAQDPSDTSGYGNDNQGIVWYTFDERSGSAGSATODIYVGVADKENTYYR
STBGGATWSRIPGOPTGYLAHKGVLDSATGHLYLTLSDTGGPYDGGKGRIWRYDTASG
AWOQDVSPVAEADAYYGFSGLSVDROKPGTLMATAYSSWWPDTQIFRSTDSGATWTQA
WDYTGYPNRSNEYTLDVSSVPWLSWGASPARPETAPKLGWMTEALEIDPFDSDRMMY
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Figure 20 {continued)

GTGATVYQTEDLTSWDSGGTFRITPMVKGIEETAVNDLASPPSGAPLLSALGDIGOFRHT
DLDAVPDLMYTEPNLDSTTSLDFAESSPOGTVVRVUONSDAAPHIGESTDNGANWEQGSEP

SGVTGGGTVAAAADGSGEFVWEPEGAGVHHTTGFGTRWTASTGIPAGATVESDRENPEK
FYGPEAGTFYVSTDOGATFTABATGLPAEGNVREIQALPGTEGIMWLAGGSDTGAYGLW

RETDSGATPTKSAGVEQADSVGFGKAAPGASYRTYFVSAKIGGVRGIFRSTDAGASWTR
INDDAHOWOGWTGAAITGDPRVY GRVY VSTNGRGIQVGETSDRGGGHTDPGTDPGTDPG
TOPGPEQPADAACAVTY AVINQWPGGRQADVIVINTGDAAYNGWKLGWSFPGGQOES
QIWNASHRODGVEKVTIVIDAGWNGTVAPGSSAGYFGFTGEWAGSNAEPAAFTLDGQACT
VG

>SACTE 4343{extracellular solute-binding protein family 5[|G1:344317489 (BEQ ID NO:4D)
MRGAKSAKWYAGAATTALAATACGGGDSDSDNGARGAVDADGIFSVEVGEPQNPLQP
ANTMESNGSIVTDATFSQLYDYDPDGKLEMINAESVETTDSKLWTVKLEKDWKFHDGT
PVTADSYVKAWNWAANIENAQTNASWFADIKGYADVHPDGEGAKPKSDAMSGLKRY
DDRYTFTIELNSAVEYFSYRLGYTVESPLPESFYADPKAAGEKPVGNGAYKEFVSWDHKKQ
IKVVRNDDYKGPDEAKNGGVIFENYTTLETAYEDLKSGNVDVLRQIGPKDLPVYRADL
EDRAVDKAYSAVOTLGVAMYTDOQWKNTDPKVLQGLSMAIDRDTITKTVLQGTREPAT
GWVAKGVLGYQENVAGDVTKYDPAKAKALIKEGGGVPONEIFIQFNADGGHKEWIEA
VOMSITQATOVRKCTGDSKADFQADIMNARDAKQVKSFYRSCWVLDYPVNANFISDLERT
GAAGNNGFFSNEDLDARKIKAADSAASLDDSVEAYQEIEKELVNYMPSIPLWYYKVNAG
YSENVENVDYAQDGDPILTEVQVIK®

>SACTE_1546bacterioferritinl}G1:344314774 (SEQ ID NO:42)
MQUDPEVLEFLNEQLTAELTAINQYFLHAKMODHRGWTKLAKHTRAESFDEMKHAEIL
TORILLLDGLPNYQRLFHVRVGOTYTEMFQADRQVEVEAIDRLRRGVDLMRAKSDITSA
NIFERILEDEEHHIDYLDTQLELIEKLGEPLYLAQVIEQVEL*

>SACTE 3580phosphatidylinositol-specific phospholipase C X regionl{G1:344316754 (SEQ 1D
NG:43)
MSPYTATRRTIFLTGALAAATGVYVLGGTPALAAPARVLGTODWMGOGALADSTPLRRLTIP
GTHNAGARYGGPWTECONTTVAEQLGSGIRFLOVRCRITGDAFATHHGASYOQNLMFGD
VLIACRDFLAAHPSETVLMRVKQEYSEESDAAFROQIFDLYLDGKGWRPLFRLDPTLPDL
GGARGKVVLLADNGGLPGYVRYADPAVFDIQDDYMAEPFGKYPKIFAQFRKAAQQPGK
LFMNYVSTAALLPPRSNADRINPQVHTFLDGSEAAGWTGLGIVPLDYPATRPGLVESLI
RHNPYVA®

>SACTE 2172citrate synthase HiGE344315379 (SEQ 1D NG44
VSEHTNNAVVLRYGDDEYTYPVIDSTVGDKGFDIGKLEANTGLVTLDSGYGNTAAYKS
AITYLDGEQGIHLRYRGYPIEQLAESSTFLEVAYTLINGDLPKVDELSAFKNEITQHTLLHE
DVKRFFDGFPRDAHPMAMLSSVVSALRTFYQDSHNPFDEEQRHLSTIRLLAKLPTIAAYA
YRKKSIGHPEVYPRNDLGY VENFLRMTEFSVPAQEYVPDPIVVSALEKLLILHADHEQNCST
STVRLVGSSQANMFEASISAGISALWGPLHGGANQSVLEMLEGIGANGGDVDSFIQKVEN
KEDGVRLMGFGHRVYKSFDPRAKIIKAAAHDVLSSLGKSDELLDIALKLEEHALSDDYF
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Figure 20 (coniinued)

VSRNLYPNVDFYTGLIYRAMGFPTEMFTVLFALGRLPGWIAQWHEMIKEPGSRIGRPRQ!
YTGEVLRDFVPVESR®

>SACTE S668TAP domain profeiniGL:344318769 (SEQ ID NO:45)
MTKRAGILVAVGATVAGLYVTAVPSAASTAPGAPGAAAPLEKWTACGTRAYPTQQCATY
RAPLDHDRPSGROVILALARIPHTAK TSQGPLLYNPGGPGGSGLSMAGFVASSLPAKLA
AQYDVIGFDPRGVGRSSPALDCVPKHFDPVRPDTVPGSPRDERTNRERAASFADACGEK
HGDLLPPMDTVSTAKDLDVIRRALGARQINYFGYSYGTYLGAVYAKLFPERVRRLVLD
SIVDPDGVWYEDNLGODYAFDARHKAFAAWYAKNDATYRLGTOPAKVEAAWYRMR
AAVKKHPAAGKVGPSELEDTFLPGGY YNGY WPQLAEAFAAYVNDKDEDALATAYDDF
AAVDASGDNGYSVYTAVQCRDTGWPKSWTTWRNDTWQAHRKAPFMSWNNTWYNAP
CATWPVAPLRPVRVTNREIPPALLFQATDDAATPYEGGLSMHRKLKGSRLVVEEGGGN
HGISLSGNDCLDAHLIAYLTDGTLPRSGGSGADAVUDALPEPEAAATAK AKAATGOKGS
TLHSLLGFRG*

>SACTE 6428ichitin-binding domain 3 protein|CBM33G1:344319509 (SEQ ID NO:46)
MNCHDRINLRGWTTRLSGLFVAAVLCLLPWTGTAEAHGSVVDPASRNYGCWLRWGSD
FONPAMAQEDPMCWQAWQADPNAMWNWNGLYRNESAGNFPAVIPDGQLOSGGRTE
GGRYNALDTVGAWQATDITDDFTVRLEDQASHGADYFRVYVTEQGEDPTAQPLTWGA
LOLVAETGRYGPSTSYEIPVSTSGY TGRHVVY TIWQASHMDGTYFLCSDVNFG*

>SACTE (366ialpha-L-rhamnosidaselGH78IGL344313621 (SEQ 1D NO4T)
VISRRRLLSTTAATAALAAVSSPAARAAAPADTAAGRLRVTIGPTVEYVRRPLGLDVSRY
RLSWPLASDHPDHGQSAYQVRVATSPDRLARPDVWDSGKVVSPTSVLVEYAGPALVSR
TRYHWSVRVWDODOGRVEAWSEPSWWETGLLDEADWRAGWIGAPAALTSSPSLEAAS
WIWFPEGDPAVGAPAATRWEFRGRVEIPEGVTRARLVMTADDGFTALVDGVQVARTEP
DGPAENWRRPVVVDVTAHLSPGSRVVAVTATNAVDGPAGLLGALELTTADGAVTLAT
CTOGWRATDREPDGDWASGGYDDTGWPAAAVLAPWGSGPWGEVRAALSPATQLRTEF
RLGRERVARARLYSTALGLYEVFLNGARVGEDRLAPGWTDYRERVOYQTYDVTALLR
SGGNALGVTLAPGWYAGNIAWFGPHQYGERPAVLAQLEVTFTDGSIERVLSGTGWAAA
TGPVTATDLMAGEEYDARLETDGWSRAGFDASGWLAABEAVEGVTAVPVAAVDGACR
VERELTAREVTEPEPGVYVFIMLGOQNMVGTVRLLVSGPAGTTVRLRHAEVLNPDGTLYT
ANLRTARATDTYTLRGGGPETYEPRETFHGYRYVEVTGFPGRPGPDAVYVGRVIHTSAPY
TMAFSTDVPMLDRLHSNITWGQROGNFLSVPTDTPARDERLGWTGDINVFAPTAAYTME
SARFLGEKWLODLRDDOLADGAFPNVAPDLPGVGSGAAGWGDAGYTVPWALYCQAYGD
VRVLEQGSWSSMVAWLEYLQAHSDGLLEPADGYGDWLNIEDETPKDVIGTAYFAHSAD
LTARTAEVLGKDPGPYRTLSGRVRDAFRAAYVODRGGRVKGDTQTAYVEALSMDLLEDR
GDRAPAADRILVALIEAKDWHLSTGFLGTPRLLPVLTDTGHTDVAYRLLTRRTFPSWGY
QIDRGATTMWERWDSVRPDGGFQDAGMNSFNHYAYGESVGEWMY ANIAGIAPAAPGE
REIRVEPRPGGGVHRAFARFDSLYGPVTTRWTSDGGGFALRVVLPANTTAEVWVPGGD
GRSSVRGTAVFLRREDGCAVEAAGSGIHRFTAPA*
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5 ATGGGACATCACCATCATCACCATCACCATGCATCCGAAAACCTGCTACTTCCAGGCGATC

120

5 tacggtaatcaggtctggectgaceggctgecaactggtttggattcaataccggtaccaat
+ - .lll PR TP I' fod I) 180
I i t 1 i t

5 gtgtttgacggagtatggagetgcaatatgagagaagecctcaagggtatggeggacaga
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5 gatatacacagtccggcaacagatgeccatggggecatatgtatectttatggtatgacggt

o N EX:

Figure 22 (SEQ ID NOs: 63 & 64)
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& caatttacaacagagatatggatttcaactttggagtggttgacyyasagatataaaaat
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5 tgcgcaaagagaatccttgcaataaatccgaatattettattgtggtagaaggagtggaa
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5 gtttatceccaaagectggetatgattataccgecagtggacgaatggggaaaagagagtaaa
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e T ptotettefetted 900
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5 caaccttggttctatgaaggcectttaacaaagaaactttotataatgattgectggagagat

o e e 960
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Figure 22 cont'd (SEQ ID NOs: 63 & 64)
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5 aactgggcatacatacacgaggaaaacatcgcectectetgatagtygggtgaatggggaggt

B Tt
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5 tteatggaccgoggagacaacgagaaatggatgaaagegetgagagattatatgattgag
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5 tggcagacagaggacggaaagtttataggecttgaccatcagatacctcttggttcaaat

e 1260
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5 ggaGGTTTARACCGCCGACTCCCACTAAAGGTGCCACTCCTACCAATACGGCGACTCCGACT

o
o =ttt ettt ettt 1320
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g AAGTCGGCCAACGGCAACGCCCACTCGCCCCAGCGTACCGACCAATACTCCGACTAATACC
}

e B e o B R S R -ttt 1380

o ettt ettt

5 CCGGCGAACACCCCAGTAAGCGGTAACCTGAAGGTTGAATTTTATARCTCCAACCCAAGC

Nl

Figure 22 cont'd (SEQ ID NOs: 63 & 64)
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5 GACACAACGAATAGCATCAATCCGCAGTTCAAAGTCACGAACACTGGCAGTTCAGCTATC
fttttt 1500
} f
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5 GATCTGTCGARACTGACCCTTCGTTACTACTATACGGTTGATGGCCAAAAAGATCAGACC
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METHOD AND COMPOSITIONS FOR
IMPROVED LIGNOCELLULOSIC
MATERIAL HYDROLYSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit from U.S. Provisional
Application 61/579,301 filed Dec. 22, 2011 and U.S. Pro-
visional Application 61/579,897 filed Dec. 23, 2011, both of
which are incorporated herein by reference for all purposes.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with government support under
DE-FC02-07ER64494 awarded by the US Department of
Energy and GM094584 awarded by the National Institutes
of Health. The government has certain rights in the inven-
tion.

BACKGROUND

Cellulose is the most abundant organic polymer on Earth
and represents a vast source of renewable energy. Most of
this energy is stored in the recalcitrant polysaccharide cel-
Iulose, which is difficult to hydrolyze because of the highly
crystalline structure, and in hemicellulose, which presents
challenges because of its structural diversity and complexity.
Plant cell walls are approximately composed in pinewood of
lignin (30% by weight), hemicellulose (glucomannan, 20%,
arabinoxylan, 10%), and crystalline cellulose (40%), which
presents a major barrier to efficient use. In terrestrial eco-
systems, cellulolytic microbes help drive carbon cycling
through the deconstruction of biomass into simple sugars.
The deconstruction is largely accomplished through the
action of combinations of secreted glycoside hydrolases
(GHs), carbohydrate esterases (CEs), polysaccharide lyases
(PLs), and carbohydrate binding modules (CBMs) (Baldrian
and Valaskova, 2008; Cantarel, et al., 2009; Lynd, Weimer,
et al.,, 2002; Schuster and Schmoll, 2010). Consequently,
organisms from many lignocellulose-rich environments and
their enzymes are being studied for new insights into over-
coming this barrier.

In order to obtain the hydrolysis of crystalline cellulose,
enzymes must cleave three types of glycosidic bonds. These
enzymes are endocellulases, which cleave beta-1,4 glyco-
sidic bonds that reside within intact cellulose strands in the
crystalline face, non-reducing-end exocellulases, which
remove cellobiose units from the non-reducing end of cel-
Iulose strands, and reducing-end exocellulases, which
remove glycosyl units from the reducing-end of a cellulose
strand. The endocellulolytic reaction is essential because it
creates the non-reducing and reducing ends that serve as the
starting point for exocellulolytic reactions. The exocel-
Iulolytic reactions are essential because they remove glyco-
syl groups in a processive manner from the breakages in the
cellulose strand introduced by the endocellulases, thus
amplifying the single initiating reaction of the endocellu-
lases.

Trichoderma reesei and Clostridium thermocellum are
well-characterized cellulose-utilizing organisms (Merino
and Cherry, 2007; Bayer et al., 2008; Wilson, 2011). 7. reesei
is a slow-growing eukaryote fungus that secretes enzymes
containing glycoside hydrolase (GH) domains fused to car-
bohydrate binding domains, while C. thermocellum is a
strictly anaerobic prokaryote that predominantly assembles
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GHs and carbohydrate-binding molecules (CBMs) into a
large complex called the cellulosome. Enzymes from these
free-living organisms cleave polysaccharides using general
acid-base catalyzed hydrolytic reactions (Vuong and Wilson,
2010). Moreover, fungal and microbial communities asso-
ciated with termites (Scharf et al., 2011) shipworms (Luyten
et al., 2006), and rumen (Hess et al., 2011) contribute these
types of hydrolytic enzymes to their respective anaerobic
niches.

Some free-living aerobes such as Cellvibrio japonicus
(Ueda 107) (DeBoy et al., 2008), Streptomyces (Schloch-
termeier et al., 1992; Wilson, 1992; Forsberg et al., 2011),
Thermoascus aurantiacus (Langston et al., 2011; Quinlan et
al., 2011) and Serratia marcescens (Vaaje-Kolstad et al.,
2010) also grow on biomass polysaccharides. Recent work
with some of these organisms has identified that the struc-
turally related fungal GH61 (Langston et al., 2011; Quinlan
et al., 2011) and bacterial CBM33 (Forsberg et al., 2011)
families of proteins catalyze a previously unrecognized
oxidative breakage of glycosidic bonds. This reaction is
thought to be an endo-cleavage, with the oxidation reaction
yielding gluconate and keto-sugars instead of the typically
observed reducing and non-reducing sugars obtained from
hydrolytic cellulases.

Actinobacteria in the genus Strepromyces are an ecologi-
cally important group, especially in soil environments,
where they are considered to be vital players in the decom-
position of cellulose and other biomass polymers (Cantarel
et al., 2009; Crawford et al., 1978; Goodfellow and Wil-
liams, 1983; McCarthy and Williams, 1992). Strepromyces
are able to utilize a wide range of carbon sources, form
spores when resources are depleted, and produce antimicro-
bial secondary metabolites to reduce competition (Goodfel-
low and Williams, 1983; Schlatter et al., 2009).

Although a large number of Streptomyces species can
grow on biomass, only a small percentage (14%) have been
shown to efficiently degrade crystalline cellulose (Wach-
inger, Bronnenmeier, et al., 1989). Furthermore, the secreted
cellulolytic activities of only a few species have been
biochemically characterized, and still fewer species have
been examined to identify key biomass degrading enzymes
(Ishaque and Kluepfel, 1980; Semedo et al., 2004). Strep-
tomyces reticuli is one of the best-studied cellulose- and
chitin-degrading soil-dwelling Streptomyces; functional
analyses of several important cellulases and other hydrolytic
enzymes have been reported (Wachinger, Bronnenmeier, et
al., 1989; Schlochtermeier, Walter, et al., 1992; Walter and
Schrempf, 1996).

Furthermore, polysaccharide monooxygenase (PMO)
activity with cellulose was identified using the CBM33
protein from Streptomyces coelicolor (Forsberg, et al.,
2011), which suggests Streptomyces may use both hydro-
Iytic and oxidative enzymes to deconstruct biomass. With
the tremendous amount of sequence data collected in the
past few years, and despite the view that Streptomyces make
important contributions to cellulose degradation in the soil,
genome-wide analyses of cellulolytic Streptomyces have not
been reported.

In addition to their putative roles in carbon cycling in the
soil, Streptomyces may also potentiate biomass deconstruc-
tion in insects through symbiotic associations (Bignell,
Anderson, et al., 1991, Pasti and Belli, 1985; Pasti, Pometto,
etal., 1990; Schafer, et al., 1996). Recent work has identified
cellulose degrading Streptomyces associated with the pine-
boring woodwasp Sirex noctilio, including Streptomyces sp.
SirexAA-E (ActE) (Adams, et al., 2011). S. noctilio is a
highly destructive wood-feeding insect that is found
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throughout forests in FEurasia and North Africa and is
spreading invasively in North America and elsewhere
(Bergeron, et al., 2011). While the wasp itself does not
produce cellulolytic enzymes, evidence supports the role of
a symbiotic microbial community that secretes biomass-
degrading enzymes to facilitate nutrient acquisition for
developing larvae in the pine tree (Kukor and Martin, 1983).

The white rot fungus, Amylostereum areolatum, is the
best-described member of this community, and the success
of Sirex infestations is thought to arise from the insect’s
association with this cellulolytic fungal mutualist. However,
work with pure cultures has suggested that ActE and other
Sirex-associated Streptomyces are more cellulolytic than A.
areolatum (Adams, et al., 2011).

Optimal activity in the CBM33 enzymes apparently
requires the addition of a transition metal ion such as Cu(Il),
Fe(IIl), or Mn(Il) and an external reducing agent. In the
laboratory, the reducing agent can be provided by ascorbate.
In natural systems, the reducing function is most likely
provided by another redox active protein such as cellobiose
dehydrogenase (Langston et al., 2011; Quinlan et al., 2011)
or some other presently unknown protein.

Needed in the art are improved compositions and organ-
isms for digestion of lignocellulosic materials.

BRIEF SUMMARY

The invention relates generally to methods and composi-
tions for digesting lignocellulosic material and more par-
ticularly to methods that involve exposing the material to
secretome derived from Streptomyces sp. ActE.

In a first aspect, the present invention is summarized as a
method of digesting a lignocellulosic material comprising
the step of exposing the material to an effective amount of
Streptomyces sp. ActE secretome preparation such that at
least partial lignocellulosic digestion occurs.

In some embodiments of the first aspect, the preparation
is a supernatant preparation obtained from a Strepromyces
sp. ActE culture. In some embodiments of the first aspect,
the preparation is obtained from Streptomyces sp. ActE
grown on a substrate wherein at least 40%, preferably 85%,
of Streptomyces sp. ActE’s carbon source in the substrate is
derived from a material selected from the group consisting
of cellulose, cellulose/hemicelluloses mixture, hemicellulo-
ses, xylan, non-wood biomass, wood biomass and chitin. In
some embodiments of the first aspect, the lignocellulosic
material is selected from the group consisting of materials
that comprise at least 75% cellulose, cellulose/hemicellulo-
ses, xylose, biomass and chitin.

In a second aspect, the present invention is summarized as
a purified preparation comprising the Streptomyces sp. ActE
secretome.

In some embodiments of the second aspect, the prepara-
tion is a supernatant preparation obtained from a Strepro-
myces sp. ActE culture. In some embodiments of the second
aspect, Streptomyces sp. ActE is grown on a substrate
wherein at least 40%, preferably 85%, of Streptomyces sp.
ActE’s carbon source in the substrate is derived from a
material selected from the group consisting of cellulose,
cellulose/hemicelluloses mixture, hemicelluloses, xylan,
non-wood biomass, wood biomass and chitin.

In a third aspect, the present invention is summarized as
a composition useful for digesting lignocellulosic material
comprising SActE_0237 (GH6) (SEQ ID NO:1) gene or
expression product thereof.
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In a fourth aspect, the present invention is summarized as
a composition useful for digesting lignocellulosic material
comprising SActE_0236 (GH48) (SEQ ID NO:2) gene or
expression product thereof.

In a fifth aspect, the present invention is summarized as a
composition useful for digesting lignocellulosic material
comprising SActE_3159 (CBM33) (SEQ ID NO:3) gene or
expression product thereof.

In a sixth aspect, the present invention is summarized as
a composition useful for digesting lignocellulosic material
comprising SActE_0482 (GHS) (SEQ ID NO:4) gene or
expression product thereof.

In a seventh aspect, the present invention is summarized
as a composition useful for digesting lignocellulosic mate-
rial comprising SActE_0265 (GH10) (SEQ ID NO:5) gene
or expression product thereof.

In a eighth aspect, the present invention is summarized as
a composition useful for digesting lignocellulosic material
comprising SActE_2347 (GHS) (SEQ ID NO:6) gene or
expression product thereof.

In a ninth aspect, the present invention is summarized as
a composition useful for digesting lignocellulosic material
comprising SActE_0237 (GH6) (SEQ ID NO:1),
SActE_0236 (GH48) (SEQ ID NO:2), SActE_3159
(CBM33)(SEQ ID NO:3), SActE_0482 (GHS5) (SEQ ID
NO:4) and gene or expression product thereof.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for cellulose utilization. In these embodiments the
composition can additionally comprise at least one member
selected from SActE_0265 (GH10) (SEQ ID NO:5) and
SActE_2347 (GHS) (SEQ ID NO:6) genes or expression
products thereof. In a preferred embodiment, the composi-
tion comprises at least three or four of the genes or expres-
sion products.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for xylan release. By “release,” we mean degradation,
such as hydrolysis, and release of an important or desired
product. In these embodiments the composition can addi-
tionally comprise at least one member selected from
SActE_0265 (GH10) (SEQ ID NO:5), SActE_0358 (GH11)
(SEQ ID NO:8), SActE_0357 (CE4) (SEQ ID NO:7),
SActE_5978 (PL1)(SEQ ID NO:16) and SActE_5230 (xy-
lose isomerase) genes or expression products thereof. In a
preferred embodiment, the composition comprises at least
three or four of the genes or expression products.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for chitin release. In these embodiments the compo-
sition can additionally comprise at least one member
selected from SActE_4571 (GH18), SActE_2313 (CBM33),
SActE_4246  (GHI18), SActE_3064 (GH19) and
SActE_5764 (GH18) genes or expression products thereof.
In a preferred embodiment, the composition comprises at
least three or four of the genes or expression products.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for biomass degradation. In these embodiments the
composition can additionally comprise SActE_5457 (GH46)
(SEQ ID NO:14) gene or expression products thereof.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for mannan release. In these embodiments the com-
position can additionally comprise SactE_2347 (GHS) (SEQ
ID NO:6) gene or expression products thereof.
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In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for beta-1,3-glucan release. In these embodiments the
composition can additionally comprise at least one member
selected from SActE_4755 (GH64) (SEQ ID NO:13) and
SActE_4738 (GH16) (SEQ ID NO:12) genes or expression
products thereof. In a preferred embodiment, the composi-
tion comprises both of the genes or expression products.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for pectin cleavage. In these embodiments the com-
position can additionally comprise SActE_1310 (PL3) (SEQ
1D NO:9) gene or expression products derived thereof.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for alginate release. In these embodiments the com-
position can additionally comprise SActE_4638 (SEQ ID
NO:11) gene or expression products derived thereof.

In some embodiments of the third, fourth, fifth, sixth,
seventh, eighth, and ninth aspects, the composition is opti-
mized for galactose release. In these embodiments the
composition can additionally comprise SactE_5647 (GH87)
(SEQ ID NO:15) gene or expression products derived
thereof.

In a tenth aspect, the present invention is summarized as
a composition useful for xylan degradation comprising
SActE_0265 (GH10) (SEQ ID NO:5) and SActE_0358
(GH11) (SEQ ID NO:8) gene or expression products
thereof.

In some embodiments of the tenth aspect, the composition
additionally comprises SActE_0265 (GH10) (SEQ ID
NO:5), SActE_0358 (GH11) (SEQ ID NO:8), SActE_0357
(CE4) (SEQ ID NO:7), SActE_5978 (PL1) (SEQ ID
NO:16), and SActE_5230 (xylose isomerase) genes or
expression products thereof. In a preferred embodiment, the
composition comprises at least three or four of the genes or
expression products.

In an eleventh aspect, the present invention is summarized
as a composition useful for biomass degradation comprising
SActE_0237 (GH6) (SEQ ID NO:1), SActE_0482 (GHS)
(SEQ ID NO:4), SActE_3159 (CBM33)(SEQ ID NO:3),
SActE_0236 (GH48) (SEQ ID NO:2), SActE_3717 (GH9)
(SEQ ID NO:10), SActE_0265 (GH10) (SEQ ID NO:5),
SActE_0358 (GH11) (SEQ ID NO:8), SActE_2347 (GHS)
(SEQ ID NOs:6) and SActE_1310 (PL1) genes or expres-
sion products thereof. In a preferred embodiment, the com-
position comprises at least three or four of the genes or
expression products.

In a twelfth aspect, the present invention is summarized as
a composition useful for cellulose degradation comprising
SActE_0237 (GH6) (SEQ ID NO:1), SActE_0482 (GHS)
(SEQ ID NO:4), SActE_3159 (CBM33) (SEQ ID NO:3)
SActE_0236 (GH48) (SEQ ID NO:2), SActE_2347 (GHS)
(SEQ ID NO:6), and SActE_0265 (GH10) (SEQ ID NO:5)
genes or expression products thereof. In a preferred embodi-
ment, the composition comprises at least three or four of the
genes or expression products.

In a thirteenth aspect, the present invention is summarized
as a method for digesting a lignocellulosic material, com-
prising exposing the material to a sufficient amount of a
composition of any one of the third to eighth aspects of the
invention, wherein the exposed material is at least partially
digested.

In a fourteenth aspect, the present invention is summa-
rized as a purified preparation of Streptomyces sp. ActE,
wherein the Streptomyces sp. ActE has been grown on a
substrate wherein at least 40%, preferably 85%, of Strepto-
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myces sp. ActE’s carbon source in the substrate is derived
from a material selected from the group consisting of
cellulose, cellulose/hemicelluloses mixture, hemicelluloses,
xylan, non-wood biomass, wood biomass, and chitin.

In a fifteenth aspect, the present invention is summarized
as a purified preparation of Strepromyces sp. ActE, wherein
the Streptomyces sp. ActE has been grown on a substrate
wherein at least 40%, preferably 85%, of Streptomyces sp.
ActE’s carbon in the substrate is derived from pretreated
lignocellulosic material.

In some embodiments of the fifteenth aspect, the pre-
treated material has been exposed to pretreatment selected
from the group consisting of acid hydrolysis, steam explo-
sion, ammonia fiber expansion (AFEX), organosolve, sulfite
pretreatment to overcome recalcitrance of lignocellulose
(SPORL), ionic liquids, metal-catalyzed hydrogen peroxide,
alkaline wet oxidation and ozone pretreatment. In some
embodiments of the fifteenth aspect, the pretreated material
is wood.

These and other features, objects, and advantages of the
present invention will become better understood from the
description that follows. In the description, reference is
made to the accompanying drawings, which form a part
hereof and in which there is shown by way of illustration,
not limitation, embodiments of the invention. The descrip-
tion of preferred embodiments is not intended to limit the
invention to cover all modifications, equivalents and alter-
natives. Reference should therefore be made to the claims
recited herein for interpreting the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.

The present invention will be better understood and
features, aspects and advantages other than those set forth
above will become apparent when consideration is given to
the following detailed description thereof. Such detailed
description makes reference to the following drawings,
wherein:

FIG. 1 is a set of pictures showing growth of ActE in
minimal medium containing filter paper as the sole carbon
source. (A) Growth of ActE, Streptomyces coelicolor, and
Streptomyces griseus in minimal medium for 7 days at 30°
C. and pH 6.9. The expanded image shows small colonies of
S. coelicolor and S. griseus forming on the surface of the
paper. (B) Growth of ActE and Trichoderma reesei Rut-C30
for 7 days at 30° C. and pH 6.0.

FIG. 2 is a set of graphs demonstrating reactions of ActE
secretomes and Spezyme CP. (A) HPLC of sugars released
from cellulose (1, cellotriose; 2, cellobiose; 3, glucose) and
quantification of glucose equivalent (insert). (B) Reducing
sugars released from xylan and mannan by the secretomes of
ActE grown on cellulose and xylan. (C) Total reducing sugar
released from ionic liquid-switchgrass (IL-SG) or AFEX-
switchgrass (AFEX-SG) in reactions of the ActE cellulose,
AFEX-SG, and IL-SG secretomes and Spezyme CP. Data
represent the meanss.d. from three experiments; * indicates
P<0.01 compared with Spezyme CP.

FIG. 3 is a table illustrating composition of ActE secre-
tomes identified by LC-MS/MS. (A) CAZy genes account
for 2.6% of the 6357 predicted protein-coding sequences in
the ActE genome. (B) Identity of most abundant proteins in
the cellulose secretome proteins is sorted according to



US 10,214,758 B2

7

decreasing spectral counts (accounting for 95% of total
spectral counts); corresponding spectral counts from other
secretomes are also shown.

FIG. 4 is a systematic diagram showing genome-wide
changes in expression during growth of ActE on AFEX-
treated switchgrass (AFEX-SG) versus glucose. Nodes are
genes (circles) or KEGG/CAZy functional categories (yel-
low triangles); edges indicate that the gene belongs to the
indicated functional group as defined by either KEGG or
CAZy analysis. Gene node sizes reflect expression intensity
determined by microarray from growth on AFEX-SG as a
log, ratio, where the genome-wide average transcriptional
intensity was ~10.5 for both substrates. Node colors repre-
sent expression changes as the log, ratio of AFEX-SG/
glucose transcript intensities.

FIG. 5 is a diagram with a table showing expression of
ActE CAZy genes on various carbon sources. (A) Hierar-
chical clustering of expression for 167 CAZy genes from the
ActE genome during growth on the indicated substrates. (B)
Identity of CAZy genes with distinct changes in expression
observed in group 1 CAZy genes during growth in different
carbon sources.

FIG. 6 is a set of scanning electron microscopy (SEM)
images showing ActE grown on different carbon sources
including glucose, cellulose, xylan, switchgrass, ammonia
fiber expansion-treated switchgrass (AFEX-SG) and ionic
liquid-treated switchgrass (IL-SG). ActE cells were grown
in minimum medium with the indicated substrate as a sole
carbon source for 7 days at 30° C. The scale bar indicates 5
pm.

FIG. 7 is a set of graphs demonstrating fractionation of the
ActE cellulose secretome and assays of reactions with
different polysaccharides. (A) Anion exchange chromatog-
raphy was performed using the ActE cellulose secretome,
and fractions were collected and analyzed by SDS-PAGE.
Lowercase letters indicate protein identified by MALDI-
TOF MS shown in FIG. 17. (B) Results from hydrolysis
assays for reaction with filter paper (FP), xylan, mannan and
beta-1,3 glucan as detected by DNS assay of each fraction.
The percentage reactivity relative to the maximum activity
observed for each substrate is shown. Error bars indicate the
standard deviation, with n=3 for technical replicates.

FIG. 8 a set of diagrams showing temperature and pH
profiles of the ActE secretome obtained from growth on
AFEX-treated corn stover. (A) The effect of temperature on
the deconstruction of AFEX-treated switchgrass (AFEX-
SG) and ionic liquid-treated switchgrass (IL-SG). The rela-
tive activity of the ActE secretome was compared to the
maximal rates determined for reaction with AFEX-SG (blue
star), and IL-SG (red star) at pH 6.0. (B) The effect of pH on
the AFEX-SG and IL-SG deconstruction activities in the
indicated ActE secretomes. The maximal rates observed for
AFEX-SG and IL-SG were at pH 7.0 (blue star) and pH 8
(red star), respectively. Reactions were carried out at 40° C.
and the 0.1 M buffers used were citrate (pH 4.5), phosphate
(pH 6-8), CHES (pH 9-10), and CAPS (pH 11). The reaction
was performed for 20 h and the reducing sugar content was
measured by DNS assay.

FIG. 9 is a systematic diagram showing genome-wide
changes in expression during growth of ActE on substrate
cellobiose versus glucose visualized as a Cytoscape inter-
action network. Nodes are genes (circles) or KEGG/CAZy
functional categories (yellow triangles); edges indicate that
the gene belongs to the indicated functional group as defined
by either KEGG or CAZy analysis. Gene node sizes reflect
expression intensity determined by microarray from growth
on substrate as a log 2 ratio. Node colors represent expres-
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sion changes as the log 2 ratio of substrate/glucose transcript
intensities, where the genome-wide average transcriptional
intensity was ~10.5 for both substrate and glucose. Tran-
scripts with less than two-fold changes in expression inten-
sity are colored white; transcripts with greater than two-fold
increase in expression intensity during growth on substrate
are shown as a red gradient; transcripts with greater than
two-fold increase in expression intensity during growth on
glucose are shown as a blue gradient.

FIG. 10 is a systematic diagram showing genome-wide
expression changes for growth on the substrate cellulose
versus glucose visualized as a Cytoscape interaction net-
work. Other information is the same as that described in
FIG. 9.

FIG. 11 is a systematic diagram showing genome-wide
expression changes for growth on the substrate xylan versus
glucose visualized as a Cytoscape interaction network.
Other information is the same as that described in FIG. 9.

FIG. 12 is a systematic diagram showing genome-wide
expression changes for growth on the substrate switchgrass
versus glucose visualized as a Cytoscape interaction net-
work. Other information is the same as that described in
FIG. 9.

FIG. 13 is a systematic diagram showing genome-wide
expression changes for growth on the substrate IL-treated
switchgrass versus glucose visualized as a Cytoscape inter-
action network. Other information is the same as that
described in FIG. 9.

FIG. 14 is a systematic diagram showing genome-wide
expression changes for growth on the substrate chitin versus
glucose visualized as a Cytoscape interaction network.
Other information is the same as that described in FIG. 9.

FIG. 15 is a diagram with a table showing expression of
167 predicted CAZy genes in ActE, highlighting group 2
genes. These genes showed no signal above the average
genomic expression intensity (log 2=10.5). (A) Clustering of
genes with similar expression profiles. (B) Additional infor-
mation on group 2 genes including expression profile,
SACTE_locus ID, CAZy family, and annotated function.

FIG. 16 is a diagram with a table showing expression of
167 predicted CAZy genes in ActE, highlighting group 3
genes. (A) Clustering of genes with similar expression
profiles. (B) Additional information on group 3 genes
including expression profile, SACTE_locus 1D, CAZy fam-
ily, and annotated function.

FIG. 17 is a table illustrating proteins separated by ion
exchange chromatography and identified by mass spectrom-
etry.

FIG. 18 is a table showing spectra count of proteins
identified on each substrate, where top 95% spectra covered
were highlighted green, light purple, purple, blue, orange,
pink, light blue and yellow on glucose, cellobiose, cellulose,
xylan, switchgrass, AFEX-SG, IL-SG and chitin, respec-
tively.

FIG. 19 shows the nucleic acid sequences of the ActE
genes.

FIG. 20 shows the amino acid sequences of the ActE
genes.

FIG. 21 is a graph illustrating a comparison of specific
activities of Streptomyces sp. ActE secretomes with
Spezyme CP. FIG. 21A depicts relative specific activity of
ActE secretomes prepared from growth on cellulose or xylan
and Spezyme CP (100%) for reducing sugar release from
xylan or mannan. FIG. 21B depicts relative activity (pH 6.0,
40° C.) of ActE cellulose secretome and Cell.cc_CBM3a, an
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engineered C. thermocellum endo/exoglucanase, compared
to Spezyme CP. Total amounts of protein included in all
reactions were equivalent.

FIG. 22 illustrates nucleotide (SEQ ID NO:63) and amino
acid (SEQ ID NO:64)sequence of Cell.cc_CBM3a. Con-
struct described in US Patent Application Publication No.:
US2010/037094 (Fox and Elsen).

FIG. 23 is a graph illustrating SDS-PAGE of Strepromyces
sp. ActE secretomes obtained from growth on minimal
medium containing different substrates (SG, switchgrass;
CS, corn stover; UBLPKP, unbleached lodgepole pine kraft
pulp; BSKP, bleached spruce kraft pulp; LP-SPORL, lodge-
pole pine pretreated by sulfite pretreatment to overcome
recalcitrance of lignocellulose (SPORL)). Culture secre-
tomes were separated after 7 days of growth at 30° C. by
centrifugation and concentrated by ultrafiltration. Sample
loading was normalized to total protein. The identities of
proteins were determined from samples extracted from the
SDS-PAGE gel. Among the 162 proteins accounting for
95% of spectral counts from the glucose secretome, most
were intracellular proteins originating from cell lysis during
growth, and were not detected in the polysaccharide secre-
tomes.

FIG. 24 is a graph illustrating SDS-PAGE of time-depen-
dent changes in the Strepromyces sp. ActE secretome
obtained from growth on minimal medium containing cel-
Iulose. Culture secretomes were collected after 7 days by
centrifugation and concentrated by ultrafiltration. The con-
centrated secretomes were incubated at 25° C. for the
indicated times and analyzed. Protein bands with time-
dependent decrease in intensity were excised from the gel
and identified by LC-MS/MS.

FIG. 25 illustrates synergy of recombined fractions from
ion exchange chromatography. All reactions were prepared
to contain the same total amount of protein.

FIG. 26 is a set of graphs illustrating mannanase activity
demonstrated in fractions containing various naturally trun-
cated versions of SACTE_2347 (GHS). FIGS. 26 A-B depict
proteins found in previous assayed fractions. FIG. 26C
depicts Coomassie Blue staining of 12% polyacrylamide gel
(PAGE) separation of different mannanase isoforms. Three
polypeptide bands corresponding to SACTE_2347 (GHS)
with molecular masses of ~57, ~45, and ~37 kDa. FIG. 26D
depicts a zymogram performed in the presence of 0.5%
mannan. The strong clearing zone in fraction F1 associated
with the ~37 kDa isoform demonstrates how size reduction
can increase the specific activity of a protein.

FIG. 27 is a set of graphs illustrating ion exchange
fractionation of Streptomyces sp. ActE secretome. FIG. 27A
depicts an SDS-PAGE analysis of the fractionation of an
ActE secretome by ion exchange chromatography. FI1G. 27B
depicts catalytic assays of the separate fractions at 40° C. for
20 h in 0.1 M phosphate buffer, pH 6.0, showing different
enzymes are capable of reacting with xylan, mannan, and
cellulose. The reactivity of fractions marked with stars is
also described in FIG. 25A.

FIG. 28 is a SDS-PAGE graph and a list illustrating mass
spectral assignment of polypeptides from the Streptomyces
sp. ActE secretome separated by ion exchange chromatog-
raphy. FIG. 28A depicts an SDS PAGE of separated frac-
tions annotated with identities of polypeptides determined
by LC-MS analysis. FIG. 28B depicts information on the
identified proteins including gene locus, function, CAZy GH
and CBM assignments, number of amino acid (AA) resi-
dues, and best BLAST result for relationship to another
known enzyme. The reactivity of fractions marked with stars
is also described in FIG. 25A.
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FIG. 29 is a SDS-PAGE graph and a table that demon-
strates the existence of xylanases from Streptomyces sp.
ActE. Five ActE proteins were produced using cell-free
translation as described in US Patent Application Publica-
tion No.: US2010/037094 (Fox and Elsen). FIG. 29A depicts
a stain-free gel image of proteins produced by wheat germ
cell-free translation (indicated by asterisks). FIG. 29B
depicts a summary of protein information, expression and
secretion data, and diagnostic assay results. Small molecule
assays (MUG, methylumbelliferyl glucoside; MUC, methy-
lumbelliferyl cellobioside; MUM, methylumbelliferyl man-
noside and MUX2, methylumbelliferyl xylobioside) were
performed in 0.1 M phosphate buffer, pH 6.0, at 30° C.
SACTE_0265 and SACTE_0358, highly expressed and
secreted proteins during growth on xylan, are confirmed by
these assays to be xylanases. Results from three other
non-secreted ActE enzymes are provided as controls.

FIG. 30 is a graph illustrating quantification of total
secreted protein obtained from Streptomyces sp. ActE grown
on different substrates (AFEX-CS, AFEX corn stover;
UBLPKP, unbleached lodgepole pine kraft pulp; BSKP,
bleached spruce kraft pulp; LP-SPORL, lodgepole pine
pretreated by SPORL).

FIG. 31 is a graph illustrating the temperature versus
activity profile of the Streptomyces sp. ActE secretome
obtained from growth on cellulose. Hydrolysis activities
were measured by DNS assay. Greater than 80% of maximal
rates for cellulase and mannase activity were observed at the
range of 31-43° C., while greater than 80% of maximal rate
for xylanase activity was observed in the range of 35-59° C.

FIG. 32 is a graph illustrating the pH versus activity
profile of the Streptomyces sp. ActE secretome obtained
from growth on cellulose. The maximal rate was observed at
approximately pH 6. Buffers used in this study were 0.1 M
citrate (pH 4.5), phosphate (pH 6-8), CHES (pH 9-10) and
CAPS (pH 11).

FIG. 33 is a SDS-PAGE graph illustrating ActE induction
in medium containing as little as 20% cellulose.

FIG. 34 is a set of Venn diagrams representing 95% of
total proteins identified in LC-MS/MS analyses generated
using VennMaster-0.37.5 (Kestler et al., 2008). FIG. 8A
depicts secretomes obtained from growth on glucose, Sig-
macell™, and xylan. FIG. 8B depicts secretomes obtained
from growth on switchgrass, ammonia fiber expansion
(AFEX)-SG, and IL-SG. For clarification, glucose N Sig-
macell)=4 represents the intersection of the two sets, while
glucose/(Sigmacell U xylan)=117 represents the proteins
uniquely associated with growth on glucose as compared to
Sigmacell. Other results are interpreted in a similar manner.

While the present invention is susceptible to various
modifications and alternative forms, exemplary embodi-
ments thereof are shown by way of example in the drawings
and are herein described in detail. It should be understood,
however, that the description of exemplary embodiments is
not intended to limit the invention to the particular forms
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents and alternatives falling within the
spirit and scope of the invention as defined by the appended
claims.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In General

The present invention comprises many embodiments. In
one embodiment, the invention is a method of digesting a
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lignocellulosic material, comprising the step of exposing the
material to an effective amount of Streptomyces sp. ActE
secretome preparation such that at least partial lignocellu-
losic digestion occurs. In one embodiment of that method,
the preparation is a supernatant preparation obtained from a
Streptomyces sp. ActE culture. In another embodiment of
that method, the preparation is obtained from Streptomyces
sp. ActE grown on a substrate wherein at least 40%, pref-
erably 85%, of Streptomyces sp. ActE’s carbon source in the
substrate is derived from a material selected from the group
consisting of cellulose, cellulose/hemicelluloses mixture,
hemicelluloses, xylan, non-wood biomass, wood biomass,
and chitin. In another embodiment of that method, the
lignocellulosic material is selected from the group consisting
of materials that comprise at least 75% cellulose, cellulose/
hemicelluloses, xylose, biomass and chitin.

In one embodiment, the invention is a purified preparation
comprising the Streptomyces sp. ActE secretome. In one
embodiment, the preparation is a supernatant preparation
obtained from a Streptomyces sp. ActE culture. In another
embodiment of the preparation, Streptomyces sp. ActE is
grown on a substrate wherein at least 40%, preferably 85%,
of Streptomyces sp. ActE’s carbon source in the substrate is
derived from a material selected from the group consisting
of cellulose, cellulose/hemicelluloses mixture, hemicellulo-
ses, xylan, non-wood biomass, wood biomass, and chitin.

In one embodiment, the invention is a composition useful
for digesting lignocellulosic material comprising one gene
or expression product thereof selected from the group con-
sisting of SActE_0237 (GH6) (SEQ ID NO:1), SActE_0236
GH48) (SEQ ID NO:2), SActE_3159 (CBM33) (SEQ ID
NO:3), SActE_0482 (GHS) (SEQ ID NO:4), SActE_0265
(GH10) (SEQ ID NO:5), and SActE_2347 (GH5) (SEQ ID
NO:6) genes or expression products thereof. In one embodi-
ment, the composition additionally comprises at least one
member selected from the group consisting of SActE_0357
(CE4) (SEQ ID NO:7), SActE_0358 (GH11) (SEQ ID
NO:8), SActE_1310 (PL3) (SEQ ID NO:9), SActE_3717
(GH9) (SEQ ID NO:10), SActE_4638 (SEQ ID NO:11),
SActE_4738 (GH16) (SEQ ID NO:12), SActE_4755
(GH64) (SEQ ID NO:13), SActE_5457 (GH46) (SEQ 1D
NO:14), SActE_5647 (GH87) (SEQ ID NO:15), and
SActE_5978 (PL1) (SEQ ID NO:16) genes or expression
products derived thereof.

In one embodiment, the invention is a composition useful
for cellulose degradation comprising SActE_0236 (GH48)
(SEQ ID NO:2), SActE_3159 (CBM33) (SEQ ID NO:3),
SActE_0482 (GH5) (SEQ ID NO:4) and SActE_0237
(GH6) (SEQ ID NO:1) genes or expression product thereof.
In one embodiment, the composition additionally comprises
at least one member selected from the group consisting of
SActE_0357 (CE4) (SEQ ID NO:7), SActE_0358 (GH11)
(SEQ ID NO:B), SActE_1310 (PL3) (SEQ ID NO:9),
SActE_3717 (GH9) (SEQ ID NO:10), SActE_4638 (SEQ
ID NO:11), SActE_4738 (GH16) (SEQ ID NO:12),
SActE_4755 (GH64) (SEQ ID NO:13), SActE_5457
(GH46) (SEQ ID NO:14), SActE_5647 (GH87) (SEQ
IDNO:15), and SActE_5978 (PL1) (SEQ ID NO:16) genes
or expression products derived thereof.

In one embodiment, the invention is a method for digest-
ing a lignocellulosic material, comprising exposing the
material to a sufficient amount of a composition of any
combinations of genes or expression products derived
thereof as disclosed above, wherein the exposed material is
at least partially digested.

In one embodiment, the invention is a purified preparation
of Streptomyces sp. ActE, wherein the Strepromyces sp. ActE
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has been grown on a substrate wherein at least 40%,
preferably 85%, of Strepromyces sp. ActE’s carbon source in
the substrate is derived from a material selected from the
group consisting of cellulose, cellulose/hemicelluloses mix-
ture, hemicelluloses, xylan, non-wood biomass, wood bio-
mass and chitin.

In one embodiment, the invention is a purified preparation
of Streptomyces sp. ActE, wherein the Strepromyces sp. ActE
has been grown on a substrate wherein at least 40%,
preferably 85%, of Streptomyces sp. ActE’s carbon in the
substrate is derived from pretreated lignocellulosic material.
In one embodiment of the preparation, the pretreated mate-
rial has been exposed to pretreatment selected from the
group consisting of acid hydrolysis, steam explosion,
ammonia fiber expansion (AFEX), organosolve, sulfite pre-
treatment to overcome recalcitrance of lignocellulose
(SPORL), ionic liquids (IL), metal-catalyzed hydrogen per-
oxide treatment, alkaline wet oxidation and ozone pretreat-
ment. In another embodiment of the preparation, the pre-
treated material is wood.

Specific Embodiments

Applicants have been interested in insects that utilize
plant biomass and their associated microbial and fungal
communities. Sirex noctilio, a wood boring wasp, is found in
pine forests throughout Eurasia and North Africa and is
spreading throughout North America and elsewhere
(Bergeron et al., 2011). Although the destructive nature of
the Sirex infestation is generally considered to arise from a
symbiotic relationship between S. roctilio and Amylos-
tereum areolatum, a white rot basidiomycete (Kukor and
Martin, 1983; Klepzig et al., 2009; Bergeron et al., 2011),
the role of cellulolytic microbes has not been previously
considered in the context of the infestation or symbiosis.
Streptomyces sp. SirexAA-E [Streptomyces sp. ActE, also
referred to herein as “ActE” (Adams et al., ISME J. 5:1321-
1231, 2011)], was isolated from the ovipositor mycangium
of' S. noctilio (Adams et al., 2011). Applicants hypothesized
that ActE is inoculated into insect feeding tunnels upon
infestation along with the symbiotic fungus. Thus, Appli-
cants were interested to learn how ActE might contribute to
the Sirex community.

The present invention will be more fully understood upon
consideration of the following non-limiting Examples. All
papers and patents disclosed herein are hereby incorporated
by reference as if set forth in their entirety.

As used herein, the term “ActE” refers to Streptomyces sp.
SirexAA-E, as described in Adams et al., ISME J. 5:1321-
1231, 2011. A representative sample of Streptomyces sp.
ActE has been deposited according to the Budapest Treaty
for the purpose of enabling the present invention. The
repository selected for receiving the deposit is the American
Type Culture Collection (ATCC) having an address at 10801
University Boulevard, Manassas, Va. USA, Zip Code 20110.
The ATCC repository has assigned the patent deposit des-
ignation PTA-12245 to the Streptomyces sp. ActE strain.

As used herein, the term “secretome” refers to the plu-
rality of secreted enzymes. For example, ActE secretome
refers to the secreted enzymes from Strepromyces sp. Sir-
exAA-E.

As used herein, the term “lignocellulosic material” refers
to any material that is composed of cellulose, hemicellulose,
and lignin, wherein the carbohydrate polymers (cellulose
and hemicelluloses) are tightly bound to the lignin.

As used herein, the term “biomass” refers to a renewable
energy source, is biological material from living or recently
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living organisms. As an energy source, biomass can either be
used directly, or converted into other energy products such
as biofuel. Biomass includes plant or animal matter that can
be converted into fibers or other industrial chemicals,
including biofuels. Industrial biomass can be grown from
numerous types of plants, including miscanthus, switch-
grass, hemp, corn, poplar, willow, sorghum, sugarcane,
bamboo, and a variety of tree species, ranging from euca-
lyptus to oil palm (palm oil). Thus, biomass can include
wood biomass and non-wood biomass.

The present invention has multiple embodiments. All
embodiments are related to Applicants’ discovery of
improved lignocellulosic digestion and utilization using
proteins and genes obtained from the Streptomyces sp. ActE
secretome.

ActE Isolates and Secretomes

Streptomyces sp. SirexAA-E may be isolated from ovi-
positor mycangia of S. roctilio. In Adams, et al, S. noctilio
were collected from a population in Pennsylvania, USA.
Infested trees were cut and transported to USDA Pest
Survey, Detection, and Exclusion Lab in Syracuse, N.Y.,
USA (Zylstra et al. (2010) Agric. Forest. Entomol. in press).
Four adult females and six larvae from the Pennsylvania
population were sampled, and cultures of bacteria derived
from these insect samples were screened for cellulose deg-
radation.

Prior to sampling for bacteria, all insects were typically
surface sterilized in 95% ethanol for 1 minute and then
rinsed twice in sterile phosphate-buffered solution (1xPBS).
Larval guts and adult ovipositors and mycangia were
removed surgically. These segments and the body were
ground separately in 1 ml 1xPBS using a sterilized mortar
and pestle. 50 ul of three 100-fold dilutions of each insect
part were plated onto yeast and malt extract agar (Becton,
Dickinson and Company, Sparks, Md., USA), acidified yeast
malt extract agar (for gut dissections only), 10% tryptic soy
agar (Becton, Dickinson and Company, Sparks, Md., USA),
and agar supplemented with chitin (MP Biomedicals, Solon,
Ohio). Petri dishes were stored at room temperature in
darkness for at least three days until visible colonies formed,
except for Petri dishes with chitin agar that were stored for
at least one month.

All isolates were typically screened for production of
cellulolytic enzymes on carboxymethyl cellulose (CMC)
(Teather R M, Wood P J (1982); incorporated herein by
reference as if set forth in its entirety). Isolates that tested
positive on CMC were then studied further. Assays on CMC,
AFEX-treated corn stover at three pH levels, and microc-
rystalline cellulose were typically performed to assess
growth and degradation ability of each insect-derived bac-
terial isolate. Isolates capable of degrading CMC were
further analyzed genomically to identify isolates with high
CAZy content relative to one another and relative to known
organisms. Streptomyces sp. ActE was selected based on its
CMC degradation and CAZy gene profile.

In one embodiment, secretomes from ActE would be used
alone in a first reaction to convert biomass into a hydrolyzed
solution of sugars that would be used in a second reaction
with a fermentation organism to convert the sugars into
usable biofuels. The first and second reaction could occur
simultaneously.

In a second embodiment, secretomes from ActE would be
combined with secretomes from other organisms, or with
enzymes or enzyme compositions, such as Spezyme CP, to
increase the activity of both preparations by synergy of the
enzymes contained in each preparation.
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Preferably, the ActE secretomes would be prepared as
supernatants from ActE preparations.

In one embodiment, the supernatant is prepared by cen-
trifugation of the ActE culture for 10 min at 3,000xg, which
will pellet the remaining insoluble polysaccharide and
adhered ActE cells. The supernatant fraction is filter-steril-
ized, preferably using a 0.22 um filter, in order to remove
any remaining cells. The supernatant is concentrated, pref-
erably using a 3 kDa cut-off ultrafiltration membrane. The
concentration of total protein is determined by Bradford
assay (Bradford, 1976). In one preferred embodiment, the
proteomic composition of the ActE secretome is that
described in FIG. 3 or FIG. 18.

The secretomes obtained from growth on specific ligno-
cellulosic materials, such as cellulose, xylan, cellulosic
hemi-cellulosic biomass, and chitin, will have distinct com-
positions of individual enzymes and also distinct reactivity
with different polysaccharides. The cellulosic hemi-cellu-
losic biomass may be non-wood biomass or wood biomass.
For example, the secretome prepared from ActE grown on
cellulose has unique enzymes and enhanced reactivity with
cellulose and mannan. Also, the secretome prepared from
ActE grown on xylan possesses high xylan degradation
activity, whereas the secretome from ActE grown on chitin
possesses uniquely high chitin degradation activity.
Example A discloses the specific secretomes.

When ActE is grown on switchgrass, AFEX-pretreated
switchgrass or ionic liquid pretreated switchgrass, the secre-
tome has a protein composition that partially matches that
obtained from growth on either cellulose or xylan. However,
switchgrass, AFEX-pretreated switchgrass or ionic liquid
pretreated switchgrass elicit the appearance of new proteins
in the secretome that enhance the degradative ability of the
secretome for the plant biomass materials. Applicants envi-
sion that the present invention would also apply to other
pretreatment methods comprising acid hydrolysis, steam
explosion, organosolve, sulfite pretreatment to overcome
recalcitrance of lignocellulose (SPORL), metal-catalyzed
hydrogen peroxide treatment, alkaline wet oxidation and
ozone pretreatment.

The inventors’ preliminary data shows synergistic filter
paper degrading activity between the ActE secretome and
other cellulases from a different organism. Also, addition of
a beta-glucosidase to the secretome helps to break down the
oligosaccharides (e.g., cellotetraose, cellotriose and cellobi-
ose) released from filter paper into simpler sugars.

Preferably, the secretome would be prepared as a concen-
trated solution by ultrafiltration. The concentrated material
would be mixed with the substrate at weight percentages
varying from 0.1% to 20% w/w, with the remainder of the
solution containing a buffer substance that controls pH.
Trace metals would be added to the reaction. The material
would be incubated at the appropriate temperature to allow
the reaction to occur, with mixing of the reaction materials.
The sample might be equilibrated with air or O, gas through-
out the reaction time period.

The secretome obtained from growth of ActE on cellulose
provides all necessary enzymes for most efficient breakdown
of cellulose to cellobiose and mannan to mannose. Weak
reaction is observed for breakdown of xylan to xylose and a
mixture of mannobiose and mannose.

The secretome obtained from growth of ActE on xylan
provides all necessary enzymes for most efficient breakdown
of'xylan to xylobiose and xylose. Weak reaction is observed
for breakdown of cellulose to cellobiose and for breakdown
of mannan to mannose.
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The secretome obtained from growth of ActE on chitin
provides all necessary enzymes for most efficient breakdown
of chitin to N-acetylglucosamine. Weak reaction is observed
for breakdown of xylan to xylose. Weak reaction is observed
for breakdown of cellulose to cellobiose and for breakdown
of mannan to mannose.

The secretome obtained from growth of ActE on switch-
grass biomass provides all of the necessary enzymes for
breakdown of cellulose, xylan, and mannan contained in
switchgrass to the constituent monosaccharides and disac-
charides. Growth of ActE on switchgrass exposed to differ-
ent chemical pretreatments changes the composition of
enzymes present, which alters the rate of production and
yield of the constituent monosaccharides and disaccharides.

The secretome obtained from growth of ActE on cellulose
provides the necessary enzymes for breakdown of cellulose
to cellobiose. ActE uses cellobiose as the growth substrate,
S0 no enzymes are present to convert cellobiose to glucose.

In order to obtain glucose, a cellobiase or beta-glucosi-
dase would be added. This is a standard practice in biofuels
enzymology.

In order to convert cellobiose to glucose, a cellobiase or
beta-glucosidase would be added. Addition of cellulases
from other organisms can improve the rate of hydrolysis of
cellulose, e.g., addition of Cell.cc_CBM3a, an engineered
enzyme from C. thermocellum covered in Fox and Elsen
Patent Application No.: PCT/US2010/037094.

The secretome obtained from growth of ActE on cellulose
provides all of the necessary enzymes for breakdown of
cellulose to cellobiose in a soluble form. One skilled in the
art might purify these proteins directly from the secretome
without use of tags or recombinant approaches.

As previously noted, the dominance of cellobiose as a
product of cellulose deconstruction by ActE might help to
channel cellulolytic activity to only a subset of the diverse
microbes found in the Sirex community. Exploiting this
community interaction, along with establishing control of
the highly regulated patterns of gene expression observed in
ActE provides the basis for a new biotechnological route for
lignocellulosic digestion. For example, use of ActE secre-
tomes to produce cellobiose will restrict the use of cellulose
as a fermentation substrate to only those organisms capable
of cellobiose uptake followed by intracellular conversion to
glucose and subsequent glycolytic pathway intermediates.
This might be achieved by coupling ActE enzymes with a
yeast fermentation strain engineered to contain a specific
cellobiose transporter and an intracellular cellobiose phos-
phorylase, leading to the intracellular production of glucose
and glucose-1-phosphate.

ActE secretomes can be mixed with cellulosic biomass to
convert it to cellobiose and xylose, as in the biofuels
industry. For example, one might (1) mix the secretome with
paper waste to convert it to a mixture of readily fermentable
oligo-, di-, and monosaccharides; (2) mix with animal feeds
to increase the digestibility of the biomass to promote
animal growth; (3) mix with cotton-based textiles for
smoothing or other refinements; (4) mix with waste from the
shrimp industry to process solid chitin to soluble constitu-
ents; (5) mix with mannan-enriched materials to convert
them to mannose and mannobiose. One would also find the
secretome useful for commercial food processing or treat-
ment of cellulosic bezoar found in the human stomach.

One embodiment of the present invention is an isolation
or purified preparation of Streptomyces sp. ActE.

An isolation of ActE was originally reported by Adams et
al., (2011) ISME j doi:10.1038/ismej.2011.14, where it was
stated that “Sirex noctilio were collected from infested scots
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pine, Pinus sylvestris L, in Onondaga County, N.Y., USA in
20087, and “Microbial isolates were obtained from four
adult females and six larvae collected in 2008, and were
screened for cellulase activity.” These isolates were screened
for cellulolytic ability by growing them on CMC, AFEX-
treated corn stover, and microcrystalline cellulose.

Applicants envision that one would wish to prepare ActE
isolates on specific nutrient sources for optimization for
particular digestion profiles. Therefore, one may wish to
prepare ActE on substrates wherein at least 40%, preferably
85% of Streptomyces sp. ActE’s carbon source in the sub-
strate is derived from a material selected from the group
consisting of cellulose, cellulose/hemicelluloses mixture,
hemicelluloses, xylan, non-wood biomass, wood biomass,
and chitin.

In a preferred embodiment, ActE would be grown aero-
bically to maximize the secretion of enzymes that include
both oxidative and hydrolytic enzymes capable of the rapid
deconstruction of biomass. Since ActE cannot utilize man-
nose for growth, but efficiently liberates mannose from
biomass, mannose would become available for growth of the
inoculum of a fermentation organism in co-culture. The
likely fact that ActE produces at least one antibiotic that
would help maintain culture sterility is another possible
advantage to establishment of an effective co-culture.

The high capacity for mannan hydrolysis coupled with the
inability of ActE to use mannose as a growth substrate offers
unique potential opportunity for expansion of deconstruc-
tion enzymology to the use of woody substrates. The decon-
struction of woody substrates is considered to be more
challenging for biofuels production despite the fact that
woody substrates are also considerably more highly
enriched in mannan than grass substrates. This unique
potential opportunity will be enhanced by ongoing plant
engineering research efforts to redefine the proportion of
xylan and mannan in plant hemicellulose. The availability of
plant material enriched in mannan will be coupled to vig-
orous conversion to mannose by ActE secretomes, providing
a targeted, simply fermented C6 sugar for exclusive use by
the fermentation organism.

When sufficient titer of enzymes and fermentation organ-
ism have been achieved, facilitated by the vigorous, obligate
aerobic growth of ActE and corresponding deconstruction of
biomass, the fermentation could be initiated by removal of
the air source from the culture vessel. In the anoxic condi-
tions, ActE would cease to grow, and perhaps even lyse to
become a protein source for the fermentation organism,
which will continue to grow on biomass that is simultane-
ously being deconstructed by the loading of highly active
hydrolytic enzymes originally produced by ActE during the
aerobic growth phase.

Applicants envision adding an ActE isolate directly to
biomass slurry. More preferably an ActE isolate would be
added to the pretreated biomasses in the enzyme hydrolysis
step, because ActE is able to grow at wide range of pH. ActE
can be genetically modified so that the proteolysis proof
secretome will be achieved. Growth on switchgrass elicits
the appearance of new proteins in the secretome that
enhance the degradative ability of the secretome for the
plant biomass materials. Applicants envision that the present
invention would apply to the biomasses pretreated by many
pretreatment methods comprising AFEX, ionic liquid pre-
treated, acid hydrolysis, steam explosion, organosolve,
sulfite pretreatment to overcome recalcitrance of lignocel-
Iulose (SPORL), metal-catalyzed hydrogen peroxide, alka-
line wet oxidation and ozone pretreatment.
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In one preferred embodiment of the present invention, at
least one key enzyme in the secretome can be overexpressed
by genetic modification of the ActE strain. Table 1 provides
various combinations of genes that can be overexpressed.
For example, one may wish to overexpress core cellulose
deconstructing enzymes, SACTE_0237, SACTE_0482,
SACTE_0236, or SACTE_3159 together with one or more
of SACTE_2347, and SACTE_0265. One may wish to
overexpress core Xylan deconstructing enzymes,
SACTE_0265, SACTE_0358, SACTE_0357,
SACTE_5978, and SACTE_5230. One may wish to over-
express core mannan deconstruction enzymes, such as
SACTE_2347. Additionally, SACTE_4755 and
SACTE_4738 may be overexpressed for beta-1,3-glucan
deconstruction. One may also overexpress all or some of the
aforementioned genes for efficient biomass deconstruction.

In another embodiment of the present invention, at least
one key enzyme in the secretome can be overexpressed and
secreted by genetic modification of a different microbial host
such as Streptomyces lividans, which is used for industrial
secretion of proteins (Anne and Van Mellaert. (1993)), or .
reesei, which is used for secretion of enzymes in the biofuels
industry (Saloheimo and Pakula, Microbiology, Epub date
2011 Nov. 5).

In another embodiment of the present invention, at least
one key enzyme in the secretome can be overexpressed by
genetic modification of a different microbial host such as S.
cerevisiae or E. coli such that the expressed protein will be
retained inside of the host cell. The host cells would then be
harvested and used as a delivery agent without need for
purification of the entrained enzyme, as described in (Wood
et al., 1997. This version of the invention may be useful in
the enzymatic pretreatment of agricultural crop materials for
consumption by ruminant animals.

Combinations of ActE Genes and Expression Products

Selected minimal genes in each subset were chosen based
on the combination of genomic, transcriptomic and secre-
tomic results (See Examples and Table 1). For example, in
the cellulose minimal gene set, expression of these genes
was relatively enriched in cellulose grown cells, compared
to glucose grown cells, also corresponding proteins were
highly secreted in response to the cellulose in culture
medium. Elected minimal genes were annotated to have
cellulose utilization function. A larger set of genes for
cellulose utilization were selected based on the enrichment
of gene expression in cellulose-grown cells relative to
glucose-grown cells, and a functional annotation supports
cellulose utilization of these genes. Additionally, neighbor-
hood genes to these selected genes on genome were included
as genes regulated under same promoter. Similarly, both
minimal and a large set of genes for xylan, chitin, and
biomasses were elected.

In one embodiment, the present invention is a composi-
tion useful for digesting lignocellulosic material comprising
genes or expression products thereof selected from the group
consisting of: (a) SActE_0237 (SEQ ID NO:1), SActE_0236
(SEQ ID NO:2), SActE_3159 (SEQ ID NO:3), SActE_0482
(SEQ ID NO:4), SActE_0265 (SEQ ID NO:5), and
SActE_2347 (SEQ ID NO:6), and (b) SActE_0357 (CE4)
(SEQ ID NO:7), SActE_0358 (GH11) (SEQ ID NO:8),
SActE_1310 (PL3) (SEQ ID NO:9), SActE_3717 (GH9)
(SEQ ID NO:10), SActE_4638 (SEQ ID NO:11),
SActE_4738 (GH16) (SEQ ID NO:12), SActE_4755
(GH64) (SEQ ID NO:13), SActE_5457 (GH46) (SEQ 1D
NO:14), SActE_5647 (GH87) (SEQ ID NO:15), and
SActE_5978 (PL1) (SEQ ID NO:16). In a preferred embodi-
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ment, the composition comprises at least three or four of the
genes or expression products.

In one embodiment, one would use at least one member
of (a) to digest a preferred lignocellulosic material.

In another embodiment, one would use at least the first
four members [SActE_0237 (SEQ ID NO:1), SActE_0236
(SEQ ID NO:2), SActE_3159 (SEQ ID NO:3), and
SActE_0482 (SEQ ID NO:4)] of (a) to digest a preferred
lignocellulosic material.

In another embodiment, one would use at least one
member of (a) and at least one member from (b), to digest
a preferred lignocellulosic material.

In a preferred embodiment, one would use all the mem-
bers of (a) and (b), to digest a preferred lignocellulosic
material.

In other embodiments, the combination of genes or
expression products thereof in the present invention is
dependent on the specific lignocellulosic material to be
digested. In one embodiment, a composition optimized for
cellulose utilization may include any combinations of ActE
genes and expression products disclosed above with at least
one member selected from SActE_0265 (GH10) (SEQ ID
NO:5) and SActE_2347 (GHS) (SEQ ID NO:6) genes or
expression products thereof.

In another embodiment, a composition optimized for
xylan utilization may include any combinations of ActE
genes and expression products disclosed above with at least
one member selected from SActE_0265 (GH10) (SEQ ID
NO:5), SActE_0358 (GH11) (SEQ ID NO:8), SActE_0357
(CE4) (SEQID NO:7), SActE_5978 (PL1) (SEQ ID NO:16)
and SActE_5230 (xylose isomerase) genes or expression
products thereof. In a preferred embodiment, the composi-
tion comprises at least three or four of the genes or expres-
sion products.

In another embodiment, a composition optimized for
chitin utilization may include any combinations of ActE
genes and expression products disclosed above with at least
one member selected from SActE_4571 (GHI1S),
SActE_2313 (CBM33), SActE_4246 (GH18), SActE_3064
(GH19), and SActE_5764 (GHI18) genes or expression
products thereof. In a preferred embodiment, the composi-
tion comprises at least three or four of the genes or expres-
sion products.

In another embodiment, a composition optimized for
biomass utilization may include any combinations of ActE
genes and expression products disclosed above with
SActE_5457 (GH46) (SEQ ID NO:14) genes or expression
products thereof.

In another embodiment, a composition optimized for
mannan utilization may include any combinations of ActE
genes and expression products disclosed above with
SactE_2347 (GHS5) (SEQ ID NO:6) genes or expression
products thereof.

In another embodiment, a composition optimized for
beta-1,3-glucan utilization may include any combinations of
ActE genes and expression products disclosed above with at
least one member selected from SActE_4755 (GH64) (SEQ
ID NO:13) and SActE_4738 (GH16) (SEQ ID NO:12) genes
or expression products thereof.

In another embodiment, a composition optimized for
pectin release utilization may include any combinations of
ActE genes and expression products disclosed above with
SActE_1310 (PL3) (SEQ ID NO:9) gene or expression
products derived thereof.

In another embodiment, a composition optimized for
alginate release utilization may include any combinations of
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ActE genes and expression products disclosed above with
SActE_4638 (SEQ ID NO:11) gene or expression products
derived thereof.

In another embodiment, a composition optimized for
galactose release utilization may include any combinations
of ActE genes and expression products disclosed above with
SactE_5647 (GH87) (SEQ ID NO:15) gene or expression
products derived thereof.

In another embodiment, the present invention is summa-
rized as a composition useful for xylan degradation com-
prising SActE_0265 (GH10) (SEQ ID NO:5) and
SActE_0358 (GH11) (SEQ ID NO:8) genes or expression
products thereof.

In another embodiment, the present invention is summa-
rized as a composition useful for xylan degradation com-
prising SActE_0265 (GH10) (SEQ ID NO:5), SActE_0358
(GHI11) (SEQ ID NO:8), SActE_0265 (GH10) (SEQ 1D
NO:5), SActE_0358 (GH11) (SEQ ID NO:8), SActE_0357
(CE4) (SEQ ID NO:7), SActE_5978 (PL1) (SEQ ID
NO:16), and SActE_5230 (xylose isomerase) genes or
expression products thereof. In a preferred embodiment, the
composition comprises at least three or four of the genes or
expression products.

In another embodiment, the present invention is summa-
rized as a composition useful for biomass degradation
comprising SActE_0237 (GH6) (SEQ ID NO:1),
SActE_0482 (GHS5) (SEQ ID NO:4), SActE_3159 (CBM33)
(SEQ ID NO:3), SActE_0236 (GH48) (SEQ ID NO:2),
SActE_3717 (GH9) (SEQ ID NO:10), SActE_0265 (GH10)
(SEQ ID NO:5), SActE_0358 (GH11) (SEQ ID NO:),
SActE_2347 (GHS) (SEQ ID NO:6) and SActE_1310 (PL1)
genes or expression products thereof. In a preferred embodi-
ment, the composition comprises at least three or four of the
genes or expression products.

In one embodiment, the present invention is a composi-
tion useful for digesting lignocellulosic material comprising
genes or expression products thereof selected from the group
consisting of: (a) SActE_0237 (SEQ ID NO:1), SActE_0236
(SEQ ID NO:2), SActE_3159 (SEQ ID NO:3), SActE_0482
(SEQ ID NO:4), SActE_0265 (SEQ ID NO:5), and
SActE_2347 (SEQ ID NO:6) (for cellulose); (b)
SActE_0265 (SEQ ID NO:5), SActE_0357 (SEQ ID NO:7),
SActE_0358 (SEQ ID NO:8), SActE 5230 and
SActE_5978 (for xylan); (c) SActE_2313, SActE_3064,
SActE_4246, SActE_4571 and SActE_5764 (for chitin); (d)
SActE_2347 (for mannan); and (e) SActE_0236 (SEQ ID
NO:2), SActE_0237 (SEQID NO:1), SActE_0265 (SEQ ID
NO:5), SActE_0358, SActE_1310, SActE_2347 and
SActE_3159 (for biomass). In a preferred embodiment, the
composition comprises at least three or four of the genes or
expression products.

In one embodiment, one would use at least two members
of (a), (b), (¢), (d) or (e) to digest a preferred lignocellulosic
material.

In another embodiment, one would use at least three
members.

In a preferred embodiment, one would use all members of
(@), (b), (¢), (d) or (e).

In another embodiment, one would add gene expression
products from the list in Table 1 to a substrate to be digested.
For example, for preferred cellulose digestion, one would
select at least two members of (a), as described above, and
at least one member of the “additional useful genes” in Table
1.
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In the case of cellulose degradation, the inventors believe
SACTE_3159, SACTE_0237, SACTE_0482, and

SACTE_0236 act cooperatively to create nicks and hydro-
lyze cellobiose units from crystalline cellulose.

ActE key genes can be transferred into known cellulolytic
organisms in order to enhance the cellulolytic ability of these
organisms. A cellulolytic fungus, 7. reesei, has been studied
for industrial applications, and can be genetically modified.
Applicants’ data support synergism of cellulolytic ability of
enzymes from different species. A chromosomal gene trans-
fer can be performed into 7. reesei by protoplast transfor-
mation with a high copy plasmid carrying one or more of the
ActE cellulolytic key genes.

A chromosomal or a non-chromosomal gene transfer can
be made into a yeast species such as Saccharomyces cer-
evisiae. For non-chromosomal gene transfer, a high copy
plasmid carrying a cassette of five minimal genes
(SACTE_0236, SACTE_0237, SACTE_0482,
SACTE_3717 and SACTE_3159) would be used to confer
cellulolytic and mannanolytic capability to the yeast strain.
Similar approaches could be used to confer xylanolytic and
chitinolytic capability using combinations of the genes
described herein.

One might wish to recombinantly express the disclosed
enzymes in F. coli in order to achieve high yield of each
enzyme. As is shown in the synergistic result in Example 18,
cellulose degradation can be improved by combination of
ActE enzymes to enzymes from other organisms.

FIG. 18 shows Spectra count of proteins identified on
each substrate, where top 95% most abundant proteins were
highlighted green, light purple, purple, blue, orange, pink,
light blue and yellow on glucose, cellobiose, cellulose,
xylan, switchgrass, AFEX-SG, IL-SG and chitin, respec-
tively.

Applicants envision that one would use a composition
comprising at least one member of the abundant proteins,
e.g., those highlighted proteins in FIG. 18, for digesting the
corresponding lignocellulosic materials. For example, to
digest a cellulose material, one would choose at least one
gene or expression products thereof selected from the group
consisting of SACTE_0237, SACTE_0236, SACTE_2347,

SACTE_3159, SACTE_0482, SACTE_0265,
SACTE_0357, SACTE_4439, SACTE_0562,
SACTE_0358, SACTE_4343, SACTE_1546,
SACTE_1310, SACTE_4638, SACTE_5668,
SACTE_3717, SACTE_3590, SACTE_2172,
SACTE_4571, SACTE_5978, SACTE_6428,

SACTE_2313, and SACTE_0366. In a preferred embodi-
ment, the composition comprises at least three or four of the
genes or expression products.

In one preferred embodiment, one would use all the
highlighted proteins for digesting the corresponding ligno-
cellulosic materials.

In another embodiment, one would add gene expression
products from the list in Table 1 to a substrate to be digested.
For example, for preferred cellulose digestion, one would
select at least one member of the abundant proteins, as
described above, and at least one member of the “additional
useful genes™ in Table 1.
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ActE genes or expression products useful for lignocellulosic degradation

Gene or Expression Product
Combinations

Preferred subsets

Additional Useful Genes

SACTE_0236, SACTE_0237,
SACTE_3159, SACTE_0482
SACTE_2347, and
SACTE_0265.

SACTE_0265, SACTE_0357,
SACTE_0358, SACTE_5230
and SACTE_5978

SACTE_2313, SACTE_3064,
SACTE_4246, SACTE_4571
and SACTE_5764

SACTE_2347

SACTE_1310

SACTE_4638

SACTE_5647

SACTE_4738 and
SACTE_4755

SACTE_0236, SACTE_0237,
SACTE_0265, SACTE_0358,

Cellulose
degradation

Xylan degradation

Chitin degradation

Mannan
degradation
Pectin degradation
Alginate release
Galactose release
Beta-1,3-glucan
degradation
Cellulose and
hemicelluloses

SACTE_0229, SACTE_0230,
SACTE_0231, SACTE_0232,
SACTE_0233, SACTE_0234,
SACTE_0235, SACTE_0480,
SACTE_0481, SACTE_0483,
SACTE_0562, SACTE_0563,
SACTE_0733, SACTE_0734,
SACTE_2286, SACTE_2287,
SACTE_2288, SACTE_2289,
SACTE_3158, SACTE_4737, and
SACTE_6428

SACTE_0364, SACTE_0365,
SACTE_0366, SACTE_0368,
SACTE_0369, SACTE_0370,
SACTE_0527, SACTE_0528,
SACTE_5227, SACTE_5228,
SACTE_5229, SACTE_5858, and
SACTE_5859

SACTE_0080, SACTE_0081,
SACTE_0844, SACTE_0846,
SACTE_0860, SACTE_3063,
SACTE_4858, SACTE_6493 and
SACTE_6494

SACTE_5648

SACTE_4737, SACTE_4739 and
SACTE_4756

SACTE_3065, SACTE_4730,
SACTE_4755, and SACTE_5166

SACTE_0482, SACTE_1310,
SACTE_2347, SACTE_3159
and SACTE_3717

degradation

In one embodiment, the present invention is a method for
digesting a lignocellulosic material, comprising exposing
the material to a sufficient amount of a composition of
enzymes, wherein the exposed material is at least partially
digested. The enzymes may be ActE secretomes, and ActE
secretomes may be prepared and isolated using the methods
described above.

In another embodiment, the composition of enzymes for
a method for digesting a lignocellulosic material may
include ActE secretomes in a combination with secretomes
from other organisms, or with enzymes or enzyme compo-
sitions, such as Spezyme CP, to increase the activity of both
preparations by synergy of the enzymes contained in each
preparation.

In another embodiment, the composition of enzymes for
a method for digesting a lignocellulosic material may be any
combinations of ActE genes and expression products as
described above.

EXAMPLES

Materials and Methods

Genome Analysis. The complete genome sequence of
Streptomyces sp. SirexAA-E (ActE, taxonomy ID 862751)
was determined by the Joint Genome Institute, project 1D
4086644. Gene annotation models were predicted using
Prodigal (Hyatt, et al., 2010), examined using Artemis
(Rutherford, et al., 2000), and are available at NCBI with the
following accession numbers, GenBank: CP002993.1; Ref-
Seq: NC_015953.1. Carbohydrate-active enzymes were
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annotated by comparison of all translated open-reading
frames to the CAZy database (Cantarel, et al., 2009). We
collected CAZy annotated genes from the CAZy database
(www.cazy.org). We then used BLASTP to compare all ActE
protein-coding sequences to the CAZy database and to the
pfam database (ftp://ftp.ncbi.nih.gov/pub/mmdb/cdd/lit-
tle_endian/Pfam_[.E.tar.gz). These two annotations were
then crosschecked, and proteins annotated by both databases
were identified as our final CAZy annotation. Secreted
proteins were identified by SignalP, TatP, and SecretomeP
analyses. BLAST was used to identify sequence orthologs in
other organisms. Secondary metabolite gene clusters were
identified by AntiSmash analysis (Medema, et al., 2011).
CebR boxes were identified by using BLAST comparison of
the S. griseus CebR box sequence to the ActE genome
(Marushima, Ohnishi, et al., 2009). Networks of expression
and functional categories were visualized using Cytoscape
(Shannon, et al., 2003)

Biomass Substrates. Switchgrass and AFEX-treated
switchgrass were obtained from Great Lakes Bioenergy
Research Center. Extensively washed ionic liquid-treated
switchgrass was the generous gift of Dr. Masood Hadi (Joint
BioEnergy Institute). Wood kraft pulp preparations were the
generous gift of Dr. Xuejun Pan (University of Wisconsin
Department of Biosystems Engineering).

The complete genome sequence of Streptomyces sp. Sir-
exAA-E (ActE, taxonomy ID 862751) was determined by
the Joint Genome Institute, project ID 4086644. Gene anno-
tation models were predicted using Prodigal (Hyatt, et al.,
2010), examined using Artemis (Rutherford, et al., 2000),
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and are available at NCBI with the following accession
numbers, GenBank: CP002993.1; Ref Seq: NC_015953.1.
Carbohydrate-active enzymes were annotated by compari-
son of all translated open-reading frames to the CAZy
database (Cantarel, et al., 2009). We collected CAZy anno-
tated genes from the CAZy database (See CAZy’s website
for detail information). We then used BLASTP to compare
all ActE protein-coding sequences to the CAZy database and
to the pfam database (the pfam database can be found in the
website of the National Institute of Health (NIH)). These
two annotations were then crosschecked, and proteins anno-
tated by both databases were identified as our final CAZy
annotation. Secreted proteins were identified by SignalP,
TatP, and SecretomeP analyses. BLAST was used to identify
sequence orthologs in other organisms. Secondary metabo-
lite gene clusters were identified by AntiSmash analysis
(Medema, et al., 2011). CebR boxes were identified by using
BLAST comparison of the S. griseus CebR box sequence to
the ActE genome (Marushima, Ohnishi, et al., 2009). Net-
works of expression and functional categories were visual-
ized using Cytoscape (Shannon, et al., 2003)

RNA microarray. ActE was grown in minimal medium
plus the indicated substrate for 7 days. The cell pellet was
separated from the culture medium by centrifugation for 10
min at 3000xg. Microarray experiments were carried out as
reported previously (Riederer, et al., 2011). The total RNA
was extracted from the cell pellet and purified. The Univer-
sity of Wisconsin Gene Expression Center carried out the
syntheses of ¢cDNA and array hybridizations. Four-plex
arrays were constructed by Nimblegen and hybridized with
10 pg of labeled cDNA. ArrayStar (v4.02, DNASTAR,
Madison, Wis.) was used to quantify and visualize data. All
analyses were based on three or more biological replicates
per carbon source. Quantile normalization and robust multi-
array averaging (RMA) were applied to the entire data set.
Unless otherwise specified, expression levels are based on
log 2 values and statistical analysis of the datasets were
performed using the moderated t-test.

Preparation of Secretomes. Supernatants obtained from
different culture media were prepared by centrifugation of
the culture medium for 10 min at 3000xg, which removed
the remaining insoluble polysaccharide and adhered cells.
The supernatant fraction was then passed through a 0.22-um
filter in order to remove any remaining cells. For enzymatic
assays, the secretomes were concentrated using a 3-kDa cut
off ultrafiltration membrane. The concentration of secretome
protein was determined by Bradford assay, and the typical
yield was ~150-300 mg of total secreted protein per liter of
culture medium.

Extracellular Protein Profiles. Extracellular proteins from
culture secretomes were precipitated with trichloroacetic
acid (TCA), resuspended in denaturing sample buffer (SDS
and 2-mercaptoethanol), and separated by SDS-PAGE in
4-20% gels. Protein bands of interest were excised from the
gel, digested with trypsin, desalted with C18 pipette tips
(Millipore, Billerica, Mass.) and identified by MALDI-TOF
(MDS SCIEX 4800 MALDI TOF/TOF, Applied Biosys-
tems, Foster City, Calif.). Additional samples from the same
culture secretomes were analyzed by LC-MS/MS to identify
highly abundant proteins in the sample.

Ion exchange separation of the ActE secretome. The ActE
cellulose secretome was diluted with cold deionized water
until the ionic strength was less than 50 mS. The diluted
sample was loaded onto an AKTApiirifier™ chromatogra-
phy station equipped with a 16/10 MonoQ FF ion exchange
column. The column was washed with 100 mL of 10 mM
phosphate, pH 6.0, to remove unbound proteins. The bound
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proteins were eluted in a linear, 200 ml. gradient of NaCl
from 0 to 0.8 M in the same buffer. Fractions from the
gradient elution were collected and separated by SDS
PAGE. The proportional contribution of individual proteins
in each fraction was estimated from SDS PAGE. Individual
protein bands from each fraction were cut from the gel and
submitted for LC-MS/MS analysis to confirm their identi-
ties.

LC-MS/MS Analyses. These experiments were performed
at the University of Wisconsin Biotechnology Center.
Samples were prepared by TCA precipitation of 100 ng of
total secreted protein from 7-day old culture supernatants.
Protein samples were digested with trypsin (sequencing
grade trypsin, Promega, Madison, Wis.) and were desalted
using C18 pipette tips (Millipore, Billerica, Mass.). High-
energy collision dissociation (HCD) MS analyses employ-
ing a capillary LC-MS/MS were performed on an electro-
spray ionization FT/ion-trap mass spectrometer (LTQ
Orbitrap XL, Thermo Fisher Scientific, San Jose, Calif.).
The MS and MS/MS spectra were searched against the
spectra obtained from the ActE proteome by using Scaffold
(Scaffold_3_00_06, Proteome Software, Portland, Oreg.).

Enzyme Activity Measurements. Reducing sugar assays
were carried out by mixing secretome preparations with
polysaccharide-containing substrates including cellulose
(either Whatman #1 filter paper or Sigmacell-20 as indi-
cated), xylan, chitin, mannan, switchgrass, AFEX pretreated
switchgrass, or ionic-liquid pretreated switchgrass®*. After
incubation in 0.1 M sodium phosphate, pH 6 at 40° C. for 20
h, the reducing sugar content was detected by dinitrosali-
cylic acid assay (Miller, 1959) and calibrated by using
glucose, xylose, or mannose as standards. Purified polysac-
charide preparations had negligible background response in
the absence of added enzymes. Cellobionic and gluconic
acids were assayed by a coupled enzyme assay (K-GATE
system, Megazyme, Bray Ireland). Spezyme CP was
obtained from Genencor with batch number #4901522860.
The distributions of soluble sugar oligomers obtained from
secretome reactions were determined using a Shimadzu
Liquid Chromatograph HPLC system (Shimadzu Scientific
Instruments, Columbia, Md.) equipped with a refractive
index detector (RID-10A) and a Phenomenex Rezex RPM-
monosaccharide column. The temperature was maintained at
85° C. and Milli-Q water was used as the mobile phase at 0.6
mL min~" flow rate. Glucose, cellobiose, cellotriose, cello-
tetraose, cellopentaose, and cellohexaose (Sigma) were used
as standards. The integrated areas of peaks were analyzed by
EZ start 7.2 SP1 software (Shimadzu).

Fractions obtained from the ion exchange separation of
the ActE cellulose secretome were combined as unary,
binary, ternary, and quaternary assemblies where the total
protein concentration was fixed and the individual fractions
contributed all, halves, thirds, or quarters of the total protein.
The most active fraction was assembled from a ternary
combination of fractions containing the following enzymes:
fraction 1, SACTE_3159 (CBM33/CBM2 oxidative endo-
cellulase, 95%) and SACTE_4738 (GH16 [-1,3 endogluca-
nase, 5%); fraction 2, SACTE_0237 (GH6 exocellulase,
60%), SACTE_0482 (GH5 endocellulase, 25%),
SACTE_0237 ($-1,3 glucanase, 10%) and SACTE_3159
(oxidative  endocellulase, <5%); and fraction 3,
SACTE_0236 (GH48 exocellulase, 75%), SACTE_3717
(GH9 endocellulase, 20%) and SACTE_5457 (GH46 chiti-
nase, 5%).

Cellobionic and gluconic acids were assayed by a coupled
enzyme assay (K-GATE system, Megazyme, Bray Ireland),
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either with or without the addition of a large excess of
p-glucosidase (Cat. No. 31571, Lucigen, Middleton, Wis.).

Two lots of Spezyme CP were obtained from Genencor
(#4900901244, Jan. 27, 2010 and #4901522860, Sep. 2,
2011). The specific activity of these two preparations was
indistinguishable.

HPLC Analysis. The distributions of soluble sugar oli-
gomers obtained from secretome reactions without and with
the addition of excess p-glucosidase (Lucigen) were deter-
mined using a Shimadzu Liquid Chromatograph HPLC
system (Shimadzu Scientific Instruments, Columbia, Md.)
equipped with a refractive index detector (RID-10A) and a
Phenomenex Rezex RPM-monosaccharide column. The
temperature was maintained at 85° C. and milli-Q water was
used as the mobile phase at 0.6 mL min~! flow rate. Glucose,
cellobiose, cellotriose, cellotetraose, and cellopentaose
(Sigma) were used as standards. The integrated areas of
peaks were analyzed by EZ start 7.2 SP1 software (Shi-
madzu).

For the experiments shown in FIG. 21, the ActE secre-
tome (1 pg total protein); CellLcc_CBM3a (1 pg); ActE
secretome (0.5 pg) and CellLcc_CBM3a (0.5 pg); or
Spezyme CP (1 pg total protein) were used. The products of
the enzyme reactions detected by HPLC were: ActE secre-
tome, 95% cellobiose, 5% glucose; Cell.cc_CBM3a reac-
tion, 90% cellobiose, 10% glucose; ActE &
CellL.cc_CBM3a, 5% cellotetraose, 80% cellotriose, 15%
cellobiose; Spezyme CP, 33% cellobiose, 67% glucose. All
products could be converted to glucose in the presence of
excess P-glucosidase.

CellLcc_CBM3a. The nucleotide and amino acid sequence
of CelLLecc_CBM3a is shown in FIG. 22. CelRcc_CBM3a is
an engineered exoglucanase composed of the catalytic core
of C. thermocellum Cell. (Cthe_0405, residues 32 to 429)
fused to a C. thermocellum-derived linker sequence and the
CBM3a domain from Cthe_3077, the CipA scaffoldin. This
construct was created to better understand the performance
of enzymes that are normally targeted to the clostridial
cellulosome. The replacement of the dockerin domain in
Cthe_0405 with the CBM3a domain abrogates the need for
a cellulosomal attachment to obtain maximal catalytic activ-
ity from CellL.cc_CBM3a on solid substrates. The indicated
nucleotide sequence was sub-cloned into wheat germ cell-
free translation (Makino et al., 2010) and £. coli expression
vectors (Blommel et al., 2009) for protein production.
CelL.cc_CBM3a was purified by standard immobilized
metal (Ni**) chromatography. There was no difference in the
specific activity of the protein prepared by these two meth-
ods.

Example 1

ActE Exhibits High Cellulolytic Activity Relative
to other Cellulolytic Organisms

Prokaryotes such as Streptomyces are often easier to grow
than eukaryotes (i.e., fungi such as 7. reesei), and aerobes
are often easier and more energetically efficient to grow than
anaerobes. Streptomyces may also have an advantage of
producing antibiotics that limit the ability of other organisms
to contaminate the culture medium during growth (Galm et
al., 2011; Susi et al., 2011). This may be of advantage during
large-scale culture with non-sterile biomass materials such
as will be encountered in the biofuels industry.

When compared to other cellulolytic organisms (FIG. 1
and FIG. 6), ActE grows well on pure cellulose substances
including amorphous cellulose (cellulose treated with phos-
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phoric acid so as to remove all crystalline structure), filter
paper (containing a mixture of amorphous and crystalline
cellulose) and Sigmacell (primarily in the crystalline state as
determined by X-ray powder diffraction), as well as other
polysaccharides such as beta-1,3-glucan (callose), xylan,
and chitin. ActE also grows well on biomass samples such
as corn stover, ammonia-fiber expansion pretreated corn
stover, switchgrass, ammonia-fiber expansion pretreated
switchgrass, ionic liquids pretreated switchgrass, bleached
spruce wood kraft pulp, and unbleached lodgepole pine kraft
pulp.

FIG. 1 compares the ability of ActE, S. coelicolor A3(2)
(NCBI taxonomy ID 100226) and S. griseus (NCBI
CP002993.1; RefSeq: NC_015953.1) to grow in minimal
medium containing filter paper as the only carbon and
energy source. These images demonstrate the considerably
different capabilities of the three ostensibly cellulolytic
organisms. Thus ActE completely destroys the filter paper
and achieves high cell density, while the two other, reputedly
highly cellulolytic strains are only capable of weak colony
formation attached to the filter paper. This result establishes
that ActE has uniquely high cellulolytic capacity relative to
other Streptomyces strains reported to also have this capa-
bility (Forsberg et al., 2011). In fact, the images of FIG. 1
and FIG. 6 demonstrate ActE has cellulolytic capacity
rivaling that of 7. reesei strain Rut-C30, which is widely
acknowledged to be the industrial benchmark for cellulolytic
capacity (Merino and Cherry, Adv. Biochem. Eng. Biotech-
nol. 108:95-120, 2007).

Example 2

Pretreatments Useful for Generating Fermentable
Sugars

In the biofuels arena, the desired cellulose fractions of
plant biomass are protected by the crystalline packing of the
individual cellulose strands, and by the surrounding coating
of hemicellulose and lignin. In order to most efficiently
access the cellulose, chemical pretreatments are required to
“loosen up” the plant cell wall structure. In this context,
“loosen up” may mean removal of the lignin fraction, partial
hydrolysis of feruloyl and acetyl esters present in hemicel-
Iulose, and changes in the crystallinity of the cellulose. An
optimal pretreatment retains all fractions of biomass (i.e.,
lignin, hemicellulose and cellulose) in physical states that
can be subsequently used by microbes and enzymes as
substrates.

Ammonia-fiber expansion is a pretreatment that uses a
combination of ammonia gas, low pressure, and low tem-
perature to effect the loosening process (Balan et al., 2009;
Chundawat et al., 2011; International Patent Publication
No.: WO 2010/125679). It is particularly effective with
grasses, and retains all fractions of the biomass for subse-
quent valorization without introducing water or salts into the
biomass. Ionic liquids pretreatment comprises mixing a
charged chemical substance (i.e., the ionic liquid) in equal
mass proportions with the biomass material. Interactions
between the ionic liquid substance and the biomass cause the
crystalline structure of cellulose to convert to an amorphous
state (Cheng et al., 2011; Li et al., 2011) but the biomass also
becomes heavily contaminated with the ionic liquid during
this pretreatment, requiring extensive washing with water, a
valuable resource in many localities. Kraft pulping is a
method for production of paper from wood that involves
treatment of the biomass material with strong alkali, sodium
sulfite and moderate temperature, resulting in destruction of
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the lignin and hemicellulose from the desired cellulose
fraction; the final biomass material is also heavily contami-
nated with salts that also requires extensive washing with
water to remove. Acid pretreatments retain the lignin and
cellulose but destroy the hemicellulose fraction, and in
doing so create toxic substances derived from the decom-
position of hemicellulose. Because of the need to neutralize
the acid, this pretreatment generates a large contamination of
salt that also requires extensive washing with water. SPORL
is an acidic pretreatment that uses sulfuric acid, elevated
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(CAZy) database. Among the 6357 predicted protein-coding
genes, 167 have one or more domains assigned to CAZy
families, including 119 glycoside hydrolases (GHs), 29
carbohydrate esterases (CEs), 6 polysaccharide lyases (PLs)
and 85 carbohydrate binding modules (CBMs). ActE con-
tains 45 different types of GH families, 4 PL families, 7 CE
families, and 21 CBM families. The number of total CAZy
domains and diversity of CAZy families is comparable to
other highly cellulolytic organisms.

TABLE 2

Comparison of genomic composition.

ActE S. coelicolor  S. griseus  C. thermocellum  C. japonicus
Genome size 7414440 8667507 8545929 3843301 4576573
(at)
Proteome size 6357 8153 7136 3173 3750
Total CAZy 167 221 132 103 183
Proteins
% CAZy 2.6% 2.7% 1.8% 3.2% 4.9%
Proteins®
Total GH® 119 154 80 70 124
Total PL¢ 6 11 4 6 14
Total CE? 29 36 23 20 28
Total CBM* 85 98 68 121 134
antiSMASH 22 24 37 3 4
clusters”
Genes in 620 718 1139 89 111
clusters
% antiSMASH 9.8% 8.8% 16.0% 2.8% 3.0%

“Proteins classified as Carbohydrate Active Enzymes (CAZy).
5GH, glycoside hydrolase.

°PL, pectate lyase.
dCE, carbohydrate esterase.

°CBM, carbohydrate binding module.
/Putative antibiotic producing gene cluster.

temperature, and sodium bisulfite to effect the pretreatment
(Wang et al., 2009; Tian et al., 2011). In SPORL, the lignin
and hemicellulose are destroyed and cellulose is recovered,
but the cellulose is again heavily contaminated with salts
and toxic substances derived from chemical decomposition
of hemicellulose.

ActE secretomes are highly effective for degradation of
lignocellulosic material pre-treated with AFEX. ActE secre-
tomes are also effective for degrading lignocellulosic mate-
rial pretreated with ionic liquids, Kraft pulping, acid or
SPORL and for degrading untreated lignocellulosic mate-
rial.

Example 3

ActE Genome has High Content of Genes
Encoding Carbohydrate Active enZymes (CAZy)
Relative to other Cellulolytic Organisms

Protein-coding sequences of the ActE genome (Hyatt et
al., 2010) were analyzed by BLAST comparison (Altschul et
al.,, 1990) to the Carbohydrate Active enZyme (CAZy)
database (Cantarel et al., 2009).

Table 2 compares the genomic characteristics of ActE
with well-known soil-isolated Streptomyces that produce
antibiotics and with two model cellulolytic bacteria,
Clostridium thermocellum and Cellvibrio japonicas (Lynd,
Weimer, et al., 2002; Deboy, et al., 2008; Riederer, et al.,
2011).  Putative  biomass-degrading  protein-coding
sequences from ActE were identified by BLAST analysis of
the finished genome to the Carbohydrate Active enZyme
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Nearly all publically available Streptomyces genomes
encode a relatively high percentage of genes for putative
cellulolytic enzymes. Interestingly, ActE and the antibiotic
producing Streptomyces, S. griseus and S. coelicolor, shown
in Table 2 have similar numbers and compositions of CAZy
families, but substantially different genome sizes. However,
these antibiotic-producing Streptomyces are not highly cel-
Iulolytic (FIG. 1). Relative to S. griseus and S. coelicolor,
the ActE genome contains two unique CAZy families but
does not possess 16 CAZy families present in these species.
However, ActE contains more representatives in 13 CAZy
families. Enrichment of certain CAZy families was observed
in other highly cellulolytic organisms. For example, C.
thermocellum contains 16 genes in the GH9 family alone. It
is interesting to consider whether the reduction in total
genome size and differences in CAZy composition between
ActE and other closely related soil-dwelling Streptomyces
might have arisen from evolutionary specialization of ActE,
perhaps driven by association with the Sirex-fungal symbio-
sis.

ActE contained 12 CAZy families not found in the other
model cellulolytic organisms shown in FIG. 3, including
GHs, CBMs, and PLs. Seven other CAZy categories, pri-
marily hemicellulases, were shared only with 7. reesei. ActE
had 23 GH, 10 CBM and 2 PL not found in Thermobifida
fusca, another cellulolytic Actinomycetales, which had only
1 GH and 1 CBM not found in ActE. The genome sequence
revealed C. japonicus (strain Ueda 107) is highly enriched
in GH43 enzymes required for hemicellulose utilization, but
is missing a key reducing end exocellulase (bacterial GH48)
required for robust growth on cellulose [e.g., see page 5459
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of (DeBoy et al., 2008)]; both of these enzyme families are
present in highly cellulolytic ActE. Furthermore, ActE also
contained 6 genes from the CBM33 family, recently shown
to catalyze oxidative cleavage of chitin (Vaaje-Kolstad et al.,
2010) and cellulose (Forsberg et al. 2011). Thus, ActE has
genomic composition overlapping other cellulolytic organ-
isms, but with notable expansion in the CAZy composition
for both hydrolytic and oxidative enzymes and the presence
of the complete set of enzymes required for efficient cellu-
lose deconstruction.

Example 4

Genome-wide Gene Expression Analysis of ActE
CAZy Gene

Gene expression profiles were determined for ActE grown
on purified polysaccharides and plant biomass by whole
genome microarrays (FIGS. 4 and 5, FIGS. 9 to 14).
Genome-wide gene expression was analyzed as a functional
annotation network composed of ActE genes (circles) con-
nected to predicted functional groups (triangles; KEGG or
CAZy). In FIG. 4, the network was annotated with genome-
wide microarray expression data to indicate genes that were
differentially expressed when ActE was grown on either
AFEX-SG or glucose, and further annotated to indicate
normalized expression levels observed during growth on
AFEX-SG. While many aspects of metabolism are modestly
changed in response to these different carbon sources, the
CAZy and ABC transporter categories were substantially
enriched in differentially expressed genes (FIG. 4, green
circles). Furthermore, pentose sugar metabolism, sulfur
metabolism, and some amino acid biosynthesis pathways
(e.g., aromatic amino acids) were also highly induced during
growth on AFEX-SG relative to other carbon sources (FIGS.
9-14). In contrast, ribosomal, secondary metabolite, and
DNA repair genes showed little change in expression across
the conditions examined. Within the CAZy functional group,
there was a large induction of genes that contained both a
GH domain and a CBM2 domain. Among the 11 genes in the
ActE genome that contain a CBM2 domain, 6 were induced
greater than 4-fold during growth on AFEX-SG. Further-
more, 9 of the 11 CBM2 containing proteins were identified
in the secreted proteome (FIG. 3).

Example 5

ActE CAZy Gene Expression is Dependent on
ActE Growth Substrate

Given the large number of differentially expressed CAZy
genes identified in the network analysis, Applicants ana-
lyzed the expression of this group of genes in cultures grown
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on different carbon sources (FIG. 5, FIG. 15 and FIG. 16).
As with other cellulolytic organisms, there was strong
correlation between the content of the secreted proteomes
and the most highly expressed genes. Of the 167 ActE genes
containing CAZy domains, 68 genes (FIG. 5, group 1)
showed distinct increases in expression when grown on
different polymeric substrates, 14 genes (FIG. 15, group 2)
did not show any appreciable level of expression, and 85
genes (FIG. 16, group 3) showed moderate changes in
expression with the different substrates. A significant frac-
tion of these genes contained translocation signals for either
the Sec or twin-arginine translocation pathways, and genes
encoding structural polypeptides for these translocation
pathways were also highly expressed. Besides correlation
with secreted proteins, the transcriptomic studies also gave
insight into co-regulated gene clusters that potentially
encode functional units for utilization of different polysac-
charides by ActE. In the following, the 130 genes with
normalized expression intensities in the top 2% of all genes
are described.

During growth on cellulose, four CAZy genes
(SACTE_0236, SACTE_0237, SACTE_3159, and
SACTE_0482) showed >15-fold increase in transcript abun-
dance (FIG. 5), and the corresponding proteins were highly
enriched in the secreted proteome. None of these four were
obviously placed in a gene cluster, and the two most highly
expressed genes, SACTE_0236 and SACTE_0237, while
adjacent on the chromosome, were transcribed in opposite
directions. Nevertheless, these four most highly expressed
genes and three others that showed >5-fold increase in
transcript abundance (SACTE_3717, SACTE_6428,
SACTE_2347, Table 3) were associated with a conserved 14
bp palindromic promoter sequence, TGGGAGCGCTCCCA
(the CebR binding element). CebR proteins are Lacl/GalR-
like transcriptional regulators shown to provide transcrip-
tional control of gene expression in response to the presence
of cellobiose or other small oligosaccharides in S. griseus, S.
reticuli, and Thermobifida fusca (Marushima, Ohnishi, et al.,
2009; Water and Schrempf, 1996; Deng and Fong, 2010).
Likewise, the genes (SACTE_2285 to SACTE_2289)
encoding a CebR regulator (SACTE_2285), a GHI protein
(B-glucosidase), a two-protein cellobiose transporter system,
and an extracellular solute binding protein were associated
with a CebR binding element and were also among the most
highly expressed genes during growth on cellulose. These
latter five genes have 75% or greater sequence identity with
the cellobiose utilization operon identified in S. griseus and
S. reticuli (Marushima, Ohnishi, et al., 2009; Schlosser and
Schrempf, 1996). There were only 15 genes annotated as
hypothetical or domain of unknown function (12%) up-
regulated during growth on cellulose, a considerably smaller
percentage of these than in the entire genome (27%).

TABLE 3

Analysis of upstream DNA sequence elements in ActE genes

upregulated during growth on cellulose.

Catalytic Fold
Locus domain CBM Annotated function Sequence® Rank® change®
SACTE_0236 GH48 CBM2 1,4-beta TGGGAGCGCTC 1 21.7
cellobiohydrolase cca
SACTE_0237 GHé CBM2 1,4-beta TGGGAGCGCTC 2 17.3

cellobiohydrolase cca
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TABLE 3-continued
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Analysis of upstream DNA sequence elements in ActE genes
upregulated during growth on cellulose.

Catalytic Fold
Locus domain CBM Annotated function Sequence” Rank? changeb
SACTE_3159 CBM33 CBM2 Cellulose-binding TGGGAGCGCTC 3 16.2
domain Ccca
SACTE_0482 GH5 CBM2 Endo-1,4-beta- TGGGAGCGCTC 4 15.4
glucosidase cca
SACTE_2288 Transport systems TGGGAGCGCTC 5 11.2
inner membrane Ccca
component
SACTE_3717 GHO CBM2 1, 4-beta TGGGAGCGCTC 6 9.7
cellobiohydrolase cca
SACTE_6428 CBM33 Chitin-binding, GGGAGCGCTCC 9 7.9
domain 3 ca
SACTE_2347 GH5 CBM2 Beta-mannosidase TGGGAGCGCTC 11 5.0
cca
SACTE_2287 Transport systems TGGGAGCGCTC 15 4.3
inner membrane Ccca
component
SACTE_2289 Family 1 TGGGAGCGCTC 19 3.9
extracellular cca
solute-binding
protein
SACTE 0352 GCN5-related N- TGGGAGCGCTC 22 3.6
acetyltransferase CCA
SACTE_2286 GH1 Glycoside GGGAGCGCTCC 27 3.4
hydrolase 1 CA
SACTE_0483 CBM2 Cellulose-binding GGGAGCGCTCC 503 1.6
family protein CA
SACTE_0562 GH74 CBM2 Secreted cellulase TGGGAGCGCTC 5759 0.7
(endo) ccA
SACTE_2285 Lacl family TGGGAGCGCTC 6229 0.6
transcriptional cca
regulator (CebR)

“Predicted binding sequence element found upstream from gene locus.
bRanking and fold change in expression intensity detected by microarray for ActE genes

when grown on cellulose relative to glucose.

Several characteristics distinguished expression during
growth on either xylan or chitin. First, unique sets of genes
were induced, as there was only 14% and 10% overlap,
respectively, when compared to cellulose. Second, ~33% of
the top 2% of genes expressed during growth on either xylan
or chitin were annotated as hypothetical or domain of
unknown function, which greatly exceeds the unknown
fraction in the cellulose secretome. During growth on xylan,
two clusters of genes were up-regulated. One extended from
SACTE_0357 to SACTE_0370, encoding proteins from the
GHI11, GH13, GH42, GH43, GH78, GH87, and CE4 fami-
lies, a Lacl-like transcriptional regulator, a secreted pepti-
dase, and two sets of inner membrane transporters and
associated solute binding proteins. Alternatively, during
growth on chitin, three CBM33 proteins were up-regulated
(SACTE_0080, SACTE_2313, SACTE_6493), and two of
these had an immediately adjacent gene encoding a GH18
(SACTE_6494) or GH19 (SACTE_0081) that was up-regu-
lated.

When ActE was grown on biomass samples, 14 additional
CAZy genes were uniquely up regulated, and the corre-
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sponding proteins were identified in the proteomic analysis
of biomass secretomes (FIGS. 3 and 4). A gene cluster
extending from SACTE_5858 to SACTE_5864 was
uniquely up regulated during growth on biomass. Among
these genes, SACTE_5860 and SACTE_5862 are annotated
as a twin-arginine translocation pathway protein and an
ABC transporter, respectively, while the rest are annotated
either as hypothetical protein or as domain of unknown
function.

Eight CAZy genes were >4-fold up-regulated during
growth on cellulose, including endoglucanases, reducing
and non-reducing end exoglucanases, xylanase and CBM33
proteins (FIG. 5, Table 4). During growth on xylan, eight
CAZy genes were elevated >4-fold relative to glucose,
including exoglucanase, xylanase, pectate lyase and other
hemicellulases (Table 4). Furthermore, chitin-grown cells
contained 2 up-regulated genes from CAZy families includ-
ing chitinase (SACTE_4571) and a CBM33 protein
[SACTE_2313, an ortholog of oxidative chitin oxidase from
S. marcescens (Vaaje-Kolstad et al., 2010)]. Thus on a
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genome-wide basis ActE selectively expresses small, dis- genes expressed by 1. reesei (Herpoel-Gimbert et al., 2008),
tinct sets of CAZy genes during growth on pure polysac- C. thermocellum (Raman et al., 2009; Riederer et al., 2011),
charides, which is distinct from the larger numbers of CAZy and T fusca (Chen and Wilson, 2007).

TABLE 4

Streptomyces sp. ActE genes with >4-fold expression increase during growth on pure polysaccharides.

Fold increase

CAZy Annotation Sigmacell: gle xylan: glc chitin: gle

Sigmacell

SACTE_6428 CBM33 Chitin-binding, domain 3 7.06 1.64 1.81

SACTE_3159 CBM33,2 Cellulose-binding domain, 13.03 1.90 1.29
family II, bacterial type

SACTE_0358 GHI1, CBMS60, 36 Glycoside hydrolase, family 6.28 4.01 2.12
11, active site

SACTE_0236 GH48, CBM2, 37 Glycoside hydrolase, 48F 19.00 493 3.91

SACTE_0482 GHS5, CBM2 Cellulose-binding family 11.84 3.01 2.00

Il/chitobiase, carbohydrate-
binding domain
SACTE_2347 GHS5, CE3, CBM2, 37 Cellulose-binding family 4.46 1.17 0.99
Il/chitobiase, carbohydrate-
binding domain

SACTE_0237 GH6, CBM2 1,4-beta cellobiohydrolase 15.33 1.12 0.77

SACTE_3717 GH9, CBM4, 2 Carbohydrate-binding, 8.03 2.61 1.55
CenC-like

SACTE_2288 Binding-protein-dependent 11.05 4.76 3.26

transport systems inner
membrane component

SACTE_0168 Transcription regulator LuxR, 7.55 1.53 1.37
C-terminal

SACTE_0169 Glyceraldehyde 3-phosphate 5.01 0.75 1.08
dehydrogenase, active site

SACTE_3594 Peptidase S1C, 4.52 3.36 2.70
HrtA/DegP2/Q/S

SACTE_5228 Binding-protein-dependent 4.20 4.35 3.24

transport systems inner
membrane component

Xylan

SACTE_4029 CE4 Glycoside 1.07 4.35 2.22
hydrolase/deacetylase,
beta/alpha-barrel

SACTE_0358 GHI11, CBM60, 36 Glycoside hydrolase, family 6.28 4.01 2.12
11, active site

SACTE_0382 GH2, CBM42 Galactose-binding domain- 1.79 4.18 2.46
like

SACTE_1230 GH23 Lytic transglycosylase-like, 1.29 5.64 3.70
catalytic

SACTE_0816 GH31 Glycoside hydrolase, family 1.53 4.51 3.27
31

SACTE_0236 GH48, CBM2, 37 Glycoside hydrolase, 48F 19.00 4.93 3.91

SACTE_1290 GHS53, CBM61 Galactose-binding domain- 1.43 4.73 2.40
like

SACTE_5978 PL1, CBM35 Galactose-binding domain- 2.00 6.86 2.12
like

SACTE_5325 Binding-protein-dependent 1.78 8.26 3.76
transport systems inner
membrane component

SACTE_6023 Galactose-binding domain- 1.92 7.84 3.34
like

SACTE_1834 Alkaline phosphatase D- 1.78 7.73 3.98
related

SACTE_6100 Sulfate transporter 2.07 7.45 4.75

SACTE_5361 hypothetical protein 1.77 7.20 3.94

SACTE_5163 Lambda repressor-like, DNA- 1.47 6.89 3.29
binding

SACTE_6365 Isocitrate 1.88 6.82 4.01
lyase/phosphorylmutase

SACTE_0254 Thiolase-like 2.13 6.76 5.02

SACTE_6478 FAD-dependent pyridine 2.00 6.72 4.46
nucleotide-disulfide
oxidoreductase

SACTE_3570 hypothetical protein 1.61 6.71 3.72

SACTE_0590 Polyketide 1.55 6.67 4.42
cyclase/dehydrase

SACTE_3152 Twin-arginine translocation 1.41 6.60 2.98

pathway, signal sequence
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TABLE 4-continued

Streptomyces sp. ActE genes with >4-fold expression increase during growth on pure polysaccharides.

Fold increase

CAZy Annotation Sigmacell: gle xylan: glc chitin: gle
SACTE_5285 Bacterial bifunctional 1.71 6.54 3.33
deaminase-reductase, C-
terminal
SACTE_1383 Glycerophosphoryl diester 1.08 6.50 3.51
phosphodiesterase
SACTE_4333 Binding-protein-dependent 137 6.46 3.58

transport systems inner
membrane component

SACTE_3876 hypothetical protein 1.21 6.42 2.73
SACTE_6340 Monooxygenase, FAD- 2.82 6.27 3.69
binding
SACTE_4237 hypothetical protein 1.82 6.27 2.91
SACTE_5136 NAD(P)-binding domain 2.20 6.27 2.87
SACTE_6561 hypothetical protein 292 6.06 5.65
SACTE_0686 Transcription regulator 0.88 6.04 2.72
AsnC-type
SACTE_0817 NUDIX hydrolase, conserved 1.96 6.03 3.19
site
SACTE_3004 Type II secretion system F 1.67 6.01 4.18
domain
SACTE_1835 DoxX 1.66 5.97 3.30
SACTE_1933 hypothetical protein 0.93 5.96 2.77
SACTE_6290 Glyoxalase/bleomycin 1.86 5.95 4.10
resistance
protein/dioxygenase
SACTE_5583 hypothetical protein 1.33 5.87 4.56
SACTE_0586 hypothetical protein 1.40 5.81 2.90
SACTE_0046 NADH: flavin 2.48 5.75 4.56
oxidoreductase/NADH
oxidase, N-terminal
SACTE_1096 Mandelate 1.19 5.73 3.32
racemase/muconate
lactonizing enzyme, N-
terminal
SACTE_2897 hypothetical protein 1.18 5.73 3.81
SACTE_5359 Rhs repeat-associated core 1.30 5.70 2.41
SACTE_0200 hypothetical protein 1.34 5.67 3.64
SACTE_0018 hypothetical protein 1.67 5.63 3.58
SACTE_5542 hypothetical protein 2.03 5.61 3.52
SACTE_3137 hypothetical protein 1.46 5.61 3.91
SACTE_0017 DNA helicase, UvrD/REP 2.32 5.58 4.26
type
SACTE_0672 hypothetical protein 1.53 5.54 3.20
SACTE_1393 Urease, beta subunit 2.08 5.53 3.67
SACTE_0064 Transcription regulator PadR. 2.17 5.52 3.07
N-terminal-like
SACTE_1168 Peptidase S1/S6, 0.98 5.51 3.36
chymotrypsin/Hap
SACTE_6371 hypothetical protein 137 5.51 3.44
SACTE_4334 Binding-protein-dependent 1.46 5.50 3.35

transport systems inner
membrane component

SACTE_2457 CDP-glycerol 1.07 5.48 3.79
glycerophosphotransferase
SACTE_4734 Binding-protein-dependent 1.21 544 3.31

transport systems inner
membrane component

SACTE_3661 hypothetical protein 1.76 544 3.25
SACTE_0036 hypothetical protein 1.75 543 2.99
SACTE_6005 Citrate synthase-like, core 1.01 5.38 2.90
SACTE_6562 hypothetical protein 2.34 5.36 3.37
SACTE_1937 Major facilitator superfamily 0.88 5.34 3.02
MFS-1
SACTE_6220 Dodecin flavoprotein 2.13 5.32 5.08
SACTE_0778 FMN-binding split barrel 1.13 5.28 2.72
SACTE_5672 Acyltransferase 3 1.33 5.28 3.09
SACTE_5989 Cysteine-rich domain 1.40 5.24 3.11
SACTE_5296 HTH transcriptional 1.42 5.22 2.96
regulator, MarR
SACTE_2021 hypothetical protein 1.44 5.17 2.54
SACTE_1845 Transposase, 1S4-like 1.69 5.16 3.30
SACTE_1771 Phage T4-like virus tail tube 1.55 5.10 1.71
gpl9

SACTE_2583 hypothetical protein 1.38 5.10 3.1
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Streptomyces sp. ActE genes with >4-fold expression increase during growth on pure polysaccharides.

Fold increase

CAZy Annotation Sigmacell: gle xylan: glc chitin: gle

SACTE_5957 Helix-turn-helix, HxIR type 2.38 5.09 3.95

SACTE_4642 hypothetical protein 1.31 5.08 3.05

SACTE_3695 Aminoglycoside/hydroxyurea 1.41 5.03 3.76
antibiotic resistance kinase

SACTE_0079 ATPase-like, ATP-binding 2.21 5.01 2.98
domain

SACTE_0727 hypothetical protein 2.54 5.00 3.88

SACTE_0019 hypothetical protein 1.37 5.00 2.40

SACTE_6422 Streptomyces 2.40 4.99 3.57
cyclase/dehydrase

SACTE_4348 Bacterial extracellular solute- 1.60 4.97 3.06
binding protein, family 5

SACTE_5318 Forkhead-associated (FHA) 1.50 4.93 2.84
domain

SACTE_5413 Urease accessory protein 1.94 4.93 2.52
UreF

SACTE_5434 Glutathione S-transferase, 241 4.93 2.96
C-terminal-like

SACTE_6061 Glyoxalase/bleomycin 1.61 4.92 2.18
resistance
protein/dioxygenase

SACTE_0025 hypothetical protein 1.58 4.92 4.22

SACTE_5552 Transposase, 1S4-like 1.94 4.92 3.26

SACTE_4156 HTH transcriptional 1.57 4.86 2.81
regulator, LysR

SACTE_5600 hypothetical protein 1.78 4.83 2.01

SACTE_5331 Conserved hypothetical 1.56 4.82 2.96
protein CHP03086

SACTE_0784 hypothetical protein 1.43 4.80 2.65

SACTE_0045 NAD(P)-binding domain 1.74 4.78 3.35

SACTE_5426 Twin-arginine translocation 0.80 4.77 2.68
pathway, signal sequence

SACTE_2654 4Fe—4S ferredoxin, iron- 1.30 4.77 2.68
sulfur binding domain

SACTE_2288 Binding-protein-dependent 11.05 4.76 3.26

transport systems inner
membrane component

SACTE_2324 Membrane insertion protein, 091 4.75 2.58
OxaA/YidC, core

SACTE_0142 Amidohydrolase 2 1.28 4.71 2.65

SACTE_0787 hypothetical protein 1.66 4.70 2.93

SACTE_5790 hypothetical protein 1.28 4.69 2.83

SACTE_6291 hypothetical protein 1.25 4.68 3.13

SACTE_6499 hypothetical protein 1.66 4.67 3.29

SACTE_6548 Lytic transglycosylase-like, 1.97 4.66 3.20
catalytic

SACTE_3087 Major facilitator superfamily 1.30 4.66 3.26
MFS-1

SACTE_5512 hypothetical protein 1.79 4.64 3.48

SACTE_0491 hypothetical protein 244 4.63 2.71

SACTE_0312 Thiamine pyrophosphate 2.32 4.60 3.49
enzyme, C-terminal TPP-
binding

SACTE_6130 hypothetical protein 1.47 4.55 2.64

SACTE_3787 Helix-turn-helix type 3 1.38 4.53 2.73

SACTE_0040 hypothetical protein 1.64 4.52 4.80

SACTE_2461 Macrocin-O- 1.07 4.51 3.00
methyltransferase

SACTE_5041 hypothetical protein 1.50 4.49 3.25

SACTE_5540 Transposase, 1.79 4.49 2.99
1S204/IS1001/IS1096/1S1165

SACTE_0776 Protein of unknown function 1.34 4.48 2.52
DUFS6, transmembrane

SACTE_0785 Bacterial TniB 1.67 4.43 2.93

SACTE_0360 Binding-protein-dependent 1.70 443 2.39

transport systems inner
membrane component

SACTE_3569 Protein of unknown function 1.00 4.42 2.78
DUF1023

SACTE_2986 hypothetical protein 1.62 442 2.96

SACTE_4732 Twin-arginine translocation 2.08 4.41 2.72

pathway, signal sequence
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Streptomyces sp. ActE genes with >4-fold expression increase during growth on pure polysaccharides.

Fold increase

CAZy Annotation Sigmacell: gle xylan: glc chitin: gle

SACTE_5228 Binding-protein-dependent 4.20 4.35 3.24
transport systems inner
membrane component

SACTE_0406 Binding-protein-dependent 1.34 4.35 2.52
transport systems inner
membrane component

SACTE_6516 Binding-protein-dependent 2.24 4.34 3.41
transport systems inner
membrane component

SACTE_1781 hypothetical protein 1.16 4.34 2.56

SACTE_5936 Radical SAM 1.43 4.33 2.23

SACTE_0819 Protein of unknown function 1.50 4.33 2.83
DUF962

SACTE_4539 NERD 1.42 4.32 3.98

SACTE_0532 Binding-protein-dependent 3.47 431 2.42

transport systems inner
membrane component

SACTE_3300 hypothetical protein 1.68 431 2.59
SACTE_6277 hypothetical protein 2.24 431 3.1
SACTE_0941 Twin-arginine translocation 1.32 4.30 2.63
pathway, signal sequence
SACTE_1115 GntR, C-terminal 1.57 4.29 2.63
SACTE_6105 Fatty acid hydroxylase 1.63 4.29 2.78
SACTE_4407 Spherulation-specific family 4 1.19 4.29 4.15
SACTE_5387 hypothetical protein 1.24 4.27 3.08
SACTE_5053 NmrA-like 1.23 4.27 3.05
SACTE_5562 Amino acid ABC transporter, 1.37 4.26 3.75
permease protein, 3-TM
domain,
His/Gluw/Gln/Arg/opine family
SACTE_5522 Galactose-binding domain- 1.82 4.26 2.62
like
SACTE_5484 Transcription regulator, 145 421 3.24
TetR-like, DNA-binding,
bacterial/archaeal
SACTE_6526 Restriction endonuclease, 2.31 4.20 2.40
type IV-like, Mrr
SACTE_4164 hypothetical protein 1.06 4.19 2.48
SACTE_4979 Transcription regulator, 1.20 4.19 2.34
TetR-like, DNA-binding,
bacterial/archaeal
SACTE_0952 hypothetical protein 1.33 4.18 2.02
SACTE_1785 hypothetical protein 1.25 4.17 1.94
SACTE_3454 hypothetical protein 1.46 4.16 2.32
SACTE_1271 Class II aldolase/adducin, N- 1.77 4.16 2.65
terminal
SACTE_1760 hypothetical protein 1.38 4.13 2.07
SACTE_0035 hypothetical protein 1.93 4.13 3.13
SACTE_0247 Protein of unknown function 1.30 4.10 2.77
DUF2241
SACTE_3796 F420-dependent enzyme, 143 4.10 3.33
PPOX class, family Rv2061,
putative
SACTE_4641 hypothetical protein 143 4.09 2.60
SACTE_4816 Peptidase S26, conserved 1.17 4.09 2.77
region
SACTE_2331 Major facilitator superfamily 1.15 4.08 2.20
MFS-1
SACTE_1666 hypothetical protein 1.44 4.07 2.46
SACTE_5867 Mammalian cell entry, 1.79 4.07 2.92
mcelC
SACTE_2705 AMP-binding, conserved site 1.38 4.07 2.75
SACTE_6014 Binding-protein-dependent 0.89 4.07 2.51

transport systems inner
membrane component

SACTE_2018 Putative DNA binding 1.05 4.06 2.63
domain

SACTE_5690 Gluconate transporter 1.00 4.05 2.29

SACTE_3243 hypothetical protein 091 4.05 2.23

SACTE_0786 Polynucleotidy! transferase, 1.81 4.03 2.98
ribonuclease H fold

SACTE_6450 Rhamnose isomerase 2.72 4.02 2.90
related

SACTE_0097 Beta-lactamase-related 1.70 4.02 2.52
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Streptomyces sp. ActE genes with >4-fold expression increase during growth on pure polysaccharides.

Fold increase

CAZy Annotation Sigmacell: gle xylan: glc chitin: gle
SACTE_6341 FMN-binding split barrel, 1.82 4.01 245
related
SACTE_1483 hypothetical protein 0.82 4.01 2.75
SACTE_0754 Uncharacterised protein 1.21 4.00 2.51
family UPF0060
SACTE_5308 Winged helix-turn-helix 1.33 4.00 1.56
transcription repressor DNA-
binding
SACTE_5862 ABC transporter, conserved 1.87 4.00 3.05
site
Chitin
SACTE_2313 CBM33 Chitin-binding, domain 3 1.08 1.24 4.77
SACTE_4571 GHIS8, CBM57, 2 EF-Hand 1, calcium-binding 0.88 1.37 4.08
site
SACTE_5381 hypothetical protein 1.31 3.09 10.06
SACTE_5386 hypothetical protein 0.96 1.59 8.49
SACTE_1949 Peptidase M4, thermolysin 1.30 2.16 7.57
SACTE_6519 Binding-protein-dependent 2.00 3.04 7.36
transport systems inner
membrane component
SACTE_0243 Protein kinase-like domain 1.68 2.55 6.89
SACTE_6520 ABC transporter, conserved 1.03 1.18 6.25
site
SACTE_5384 hypothetical protein 1.16 2.39 5.99
SACTE_6463 hypothetical protein 1.28 2.52 5.85
SACTE_6561 hypothetical protein 292 6.06 5.65
SACTE_5383 hypothetical protein 1.06 1.69 5.28
SACTE_6518 hypothetical protein 1.66 1.91 5.21
SACTE_4797 hypothetical protein 2.22 0.34 5.19
SACTE_6170 Domain of unknown function 1.47 3.49 5.12
DUF1996
SACTE_6220 Dodecin flavoprotein 2.13 5.32 5.08
SACTE_0254 Thiolase-like 2.13 6.76 5.02
SACTE_2678 Protein of unknown function 1.40 1.13 5.02
DUF397
SACTE_5968 hypothetical protein 1.58 1.31 4.90
SACTE_4757 Acetyl-coenzyme A 1.64 0.59 4.86
carboxyltransferase, C-
terminal
SACTE_0040 hypothetical protein 1.64 4.52 4.80
SACTE_6100 Sulfate transporter 2.07 7.45 4.75
SACTE_1833 Twin-arginine translocation 1.64 1.56 4.64
pathway, signal sequence
SACTE_5583 hypothetical protein 1.33 5.87 4.56
SACTE_0046 NADH: flavin 2.48 5.75 4.56
oxidoreductase/NADH
oxidase, N-terminal
SACTE_5398 hypothetical protein 145 1.73 4.55
SACTE_6144 Twin-arginine translocation 1.21 1.13 4.52
pathway, signal sequence
SACTE_6478 FAD-dependent pyridine 2.00 6.72 4.46
nucleotide-disulfide
oxidoreductase
SACTE_0590 Polyketide 1.55 6.67 4.42
cyclase/dehydrase
SACTE_2112 Homeodomain-like 1.44 1.33 4.40
SACTE_0017 DNA helicase, UvrD/REP 2.32 5.58 4.26
type
SACTE_5841 Protein of unknown function, 1.90 3.09 4.24
ATP binding
SACTE_0025 hypothetical protein 1.58 4.92 4.22
SACTE_3004 Type II secretion system F 1.67 6.01 4.18
domain
SACTE_4407 Spherulation-specific family 4 1.19 4.29 4.15
SACTE_0307 Protein of unknown function 1.13 1.79 4.15
DUF320, Streptomyces
species
SACTE_6290 Glyoxalase/bleomycin 1.86 5.95 4.10
resistance
protein/dioxygenase
SACTE_5286 hypothetical protein 1.33 334 4.07
SACTE_5953 Protein of unknown function, 1.35 2.11 4.05

ATP binding
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Streptomyces sp. ActE genes with >4-fold expression increase during growth on pure polysaccharides.

Fold increase

CAZy Annotation Sigmacell: gle xylan: glc chitin: gle
SACTE_6365 Isocitrate 1.88 6.82 4.01
lyase/phosphorylmutase
Example 6

Composition of ActE Secretome is Dependent on
ActE Growth Substrate

To identify secreted proteins, supernatants from ActE
cultures grown on glucose, cellobiose, cellulose, xylan,
chitin, switchgrass, AFEX-SG, and IL-SG were analyzed by
LC-MS/MS (FIG. 3 and FIG. 18). The proteins were sorted
into a descending rank according to spectral counts, and sets
whose spectral counts summed to 95% of the total protein in
each secretome are shown. FIG. 3A summarizes the per-
centages of CAZy families in the detected proteins. The
glucose secretome had a protein concentration of ~0.03 g/L.
of culture medium, and among the 136 proteins identified
only 3% had a CAZy annotation. Indeed, the majority
(>90%) likely originated from cell lysis. In contrast, the
polysaccharide secretomes had a protein concentration of
~0.3 g/L of culture medium, a ~10-fold increase from the
glucose secretome. Pectate lyase (SACTE_1310), chondroi-
tin/alginate lyase (SACTE_4638), an extracellular solute
binding protein (SACTE_4343), bacterioferritin
(SACTE_1546), and catalase (SACTE_4439) were
observed in all polysaccharide secretomes. The first two
proteins, SACTE_1310 and SACTE_4638, have signal pep-
tides and are thus secreted as part of the response needed for
growth on polysaccharides.

FIG. 3 and FIG. 18 further demonstrate that 22 proteins
accounted for 95% of the total spectral counts during growth
on cellulose; two-thirds were from CAZy families. The five
most abundant proteins, in order and representing ~85% of
the total spectral counts, were reducing and non-reducing
exoglucanases (SACTE_0236 and SACTE_0237), a
CBM33 polysaccharide monooxygenase (SACTE_3159),
an endoglucanase (SACTE_0482), and a p-mannosidase
(SACTE_2347). The first four proteins encode a non-redun-
dant set of enzymes that likely provide the essential activi-
ties required for utilization of crystalline cellulose (Deboy,
et al., 2008). Among the 22 most abundant proteins, there
were representatives from 9 different GH families, two CE
families, two PL families, and two additional CMB33 pro-
teins. Collectively, these secreted proteins represent ~20%
of the CAZy composition in the ActE genome.

There were substantial differences in the composition of
the xylan and chitin secretomes as compared to the cellulose
secretome (FIG. 3 and FIG. 18). In the xylan secretome, 92
proteins comprise 95% of the detected spectral counts.
Twenty GHs from 18 different CAZy families were
included, along with 1 CE4 and 2 PL family proteins. Thus,
growth on xylan elicits secretion of representatives from half
of the total CAZy families found in the ActE genome. The
broad distribution of hemicellulytic enzymes in the xylan
secretome contrasts with the considerably less diverse com-
position of the chitin secretome, which consists of 7 repre-
sentatives from GH18 (e.g., chitinase, endo beta-N-acetyl-
glucosaminidase), 2 from GH19 (e.g., chitinase, lysozyme),
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and 1 chitinolytic CBM33 (FIG. 18). While chitinolytic
CAZy families account for two-thirds of the proteins
secreted during growth on chitin, they represent only ~6% of
the diversity of CAZy families found in the genome. These
results document the substantially different substrate-spe-
cific responses of ActE during growth on different polysac-
charides.

The secretomes isolated from cells grown on switchgrass,
AFEX-SG, and IL-SG contained the highly abundant
secreted proteins identified in the purified cellulose and
xylan experiments and some additional proteins. These
additional proteins likely reflect cellular response to the
more complex composition of polysaccharides present in the
biomass samples. The increased diversity of proteins present
in the biomass secretome also increased the efficiency of
reaction with plant biomass (FIG. 2C). In total, the biomass
secretomes contained 31 different CAZy families that con-
tributed to the total spectral counts (~70% of the CAZy
families present in the ActE genome), thus representing
coordinated and extensive use of CAZyme families present
in the ActE genome for biomass utilization.

The gene loci of the 117 proteins observed only in the

glucose secretome are: SACTE_0494; SACTE_0514;
SACTE_0541; SACTE_0548,; SACTE_0604;
SACTE_0669; SACTE_0687, SACTE_0800;
SACTE_0810; SACTE_0899; SACTE_1006;
SACTE_1045; SACTE_1068; SACTE_1069;
SACTE_1111; SACTE_1201; SACTE_1240;
SACTE_1285; SACTE_1328; SACTE_1344;
SACTE_1368; SACTE_1419; SACTE_1426;
SACTE_1506; SACTE_1522; SACTE_1586;
SACTE_1650; SACTE_1861; SACTE_1888;
SACTE_1934; SACTE_2036; SACTE_2049;
SACTE_2068; SACTE_2238; SACTE_2403;
SACTE_2431; SACTE_2468,; SACTE_2558;
SACTE_2645; SACTE_2729; SACTE_2755;
SACTE_2756; SACTE_2801; SACTE_2819;
SACTE_3012; SACTE_3037, SACTE_3067,
SACTE_3086; SACTE_3088; SACTE_3097,
SACTE_3219; SACTE_3327, SACTE_3361;
SACTE_3371; SACTE_3385; SACTE_3389;
SACTE_3392; SACTE_3414; SACTE_3438;
SACTE_3511; SACTE_3604; SACTE_3716;
SACTE_3896; SACTE_3948,; SACTE_3955;
SACTE_3956; SACTE_3960; SACTE_3961;
SACTE_3989; SACTE_3995; SACTE_4030;
SACTE_4031; SACTE_4038; SACTE_4039;
SACTE_4073; SACTE_4081; SACTE_4083;
SACTE_4145; SACTE_4191; SACTE_4194;
SACTE_4205; SACTE_4224; SACTE_4281;
SACTE_4283; SACTE_4376; SACTE_4397,
SACTE_4399; SACTE_4415; SACTE_4462;
SACTE_4501; SACTE_4550; SACTE_4565;
SACTE_4566; SACTE_4567, SACTE_4568,;
SACTE_4591; SACTE_4610; SACTE_4616;
SACTE_4618,; SACTE_4652; SACTE_4718;
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SACTE_4768; SACTE_4791; SACTE_4795;
SACTE_4830; SACTE_4860; SACTE_4873;
SACTE_4926; SACTE_4959; SACTE_5028;
SACTE_5081; SACTE_5192; SACTE_5267;
SACTE_5482; SACTE_5519; SACTE_5983; and
SACTE_6342.

The gene loci of the 9 proteins observed only in the
Sigmacell secretome are: SACTE_0236; SACTE_0482;

SACTE_0562; SACTE_2313; SACTE_2347;
SACTE_3590; SACTE_3717, SACTE_4571; and
SACTE_6428.

The gene loci of the 46 proteins observed only in the
xylan secretome are: SACTE_0081; SACTE_0169;
SACTE_0365; SACTE_0379; SACTE_0383;
SACTE_0464; SACTE_0528; SACTE_0549;
SACTE_0634; SACTE_0880; SACTE_1003;
SACTE_1130; SACTE_1239; SACTE_1324;
SACTE_1325; SACTE_1356; SACTE_1364;
SACTE_1367; SACTE_1603; SACTE_1680;
SACTE_1858; SACTE_1949; SACTE_2768;
SACTE_3064; SACTE_4231; SACTE_4246;
SACTE_4363; SACTE_4459; SACTE_4483;
SACTE_4515; SACTE_4607; SACTE_4612;
SACTE_4624; SACTE_4730; SACTE_4755;
SACTE_4858; SACTE_5166; SACTE_5230;
SACTE_5231; SACTE_5418; SACTE_5457;
SACTE_5630; SACTE_5647; SACTE_5682;

SACTE_5751; and SACTE_6439.
In the xylan secretome, five proteins accounted for half of
the total secreted protein. These were xylanases (GH10 and

GHI11, respectively; SACTE_0265, 9.7% and
SACTE_0358, 8.1%), extracellular xylose isomerase
(SACTE_5230, 12.7%), acetyl xylan esterase (CE4;
SACTE_0357, 11.7%), and pectate lyase (PL1,

SACTE_5978, 6.6%). Among the remaining 98 proteins,
there were numerous GH families. Given the complexity of
hemicellulose, which is enriched in xylan but also contains
many other sugars and many different bonding linkages
between these sugars, it is noted that these additional pro-
teins represent many GH families associated with unique
hemicellulolytic activities.

Although not analyzed in FIG. 34, the chitin secretome
contained ten proteins from the chitinase GH18 (49% of
total protein) and GH19 (21%) families. In addition, the
CBM33 protein SACTE_2313, having 50% primary
sequence identity with the CBP21 chitin oxygenase from S.
marcescens, was also detected (3.9%). Insect molt and
fungal hyphae provide abundant chitin, likely accounting for
the utility of these enzymes in the natural environment.
There were 50 other proteins (63 total) that comprised 95%
of the chitin secretome. Relative to the glucose, Sigmacell,
and xylan secretomes, the following 15 proteins were
observed only in the chitin secretome: SACTE_0746,

SACTE_0844, SACTE_0860, SACTE_1702,
SACTE_2033, SACTE_2059, SACTE_2062,
SACTE_2384, SACTE_3685, SACTE_4468,
SACTE_4472, SACTE_4727, SACTE_5330,

SACTE_5764, and SACTE_6494
The gene loci of the 19 proteins observed only in the
switchgrass secretome are: SACTE_0642; SACTE_1130;

SACTE_1250; SACTE_1858; SACTE_2033;
SACTE_3012; SACTE_3777,; SACTE_4198;
SACTE_4571; SACTE_4624; SACTE_4669;
SACTE_4676; SACTE_4718; SACTE_4738;
SACTE_5220; SACTE_5418; SACTE_5685;

SACTE_5751; and SACTE_5880.
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The gene loci of the 8 proteins observed only in the IL-SG
secretome are: SACTE_0132; SACTE_0880;
SACTE_2556; SACTE_4246; SACTE_4515;

SACTE_4702; SACTE_5231; and SACTE_5330.

There were no proteins observed only in the AFEX-SG
secretome when compared to either the switchgrass or
IL-SG secretomes.

Example 7

Minimized Size of ActE Enzymes Increases
Specific Activity

When ActE is grown on Sigmacell, AFEX-SG, IL-SG,
AFEX-CS, unbleached lodgepole pine kraft pulp (UBLPKP)
or bleached spruce wood kraft pulp (BSKP), the character-
istic secretome consists of the proteins that permit decon-
struction of these substrates into sugars that can be used for
growth (FIG. 23). Interestingly, ActE is not capable of
growing on lodgepole pine pretreated by SPORL, indicating
this pretreatment produces toxins that inhibit the growth of
highly cellulolytic microbes. When ActE is grown on cel-
lobiose, which it does readily and rapidly, it produces a
secretome that is distinct from those obtained from ActE
grown on cellulose, xylan or biomass substrates, demon-
strating that ActE has highly specific responses to different
polymeric substances that are present in biomass. This
behavior is distinct from that observed for 7. fusca, another
cellulolytic Actinomycete, and from C. thermocellum, where
each organism produced similar sets of secreted proteins
during growth on either cellulose or cellobiose (Chen and
Wilson, 2007; Riederer et al., 2011). This result indicates
ActE contains a unique regulatory mechanism for control-
ling cellulose deconstruction genes that can provide exqui-
site control of their production under desired circumstances.

For a single enzyme from a secretome, (Segel, Enzyme
kinetics: behavior and analysis of rapid equilibrium and
steady state enzyme systems. Wiley, New York, 1993) the
specific activity (umol/min/mg) is defined as mol of product
formed per unit time (i.e., pumol/min) per unit mass of
enzyme (i.e., mg). Specific activity is the parameter that
must be used in making comparisons of catalytic properties
between enzymes with different molecular masses. If two
enzyme isoforms yield the same pimol/min, the isoform with
the smaller molecular weight will, by definition, have the
higher specific activity. In this application, it is relevant to
consider the implications of a 10% or more reduction in the
mass of an enzyme required to treat gigatonnes of biomass.

In the cellulose secretome, five proteins contributed ~85%
of the total spectral counts. These were reducing and non-
reducing end exoglucanases, endoglucanases, and CBM33
(SACTE_0237, SACTE_0236, SACTE_2347,
SACTE_0482 and SACTE_3159); xylanase, another endo-
glucanase, and another CBM33 were also abundant
(SACTE_0265, SACTE_3717 and SACTE_6428). Accord-
ing to the definition provided above, size minimization is a
way to achieve the desired increases in specific activity.
Interestingly, the set of ActE enzymes described above are
on average 10% smaller in mass than their closest orthologs
from 7. fusca (Chen and Wilson, 2007), suggesting size
minimization may have occurred in ActE (Table 5). These
enzymes also provide all of the requisite catalytic reactions
needed for the deconstruction of crystalline cellulose.
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ActE cellulose secretome proteins and corresponding best match
in 70 fusca. The single protein SACTE_0237 is the best match to both Cel6A and Cel6B

suggesting one protein from ActE might replace two proteins from another organism.

ActE T fusca Protein
Gene locus CAZy residues MW  identity coverage Gene locus name residues MW
SACTE_0237 GH6 586 49 80  Tfu 1074 Cel6A 41 45844
SACTE_0237 GH6 58 61062 62 93 Tfu 0620 Cel6B 596 63548
SACTE_0236 GHA48 954 100726 57 95 T 1959 Cel48A 984 107127
SACTE_2347 GHS 562 57753 45 23 TAL2176 Cel9A 880 95203
SACTE_3159 CBM33 362 37787 42 71 Tfu 1665 E8 438 46808
SACTE_0482 GHS 456 47654 51 97 THL0901 Cel5A 466 49807
SACTE_0265 GHI0 458 47683 44 95 Tfu 2923 Xyll0OA 491 53185
SACTE_3717 GH9 909 96338 61 82 Tfu 1627 Cel9B 998 107045
SACTE_6428 CBM33 222 24668 62 99 Tfu 1268 E7 222 25372
Average identity, coverage 53 82
Sum ActE 4509 473671 with Cel6A 4920 530391
4509 473671 with Cel6B 5075 548095
Percentage with Cel6 A 92% 89% with Cel6A, B 5516 593939
Percentage with Cel6B 89% 86%
Percentage with Cel6A, B 82% 80%
Example 8 monooxygenase (SACTE_3159) was also identified in the
ion exchange profile. Moreover, beta-1,3 glucanase activity
ActE Secretome Specific Activity is Comparable to 25 was identified in fractions that were enriched in
that of Spezyme CP™ SACTE_4755.
. o When ActE was grown on either ammonia fiber expan-
Tl(lie er}zg/ matic acthlt%els of ActE secretomes were 0011111- sion-treated switchgrass (AFEX-SG) (Li, C. et al., 2011) or
pared with a commercial secretome, Spezyme CP. T c ionic liquid-treated switchgrass (IL-SG), the secretomes had
enzyme cocktail of Spezyme CP was prepared from 7. reesei 30 . - - .- .
-3 . . ~2-fold increase in specific activity relative to the cellulose
Rut-C30, thus providing a useful, routinely available refer- . .
ence point for the capabilities of other cellulolytic organ- secretome and were equivalent to Spezyme CP for reaction
- . with both the AFEX- and IL-treated biomass (FIG. 2C) (Li,
isms. HPLC analysis showed that the ActE cellulose secre- c L. 2011). The ActE ined b
tome released cellobiose as the primary product during p (')(;t af., . )- | e Act fsecrlel:tolrlne(:is rleta%ne ffi;aEt;r t ag
reaction with cellulose (FIG. 2A, 95% of products), which 35 I SO (? fmaxu;:)a acglsvolt}é or Ii 2 5y r?wyos ISCO N a?
is distinct from the higher proportion of glucose produced by 1; b rom tob ) - an to 1'1’ respectively,
the 7. reesei secretome. Similarly, the primary products from w 1{21 1sfcompara N I}O reclelznt reploll.}s ?bn the terélpera(?lre
xylan and mannan were xylobiose and mannobiose, respec- If)‘éo € % lsecretomesl rozn(; ltl ernﬁ?g ! ;i 10%11ass- cgrading
tively. Upon accounting for total glucose equivalents hngl ((1 0 OPIIIen et al, £ f) ( ” )', b ;F];e):(crgtgmes
released, the ActE secretome obtained from growth on pure 40 S ovHve ap Opm?mél? ~/lor .reactlc.)rilv&ilﬁ G M- an
cellulose had specific activity that was about half of that ahp optimum of ~8 for dreactlon “ﬁt p O-‘V ) ¢ oreqveri
provided by Spezyme CP (FIG. 2A, inset). Interestingly, the these secretorﬁes retaine P gHr??r t Sa(r)l d° Ig 7%““;3
ActE secretome obtained from growth on pure cellulose had activity ovler th éar;f.{]g: 5 OThp > 1o 1 ’ Ie_lln ri 010 8.0,
higher specific activity for deconstruction of pure mannan re.:specgllveh}i/ ( h ).b eseiic%pmgla P VaclIl)eS are con-
than Spezyme CP (FIG.2B). Additionally, the ActE secre- 45 S'4€rably gher than observed for Spezyme CP.
tome obtained from growth on pure xylan had higher
specific activity for reaction with pure xylan than Spezyme Example 9
CP. Cellulose, xylan, and mannan are all abundant in pin-
ewood, thus accounting for the necessity of each of the . .
major catalytic activities detected. 50 ActE Produces Cellobiose as the Primary
Anion exchange chromatography was performed to frac- Extracellular Product of Cellulose Utilization
tionate the ActE secretome obtained from cells grown on
cellulose as the sole carbon source. We identified fractions The isolated ActE secretomes contained substantial abil-
that hydrolyzed pure polysaccharides by biochemical assays ity to release reducing sugars from pure polysaccharides.
(FIG. 7), and confirmed the identity of the protein or proteins 55 Cellobiose accounted for ~95% of soluble sugar released
contained in these fractions by mass spectrometry (FIG. 17). from pure cellulose and glucose represented the remainder;
Where multiple polypeptides were present, the identity of cellotriose and cellobionic acid were not detected. Neither
each was confirmed by mass spectrometry to correspond to cellobiosidase nor p-glucosidase was detected in the ActE
the indicated gene locus. In several cases, these most likely secretome. Thus ActE produces cellobiose as the primary
arise from proteolysis of a single protein found in the 60 extracellular product of cellulose utilization and also grows
secretome. Fractions containing the maximum cellulase vigorously on this. Dominance of cellobiose may help to
activity were highly enriched in SACTE_0236 and channel cellulolytic activity to only a subset of the Sirex
SACTE_0237, reducing and non-reducing end cellobiohy- community. Since genes encoding cellobiose oxidase and
drolases from the GH6 and GH48 families, respectively. cellobiose dehydrogenase (Eastwood et al., 2011; Langston
SACTE_0265 and SACTE_2347 were identified as the 65 et al., 2011) were not present in ActE, biological reduction

major proteins present in fractions associated with xylan and
mannan hydrolysis, respectively. A CBM33 polysaccharide

systems for the CBM33 proteins may be provided by other
members of the Sirex community, in analogy to that
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described for the heterologous complex of 7. aurantiacus
GH61 and Humicola insolens cellobiose dehydrogenase
(Langston et al., 2011).

Example 10

Enzymatic Activity of the ActE Secretome can be
Improved by Adding One or More Enzymes from
other Organisms or Sources

In the ActE secretome, enzymes SACTE_0236,
SACTE_0237, and SACTE_3717 (GH48, GH6, and GH9,
respectively) showed decreases in content of the native
forms over a 24 h period, and SACTE_0236 and
SACTE_0237 were converted into ~50 kDa fragments (FIG.
24). SACTE_0359 (CBM33) also showed a time-dependent
decrease. The reactions could be slowed but not eliminated
by addition of phenylmethylsulfonyl fluoride (1 mM), a
possible inhibitor of serine proteases (Turini et al., 1969),
but not by EDTA (10 mM), a possible inhibitor of metallo-
proteases (Trop and Birk, 1970).

SACTE_5668, a serine protease, was detected in all pure
polysaccharide secretomes (FIG. 3), while another metallo-
peptidase, SACTE_3389 annotated as peptidase M24B,
X-Pro dipeptidase/aminopeptidase P, was detected in all
secretomes at low level (0.026%). The protease
SACTE_5530 (peptidase S1/S6, chymotrypsin/Hap, 0.1%)
was also present in all polysaccharide and biomass samples.
The proteases SACTE_5668 (annotated secreted peptidase,
0.3%) and SACTE_4231 (serine/cysteine peptidase, trypsin-
like, 0.039%) were also detected in all pure polysaccharide
secretomes, and the protease SACTE_6303 (serine/cysteine
peptidase, trypsin-like, 0.039%) was also present in all
biomass samples. Elimination of one or more of these
proteases may impart stabilization of the enzymatic activity
in the secreted proteome.

Addition of CelL.cc_CBM?3a (SEQ ID Nos:63 and 64), an
engineered exoglucanase (FIG. 22) that produces cellobiose
with low specific activity alone (FIG. 21), gave a synergistic
increase in the activity of the ActE cellulose secretome. This
result demonstrates the potential for heterologous supple-
mentation of the ActE secretome to improve its performance
by replacing an enzyme activity that is lost to proteolysis.

Example 11

ActE Cellulolytic Activity Requires a Minimal Set
of Enzymes

When the ActE secretome obtained from growth on
cellulose was fractionated by ion exchange chromatography
(FIG. 7), several fractions were obtained that could be tested
in unary, binary, ternary and quaternary combinations for
reconstitution of cellulose hydrolysis and other enzymatic
activities (FIG. 25). SDS PAGE and LC-MS/MS analysis
showed that these fractions contained the following poly-
peptides in the approximate weight percentages: fraction 1,
SACTE_3159 (CBM33/CBM2 oxidative endocellulase,
95%) and SACTE_4738 (GH16 $-1,3 endoglucanase, 5%);
fraction 2, SACTE_0237 (GH6 non-reducing end exocellu-
lase, 60%), SACTE_0482 (GH5 endocellulase, 25%),
SACTE_4755 (GH64 p-1,3 glucanase, 10%) and
SACTE_3159 (oxidative endocellulase, <5%); and fraction
3, SACTE_0236 (GH48 reducing end exocellulase, 75%),
SACTE_3717 (GH9 endocellulase, 20%) and SACTE_5457
(GH46 chitinase, 5%). These results demonstrate that
SACTE_3159 (oxidative endocellulase) provides a comple-
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mentary activity to SACTE_0482 and SACTE_3717 (hy-
drolytic endocellulolytic activity). Evidently, the oxidative
reaction provides breaks in the cellulose strands that can be
readily used by non-reducing and reducing end exocellu-
lases also present in the secretome to processively decon-
struct the polymeric material.

According to the current understanding of reactions
required for hydrolysis of crystalline cellulose,
SACTE_3159 (CBM33/CBM2 oxidative endocellulase),
SACT_0482 (GHS), and SACTE_3717 provide endocel-
Iulolytic activities, while SACTE_0237 (GH6) provides
non-reducing end exocellulase reaction and SACTE_0236
(GH48) provides reducing end exocellulase activity.

FIG. 16 shows that the secretome contains beta-1,3 endo-
glucanase activity. The majority of this activity corresponds
to the fractions containing SACTE_4738 and SACTE_4755.
These enzymes hydrolyze callose, a cellulose-like material
that is typically produced by plants in respond to wounding
by invasive insects and other trauma.

The proteins described here constitute a naturally evolved
and matched set specialized for the hydrolysis of cellulosic
substrates.

Example 12

ActE Mannanase Specific Activity Increases as
Mannanase Molecular Weight Decreases

FIG. 26 shows that the mannanase activity present in the
ActE secretome is associated with fractions containing vari-
ous naturally truncated variants of SACTE_2347 (GHS)
with molecular weights of ~57, ~45, and ~37 kDa. Fractions
F9 through F1 from ion exchange chromatographic separa-
tion of the ActE secretome were examined for mannan-
deconstruction activity by Zymogram assay. The basis of the
Zymogram assay is as follows: Congo Red stain interacts
with the polysaccharide fraction (mannan) incorporated into
the gel and imparts a red color. When an enzyme’s activity
hydrolyzes the mannan, the interaction of Congo Red with
the polysaccharide is broken and the gel takes on a dark grey
appearance. Of note, the strongest mannanase activity was
observed in fraction F1, which primarily contains the 37 kDa
truncated variant. Corresponding to the definition of specific
activity given above, the 37 kDa variant has an ~35%
increase in specific activity relative to the 57 kDa variant.
This provides a naturally produced example of how size
reduction may contribute to increased specific activity of
enzymes.

Example 13

Recombination of ActE Secretome Fractions
Provides Synergistic Cellulolytic Activity

FIG. 25 shows synergy of reaction obtained by recom-
bining fractions obtained from ion exchange fractionation.
In FIG. 25A, reactions were obtained from combinations of
the fractions indicated by stars in FIG. 27 and FIG. 28.
Combination of fractions ES (oxidative endocellulase) and
E11 (hydrolytic endo- and exocellulases) gave a ~30%
increase in product yield over that expected from the arith-
metic sum of reactions of ES and E11 alone, i.e., synergy in
reaction. Combination of fractions ES, E11 and F10 (hydro-
Iytic endo- and exocellulases) gave ~60% increase in reac-
tivity. In FIG. 25B, reactions were obtained from recombin-
ing fractions shown in FIG. 16. Titration of fraction Bl
(full-length oxidative endocellulase) into D15 (hydrolytic
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endo- and exocellulases) shows an optimal reactivity at ~1:1
ratio of proteins from the two fractions, while an excess of
B1 relative to D15 causes decrease in reaction because of
depletion of required exocellulase activities. Titration of
fraction C4 (truncated oxidative endocellulase and beta-1,
3-endocellulase) with D15 gave maximal stimulation (62%
increase) at an 80:20 proportion. These results indicate both
forms of oxidative endocellulase SACTE_3159 are catalyti-
cally active, with the smaller form providing a higher
synergistic response, again corresponding to a specific activ-
ity increase associated with size minimization.

Example 14

The Function of ActE Xylanases can be Assigned
by Functional Assay of Proteins Produced by Using
Cell-free Translation

FIG. 29 shows that both of the xylanases identified in the
fractions of ActE secretomes obtained from ion exchange
chromatography can also be expressed using cell-free trans-
lation and demonstrated to be xylanases by catalytic activity
assays. These proteins are SACTE_0265 and SACTE_0358.
Other proteins that are not secreted were successfully
expressed (SACTE_2548, SACTE_2286, SACTE_437) as
control proteins, and as expected from their predicted intra-
cellular localization, none of these controls exhibited
xylanase activity. The negative result with the control pro-
teins also demonstrates that the wheat germ extract used for
cell-free translation of novel cellulolytic enzymes does not
have an endogenous xylanase activity, as established in US
Patent Application Publication No.: US2010/037094 (Fox
and Elsen).

Example 15

Total Protein Secreted by ActE can be Increased

A minimal set of enzymes for biomass deconstruction can
be defined by combining the additional enzymes whose
expression is elicited during growth on biomass (Table 1)
with enzymes uniquely expressed during growth on cellu-
lose and xylan.

Besides assembling the proper enzymatic constituents, the
level of total protein secreted is an important biotechnologi-
cal constraint for industrial enzyme production. FIG. 30
shows the non-optimized level of secreted protein obtained
from growth of ActE on different biomass substrates. By use
of lignocellulosic substrates for growth, secreted protein
levels up to 0.25 g per liter of culture medium can be readily
obtained. Growth on non-polymeric substrates such as cel-
lobiose does not elicit a secreted protein response. FIG. 15,
FIG. 16 and Table 1 indicate that the twin-arginine pathway
(Tat) is used during growth, thus identifying this pathway as
playing a key role in the secretion of enzymes required for
extracellular deconstruction of biomass polysaccharides
(Natale et al., 2008; Chater et al., 2010). Methods to increase
the titer of secreted proteins are known, and have been
highly effectively when applied to Strepromyces and other
organisms (Cereghino et al., 2002; Zhang et al., 2006;
Nijland and Kuipers, 2008; Chater et al., 2010; Schuster and
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Schmoll, 2010). These established methods can be applied
to ActE to obtain more concentrated secretome preparations.

Example 16

ActE Enzymatic Activity Corresponds with Optimal
Growth Conditions of Fermentation Organisms

FIG. 31 shows the temperature versus activity profile for
ActE secretomes for reaction with cellulose, xylan and
mannan. These profiles are well matched to the growth
optima range for mesophilic fermentation organisms such as
Saccharomyces cerevisiae, Zymomonas mobilis, Escheri-
chia coli or others (Jarboe et al., 2010; Peralta-Yahya and
Keasling, 2010), which are widely used for ethanol produc-
tion from sugar hydrolysates. These hydrolysates are pro-
duced from biomass by the enzymatic action of highly
cellulolytic secretomes, such as those described here from
ActE. These optima are also well matched with the condi-
tions found in the rumen, where the efficiency of conversion
of animal feed, which is a biomass material, can be
improved by addition of enzymes.

FIG. 32 shows the pH versus activity profiles for ActE
secretomes for reaction with cellulose, xylan and mannan.
These profiles are well matched to the growth optima range
for fermentation organisms such as S. cerevisiae, Z. mobilis,
E. coli or other organisms (Jarboe et al., 2010; Peralta-Yahya
and Keasling, 2010) which are widely used for ethanol
production from sugar hydrolysates such as might be pro-
duced from biomass by a highly cellulolytic secretome, such
as those described here from ActE. These optima are also
well matched with the conditions found in the rumen, where
the efficiency of conversion of animal feed, which is a
biomass material, can be improved by addition of enzymes.
The ActE secretome retains high specific activity (>80% of
maximal) at pH 7, which closely approximates that of the
rumen. Sectetomes from fungi such as 7. reesei are consid-
erably less active at neutral pH, rendering them less effective
at neutral pH.

The high cellulolytic capacity of ActE, and its corre-
sponding secretomes, coupled with the temperature and pH
optima described above permit assembly of two-part sys-
tems to effect the simultaneous deconstruction of biomass
and fermentation to fuels.

Example 17

ActE Induction in Medium Containing Various
Percentages of Cellulose

To determine ActE’s growth profile on cellulose as a
carbon source ActE was grown in M63 media plus 5 g/L.
carbon. The carbon source ratio was adjusted from 100%
cellulose to 100% glucose, total carbon in each culture was
equal. Cells were grown for 6 days at 30 degrees. Superna-
tant was harvested, filtered, and separated by 4-20% SDS-
PAGE. Results suggest that ActE is induced in media
containing as little as 20% cellulose, with optimal induction
in medium containing between 80%-100% cellulose (FIG.
33).

Example 18
Discussion

The work presented here provides the first genome-wide
insight into how an aerobic microbe deconstructs polysac-
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charides. ActE achieves efficient utilization of cellulose by a
simple combination of well-understood hydrolytic reactions
with newly identified oxidative reactions. The two required
exoglucanases are each encoded by a single gene, which also
represents the only example of their respective GH families
in the genome. The proteins encoded by these genes provide
reactions that are complementary to the reactions of other
enzymes in the secretome, and provide cellobiose as the
major product of reaction. We have discovered that many of
the highly abundant enzymes secreted by ActE during
growth on cellulose have reduced size relative to their
orthologs from closely related organisms. This novel finding
suggests natural evolution to improve specific activity has
already occurred in ActE in response to growth in the highly
specialized insect association. Additional specializations of
ActE were identified by demonstrating the secretion of a
unique set of proteins in response to biomass. In addition,
this work defines how simple new combinations of
improved biomass deconstruction enzymes can be
assembled according to the propensities of the naturally
evolved system.

The present work also indicates that insect-associated
microbes such as ActE are important contributors to the
vigorous attack on biomass by insects. The ‘highly invasive’
designation given to Sirex has been generally attributed to
the combined action of wasp and fungus (Tabata and Abe,
2000; Bergeron et al., 2011). Species convergence is now
recognized in the microbial communities associated with
insects (Suen et al., 2010; Huler et al., 2011). Given the
ubiquitous presence of Streptomycetes in these communi-
ties, the enzymatic properties described here also contribute
a potential risk to pine forests, including those used for
industrial purposes.

The invention has been described in connection with what
are presently considered to be the most practical and pre-
ferred embodiments. However, the present invention has
been presented by way of illustration and is not intended to
be limited to the disclosed embodiments. Accordingly, those
skilled in the art will realize that the invention is intended to
encompass all modifications and alternative arrangements
within the spirit and scope of the invention as set forth in the
appended claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 64
<210>
<211>
<212>

<213>

SEQ ID NO 1
LENGTH: 586
TYPE: PRT
ORGANISM:

Streptomyces sp. ACTE

<400> SEQUENCE: 1

Met Ser Arg Thr Ser Thr Thr

1 5

Arg Leu Arg Ser

10

Arg

Met Ala Ala Ala Val Ala Ala

25

Gly Leu Ala Ala

20

Gly

Ala Ala Pro Phe Gly Ala Thr Ala Ala Ala Ala Ala

Ile Gln Gln

55

Leu
60

Asp Tyr Asn Asn

50

Lys Trp Gly Gly

Ser Val Thr Asn Asn Ala Ile Ser

65

Gly
70

Asp Gly

75

Trp

Phe Ala Glu Gln Val Gln

90

Ser Gly Gly Ser Gly Trp

Gln Ala Val Thr Ala

105

Ser Ser Gly Ser Ala

100

Lys Asp

Ala Ala

115

Thr Ala Ala

120

Leu Gly Ser Ser Phe Gly Phe

Val Val Ala Thr Phe Leu

140

Pro
135

Asn Gly Asn Ser

130

Lys

Thr Thr

150

Thr Pro Thr

155

Cys Asn Pro

145

Gly Gly Gly Asp

Thr Thr

165

Pro Asp Pro Asp Pro Pro Ala Gly Asn

170

Arg

Gln Ala

180

Val Val Asn Pro Glu

185

Tyr Gly Lys Tyr Trp

Ala Ala Glu

195

Pro Gly Gly Asp Arg Ile Ala Gln

200

Asp

Ile Ala Ala

215

Ile Glu Ala Asn

220

Leu
210

Trp Asp Arg Gly

Glu Ala Thr Gln

235

Leu His Leu Leu

225

Arg Asp Asp

230

Lys

Leu Val Val Gln Val Val Ile Tyr Asn Leu Pro Gly

Arg

Ser

Gly

Thr

Gln

Asn

Gly

Asn

125

Asn

Asp

Val

Ser

Pro

205

Gly

Gly

Arg

Thr

Ala

30

Cys

Ala

Leu

Ala

Tyr

110

Ala

Gly

Pro

Asp

Ala

190

Thr

Ser

Ser

Asp

Ala
15

Leu

Ala

Thr Val

Ser Val

Gln Trp

80

Thr
95

Val

Asn Ala

Thr Gly

Val Thr

Thr Asp

160
Asn Pro
175

Asn Ala

Gly Val
Met Gly

Glu
240

Gly

Cys Ala
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-continued

58

245

Ala Leu Ala Ser Asn Gly Glu Leu
260

Lys Thr Glu Tyr Ile Asp Pro Ile
275 280

Tyr Ala Gly Leu Arg Ile Val Thr
290 295

Asn Leu Val Thr Asn Ala Gly Gly
305 310

Asp Val Met Lys Ala Asn Gly Asn
325

Leu Asn Lys Leu Gly Asp Ala Pro
340

Gly His His Gly Trp Ile Gly Trp
355 360

Glu Ile Phe His Glu Ala Ala Thr
370 375

Val His Gly Phe Ile Thr Asn Thr
385 390

Glu Asn Phe Ser Ile Asp Asp Ala
405

Ser Lys Trp Val Asp Trp Asn Arg
420

Gln Ala Phe Arg Asn Glu Leu Val
435 440

Gly Met Leu Ile Asp Thr Ser Arg
450 455

Pro Ser Gly Pro Gly Ala Asn Thr
465 470

Gly Arg Tyr Asp Arg Arg Ile His
485

Gly Ala Gly Leu Gly Glu Arg Pro
500

Asp Ala Tyr Val Trp Met Lys Pro
515 520

Ser Glu Ile Pro Asn Asp Glu Gly
530 535

Pro Thr Tyr Thr Gly Asn Ala Arg
545 550

Leu Gly Gly Ala Pro Val Ser Gly
565

Glu Leu Met Lys Asn Ala Tyr Pro
580

<210> SEQ ID NO 2
<211> LENGTH: 954
<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 2

Val Ala Ala Leu Ala Leu Pro Leu
1 5

Glu Ala Gln Ala Ala Ala Val Ala
20

250 255

Gly Pro Thr Glu Ile Gly Arg Tyr
265 270

Ala Glu Ile Leu Gly Asp Pro Lys
285

Thr Val Glu Ile Asp Ser Leu Pro
300

Arg Pro Thr Ala Thr Pro Ala Cys
315 320

Tyr Val Lys Gly Val Gly Tyr Ala
330 335

Asn Val Tyr Asn Tyr Ile Asp Ala
345 350

Asp Asp Asn Phe Gly Ala Ser Ala
365

Ala Glu Gly Ala Thr Val Asn Asp
380

Ala Asn Tyr Ser Ala Leu Lys Glu
395 400

Val Asn Gly Thr Ser Val Arg Gln
410 415

Tyr Thr Asp Glu Leu Ser Phe Ala
425 430

Ser Val Gly Phe Asn Ser Gly Ile
445

Asn Gly Trp Gly Gly Ala Asn Arg
460

Ser Val Asp Thr Tyr Val Asp Gly
475 480

Leu Gly Asn Trp Cys Asn Gln Ala
490 495

Gln Ala Ala Pro Glu Pro Gly Ile
505 510

Pro Gly Glu Ser Asp Gly Ser Ser
525

Lys Gly Phe Asp Arg Met Cys Asp
540

Asn Asn Asn Asn Met Ser Gly Ala
555 560

Lys Trp Phe Ser Ala Gln Phe Gln
570 575

Ala Leu
585

ACTE

Gly Met Thr Ala Ala Ala Gly Thr
10 15

Cys Ser Val Asp Tyr Thr Thr Ser
25 30
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-continued

60

Asp

Ser

Gln

65

Thr

Ala

Ala

Gln

Ser

145

Gly

Gly

Ala

Ser

225

Thr

Thr

Ser

Thr

Thr

305

Ala

Thr

Ser

Thr

Lys

385

Glu

Tyr

Asn

Pro

Trp

Ala

50

Gln

Val

Ala

Pro

Pro

130

Ala

Ala

Thr

Gly

Ala

210

Val

Phe

Ala

Thr

Val

290

Ala

Ala

Asp

Val

Ser

370

Ile

Thr

Asp

Glu

Ile

Gly

Ala

Leu

Ser

Val

Thr

115

Pro

Gly

Thr

Asp

Ser

195

Asp

Val

Asp

Ala

Leu

275

Thr

Pro

Lys

Pro

Glu

355

Glu

Thr

Tyr

Ala

Tyr
435

Ala

Ser

Ile

Thr

Val

Thr

100

Thr

Ile

Asp

Ile

Thr

180

His

Ser

Ser

Val

Arg

260

Thr

Ala

Gly

Glu

Ala

340

Thr

Ala

Gly

Met

Ser
420

Pro

Ala

Gly

Asp

Ser

Lys

85

Thr

Phe

Ala

Pro

Ser

165

Thr

Ser

Pro

Pro

Ser

245

Ser

Phe

Asp

His

Tyr

325

Asn

Leu

Tyr

Asp

Ile
405
Lys

Ala

Glu

Phe

Gly

Gly

70

Asn

Gly

Ala

Val

Val

150

Lys

Ser

Val

Pro

Ala

230

Leu

Ala

Thr

Gly

Gly

310

Asp

Gly

Ile

Ser

Trp

390

Pro

Pro

Val

Leu

Thr

Trp

55

Trp

Ala

Ala

Val

Leu

135

Pro

Val

Pro

Tyr

Ala

215

Gln

Ser

Gly

Pro

Ser

295

Lys

Ala

Tyr

Val

Tyr

375

Thr

Thr

Ala

Leu

Lys

Thr

40

Thr

Ser

Ala

Gln

Asn

120

Thr

Leu

Glu

Tyr

Ala

200

Gly

Leu

Thr

Asn

Ala

280

Gly

Ala

Arg

Phe

Glu

360

Leu

Lys

His

Thr

Asp

440

Ser

Glu

Leu

Gly

Trp

Phe

105

Gly

Ser

Ala

Phe

Ser

185

Arg

Ile

Gly

Ala

Thr

265

Asn

Thr

Glu

Phe

Ser

345

Ala

Ile

Phe

Ala

Tyr
425

Gly

Ala

Leu

Thr

Thr

Asn

90

Thr

Thr

Pro

Ala

Tyr

170

Tyr

Ala

Thr

Val

Pro

250

Gly

Trp

Gly

Val

Leu

330

Pro

Pro

Trp

Asn

Asp
410
Ala

Ser

Tyr

Thr

Tyr

Trp

75

Gly

Tyr

Val

Ala

Thr

155

Asp

Glu

Tyr

Val

Gln

235

Ala

Leu

Ser

Ala

Thr

315

Asp

Glu

Asp

Leu

Gly

395

Gln

Pro

Ala

Gly

Leu

Asp

60

Ser

Ala

Ser

Cys

Ala

140

Ala

Asp

Ala

Asp

Val

220

Gln

Ala

Ser

Thr

Ala

300

Val

Leu

Gly

His

Gln

380

Ala

Pro

Glu

Ser

Thr

Thr

45

Tyr

Gln

Ile

Gly

Ala

125

Gly

Ala

Thr

Gly

Ser

205

Thr

Gly

Asp

Val

Pro

285

Thr

Thr

Tyr

Ile

Gly

365

Ala

Trp

Thr

His

Ser
445

Asp

Asn

Ala

Ser

Ala

Ala

110

Gly

Ala

Ala

Thr

Gln

190

Leu

Gly

Arg

Val

Thr

270

Gln

Phe

Gln

Gly

Pro

350

His

Met

Asp

Asn

Asp
430

Gly

Asp

Arg

Gly

Gly

Ala

95

Asn

Ala

Val

Ala

Leu

175

Leu

Gly

Pro

Ser

Thr

255

Gly

Lys

Thr

Leu

Lys

335

Tyr

Glu

Tyr

Thr

Ser
415
Thr

Ser

Ile

Gly

Asn

Lys

80

Gly

Thr

His

Phe

Asp

160

Leu

Ala

Ala

Ala

Gly

240

Val

Gly

Val

Val

Ala

320

Ile

His

Thr

Gly

Met

400

Phe

Pro

Asp

Tyr
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-continued

62

Gly

465

Ala

Ile

Thr

Leu

Thr

545

Ala

Thr

Phe

Cys

Tyr

625

Arg

Ala

Gly

Gln

Ser

705

Tyr

Asn

Tyr

Trp

Tyr

785

Asn

Asp

Thr

Glu

865

450

Met

Pro

Asn

His

Asp

530

Asn

Asp

Val

Asp

Pro

610

Tyr

Ile

Tyr

Ala

Trp

690

Trp

Gly

Gln

Tyr

Val

770

Leu

Ala

Tyr

Tyr

Ala
850

Ala

His

Gly

Thr

Pro

515

Leu

Ala

Val

Gly

Lys

595

Ala

Ala

Gly

Ala

Gln

675

Leu

Lys

Met

Trp

His

755

Asp

Met

Ser

Thr

Tyr
835

Leu

Val

Trp

Thr

Phe

500

Thr

Phe

Pro

Trp

Lys

580

Tyr

Gly

Trp

Ser

Leu

660

Asp

Gln

Gly

Tyr

Phe

740

Glu

Trp

Pro

Asn

Asp
820
Ala

Leu

Pro

Ile

Cys

485

Gln

Cys

Thr

Asp

Ala

565

Ala

Phe

Ser

Gly

Ser

645

Ser

Trp

Ser

Ser

Tyr

725

Gly

Ser

Ala

Ser

Pro

805

Asp

Ala

Asp

Glu

Gln

470

Ala

Arg

Asp

Gly

Ala

550

Lys

Ala

Lys

Gly

Gly

630

His

Ser

Ala

Asp

Tyr

710

Asp

Phe

Gly

Leu

Thr

790

Gly

Val

Lys

Gly

Thr
870

455

Asp

Ala

Gly

Asn

Asp

535

Asp

Glu

Lys

Lys

Lys

615

Ala

Ala

Val

Lys

Glu

695

Ala

Glu

Gln

Asp

Ser

775

Leu

Ala

Gly

Ser

Met
855

Arg

Val

Gly

Ser

Phe

520

Ser

Ala

Gln

Met

Ile

600

Asp

Thr

His

Ala

Ser

680

Gly

Gln

Lys

Ala

Ala

760

Glu

Gln

Asn

Val

Gly
840

Trp

Ala

Asp

Pro

Gln

505

Thr

Ser

Arg

Gly

Gly

585

Gly

Ser

Asp

Gly

Asp

665

Leu

Ala

Pro

Pro

Trp

745

Gln

Thr

Trp

Ala

Ala
825
Asp

Gln

Asp

Asn

Thr

490

Glu

Tyr

Tyr

Ala

Lys

570

Asp

Asp

Ala

Thr

Gly

650

Leu

Asp

Ile

Pro

Val

730

Ser

Ala

Thr

Ser

Gln

810

Gly

Thr

His

Tyr

Val

475

Gln

Ser

Gly

Ala

Val

555

Ala

Tyr

Cys

His

Ser

635

Tyr

Lys

Arg

Ala

Ala

715

Tyr

Met

Lys

Val

Gly

795

Leu

Ala

Glu

His

Asn
875

460

Tyr

Ala

Val

Gly

Lys

540

Gln

Gly

Leu

Val

Tyr

620

Ala

Gln

Pro

Gln

Gly

700

Gly

His

Glu

Ala

Asn

780

Ala

His

Tyr

Ala

Gln
860

Arg

Gly

Gly

Trp

Ala

525

Gln

Ala

Glu

Arg

Gly

605

Leu

Gly

Asn

Lys

Leu

685

Gly

Thr

Asp

Arg

Val

765

Pro

Pro

Val

Ala

Glu
845

Asp

Phe

Tyr

Pro

Glu

510

Asn

Trp

Ala

Val

Tyr

590

Pro

Met

Trp

Pro

Ser

670

Asp

Ala

Pro

Pro

Val

750

Leu

Asp

Asp

Thr

Arg

830

Ala

Asp

Asp

Gly

Ser

495

Thr

Gly

Lys

Tyr

Ala

575

Ser

Thr

Ser

Ser

Met

655

Ala

Phe

Thr

Thr

Pro

735

Ala

Asp

Gly

Thr

Val

815

Thr

Thr

Ala

Asp

Asn

480

Tyr

Val

Tyr

Phe

Trp

560

Asp

Met

Thr

Trp

Trp

640

Ala

Thr

Tyr

Asn

Phe

720

Ser

Glu

Lys

Thr

Trp

800

Ala

Leu

Ala

Gly

Pro
880
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-continued

64

Asp

Pro

Ala
945

<210>
<211>
<212>
<213>

<400>

Met

1

Leu

Ala

Leu

Cys

65

Phe

Pro

Ser

Ser

Gly

145

Glu

Pro

Leu

Trp

225

Thr

Pro

Trp

Glu

Tyr

Asp

Pro

Val

930

Leu

Ala

Leu

His

Asp

50

Arg

Ala

Asp

Ala

Gly

130

Asp

Leu

Gln

Ala

Val

210

Phe

Pro

Glu

Ala

Pro

Val

Glu

Asn

915

Phe

Gly

Arg

Gly

Gly

35

Ala

Asp

Val

Gly

Tyr

115

Ala

Phe

Ala

Gln

Leu

195

Arg

Asp

Thr

His

Gly

275

Arg

Pro

Asp

900

Trp

Thr

Ala

PRT

SEQUENCE :

Arg

Ala

20

Val

Leu

Ala

Leu

Ser

100

Asn

Thr

Arg

Trp

Gly

180

Pro

Ser

Gly

Pro

Ser
260

Gly

Asn

Gly

885

Ser

Pro

Tyr

Tyr

SEQ ID NO 3
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

362

3

Ser

5

Leu

Ala

Ser

Leu

Asp

85

Leu

Ala

Leu

Val

Asp

165

Gly

Ser

Asp

Gly

Thr
245
Gly

Phe

Gly

Gly

Thr

Gln

His

Ala
950

Arg

Gly

Met

Gly

Ser

Ser

Cys

Ala

Lys

Tyr

150

Asp

Ala

Gly

Ser

Asn

230

Pro

Ser

Gln

Trp

Trp

Phe

Val

Arg

935

Asp

Leu

Leu

Thr

Thr

55

Gln

Asn

Ser

Arg

Val

135

Leu

Leu

Gly

Arg

Gln

215

Gly

Thr

Cys

Ala

Ala

Thr

Leu

Gln

920

Phe

Leu

Ile

Thr

Pro

40

Gly

Ser

Ala

Ala

Ala

120

Gln

Thr

Gln

Thr

Ser

200

Glu

Glu

Pro

Met

Ser
280

Val

Gly

Ser

905

Ala

Trp

Leu

Ala

890

Ile

Tyr

Ala

Glu

ACTE

Ser

Ala

25

Gly

Ala

Gly

Gly

Gly

105

Asp

Tyr

Lys

Leu

Asn

185

Gly

Asn

Val

Thr

Ala
265

Val

Gln

Leu

10

Leu

Ser

Leu

Ala

Gly

90

Asp

Trp

Ser

Pro

Val

170

Gly

Asp

Phe

Thr

Pro
250
Val

Glu

Trp

Met

Arg

Leu

Gln

Ala

Trp

Arg

Asn

Asn

75

Arg

Arg

Pro

Asn

Gly

155

Gln

Gly

Ala

Phe

Gly

235

Thr

Tyr

Val

Lys

Pro

Ser

Asp

Ala
940

Ala

Pro

Thr

Pro

60

Ala

Gly

Ser

Arg

Trp

140

Trp

Thr

His

Leu

Ser

220

Ile

Pro

Asn

Met

Pro

Asn

Phe

Gly

925

Asp

Val

Gly

Tyr

45

Thr

Leu

Ala

Pro

Thr

125

Ala

Ala

Val

Tyr

Met

205

Cys

Gly

Thr

Val

Asn
285

Gly

Gly
Tyr
910

Gly

Ile

Leu

Lys

30

Leu

Asn

Tyr

Gly

Tyr

110

His

Ala

Pro

Ser

Tyr

190

Phe

Ser

Gly

Pro

Val
270

His

Ser

Asp
895
Lys

Ala

Ala

Ala

Ala

Cys

Pro

Asn

Tyr

95

Asp

Leu

His

Thr

Asn

175

Trp

Ile

Asp

Thr

Thr
255
Ser

Gly

Gly

Thr

Asp

Ala

Leu

Thr

Glu

Gln

Ala

Trp

Val

Phe

Thr

Pro

Ser

160

Pro

Asp

Gln

Ile

Gly

240

Asp

Ser

Thr

Thr
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-continued

66

Gln
305

Thr

Gly

<210>
<211>
<212>
<213>

<400>

Val
1

Leu

Ala

Phe
65
Ala

Asn

Ser

Gly
145

Leu

Ala

Arg

Lys

Thr

290

Ile

Val

Ser

Ala

Lys

Thr

Asp

Lys

50

Thr

Trp

Gly

Phe

Ala

130

Thr

Cys

Gly

Leu

Gln

210

Asn

Asp

Ala

Asn

Ala
290

Asn

Thr

Val

Gly
355

Arg

Ala

Tyr

35

Val

Leu

Ser

Thr

Thr

115

Cys

Pro

Asn

Ile

Ala

195

Glu

Asp

Phe

Lys

Val
275

Val

Ser

Val

Thr

340

Thr

PRT

SEQUENCE :

Phe

Leu

20

Thr

Thr

Pro

Gln

Leu

100

Gly

Thr

Val

Gln

Gln

180

Asn

Asp

Leu

His

Thr
260

Ile

Lys

Val
Arg
325

Phe

Ile

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

456

4

Leu

5

Thr

Ile

Asn

Asp

Ser

85

Ala

Ala

Gly

Asp

Tyr

165

Trp

Asp

Gly

Val

Thr
245
Phe

Tyr

Ser

Trp
310
Asp

Gly

Gly

Ala

Gly

Thr

Leu

Ala

70

Gly

Thr

Asn

Ser

Val

150

Asp

Phe

Trp

Tyr

Asp

230

Leu

Phe

Glu

Tyr

295

Asn

Val

Phe

Cys

Leu

Pro

Ser

Gly

55

Gly

Ser

Gly

Pro

Thr

135

Asn

Arg

Asp

Lys

Glu

215

Met

Thr

Ala

Ile

Ala
295

Gly

Asp

Thr

Val
360

Leu

Gln

Gln

40

Thr

Gln

Ala

Ala

Pro

120

Gly

Gly

Pro

Ala

Ser

200

Thr

Ala

Pro

Ser

Ala

280

Glu

Ser

His

Ala

345

Thr

Leu

Asn

330

Thr

Ser

ACTE

Ala

Ala

25

Trp

Pro

Lys

Val

Ser

105

Pro

Glu

Gln

Val

Cys

185

Asp

Asp

Glu

Gly

Val
265

Asn

Gln

Thr

10

Val

Gln

Val

Val

Thr

90

Ala

Thr

Pro

Leu

Gln

170

Tyr

Leu

Pro

Ala

Asp

250

Ala

Glu

Val

Ser
315
Arg

Ser

Cys

Ala

Gly

Thr

Val

75

Ala

Glu

Ala

Pro

His

155

Leu

Asp

Leu

Ala

Arg

235

Pro

Ala

Pro

Ile

300

Thr Gly

Val Ile

Thr Gly

Ala Thr

Ala Ala

Gly Phe

45

Gly Trp
60

Gln Gly

Ala Gly

Ala Gly

Phe Ala
125

Ala Gly
140

Val Cys

Arg Gly

Ala Ala

Arg Ile
205

Gly Phe
220

Gly Met

Asn Val

Arg Asn

Asn Gly

285

Pro Val
300

Ser

Ala

Asn
350

Val

Gly

30

Gln

Lys

Trp

Ala

Phe

110

Leu

Ser

Gly

Met

Ser

190

Ala

Thr

Tyr

Asn

Ala
270

Val

Ile

Asp
Pro
335

Asp

Leu

15

Cys

Ala

Leu

Asn

Asp

95

Val

Asn

Asp

Val

Ser

175

Leu

Met

Arg

Ala

Leu
255
Gly

Thr

Arg

Gly
320
Asp

Tyr

Gly

Thr

Ala

Thr

Ala

Trp

Gly

Gly

Gly

Asn

160

Thr

Asp

Tyr

Arg

Leu

240

Asp

Lys

Trp

Ala
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-continued

68

Ala
305

Leu

Pro

Ala

385

Leu

Ser

Ser

Thr

<210>
<211>
<212>
<213>

<400>

Asp

Gly

Asn

Lys

Leu

370

Met

Lys

Ala

Gly

Pro
450

Pro

Val

Ala

Asp

355

Phe

Asp

Ile

Ala

Val

435

Asp

Asp

Ser

Thr

340

Ala

Val

Arg

Ser

Phe

420

Leu

Ser

PRT

SEQUENCE :

Met Ala Lys Lys

1

Thr

Ala

Tyr

Ala

65

Met

Ala

Arg

Gly

Gln

145

Asn

Phe

Ala

Thr

Ala

Glu

Phe

50

Ser

Lys

Ala

Gly

Leu

130

Val

Glu

Gln

Arg

Asp
210

Gly

Ala

35

Gly

Thr

Trp

Asp

His

115

Gly

Met

Ala

Asp

Thr
195

Gly

Val

20

Ala

Thr

Leu

Asp

Gln

100

Thr

Ala

Thr

Phe

Lys
180

Val

Arg

Ala

Asp

325

Asn

Tyr

Thr

Ala

Tyr

405

Arg

Thr

Phe

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

458

5

Ile

5

Leu

Gly

Ala

Asp

Ala

85

Ile

Leu

Thr

His

Gln
165
Leu

Asp

Asn

Val

310

Gly

Ile

Arg

Glu

Ser

390

Ala

Pro

Glu

Pro

Pro

Ala

Thr

Val

Ala

70

Val

Val

Val

Asp

Tyr

150

Asp

Gly

Pro

Ala

Val

Ser

Met

Ser

Phe

375

Thr

Asn

Gly

Ser

Thr
455

Ala

Ala

Leu

Ala

55

Gln

Glu

Ser

Trp

Leu

135

Lys

Gly

Asp

Thr

Lys
215

Ile

Asp

Tyr

Thr

360

Gly

Thr

Trp

Thr

Gly

440

Gly

Arg

Ala

Gly

40

Ala

Phe

Gly

His

His

120

Arg

Gly

Asn

Gly

Ala
200

Ser

Val

Glu

Ala

345

Leu

Thr

Ala

Thr

Cys

425

Ala

Gly

Ser

330

Phe

Ser

Val

Trp

Tyr

410

Gly

Leu

ACTE

Ala

Gly

25

Asp

Asn

Asp

Ser

Ala

105

Ser

Ala

Lys

Ser

Phe
185

Lys

Asp

Arg

10

Val

Ala

His

Ser

Arg

90

Gln

Gln

Ala

Ile

Gly
170
Ile

Leu

Ala

Thr

315

Glu

His

Arg

Ser

Leu

395

Ser

Gly

Leu

Arg

Val

Ala

Leu

Val

75

Asn

Ser

Leu

Met

His

155

Ala

Glu

Cys

Val

Arg Gly Trp Ser

Val

Phe

Ala

Ala

380

Asp

Asp

Gly

Lys

Ala

Ser

Ala

Gly

Thr

Ser

Lys

Pro

Asn

140

Ser

Arg

Glu

Tyr

Tyr
220

Val

Tyr

Ala

365

Thr

Leu

Ala

Asp

Asn
445

Leu

Leu

Ala

45

Glu

Pro

Phe

Gly

Gly

125

Asn

Trp

Arg

Ala

Asn
205

Ala

Asn

Ala

350

Ala

Gly

Leu

Pro

Tyr

430

Arg

Ser

Ala

30

Lys

Ala

Glu

Thr

Met

110

Trp

His

Asp

Ser

Phe
190

Asp

Met

Ser

335

Ala

Arg

Gly

Asp

Glu

415

Ser

Ile

Val

15

Gly

Gly

Pro

Asn

Phe

95

Lys

Val

Ile

Val

Ser
175
Arg

Tyr

Ala

Ser

320

Pro

Ser

Leu

Gly

Gln

400

Ser

Gly

Ser

Leu

Thr

Arg

Tyr

Glu

80

Thr

Val

Gly

Thr

Val

160

Pro

Thr

Asn

Lys
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-continued

70

Asp

225

Gln

Ile

Asn

305

Asp

Leu

Gly

Thr

Ser

385

Gln

Thr

Ala

Ala

Phe

Phe

Arg

Glu

Ala

290

Thr

Gly

Gly

Gly

Trp

370

Gly

Val

Val

Ser

Pro
450

Lys

Asn

Phe

Gly

275

Cys

Asp

Asp

Gly

Gly

355

Asn

Ile

Ser

Met

Thr

435

Ala

Gln

Ser

Ala

260

Ser

Leu

Lys

Tyr

Thr

340

Asn

Gly

Thr

Ala

Thr

420

Ser

Val

Arg

Asn

245

Asp

Gly

Ala

Tyr

Asn

325

Pro

Thr

Gly

Thr

Leu

405

Val

Phe

Gly

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Val

1

Leu

Leu

Ala

Asn

65

Tyr

Asn

Ser

Leu

Arg

Leu

Gly

Arg

50

Gly

Pro

Thr

Pro

Ile

Thr

Arg

Pro

35

Ala

Asn

Gly

Val

Glu

115

Cys

Ala

Gly

20

Ala

Ala

Asp

Glu

Arg

100

Asp

Val

562

6

Ile

5

Leu

Thr

Gly

Phe

Thr

85

Val

Val

Leu

Gly

230

Ser

Leu

Ser

Val

Ser

310

Lys

Asp

Gly

Tyr

Trp

390

Trp

Lys

Gly

Ala

Arg

Ala

Ala

Leu

Val

70

Gln

Val

Ala

Glu

Val

Pro

Gly

Ala

Thr

295

Trp

Lys

Gly

Ser

Asn

375

Ser

Asn

Pro

Phe

Cys
455

Thr

Ala

Arg

His

55

Met

Ser

Leu

Ser

Val

Pro

Val

Leu

Gln

280

Arg

Arg

Pro

Gly

Cys

360

Gly

Val

Gly

Thr

Thr

440

Thr

Ala

Phe

Ala

40

Ile

Arg

Leu

Ser

Ile

120

His

Ile

Pro

Asp

265

Ala

Cys

Ser

Ala

Gly

345

Thr

Glu

Pro

Ala

Tyr

425

Val

Ala

Asp

Ser

250

Val

Ala

Thr

Ser

Tyr

330

Asp

Ala

Val

Val

Pro

410

Asn

Met

Ser

ACTE

Arg

Leu

25

Ala

Ser

Gly

Ala

Asp
105

Ile

Asp

Arg

10

Gly

Asp

Asp

Ile

Asp
90
Gly

Ala

Thr

Cys

235

Asp

Gln

Asn

Gly

Gly

315

Asp

Asp

Thr

Thr

Thr

395

Thr

Gly

Thr

Pro

Leu

Leu

Gly

Asn

75

Ile

Tyr

Arg

Thr

Val

Tyr

Ile

Tyr

Leu

300

Thr

Ala

Gly

Tyr

Val

380

Val

Trp

Thr

Asn

Gln

Ala

Pro

Arg

60

His

Lys

Arg

Cys

Gly

Gly

Arg

Thr

Thr

285

Thr

Pro

Val

Gly

Thr

365

Lys

Pro

Asn

Leu

Gly
445

Pro

Leu

Gln

45

Leu

Ala

Ala

Trp

Lys

125

Tyr

Phe

Ala

Glu

270

Ser

Val

Leu

Leu

Gly

350

Gln

Ala

Ser

Ala

Ala

430

Asn

Leu

Ala

Arg

Val

His

Thr

Ser

110

Ala

Gly

Gln

Asn

255

Leu

Val

Trp

Leu

Ala

335

Asp

Thr

Gly

Ser

Gly

415

Ala

Thr

Ala

15

Gly

Ala

Glu

Thr

Gly
95
Glu

Glu

Glu

Ser

240

Leu

Asp

Val

Gly

Phe

320

Ala

Asn

Ala

Ser

Gln

400

Asn

Gly

Ser

Leu

Ala

Glu

Gly

Trp

80

Ala

Asn

Arg

Asp
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-continued

72

Ala

145

Lys

Asn

Thr

Met

Ala

225

Phe

Asp

Glu

Met

Trp

305

Pro

Gly

Gly

Ser

Asp

385

Ser

Gly

Ala

Asp

465

Asn

Ala

Ser

Ala

Ala
545

130

Ala

Asp

Glu

Ala

Val

210

Asp

Ser

Tyr

Phe

Met

290

Ser

Thr

Ile

Gly

Gly

370

Asp

Glu

Leu

Ala

Glu

450

Ile

Thr

Asp

Gly

Ala
530

Asn

Ala

Val

Pro

Ala

195

Asp

Ala

Ile

Leu

Gly

275

Ala

Gly

Arg

Thr

Gly

355

Val

Val

Thr

Ser

Gly

435

Gly

Gly

Gly

Gly

Gly

515

Gly

Ala

Gly

Leu

Trp

180

Ile

Ala

Arg

His

Asn

260

Gly

Thr

Asn

Leu

Glu

340

Asp

Thr

Gly

Lys

Ala

420

Asn

Gly

Glu

Ala

Gln
500
Ala

Gly

Ala

Thr

Asp

165

Gly

Gln

Pro

Ser

Met

245

Ala

Pro

Ala

Thr

Ser

325

Thr

Thr

Ala

Val

Val

405

Gly

Arg

Ser

Trp

Ala

485

Thr

Val

Ser

Pro

Leu

150

Gly

Asn

Lys

Asn

Val

230

Tyr

Phe

Ala

Glu

Asp

310

Ser

Ser

Glu

Thr

Thr

390

Ala

Thr

Ser

Val

Pro

470

Ala

Val

Ser

Val

Ala
550

135

Asp

Glu

Ala

Leu

Trp

215

Tyr

Ser

Val

Asp

Glu

295

Pro

Trp

Arg

Ala

Ser

375

Ala

Ser

Ala

Ala

Pro

455

Gly

Val

Thr

Val

Thr
535

Ala

His

Glu

Asp

Arg

200

Gly

Asp

Val

Asp

Gln

280

Leu

Val

Gly

Glu

Pro

360

Val

Tyr

Ser

Tyr

Arg

440

Gly

Gly

Asp

Asn

Thr
520

Val

Phe

Ala

Asp

Pro

185

Ala

Gln

Ala

Tyr

Ala

265

Tyr

Gly

Leu

Glu

Ala

345

Thr

Thr

Asp

Ala

Ser

425

Ser

Gly

Phe

Gly

Met
505
Pro

Gly

Thr

Ala

Tyr

170

Ala

Ala

Asp

Asp

Asp

250

Gly

Gly

Leu

Asp

Arg

330

Thr

Ala

Leu

Val

Ala

410

Phe

Gly

Ala

Gln

Trp

490

Trp

Ala

Phe

Leu

Asp

155

Val

Gly

Gly

Trp

Pro

235

Thr

Leu

Asp

Gly

Leu

315

Val

Val

Pro

Gly

Val

395

Thr

Ala

Thr

Cys

Gly

475

Thr

Gly

Ser

Thr

Asn
555

140

Tyr

Val

Trp

Phe

Glu

220

Thr

Ala

Pro

Pro

Tyr

300

Val

Leu

Phe

Gly

Trp

380

Arg

Ser

Val

Val

Ser

460

Glu

Leu

Gly

Tyr

Gly

540

Gly

Trp

Ile

Thr

Ala

205

Gly

Gly

Ala

Leu

Asp

285

Leu

Leu

His

Gly

Thr

365

Ser

Val

Val

Tyr

Ser

445

Val

Ile

Gly

Thr

Thr
525

Thr

Ala

Ile

Asn

Ala

190

His

Val

Asn

Lys

Leu

270

Glu

Ala

Asp

Gly

Gly

350

Pro

Ala

Thr

Thr

Ala

430

Val

Gly

Thr

Phe

Ala
510
Ser

Leu

Thr

Gly

Ile

175

Pro

Thr

Met

Leu

Val

255

Ile

Asp

Trp

Phe

Pro

335

Gly

Thr

Ala

Gly

Val

415

Arg

Thr

Tyr

Leu

Ala

495

Thr

Thr

Thr

Cys

Leu

160

Gly

Thr

Ile

Arg

Ile

240

Thr

Gly

Thr

Ser

Asp

320

Asp

Gln

Ala

Thr

Gly

400

Thr

Asp

Thr

Arg

Arg

480

Phe

Gln

Ile

Gly

Thr
560
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-continued

74

Ala

Ala

<210> SEQ ID NO 7

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Met

1

Ala

Ala

Gly

Asn

65

Asn

Asn

Met

Gly

Thr

145

Asp

Gln

Trp

Ser

Ala

225

Gly

Tyr

Met

Ala

Gly
305

Pro

Ser

Val

Arg

Pro

50

Gly

Pro

His

Asp

Gly

130

Leu

Val

Ala

Pro

Ala

210

Val

Gly

Asn

Asn

Ser
290

Asn

Thr

Ile

Ala

Ala

35

Ser

Leu

Ala

Ser

Ser

115

Thr

Arg

Asp

Val

Ala

195

Lys

Ala

Cys

Leu

Val

275

Tyr

Asn

Val

Thr

Ala

20

Ala

Ala

Arg

Gln

Tyr

100

Glu

Pro

Ser

Ser

Ser

180

Asn

Gly

Pro

Thr

Asn

260

Pro

Pro

Trp

Ser

328

7

Pro

5

Ser

Ala

Ala

Ala

Val

85

Ser

Ile

Lys

Val

Gln

165

Arg

Thr

Leu

Asp

Ala

245

Val

Ser

Ser

Gly

Cys
325

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

335

Arg

Ala

Cys

Gln

Thr

70

Lys

His

Ser

Leu

Glu

150

Asp

Leu

Leu

Cys

Gly

230

Thr

Ala

Gly

Ala

Ala
310

Thr

Pro

Leu

Asn

Thr

55

Met

Ala

Pro

Arg

Phe

135

Ala

Trp

Thr

Ala

Ser

215

Gly

Leu

Val

Glu

Gln
295

Thr

Thr

Ser

Ala

Gly

40

Pro

Phe

Gln

His

Thr

120

Arg

Lys

Asn

Ala

Ala

200

Gly

Gly

Ser

Ser

Arg

280

Val

Ile

Ser

ACTE

Leu

Gly

25

Tyr

Ala

Asn

Val

Leu

105

Gln

Pro

Tyr

Gly

Gly

185

Ile

Met

Asn

Ala

Gly

265

Val

Leu

Gln

Arg

Gly

Val

Leu

Gln

Asp

90

Thr

Gln

Pro

Gly

Ala

170

Gln

Pro

Ile

Gly

Gly

250

Ser

Met

Val

Ala

ACTE

Ala

Ala

Gly

Leu

Gly

Ala

Gln

Ala

Tyr

Leu

155

Ser

Val

Arg

Ser

Gly

235

Glu

Ser

Thr

Ala

Asn
315

Met

Val

Leu

Ser

60

Asn

Gly

Gln

Ile

Gly

140

Thr

Thr

Ile

Ile

Pro

220

Gly

Lys

Asn

Thr

Lys

300

Gly

Val

Thr

Thr

45

Ala

Tyr

Met

Ser

Ala

125

Glu

Glu

Asp

Leu

Ala

205

Gln

Gly

Trp

Trp

Trp

285

Pro

Asn

Thr

Ala

30

Phe

Leu

Ala

Trp

Gln

110

Ala

Thr

Val

Ala

Met

190

Gln

Thr

Gly

Gly

Thr

270

Asn

Asn

Trp

Gly

Ala

Asp

Lys

Ala

Val

95

Ala

Gly

Asn

Ile

Ile

175

His

Thr

Gly

Gly

Asp

255

Val

Val

Gly

Thr

Leu

Pro

Asp

Gln

Ser

80

Gly

Gln

Gly

Ala

Trp

160

Val

Glu

Leu

Arg

Gly

240

Arg

Thr

Ser

Ser

Trp
320
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-continued

76

<400> SEQUENCE: 8

Met Asn Pro Leu Val Tyr Thr Glu
1 5

Ser Leu Ala Gly Ser Val Cys Ala
20

Met Leu Leu Pro Gly Thr Ala Ser
35 40

Gln Thr Gly Asn Asn Asn Gly Tyr
50 55

Gly Gly Gln Val Ser Met Asn Leu
65 70

Ser Trp Thr Asn Thr Gly Asn Phe
85

Gly Gly Arg Lys Ser Val Thr Tyr
100

Asn Ala Tyr Leu Thr Leu Tyr Gly
115 120

Tyr Tyr Ile Val Asp Asn Trp Gly
130 135

Lys Gly Thr Val Ser Ser Asp Gly
145 150

Thr Arg Thr Asn Ala Pro Ser Ile
165

Phe Trp Ser Val Arg Gln Ser Lys
180

Gly Asn His Phe Asp Ala Trp Ala
195 200

Met Asn Tyr Met Ile Leu Ala Thr
210 215

Ser Asn Ile Thr Val Ser Glu Gly
225 230

Gly Gly Gly Gly Gly Gly Gly Gly
245

Gly Glu Lys Trp Gly Asp Arg Tyr
260

Ser Ser Asn Trp Thr Val Thr Met
275 280

Leu Ser Thr Trp Asn Ile Ser Ala
290 295

Val Ala Lys Pro Asn Gly Ser Gly
305 310

Ala Asn Gly Asn Trp Thr Trp Pro
325

<210> SEQ ID NO 9
<211> LENGTH: 280
<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 9

Met Ser Glu Arg Ala Ala Ser Pro
1 5

Arg Arg Arg Ile Ala Thr Ala Leu
20

Arg Arg Arg Arg Gly Arg Leu Thr
10 15

Leu Val Leu Ala Ala Ala Ala Ala
25 30

Ala Asp Thr Val Val Thr Thr Asn
45

Tyr Tyr Ser Phe Trp Thr Asp Gly
60

Ala Ser Gly Gly Ser Tyr Ser Thr
75 80

Val Ala Gly Lys Gly Trp Ser Thr
90 95

Ser Gly Thr Phe Asn Pro Ser Gly
105 110

Trp Ser Thr Asn Pro Leu Val Glu
125

Thr Tyr Arg Pro Thr Gly Thr Phe
140

Gly Thr Tyr Asp Ile Tyr Glu Thr
155 160

Glu Gly Thr Lys Thr Phe Lys Gln
170 175

Arg Thr Gly Gly Thr Ile Thr Thr
185 190

Arg Asn Gly Met Asn Leu Gly Thr
205

Glu Gly Tyr Gln Ser Ser Gly Ser
220

Gly Ser Gly Gly Gly Gly Asp Asn
235 240

Gly Cys Thr Ala Thr Leu Ser Ala
250 255

Asn Leu Asn Val Ala Val Ser Gly
265 270

Asn Val Pro Ser Ala Glu Lys Val
285

Ser Tyr Pro Ser Ser Gln Val Leu
300

Asn Asn Trp Gly Ala Thr Ile Gln
315 320

Thr Val Ser Cys Thr Thr Ser
330 335

ACTE

Arg Thr His Arg Arg Arg Pro Gly
10 15

Thr Ala Ala Leu Gly Leu Thr Gly
25 30
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-continued

78

Ala

Thr

Lys

65

Thr

Pro

Gly

Gln

Gly

145

Lys

Gly

Asp

Gly

225

Lys

Glu

Thr

Ala

Ala

50

Thr

Gly

Ile

Thr

Asn

130

Thr

Ala

Thr

Asn

Val

210

Asp

Lys

Pro

Ala

Leu

35

Ile

Ile

Ser

Phe

Pro

115

Val

Ser

Ser

Lys

Cys

195

Thr

Thr

Ile

Lys

Ser
275

Ala

Pro

Glu

Gly

Lys

100

Ala

Trp

Thr

Asp

Phe

180

Ser

Ala

Ala

Lys

Glu

260

Asp

Thr Gly

Ala Trp

Val Ser

70

Asp Leu

Leu Lys

Ala Asp

Trp Glu

Ser Ser

150

Lys Val
165

Gln Val

Lys Gln

Pro Gly

Ala Leu

230

Pro Cys
245

Thr Gly

Leu Ser

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Trp Cys His

1

Ser

Asp
65

Ala

Ala

Ser

Arg

Leu

50

Ala

Thr

Val

Ala

Val

Ser

35

Cys

Glu

Gly

Ser

Trp

Asn

20

Arg

Ala

Pro

Thr

Glu
100

Asp

909

Streptomyces sp.

10

Pro Tyr

Ala Leu

Tyr Gly

Gly Ala

Gly Pro
70

Ser Ala
85

Gly Arg

Val Ile

Val

Pro

55

Gly

Gly

Asp

Gly

Asp

135

Val

Phe

Ala

Tyr

Lys

215

Arg

Val

Ser

Tyr

Leu

Pro

Arg

Leu

55

Gly

Pro

Leu

Val

Met

40

Ser

Thr

Asp

Gly

Ile

120

Val

Tyr

Gln

Asp

Lys

200

Ser

Ser

Arg

Gly

Asp
280

Arg

Pro

Arg

40

Ala

Pro

Trp

Cys

Gly

Leu

Ala

Tyr

Gly

Ala

105

His

Gly

Thr

Phe

Phe

185

Arg

Leu

Val

Tyr

Pro
265

Gln

Thr

Asp

Gly

Thr

Cys

Glu

Val

Asn

170

Gly

Glu

Val

Arg

Thr

250

Asp

ACTE

Leu

Pro

25

Val

Val

Glu

Trp

Val

105

Gln

Arg

Ala

Leu

Pro

Gln

Trp

90

Glu

Asn

Pro

Gly

Gly

75

Gln

Ile

Ser

Asp

Tyr

155

Gly

Lys

Ile

Gly

Val

235

Gly

Gly

Thr

Arg

Gly

Gly

Ile

75

Thr

Val

Asp

Ala

Ser

60

Gly

Asp

Lys

Gly

Ala

140

Gly

Ala

Leu

Ile

Ile

220

His

Asn

Thr

Ser

Pro

Met

Thr

60

Thr

Pro

Pro

Val

Gly

45

Gln

Leu

Glu

Asn

Ser

125

Ala

Gly

Gly

Val

Val

205

Asn

Gly

Ser

Tyr

Gly

Ala

Ser

45

Ala

Asn

Asn

Ala

Pro

Ala

Ser

Lys

Gly

Val

110

Cys

Ser

Gly

Lys

Arg

190

Asn

Thr

Asp

Thr

Cys
270

Arg

Pro

30

Ala

Met

Gly

Ala

Gly

110

Ile

Ala

Val

Arg

Gln

95

Ile

Thr

Phe

Ala

Leu

175

Ser

Asp

Asn

Ser

Gly

255

Lys

Lys

15

Val

Ala

Ala

Asp

Ser

95

Thr

Val

Thr

Ser

Phe

80

Asp

Leu

Ile

Lys

Lys

160

Val

Cys

Val

Tyr

Ser

240

Ala

Tyr

Val

Arg

Ala

Asp

Phe

80

Ala

Ala

Ala
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-continued

80

Gly

Thr

145

Leu

Thr

Ile

Leu

Pro

225

Gly

Ala

Glu

Leu

Ser

305

Asp

Ala

Cys

His

385

Ala

Leu

Asp

Gln

His

465

Gln

Ala

Asp

Ala

Glu

130

Val

Ala

Phe

Gly

Arg

210

Val

Thr

Glu

Asp

Thr

290

Glu

Ala

Asp

Ala

Asp

370

Gly

Thr

Gly

Ile

Val

450

Asp

Gln

Ala

Phe

Lys
530

115

Ser

Gln

Thr

Thr

Gly

195

Gly

Arg

Val

Asp

Pro

275

Thr

Pro

Leu

Leu

Pro

355

Tyr

Lys

Tyr

Asp

Leu

435

Pro

Ala

Arg

Thr

Ala
515

Arg

Tyr

Thr

Ala

Ala

180

Gly

Gly

Val

Val

Gly

260

Ser

Ala

Phe

Ala

Val

340

Asn

Arg

Tyr

Glu

Gly

420

Asp

Ala

Glu

Glu

Ala
500

Asp

His

Glu

Arg

Asp

165

Ser

Glu

Ala

Asn

Thr

245

Ser

Ser

Gly

Ser

Tyr

325

Gly

Lys

Leu

Val

Arg

405

Ala

Glu

Gly

Trp

Leu
485
Ala

Arg

Pro

Leu

Val

150

Pro

Val

Arg

Glu

Gln

230

Asp

Thr

Arg

Asp

Ile

310

Phe

Glu

Gly

Asp

Val

390

Thr

Leu

Ala

Glu

Thr

470

His

Gln

Cys

Asp

Ser

135

Gln

Val

Asp

Ala

Pro

215

Val

Ala

Ala

Arg

Gly

295

Arg

Tyr

Gln

Asp

Val

375

Asn

Leu

Arg

Arg

Gln

455

Gly

Pro

Cys

Leu

Val
535

120

Tyr

Glu

Gly

Gln

Thr

200

Pro

Gly

Glu

Ala

Arg

280

Tyr

Gly

His

Tyr

Thr

360

Ser

Gly

Thr

Val

Trp

440

Leu

Leu

Pro

Ala

Arg
520

Leu

Thr

Ala

Ala

Pro

185

Thr

Val

Tyr

Ala

Thr

265

Val

Thr

Asp

Asn

Ala

345

Asp

Gly

Gly

Ala

Pro

425

Glu

Ala

Pro

Ser

Arg
505

Ala

Ala

Ala

Val

Glu

170

Ala

Phe

Tyr

Leu

Pro

250

Gly

His

Val

Leu

Arg

330

Arg

Val

Gly

Ile

Pro

410

Glu

Met

Gly

Met

Thr
490
Leu

Ala

Asp

Arg

Glu

155

Asp

Ala

Cys

Val

Pro

235

Leu

Thr

Thr

Glu

Tyr

315

Ser

Pro

Pro

Trp

Ser

395

Asp

Arg

Asp

Met

Lys

475

Ala

Tyr

Glu

Pro

Ser

140

Pro

Thr

Ser

Leu

Pro

220

Arg

Thr

Thr

Phe

Val

300

Asp

Gly

Ala

Cys

Tyr

380

Val

Ala

Asp

Phe

Val

460

Pro

Ala

Ala

Thr

Asn
540

125

Thr

Tyr

Arg

Val

Asp

205

Asp

Gly

Trp

Val

Asp

285

Asp

Ser

Ile

Gly

Arg

365

Asp

Ala

Glu

Asn

Leu

445

His

His

Thr

Pro

Ala
525

Asp

Val

Thr

Val

Gln

190

Asp

Thr

Pro

Thr

Pro

270

Phe

Gly

Leu

Glu

His

350

Pro

Ala

Gln

Ser

Gly

430

Ile

His

Leu

Leu

Phe
510

Trp

Gly

Pro

Thr

Ala

175

Leu

Val

Gly

Lys

Val

255

Arg

Gly

Glu

Arg

Ile

335

Ile

Gly

Gly

Leu

Ala

415

Val

Lys

Lys

Asp

Asn
495
Asp

Asp

Ile

Leu

Val

160

Arg

Gln

Ser

Ser

Ser

240

Lys

Gly

Asp

Val

Ser

320

Asp

Gly

Val

Asp

Met

400

Glu

Pro

Met

Met

Pro

480

Leu

Ala

Ala

Gly
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-continued

82

Gly
545

Ala

Gly

Leu

Arg

625

Glu

Trp

Ala

Gly

Thr

705

Ala

Ala

Ala

Ile

Leu

785

Thr

Asn

Pro

Leu

Ser
865

Gly

Gly

Ala

Leu

Gly

Ala

610

Thr

Gln

Gly

His

Ala

690

Gly

His

Gly

Glu

Gly

770

Ala

Ala

Ser

Val

Ser

850

Ala

Asp

Ala

Ala

Glu

Ser

Gly

595

Thr

Val

Ala

Ser

Asp

675

Asp

Tyr

Gln

Gly

Lys

755

Ser

Phe

Ala

Gly

Ser

835

His

Arg

Phe

Phe

Tyr

Leu

Ser

580

Ile

Val

Val

Tyr

Asn

660

Leu

Tyr

Gly

Asn

Pro

740

Leu

Trp

Ile

Ala

Ser

820

Pro

Thr

Pro

Gly

Lys
900

Asn

Phe

565

Ala

Ser

Pro

Thr

Gly

645

Ser

Thr

Leu

Glu

Asp

725

Asn

Ser

Ala

Ala

Arg

805

Thr

Trp

Trp

Leu

Phe
885

Leu

<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

405

11

Asp

550

Thr

Trp

Trp

Asn

Glu

630

Leu

Gln

Gly

Leu

Arg

710

Pro

Leu

Gly

Thr

Ser

790

Thr

Val

Ala

Ser

Ser

870

Asn

Asn

Asp

Thr

His

Gly

Ala

615

Gly

Pro

Val

Asp

Gly

695

Asp

Ser

Thr

Cys

Asn

775

Tyr

Cys

Thr

Leu

Ala

855

Trp

Thr

Gly

Asp

Thr

Gly

Ser

600

Leu

Ala

Tyr

Leu

Ala

680

Arg

Ser

Leu

Ala

Ala

760

Glu

Leu

Gln

Val

Thr

840

Glu

Asn

Ser

Arg

Met Arg Thr Gly Ser Ile Ala Arg

Val

Gly

Asp

585

Thr

Thr

Asp

Ala

Asn

665

Ala

Asn

His

Pro

Ile

745

Pro

Ile

Asp

Val

Arg

825

Trp

Phe

Arg

Ala

Ala
905

Ser

Lys

570

Ala

Ala

Ser

Arg

Pro

650

Asn

Tyr

Pro

Asn

Asn

730

Ala

Ala

Thr

Asp

Thr

810

Val

Leu

Asp

Thr

Ala
890

Cys

ACTE

Asp

555

Asp

Gly

Gly

Asp

Tyr

635

Arg

Met

Gln

Leu

Gln

715

Pro

Ser

Met

Ile

Ala

795

Tyr

Glu

Leu

Gln

Leu

875

Gly

Ser

Glu

Ile

Ala

Leu

Gln

620

Ala

Gly

Val

Asp

Asn

700

His

Ala

Gly

Cys

Asn

780

Gly

Ser

Asn

Pro

His

860

Ala

Ser

Ala

Phe

Tyr

Val

Gly

605

Leu

Ala

Glu

Val

Ala

685

Gln

His

Pro

Asp

Tyr

765

Trp

Glu

Ser

Thr

Gly

845

Gly

Pro

Ser

Gly

Tyr

Arg

Phe

590

Val

Ala

Gln

Asp

Leu

670

Val

Ser

Arg

Gly

Pro

750

Val

Asn

Gly

His

Gly

830

Glu

Arg

Gly

Pro

Trp

Gln

575

Pro

Leu

Gln

Ser

Tyr

655

Ala

Leu

Tyr

Phe

Ser

735

Val

Asp

Ala

Gly

Pro

815

Ser

Gln

Thr

Ala

Glu
895

Ala

560

Ala

Ala

Thr

Val

Arg

640

Val

Thr

Arg

Val

Trp

720

Ile

Ala

Asp

Pro

Gln

800

Trp

Asp

Arg

Val

Ala

880

Pro

Val Leu Gly Leu Ala Ala Ala Leu
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84

Thr

Gly

Met

Ala

Asp

Tyr

Asp

145

Leu

Ile

Met

Asn

225

Arg

Pro

Asn

Thr

His

305

Leu

Ser

Met

Pro

385

Ala

Ala

Asp

His

50

Lys

Leu

Val

Glu

Ile

130

Ala

Gln

Lys

Leu

Gly

210

Phe

Gly

Lys

Tyr

Cys

290

Ile

Ala

Gly

Leu

Gly
370

Ala

Asp

Leu

Ala

35

Pro

Val

Ala

Val

Arg

115

Ser

Trp

Thr

Tyr

Arg

195

Asn

Leu

Arg

Ala

Trp

275

Arg

Ala

Asp

Glu

Gly

355

Tyr

Ala

Asn

Leu

20

Thr

Gly

Gln

Ser

Glu

100

Glu

Gln

Ser

Gly

Thr

180

Asp

Trp

Glu

Val

Ala

260

Gln

Asp

Glu

Arg

Lys

340

Pro

Ala

Ser

Pro

<210> SEQ ID NO

Thr

Asp

Val

Ala

Pro

85

Cys

Asp

Asp

Gly

Trp

165

Tyr

Val

Glu

Asp

Pro

245

Pro

Gly

Leu

Thr

Leu

325

Val

Val

Met

Asn

Asn
405

12

Thr

Ser

Leu

Gly

Tyr

Gly

Ala

Gly

Val

150

Ala

Gly

Tyr

Leu

Arg

230

Ala

Gly

Gln

Thr

Ser

310

Arg

Pro

Thr

Thr

Asn
390

Ala

Pro

Val

55

Ala

Ala

Ser

Leu

Arg

135

Ile

Gly

Asn

Leu

Ser

215

Gly

Tyr

Ser

Ser

His

295

Arg

His

Ser

Glu

Asn
375

Leu

Phe

Ser

40

Ser

Gln

Ser

Tyr

Ala

120

Tyr

Lys

Ser

Trp

Pro

200

Met

Ala

Ile

Gly

Thr

280

Thr

Ile

Ala

Ser

Val
360

Thr

Phe

Met

25

Ala

Arg

Pro

Leu

Ser

105

Ala

Ala

Asp

Ser

Pro

185

Lys

Thr

Tyr

Tyr

Leu

265

Phe

Gly

Gln

Leu

Leu

345

Gly

Gln

Val

10

Ala

Ala

Pro

Trp

Ser

90

Asn

Tyr

Gln

His

Trp

170

Ala

Val

Glu

Asp

Val

250

Asp

Val

Tyr

Gly

Gly

330

Cys

Phe

Thr

Ala

Pro

Ala

Gln

Lys

75

Arg

Pro

Thr

Lys

Thr

155

Pro

Ser

Ala

Ala

Arg

235

Thr

Thr

Asp

Gly

Gln

315

Leu

Gly

Asn

Leu

Trp
395

Ala

Ala

Leu

60

Gly

Thr

Asn

Leu

Ala

140

Asn

Arg

Gly

Asn

Ala

220

Ala

Ala

Arg

Gly

Leu

300

Asp

His

Gly

Ala

Thr
380

Glu

Met

Pro

45

Asp

Ala

Ala

Asn

Ser

125

Ile

Ser

Ala

Arg

Gly

205

Ile

Val

Asp

Glu

Leu

285

Ser

Leu

Ala

Ser

Leu
365

Glu

Thr

Ala

30

Ala

Phe

Tyr

Lys

Gly

110

Leu

Gln

Asn

Ala

Phe

190

Ser

Gly

Ala

Gly

Lys

270

Ser

Ala

Tyr

Lys

Leu

350

His

Arg

Leu

15

Gly

Ser

Val

Asp

Pro

95

Cys

Ala

Ile

Ala

Glu

175

Gly

Asn

Ile

Lys

Ser

255

Ile

Gln

Ile

Pro

Tyr

335

Lys

Asn

Gln

Thr

Lys

Phe

Arg

Gln

80

Arg

Thr

Trp

Met

Pro

160

Ile

Thr

Ser

Ala

Phe

240

Leu

Ile

Glu

Ser

Glu

320

Gln

Asp

Arg

Arg

His
400
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85

-continued

<211> LENGTH: 626

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 12

Met Pro Ser Arg Thr Thr Leu Ile Ala Thr Thr Ala Ala Leu Val Ala
1 5 10 15

Leu Ala Ala Pro Met Ala Phe Ala Ala Pro Ala Pro Ala Pro Asp Pro
20 25 30

Ala Val Glu Ala Ala Ala Ala Ala Trp Asp Thr Asp Arg Ala Ala Ser
35 40 45

Ala Tyr Ala Ala Asn Pro Ala Ala Val Thr Ala Ser Gly Ser Glu Asn
50 55 60

Pro Ala Ser Gly Pro Gly Ala Ala Thr Asp Gly Asp Ala Thr Thr Arg
65 70 75 80

Trp Ser Ser Asp Phe Ala Asp Asn Ala Trp Ile Arg Val Asp Leu Gly
85 90 95

Ser Thr Ile Arg Ile Asn Gln Val Lys Leu Glu Trp Glu Ala Ala Tyr
100 105 110

Gly Lys Lys Tyr Val Leu Glu Val Ser Lys Asp Gly Thr Asn Trp Thr
115 120 125

Pro Phe Tyr Thr Glu Asp Ala Gly Thr Gly Gly Thr Val Thr Ala His
130 135 140

Thr Tyr Pro Gln Glu Val Thr Gly Arg Tyr Val Arg Met Arg Gly Val
145 150 155 160

Glu Arg Ala Thr Ala Trp Gly Tyr Ser Leu Phe Ser Phe Gln Val Tyr
165 170 175

Gly Gly Glu Pro Ala Pro Ala Ser Thr Thr Arg Ser Asn Leu Ala Leu
180 185 190

Asn His Pro Ala Tyr Gly Asp Leu Tyr Gln His Ala Gly Asn Ser Pro
195 200 205

Ala Phe Val Thr Asp Gly Gly Trp Pro Ala Asp Leu Lys Ala Asp Arg
210 215 220

Ser Arg Trp Ser Ser Asp Trp Asn Ala Asp Arg Trp Val Gly Val Asp
225 230 235 240

Leu Gly Ala Thr Ser Thr Ile Asn Ser Val Asp Leu Tyr Trp Glu Ala
245 250 255

Ala Tyr Ala Val Asp Tyr Glu Ile Gln Val Ser Asp Asp Asn Arg Thr
260 265 270

Trp Arg Thr Val His Arg Pro Ser Ala Ala Glu Val Ala Ala Arg Arg
275 280 285

Ala Asp Val Lys Ala Pro Ala Glu Ala Val Gly Arg His Asp Thr Ile
290 295 300

Asn Leu Pro Thr Pro Ala Thr Gly Arg Tyr Val Arg Met Leu Gly Lys
305 310 315 320

Glu Arg Arg Ser Phe Tyr Asn Pro Ala Pro Ser Thr Ala Gln Phe Gly
325 330 335

Tyr Ser Leu Tyr Glu Phe Gln Val Trp Gly Thr Gly Gly Ser Ala Asp
340 345 350

Ala Ala Tyr Pro Ala Leu Pro Lys Asn Pro Gly Gly Ala Tyr Arg Thr
355 360 365

Thr Phe Phe Asp Asp Phe Thr Gly Ser Gly Leu Asp Arg Ser Lys Trp
370 375 380

Arg Val Val Arg Thr Gly Thr Glu Met Gly Pro Val Asn Gly Glu Ser
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-continued

88

385

Gln

Leu

Gly

Asp

Asp

465

Pro

Ile

Ser

Arg

Met

545

Lys

Gln

Ile

Gln
625

Ala

Val

Thr

Phe

450

Gly

Ala

Gly

Ala

Ala

530

Thr

Leu

Ile

Val

Ala

610

Lys

Tyr

Leu

Phe

435

Thr

Phe

Val

Tyr

Asp

515

Asp

Phe

Glu

Leu

Thr

595

Gln

Val

Glu

420

Asp

Tyr

Trp

Ser

Gly

500

Gly

Glu

Thr

Ser

Asn

580

Gln

Gly

Asp

405

Ser

Phe

Gly

Pro

Trp

485

Asp

Asn

Trp

Val

Thr

565

Leu

Pro

Gly

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Val

1

Ala

Ala

Gly

Trp

65

Gly

Gly

Ala

Ile

Leu

Ala

Thr

50

Val

Ala

Ala

Arg

Ser

Thr

Ala

35

Val

Leu

Pro

Gly

Val
115

Arg

Tyr

20

Ala

His

Leu

Gln

Ala
100

Tyr

408

Streptomyces sp.

13

Arg

Pro

Thr

Ala

Arg

Thr
85

Gly

Phe

390

Ser

Lys

Thr

Lys

Ala

470

Pro

Trp

Ile

His

Asp

550

Arg

Ala

Tyr

Ile

Met

Leu

Cys

Tyr

Ala

70

Pro

Pro

Val

Pro

Tyr

Ser

Val

455

Phe

Gly

Thr

Gly

Thr

535

Asp

Gly

Leu

Trp

Lys
615

Phe

Trp

Glu

Val

55

Asp

Leu

Val

Arg

Asp

Cys

Gly

440

Ser

Trp

Ser

Ser

Ala

520

Tyr

Arg

Lys

Gly

Gly

600

Ala

Leu

Gly

Leu

40

Thr

Gly

Pro

Val

Asp
120

Asn

Lys

425

Arg

Ala

Leu

Gly

Ser

505

Ser

Gly

Val

Trp

Gly

585

Leu

Glu

Ile

410

Gly

Val

Arg

Leu

Glu

490

Gly

Gln

Val

Val

Val

570

Ala

Pro

Ile

ACTE

Thr

Thr

25

Ala

Gly

Ser

Val

Leu
105

Asp

Gly

10

Ala

Leu

His

Val

Asp
90

Thr

Lys

395

Arg

Cys

Asp

Met

Gly

475

Thr

Leu

Thr

Glu

Gln

555

Phe

Tyr

Gln

Asp

Ala

Leu

Glu

Glu

Tyr

75

Cys

Leu

Leu

Thr

Thr

Thr

Lys

460

Ser

Asp

His

Tyr

Trp

540

Gln

Asp

Pro

Ser

Trp
620

Ala

Ser

Asn

Gln

60

Arg

Ala

Pro

Asp

Glu

Pro

Asn

445

Leu

Asp

Ile

Gly

Pro

525

Thr

Thr

His

Gly

Ser

605

Val

Ala

Pro

Arg

45

Gly

Pro

Ile

Gln

Phe
125

Asn

Thr

430

Thr

Pro

Val

Met

Pro

510

Asn

Pro

Ser

Asn

Gly

590

Val

Arg

Ser

Arg

Ser

Thr

Glu

Pro

Met
110

Tyr

Gly

415

Pro

Lys

Val

Asp

Glu

495

Gly

Gly

Glu

Arg

Gln

575

Tyr

Asp

Val

Ala

15

Thr

Leu

Asp

Ser

Leu
95

Tyr

Leu

400

Ala

Asn

Phe

Gly

Asp

480

Asn

Tyr

Gly

Gly

Gln

560

Tyr

Asn

Arg

Glu

Thr

Ser

Pro

Ser

Pro

80

Asn

Gly

Asn
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90

Pro

Asn

145

Gln

Ile

Pro

Ala

Gly

225

Phe

Ile

Leu

Leu

Ile

305

Asp

Ser

Asp

Ala

Asp

385

Arg

Gly

130

Tyr

Leu

Gly

Asp

Ala

210

Gln

Asp

Asp

Gln

Thr

290

Phe

Asp

Ile

Tyr

Asn

370

Gly

Phe

Pro

Gly

Tyr

Leu

Gly

195

Asp

Val

Arg

Glu

Gly

275

Phe

Thr

Lys

Met

Tyr

355

Ser

Glu

Thr

Ser

Arg

Ala

Thr

180

Ala

Gly

Leu

Pro

Val

260

Gly

Glu

Cys

Lys

Leu

340

Gln

Pro

Pro

Val

Leu

Thr

Asn

165

Leu

Val

Gln

Arg

Asp

245

Trp

Arg

Gly

Asn

Ala

325

Ser

Asp

Ile

Asp

Ser
405

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Val Leu His Pro

1

Arg

Leu

Ile
65

Lys

Thr

Pro

Leu

50

Ala

Ala

Gly

Val

35

Glu

Met

Gln

Gly

20

Thr

Ala

Gln

Tyr

289

Streptomyces sp.

14

His

Leu

Ala

Ala

Leu

Gly
85

Val

Trp

150

Ile

Glu

Gln

Pro

Val

230

Glu

Glu

Gly

Gly

His

310

Leu

His

Ala

Gly

Val

390

Val

Asn

Ala

His

Ala

Val

70

Tyr

Glu

135

Ser

Ser

Gly

Arg

Trp

215

Val

Met

Lys

Thr

His

295

Gly

Leu

Pro

Val

Tyr

375

Ser

Gly

Arg

Ala

Ala

Thr

55

Ser

Ile

Pro

Phe

Tyr

Asp

Ile

200

Asp

Ser

Pro

Tyr

Leu

280

Thr

Pro

Ala

Ser

Thr

360

Ala

Gly

Ser

Thr

Ala

Gly

40

Gly

Ser

Glu

Ala

Cys

Val

Ser

185

Ala

Lys

Pro

Phe

Arg

265

Ala

Phe

Phe

Arg

Gln

345

Asn

Phe

Ala

Phe

Glu

Asp

170

Thr

Asp

Leu

Gln

Arg

250

Ser

Gly

Ser

Thr

Ile

330

Pro

His

Pro

Ala

ACTE

Ala

Ala

25

Ala

Leu

Ala

Asp

Arg

10

Leu

Pro

Asp

Glu

Ile
90

Ala

Phe

155

Leu

His

Asp

Val

Asn

235

Asp

Thr

Arg

Lys

Asn

315

Ala

Asn

Trp

Tyr

Asn
395

Arg

Gly

Thr

Asp

Asn

75

Gly

Thr

140

Thr

Val

Thr

Leu

Thr

220

Leu

Leu

Asp

Val

Pro

300

Asn

Ala

Gly

Ser

Asp

380

Asp

Thr

Leu

Gln

Pro

60

Ser

Asp

Pro

Phe

Thr

Val

Thr

205

Arg

Met

Phe

Leu

Ser

285

Thr

Pro

Gly

Thr

Arg

365

Asp

Gly

Thr

Ala

Pro

45

Ala

Thr

Gly

Thr

Asn

Ala

Ala

190

Ala

Gly

Ala

Ala

Arg

270

Gly

Ser

Ser

Phe

Ser

350

Val

Val

Asn

Arg

Leu

30

Ala

Lys

Leu

Arg

Asp

Pro

Leu

175

Pro

Gln

Ser

Pro

Ala

255

Ile

Asp

Lys

Asp

Asn

335

Val

Val

Arg

Pro

Leu

15

Met

Ala

Lys

Asp

Gly
95

Pro

Gln

160

Pro

Leu

Ala

Asp

Tyr

240

Gln

Asp

Thr

Asp

Ser

320

Arg

Ala

His

Pro

Arg
400

Thr

Ala

His

Asp

Trp

80

Tyr
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-continued

92

Thr

Leu

Tyr

Leu

145

Pro

Phe

Thr

Pro

225

Ala

Arg

Leu

Gly

Ala

Val

Leu

130

Asp

Phe

Ala

Ala

Ser

210

Ser

Arg

Val

Asp

Gly

Glu

115

Pro

Pro

Gln

Val

Tyr

195

Phe

Arg

Val

Asp

Pro
275

Ile

100

Arg

Ala

Gly

Gln

Arg

180

Tyr

Gly

Gly

Trp

Thr

260

Pro

Ile Gly

Tyr Thr

Leu Arg

Phe Pro
150

Ala Gln
165

Gln Ala

Asp Ala

Ser Ile

Gly Asp

230

Ala Met
245

Ala Gln

Leu Asp

<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Ser

Leu

Pro

Glu

65

Arg

Leu

Asn

Gly

Ser
145

Phe

Thr

Leu

Ala

Val

50

Ala

Tyr

Asp

Ala

Arg
130

Val

Asn

Pro

Ser

Gly

35

Gly

Glu

Gly

Ala

Met
115
Asp

Pro

Asn

Pro

Leu

20

Ala

Ile

Tyr

Ser

Ala

100

Thr

Ala

Val

Asn

790

Streptomyces sp.

15

His Arg
5

Ala Leu

Pro Ala

Ser Gly

Ala Ala
70

Leu Pro
85

Gly Glu

Phe Arg

Ser Leu

Thr Ser

150

Pro Gly
165

Phe

Asp

Glu

135

Arg

Asn

Lys

Ile

Arg

215

Glu

Arg

Arg

Trp

His

Thr

Ala

Arg

55

Thr

Ser

Tyr

Tyr

Asp

135

Lys

Asp

Cys

Arg

120

Val

Asp

Asp

Asp

Val

200

Gln

Val

Gln

Val

Gln
280

Arg

Ala

Gln

40

Gly

Asn

Glu

Val

Ser
120
Leu

Tyr

Thr

Ser

105

Ser

Asp

Trp

Glu

Asp

185

Met

Arg

Ala

Glu

Phe

265

Val

Gly

Pro

Gly

Ala

Arg

170

Gly

His

Ala

Tyr

Glu

250

Leu

Tyr

ACTE

Leu

Val

25

Ala

Ala

Gly

Ala

Glu

105

Leu

Arg

Gly

Asn

Phe

10

Gly

Ala

Ala

Thr

Ser

90

Phe

Pro

Val

Trp

Pro
170

Thr

Gly

Thr

Glu

155

Asp

Leu

Gly

Leu

Leu

235

Ala

Arg

Gly

Arg

Thr

Ala

Val

Leu

75

Gly

Thr

Asp

Asn

Tyr
155

His

Gly

Asn

Asp

140

Ala

Arg

Gly

Gly

Ala

220

Asp

His

Asp

Asp

Arg

Ala

Val

Pro

60

Ile

Arg

Leu

Asn

Gly
140

Tyr

His

Asp

Val

125

Ser

Ala

Val

Thr

Gly

205

Glu

Ala

Ser

Gly

Ser
285

Ser

Ala

Pro

45

Phe

Gly

Gln

Thr

Ala

125

Ser

Gly

Phe

Met

110

Leu

His

Lys

Tyr

Leu

190

Gly

Ala

Phe

Asp

Asn

270

Phe

Val

Ala

30

Ala

Thr

Pro

Ala

Ala

110

Ala

Val

Gly

Tyr

Leu

Ala

Asp

Asp

Phe

175

Gly

Asp

Glu

Leu

Thr

255

Leu

His

Ser

15

Val

Pro

Glu

Asp

Val

95

Pro

Gly

Leu

Tyr

Asp
175

Ala

Ser

Gly

Pro

160

Asp

Gln

Ser

Pro

Asp

240

Ser

Asn

Ile

Ala

Val

Ser

Gln

Arg

Thr

Ala

Thr

Lys

Pro

160

Glu
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-continued

94

Thr

Leu

Ala

Leu

225

Ser

Lys

Leu

Gly

305

Phe

Asn

Met

Phe

Asn

385

Arg

Asn

Ala

Asn

Asn

465

Thr

Phe

Glu

Asp

Leu

545

Gln

Arg

Gln

Asp

210

Asp

Thr

Val

Val

Thr

290

Lys

Ala

Ala

Gln

Thr

370

Phe

Asn

Val

Asn

Val

450

Arg

His

Asn

Pro

Ser

530

His

Ile

Ile

Thr

Val

195

Phe

Val

Ala

Val

Asp

275

Gly

Tyr

Ile

Ile

His

355

Ile

His

Thr

Lys

Asn

435

Met

Tyr

Thr

Trp

Ile

515

Ser

Phe

Gln

Ala

Met

180

Ala

Glu

Val

Lys

Tyr

260

Gln

Arg

Ser

Ile

Gly

340

Thr

Lys

Tyr

Gly

Asn

420

Ile

Ala

Pro

Ala

Asn

500

Ser

Tyr

Lys

Ala

Gln
580

Phe

Ser

Gln

Ser

Ile

245

Ile

Val

His

Ala

Gly

325

Gly

Lys

Asn

Gly

Asp

405

Lys

Val

Asp

Gly

Ala

485

Phe

Asn

Ala

Asn

Pro

565

Ser

Gly

Thr

Val

Asp

230

Gln

Pro

Thr

Pro

Gln

310

Asp

Ala

Cys

Ser

Val

390

Asp

Phe

Thr

Thr

Val

470

Arg

Gly

Ala

Ala

Val
550

Gly

Asn

Ser

Ala

Ala

215

Phe

Ala

Gln

Leu

Thr

295

Gly

Ile

Met

Gly

Arg

375

Thr

Gly

Thr

Tyr

Ile

455

Asn

Asn

Val

Thr

Ile
535
Lys

Thr

Pro

Thr

Gly

200

Ala

Gly

Ala

Gly

Arg

280

Asp

Gly

Gln

Ser

Ala

360

Ile

Asn

Leu

Phe

Gly

440

Thr

Ser

Thr

Gly

Ile

520

His

Ile

Ala

Ile

Leu

185

Ser

Pro

Ala

Val

Thr

265

Gly

Arg

Ser

Glu

Asp

345

Trp

Leu

Ser

Ala

Asn

425

Gly

Asn

Gly

Leu

Ala

505

Asn

Leu

Asp

Thr

His
585

Pro

Pro

Val

Asp

Asp

250

Phe

Ala

Ser

Arg

Arg

330

Ser

Met

Asp

Thr

Met

410

Thr

Lys

Gly

Gln

Ile

490

Ile

Ile

Ile

Gly

Phe

570

Asn

Ala

Ser

Gly

Pro

235

Ala

Gln

Gly

Lys

Asn

315

Val

Val

Asp

Gln

Val

395

Trp

Val

Asp

Gly

Gly

475

Arg

Trp

Thr

Glu

Ala
555

Glu

Cys

Gly

Phe

Lys

220

Thr

Gly

Val

Pro

Ala

300

Val

Asp

Val

Gly

Thr

380

Thr

Ala

Ile

Ile

Gly

460

Thr

Thr

Phe

Asp

Gly

540

Gly

Asn

Val

Thr

Thr

205

Pro

Gly

Arg

Arg

Trp

285

Val

Thr

Asn

Asp

Pro

365

Ala

Asn

Glu

Leu

Thr

445

Leu

Ala

Gly

Ser

Ser

525

Ala

Thr

Val

Gly

Lys

190

Val

Ser

Ala

Thr

Asp

270

Tyr

Gly

Leu

Asp

Asn

350

Met

Asp

Thr

Asn

Pro

430

Ile

His

Val

Asn

Gly

510

Glu

Ser

Tyr

Val

Ser
590

Val

Asp

Gly

Ala

Gln

255

His

Ser

Val

Lys

Gln

335

Val

Asp

Gly

Phe

Val

415

Ile

Ser

Ile

Ala

Ser

495

Leu

Val

Asn

Ala

Ala

575

Gly

Arg

Leu

Ala

Asp

240

Gly

Ile

Val

Tyr

Asp

320

Val

Trp

Asn

Val

Val

400

Pro

Leu

Asp

Ala

Gly

480

Asp

Asn

Leu

Gly

Leu

560

Thr

Phe
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96

Gln

Ala

Pro

625

Asp

Arg

Ala

Asn

705

Arg

Asn

Asn

Leu

Leu
785

Ile

Cys

610

Gly

Pro

Gly

Asn

Ala

690

Lys

Thr

Ser

Thr

Thr

770

Glu

Thr

595

Thr

Gly

Thr

Arg

Thr

675

Phe

Arg

Gln

Leu

Ala

755

Phe

Ala

Arg

Gly

Gly

Asp

Thr

660

Val

Pro

Val

Thr

Lys

740

Thr

Thr

Tyr

Gly Ser

Val Trp

Gly Pro
630

Pro Thr
645

Val Thr

Asp Gly

Gln Ser

Val Leu

710

Leu Ser

725

Ala Ser

Val Ser

Gln Asn

Thr Ser
790

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Arg Pro

1

Ala

Ser

Thr

Ala

65

Thr

Ser

Ile

Gln

145

Gly

Leu

Ala

Thr

50

Ile

Ile

Gly

Ser

Val
130

Thr

Asp

Ala

Ala

35

Gly

His

Gln

Ser

Asn
115
Gly

Val

Ala

Ala

20

Thr

Gly

Ala

Val

Ser

100

Val

Ile

Lys

Ile

514

Streptomyces sp.

16

Val Ala

Ala Thr

Gly Gly

Ala Gly

Ala Leu

70

Glu Gly
85

Cys Asn

Thr Ile

His Val

Asn Val

150

Gly Met
165

Gly

Pro

615

Thr

Asp

Glu

Asn

Val

695

Lys

Val

Ala

Leu

Thr
775

Leu

Gly

Val

Gly

55

Cys

Thr

Thr

Val

Arg
135

Lys

Glu

Asn

600

Asp

Asn

Pro

Thr

Ala

680

Thr

Leu

Ser

Gly

Pro

760

Gly

Arg

Ala

Thr

40

Gln

Gly

Ile

Ala

Gly
120
Glu

Lys

Lys

Ser

Pro

Pro

Pro

Ser

665

Asp

Val

Pro

Gly

Tyr

745

Gly

Trp

Gly

Val

Thr

Glu

650

His

Thr

Asp

Pro

Ser

730

Thr

Thr

Pro

ACTE

Leu

Leu

25

Gly

Thr

Arg

Asn

Ala

105

Val

Ser

Ser

Asp

Ser

10

Met

Tyr

Val

Ala

His

90

Gly

Gly

Ser

Gly

Val
170

Trp

Trp

Asp

635

Glu

Thr

Tyr

Leu

Ala

715

Thr

Phe

Pro

Ala

Ala

Ala

Ala

Arg

Ser

75

Gly

Val

Gly

Asn

Ser
155

Arg

Tyr

Thr

620

Pro

Thr

Asp

Trp

Gly

700

Ala

Asp

Asn

Val

Ala
780

Ala

Met

Thr

Ala

60

Ser

Asn

Ile

Gly

Ile
140

Pro

Asn

Ala

605

Asn

Thr

Gly

Val

Glu

685

Ala

Ala

Asn

Pro

Arg

765

Gln

Gly

Pro

Gln

45

Thr

Ser

Thr

Glu

Ala

125

Ile

Thr

Val

Asp

Gly

Asp

Asn

Tyr

670

Ser

Ala

Trp

Gly

Ser

750

Tyr

Leu

Ala

Glu

30

Asn

Thr

Thr

Asp

Leu

110

Val

Ile

Ser

Trp

Pro

Gly

Pro

Leu

655

Gly

Arg

Lys

Ala

Thr

735

Ser

Leu

Ser

Thr

15

Ala

Gly

Gly

Pro

Lys

95

Lys

Phe

Gln

Asn

Val
175

Pro

Val

Thr

640

Ala

Ala

Asn

Ala

Thr

720

Tyr

Gly

Arg

Glu

Leu

Ala

Gly

Thr

Leu

80

Val

Gln

Asp

Asn

Gly
160

Asp
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98

Leu

Ile

Asp

225

Ile

Asn

Gly

Gly

305

Asn

Tyr

Arg

Ser

Asp

385

Ala

Gly

Asn

465

Gly

Ile

Ala

Thr

Phe

Leu

210

Leu

Asp

Asn

Ala

Leu

290

Asn

Pro

Ala

Thr

Pro

370

Pro

Gly

Arg

Ser

Val

450

Gly

Val

Thr

Gly

Thr

Asp

195

Arg

Ser

Ser

His

Arg

275

Gly

Val

Ala

Tyr

Ala

355

Gln

Thr

Ser

Asp

Val

435

Arg

Asn

Ile

Gly

Leu

180

Met

Asn

Asn

Arg

Tyr

260

Ala

Thr

Phe

Gly

Thr

340

Gly

Thr

Asp

Asp

Gly

420

Ser

Glu

Ala

Thr

Ser
500

Glu

Lys

Ser

Gly

Ala

245

Val

Lys

Phe

Asp

Pro

325

Leu

Ala

Pro

Pro

Gly

405

Asp

Ile

Ala

Asp

Phe

485

Thr

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE:

atgagccgca cgagecgeac caccctgege

gecctegteg cegcagecge gggceteegea

geegeggegyg ceggetgcac cgtegactac

1761

17

Ala

Ala

Gly

Phe

230

Pro

Gly

Val

Tyr

Asn

310

Asp

Asp

Asn

Asp

Thr

390

Ser

Met

Lys

Ala

Thr

470

Pro

Gly

Ser

Gly

Arg

215

Ile

Leu

Leu

Asp

Thr

295

Val

Pro

Gly

Thr

Pro

375

Pro

Ser

Ser

Trp

Gly

455

Gly

Gln

Thr

Gly

Thr

200

Gly

Thr

Leu

Ser

Asn

280

Asp

Thr

Gln

Ala

Gly

360

Thr

Pro

Lys

Thr

Ser

440

Ser

Ala

Thr

Pro

Gly

185

Gln

Gly

Tyr

Arg

Lys

265

Asn

Ala

Trp

Ser

Asn

345

Leu

Asp

Thr

Ala

Tyr

425

Ser

Thr

Val

Ser

Lys
505

Glu

Tyr

Leu

His

Gly

250

Ser

Tyr

Ala

Ser

Asn

330

Cys

Lys

Pro

Gly

Ser

410

Trp

Ala

Gly

Leu

Leu

490

Val

ACTE

cgatcccgaa cagcactcat ggeggeggge

gecagcegegg cacccttegg tgccaccgec

aagatccaga accagtggaa cggegggetc

Ser

Val

Val

His

235

Gly

Gly

Phe

Gly

Gly

315

Thr

Val

Val

Thr

Thr

395

Gly

Ser

Thr

Ser

Ala

475

Arg

Ala

Glu

Thr

Gly

220

Asn

Val

Ile

Glu

Tyr

300

Arg

Ser

Pro

Ser

Pro

380

Asn

Thr

Pro

Thr

Ile

460

Ser

Lys

Glu

Gly

Leu

205

Ser

Leu

Ala

Asn

Asp

285

Trp

Ser

Val

Ser

Asp

365

Asp

Leu

Ser

Ser

Val

445

Thr

Gly

Ile

Phe

Phe

190

Ser

Ser

Tyr

His

Ser

270

Ser

Gln

Ser

Ser

Val

350

Gly

Pro

Ser

Tyr

Gly

430

Ser

Ser

Ser

Thr

Glu
510

Asp

Tyr

Glu

Glu

Ile

255

Arg

Lys

Val

Asp

Ile

335

Val

Ser

Thr

Leu

Gly

415

Ser

Lys

Trp

Gly

Phe

495

Thr

Gly

Ser

Ser

Asn

240

Tyr

Ala

Asp

Ser

Asn

320

Pro

Ser

Cys

Pro

Gly

400

Asp

Thr

Ile

Lys

Ala

480

Glu

Tyr

60

120

180
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100

-continued
accgectegg tgagegtcac caacaacggg gacgccatcet ceggetggea gctcecagtgg 240
agcttegeeg geggegagca ggtcagecag gggtggaacyg ccaccgtcete tcagagegge 300
tcegecgtea ccgecaagga cgccggetac aacgecgece tggecaccegyg ggcatcggece 360
tcetteggtt tcaacgcgac gggcaacgge aacagcegteg tcecccgcegac gttcaagetg 420
aacggcgtca cctgcaacgg cggcaccacg ggcccgaceyg atcccacgga ccccacggac 480
ccgacggace cgaccgacce geccgeggge aaccgtgtgg acaaccccta ccagggagece 540
aaggtctatg tgaacccgga gtggteggeg aacgecgegyg ccgagecggyg cggcgacaga 600
atcgecgace agcccaccgg cgtcetggetg gaccgcateg cegegatcga gggcegegaac 660
ggttcgatgyg gtectgegega ccatctcgac gaggcectga cgcagaaggg ctecggcgaa 720
ctegtegtee aggtegtcat ctacaacctg ceegggcegag actgegegge gcetggectee 780
aacggtgagce tcggaccgac cgagatcgge cgctacaaga ccgagtacat cgacccgate 840
geggagatee teggcgacce gaagtacgceg ggectgegea tegtcaccac ggtcgagatce 900
gactcgetyge cgaacctcegt caccaacgcce ggeggecgeco ccacggecac tecggectgt 960
gacgtcatga aggccaacgg caactacgtc aagggcgtceg gctacgeget caacaagcetce 1020
ggcgacgege ccaacgtcta caactacatc gacgcegggece accacggetg gatcggetgg 1080
gacgacaact tcggegecte cgcggagatc ttccacgagg cegcgaccge cgagggcegeg 1140
accgtcaacg acgtgcacgg cttcatcacc aacaccgcca actacagcege gctgaaggag 1200
gagaacttct ccatcgacga cgccgtgaac ggcacgtcgg tcecggcagtce gaagtgggtce 1260
gactggaacc gctacacgga cgagctgtcc ttcgecgcagg ccttceccgcaa cgagctggte 1320
tcegtegget tcaactcegg catcggcatg ctcatcgaca cctceccgcaa cggcetggggce 1380
ggcgegaace ggcecgagcegg accgggegeg aacaccageg tcgacaccta tgtggacgge 1440
gggegcetacyg accgecgcat ccacctggge aactggtgca accaggcagg agegggtetce 1500
ggcgaacgge cgcaggccge ccccgagecg gggatcgacyg cgtacgtetg gatgaagecce 1560
cegggggagt ccgacggtte cagcteggag atcccgaacyg acgagggcaa gggattcgac 1620
cggatgtgeg acccgaccta cacgggtaac geccgtaaca acaacaacat gtcgggggceg 1680
ctgggtggeg ccccegtete cgggaagtgg ttecteggece agttccagga getcatgaag 1740
aacgcctacce cggcgctcecta g 1761
<210> SEQ ID NO 18
<211> LENGTH: 2865
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 18
gtggccgeee tegeectcecee cttgggaatg accgcagegg ceggcacgga ggeccaggec 60
geegecegteyg cgtgcagegt cgactacacg accagtgact ggggatcggg gttcaccacce 120
gaactcacce tgaccaaccg gggctccgece gegatcgacg getggaccct gacgtacgac 180
tacgccggga accagcagct cacgagegge tggagceggea cctggtcecca gtcaggcaag 240
accgtcageg tgaagaacgc agcctggaac ggtgcgateg cegecggtge cgccgtcacyg 300
accggegege agttcaccta cagcggegece aacaccgcac cgaccacctt cgcecgtcaac 360
ggcacggtet gegeggggge ccaccagecg ccgategecg tectcaccte ceecggeggeyg 420
ggegecgtet teteecgecgg ggacceggtt cegetggegg cgaccgecge ggecgceggac 480
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ggggcgacga tcagcaaggt cgagttctac gacgacacga ccctectegg caccgacacce 540
acctecccegt acagctacga ggccgggcaa ctggeggecyg gcagecacte cgtgtacgece 600
agggcctacg acagectegg cgectecgeg gattcccege cegecggeat caccgtegte 660
accggecceg cggtegtegt ctecceeget caacteggeyg tecagcaggyg caggtcggga 720
accttecgacg tctegetgte caccgegece geggeggacyg tcaccgtcac ggecgeccgg 780
tcegegggta acaccgggcet gagcegtcacce ggegggtega cectcacctt caccceceegeg 840
aactggtcca caccccagaa ggtgaccgte acggecgacyg gctecggeac cggggecgceg 900
accttcacceg tcacggecce cggccacgge aaggccgagyg tcaccgtcac ccagetggeg 960
geggcegaagyg agtacgacge ccgtttecte gacctctacg ggaagatcac cgatcccgeg 1020
aacggctact tctcgccgga gggaatccce taccactecg tcgagacgcet gatcgtcecgag 1080
gegeccgace acgggcacga gaccacctceg gaggcectaca gectacctgat ctggetgeag 1140
gecgatgtacyg gcaagatcac cggcgactgg accaagttca acggtgegtg ggacaccatg 1200
gagacgtaca tgatccccac ccacgecgac cagcccacga actccttcecta cgacgegtec 1260
aagcccgeca cctacgegece cgagcacgac accccgaacyg agtaccccege ggtgetcgac 1320
ggcteccegect ccteecggete cgacccgatce geggcagage tgaagagegce gtacggcacce 1380
gacgacatct acggcatgca ctggatccag gacgtcgaca acgtctacgg atacggcaac 1440
gegeccggea cgtgecgegge cggecccace caggccggte cgtcectacat caacacctte 1500
cagcgegget cgcaggagtce ggtctgggag accgtcacce acccgacctyg cgacaactte 1560
acgtacggeg gcegccaacgg ctacctegac ctgttcaceyg gggactcecte gtacgcecaag 1620
cagtggaagt tcaccaacgc ccccgacgece gacgeccgeg cegtgcagge cgcectactgg 1680
geecgacgtet gggcgaagga gcaggggaag gcgggcgaag tcegcecgacac cgteggcaag 1740
gcggcgaaga tgggtgacta cctgcgctac tceccatgtteg acaagtactt caagaagatc 1800
ggcgactgeyg teggeccgac cacctgecceg gecggeteceg gcaaggacag cgcegcactac 1860
ctgatgtcct ggtactacge ctggggcggce gccaccgaca cctceggcecgg ctggtectgg 1920
cggatecgget ccagecacgce ccacggggga taccagaacce cgatggegge ctacgegetg 1980
agcteegtgg ccgacctcaa geccaagteg gecaccggag cgcaggactyg ggccaagagce 2040
ctggaccgcece aactggactt ctaccagtgg ctceccagtecg acgagggtgce catcgcegggce 2100
ggtgcgacca acagctggaa gggcagctac geccagecce cggecggeac gecgacctte 2160
tacggcatgt actacgacga gaagcccgtg taccacgacc cgccgtccaa ccagtggtte 2220
ggcttccagg cgtggtccat ggagcgegtce geccgagtact accacgagtc gggtgacgece 2280
caggcgaagg ccgtgctcga caagtgggte gactgggece tgtccgagac gaccgtcaac 2340
ccggacggea cctatctgat gecctecace ctecagtggt cgggegegece ggacacctgg 2400
aacgcctcega acceeggtge caacgceccag ctecacgtea cggtegecga ctacaccgac 2460
gacgtcggeyg tggecggcege gtacgeccegg acactgacct actacgecge caagtcceggt 2520
gacacggagyg ccgaggccac cgccgaggceg ctgctegacg geatgtggca gcaccaccag 2580
gacgacgceeyg gegtggeggt gceccgagace cgcgecgact acaaccggtt cgacgacceg 2640
gtectacgtece ceggtggetyg gacgggegece atgceccaacyg gtgacaccgt cgacgaggac 2700
tcgacgttece tectcecateceg ctecttectac aaggacgacce cgaactggece ccaggtgcag 2760
gcgtacctgg acggcecggtge cgecccggte ttcacctacce accggttcectg ggcegcaggec 2820
gacatcgcac tggccctggg ggcgtacgece gacctectgg agtga 2865
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<210> SEQ ID NO 19
<211> LENGTH: 1089
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 19
atggctagac gcagcagact catctcectg geageggtge tggecacccet geteggggeg 60
cteggectea ccgcactetyg gecgggeaag geggaggege acggtgtege gatgacccce 120
ggatcgegta cctatctgtg ccagetcgac gecctgteceg geaccggege getgaaccee 180
acgaacccgg cctgecggga cgcgctgage cagagceggeg cgaacgceget gtacaactgg 240
ttegecgtge tcegactccaa cgcgggegge cgeggcegegyg gatatgtgece ggacggcage 300
ctgtgcagtyg ccggtgaccg ctcccegtac gacttceteeg cctacaacge cgcccgegece 360
gactggccee ggacacatct gacctceggt gegacgetca aggtgcagta cagcaactgg 420
geegeccace ceggtgactt ccegggtcectac ctgaccaage cgggcetggge acccacgtec 480
gaactcgett gggacgacct tcagttggta cagaccgtaa gcaacccgec gcagcagggce 540
ggggcgggcea ccaacggcgg gcactactac tgggacctgg cgctgecgte gggecgttec 600
ggtgacgcege tgatgttcat ccagtgggtg cgttcggaca gtcaggagaa cttcettctec 660
tgcteggaca tcgtecttega cggcggcaac ggcgaggtga cgggaatcegyg cggcacggge 720
acccecacce ccactecgac cccgacteeg accccgacee cgacggaccee ggagcactcee 780
ggttcctgea tggecgtcta caacgtegte agetectggg ceggtggett ccaggectec 840
gtegaggtga tgaaccacgg tacggaaccg cgcaacggcet gggccgtgca gtggaagecce 900
ggttccggga cgcagatcaa cagegtgtgg aacggctcece tcetccaccgg gtecgacgge 960
accgtgacgg tgcgegacgt ggaccacaac cgtgtcateg cceeceggacgyg cagtgtgace 1020
ttecgggttca ccgccaccte cacgggcaac gactacccecg cecgggacgat cgggtgtgtg 1080
acgtcctag 1089
<210> SEQ ID NO 20
<211> LENGTH: 1371
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 20
gtgaaacgct ttctggcctt actggcecace tgcgcgacgg tectgggect cacggcactg 60
accggecccee aggeggtgge cgccgeggge tgcacggecg actacacgat caccagecag 120
tggcagggeyg gcttecagge cgcggtgaag gtcaccaacce tgggaacccee cgtgaccggg 180
tggaagctca cgttcaccct gecggacgeg ggacagaagyg tcegtcecaggyg ctggaacgcce 240
gectggtege agtegggtte cgcggtcace gecgeeggeg ccgactggaa cggcacactg 300
geecaccggeyg cgteggcecga ggegggette gtgggetect tcacgggege caacccgect 360
cccacggegt tcegegetcaa cggtgtegece tgtacggget ccaccggaga acccccggece 420
ggcteccgacyg geggcaccee cgtggacgtce aacgggcage tcecacgtetg cggggtgaac 480
ctetgcaace agtacgaccg geccgtgeag ctgeggggta tgagcacgca cggcatccag 540
tggttecgacyg cctgctacga cgccgectee ctggacgege tggcgaacga ctggaagtcg 600
gacctgcetyge gcatcgccat gtacgtgcag gaggacggtt acgagaccga cccggceggge 660
ttcacccegge gegtgaacga cctcegtegac atggecgagyg ccecgeggeat gtacgegttg 720
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atcgacttee acaccctgac cccgggegac ccgaacgtca acctecgaccyg cgccaagacg 780
ttettegegt ccegtegecge gegcaacgece ggcaagaaga acgtgatcta cgagatcgece 840
aacgagccca acggegtgac ctggacggece gtcaagaget acgecgagca ggtcatcccg 900
gtgatceggyg cegecgaccee ggacgecgte gtcategteg geaccegegg ctggtecteg 960
ctgggegtet cggacggetce cgacgagage gaggtcegtea acagcccegt caatgecace 1020
aacatcatgt acgcgttcca cttctacgca gcgagccaca aggacgccta ccgctcecacg 1080
ctgagceggg cggcggcgeg gcettecegete ttegtcaccg agttcggcac ggtgagcgcece 1140
accggeggeyg gggcgatgga ccgggcgage accacggect ggetggacct gctcegaccag 1200
ctgaagatca gctatgcgaa ctggacctat tccgacgege ccgagagcag cgcggcegtte 1260
cggeegggea cctgeggegyg cggcgactac ageggcageg gegtgctgac cgagteceggg 1320
gcgetgctceca agaaccggat cagcaccccce gatteccttece ccaccggcetg a 1371
<210> SEQ ID NO 21
<211> LENGTH: 1377
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 21
atggccaaga aaatccccge ccgtgccaga cgggcactet cegtectgac ggegggegtyg 60
ctegecgeeg ceggegtegt ctegetegee ggcacggecyg aggcagcagyg caccctgggt 120
gacgcggegy cggcgaaggg ccggtactte ggcaccgegg tegceggcegaa ccacctcegge 180
gaggcaccgt acgegtccac gctggacgcece cagttegact cggtcacccce ggagaacgag 240
atgaagtggg acgcggtcga gggcagecge aactccttea ccettcacgge cgccgaccag 300
atcgtcagte acgcccagag caagggaatg aaggtgcgeyg ggcacaccct ggtgtggcac 360
tegecagetge cgggetgggt cggcggectyg ggegecaceyg acctecegege ggcgatgaac 420
aaccacatca cccaggtgat gacgcactac aagggcaaga tccattcctyg ggacgtggtyg 480
aacgaggcct tccaggacgg caacageggt geccggcegea gcetctcecctt ccaggacaag 540
ctgggtgacyg gcttcatcga ggaggegtte cgcaccgece gtacggtega tccgaccgeg 600
aagctectgtt acaacgacta caacaccgac ggccggaacyg cgaagagcga cgcggtctac 660
gecatggega aggacttcaa gcagegeggt gtgccgatceg actgegtggg cttecagtec 720
cacttcaaca gcaactccce cgtgcectee gactaccggyg ccaatcteca gegettegee 780
gaccteggte tcgacgtcca gatcaccgaa ctggacatceg agggtteegg cteggcccag 840
geegegaact acacgagcegt cgtgaacgeg tgectggecg tgaccegetg caccggecte 900
accgtetggg gtgtcaccga caagtactcece tggegcagea geggcacgece gctgetette 960
gacggcgact acaacaagaa gccggegtac gacgceggtge tegccgeget cggeggcacce 1020
ccegacggtyg geggtgacga cggcggegge gacaacggeg gcegggaacac cggcagetge 1080
acggcgacgt acacgcagac cgccacgtgg aacggcegggt acaacggtga ggtgacggte 1140
aaggcaggct cctcececggcecat caccacctgg tcecggtgecgg tgaccgtgece ctegtceccag 1200
caggtecteeg ccctetggaa cggcgeccee acgtggaacyg cceggcaacac cgtgatgacg 1260
gtgaagccca cctacaacgg gaccctggeg gecggtgect cgacgagett cgggttcacce 1320
gtcatgacga acggcaacac ctcggcgcce geccgteggeg cctgcaccgce ctectga 1377

<210> SEQ ID NO 22
<211> LENGTH: 1689
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<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 22
gtgagaacag cgatacgcac agcacgacga ccacagcccce tggcccttet getgagaggt 60
ctggecgect tcctgggget cgccctegee ggageccteg geccggecac cgegegggece 120

geggacctge cccageggge ggaggegegyg gecgecggece tccacatcag cgacgggege 180

ctggtegaag gcaacggcaa cgacttegte atgegeggea tcaaccacge ccacacctgg 240
tatccgggeg agacccagte cctegecgac atcaaggega ceggegegaa cacggtcecege 300
gtggtgcetgt ccgacggcta cegetggage gagaacagece ccgaggacgt cgectegatce 360
atcgecceggt gcaaggecga geggctcate tgegtectgg aggtccacga caccaccggg 420
tacggggagyg acgccgecge cggaacccte gaccacgegg cegactactyg gatcggectg 480
aaggacgtac tcgacggcga ggaggactac gtegtcatca acatcggcaa cgagecctgg 540
ggcaacgceceg atceggeggg ctggaccgece cccacgacgg ccegcegatcca gaagetgege 600
gecgeeggtt tegeccacac gatcatggtyg gacgegecca actggggeca ggactgggag 660
ggcegtcatge gggccgacge ceggagegtyg tacgacgeeg acccgaccgyg caatctgatce 720
ttctegatce acatgtacag cgtctacgac accgecgega aggtcaccega ctacctcaac 780
gecttegteg acgecggact tecectgete atceggegagt teggeggecce cgeggaccag 840
tacggcgace cggacgagga cacgatgatg gecaccgeeg aggagttggg getceggttac 900
ctggectggt cctggagegg caacacggat ccggtecteg acctggtect cgacttegac 960

ccecaccegge tcagetegtyg gggcgagcege gtectcecacg gecccgacgg catcaccgag 1020
acgtccegtg aggccacggt cttecggegge gggcagggceg ggggcgacac cgaggcecccg 1080
accgcacceg gcaccccgac ggcctecggg gtgacggcega cctcecgtcac cecteggetgg 1140
agtgccgeca ccgacgacgt cggcgtcace gcgtacgacg tggtccgegt gaccggcggce 1200
tcecgagacga aggtcecgcecte ctecgeggcee accteggtceca cecgtgaccgg tetgagcgece 1260
ggcaccgegt acagcttcecge cgtcectacgece cgggacgcgg ccggcaaccg tteggcgege 1320
tceggecacgg tgtcggtcac caccgacgag ggceggcageg tgccecggggg cgcctgctcece 1380
gtgggctacc gggtgatcgg cgagtggccg ggcggcttee agggggagat caccctecgg 1440
aacaccggeg ccgccgceegt cgacggcetgg acgetggget tegecttcege cgacgggcag 1500
accgtcacga acatgtgggg cggcaccgcg acgcagagceg ggggcgcggt gagcgtcacce 1560
ccggectegt acacctcecac gatcgecgcee ggeggctegg tcaccgtcegg cttcaccggce 1620
accctgactg gecgcgaacge cgcccceggceg gcecttcacge tcaacggcge cacctgcacce 1680
geggectga 1689
<210> SEQ ID NO 23

<211> LENGTH: 987

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 23

atgagcatca cacccegtece cteectgege gecatggtea ceggtetege cgtegecgeg 60
tcegeectgyg cgggeggege cgtcaccgece geaccggecce gggecgeege ttgcaacgge 120
tacgtceggge tcaccttega cgacggacceg teggeggece agaccecgge cctgetgtece 180

gegetcaage agaacggcect gegggecacce atgttcaacce agggcaacta cgecgectec 240
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aaccccgece aggtcaagge ccaggtcecgac gecggcatgt gggteggcaa ccacagcetac 300
agccacccge acctgaccca gcagagecag gegcagatgg actccgagat ctcccggace 360
cagcaggcca tcgecgecgg aggcggegge acaccgaaac tgttecgece gecgtacgge 420
gagaccaacyg ccacgctgeg gtcggtcegag gegaagtacg gtcetcaccga ggtcatctgg 480
gacgtcgact cgcaggactg gaacggcgceg agcaccgacg cgatcgtgca ggeggtctec 540
cggctecaceg cceggtcaggt catcctgatg cacgagtgge ccegecaacac cctegecgeg 600
atccegegea tcgeccagac cctgtecgee aaggggttgt gttecggeat gatctcecccg 660
cagaccggee gcegecegtege tcccgacgge ggcggcaacyg gtggaggggyg cggtggeggt 720
ggecgggtgea ccegegacgtt gtcecggegggt gagaagtggg gtgaccggta caacctgaac 780
gtggceggtga geggctcecag caactggacg gtgacgatga acgtgccgtce gggcgagagyg 840
gtcatgacga cctggaacgt cagcgcgagt tatccgageg cgcaggtect ggtcgccaag 900
ccgaacggga gcgggaacaa ctggggtgeg acgatccagyg ccaacggcaa ctggacctgg 960
ccgacegtet cctgcaccac gagctga 987
<210> SEQ ID NO 24
<211> LENGTH: 1008
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 24
atgaacccac tcgtgtacac ggagcgecge agacgceggece ggctcaccte getggecgge 60
agcegtetgeg ccctggtact ggccgecgeg gecgegatge tgetgcecegyg cacggecagt 120
geegacacygyg tegtcacgac gaaccagacce ggcaacaaca acggctacta ctactcgtte 180
tggaccgacg gcggeggeca ggtctcecatg aacctggect ceggeggcag ctacagcace 240
tegtggacga acaccggcaa cttcegtegee ggcaaggget ggagcacggyg cggecgtaag 300
agcgtcacct actcgggcac cttcaacceg tecggcaacyg cctacctgac gcetgtacgga 360
tggtcgacga acccgetegt cgagtactac atcgtggaca actggggcac ctaccggccce 420
accggtacgt tcaagggcac ggtctccage gacggcggca cgtacgacat ctacgagacce 480
acccgcacca acgceccecte catcgagggt acgaagacct tcaagcagtt ctggagegte 540
cggcagtcega agcggaccgg cggcaccatce accaccggea accacttega cgectgggece 600
cgcaacggca tgaacctcgg caccatgaac tacatgatce tegecaccga gggctaccag 660
agcagcggca gctccaacat cacggtgage gagggcggat ceggtggtgyg cggcgacaac 720
ggtggagggg gcggtggegg tggcgggtge accgecacgt tgtceggeggg tgagaagtgg 780
ggtgaccggt acaacctgaa cgtggeggtg agcggctcca gcaactggac ggtgacgatg 840
aacgtgcegt cggcggagaa ggtgctgteg acctggaaca tcagcgcgag ttatccgage 900
tceccaggtee tggtegecaa gecgaacggg agegggaaca actggggtge gacgatccag 960
gccaacggca actggacgtg gccgaccegtce tcectgcacca cgagcetga 1008
<210> SEQ ID NO 25
<211> LENGTH: 843
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 25
atgagtgaaa gagccgcatc cccacgtacce caccggegece geceeggecyg ccggegeate 60
gecaccgege tgacggcegge actgggectce accggegecg cactggecac cggegtgatg 120
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ctccageegyg ceggegaegge caccaccgeg atccecgect ggcectceege cacgggcage 180
cagtcegtet cgaagaccat cgaggtctee gggacgtacg acggeggtcet gaagegette 240
accggcageg gtgacctggg cgacggtgge caggacgagg gecaggacce gatcttcaag 300
ctgaaggacg gggcgacgat caagaacgte atectgggea ctceeggeege cgacggcatce 360
cactgcteeg gcagetgecac gatccagaac gtetggtggg aggacgtegg cgaggacgece 420
gegtectteca agggcaccte cacgtegtee gtgtacacgg tgtacggegyg cggegegaag 480
aaggcctecg acaaggtett ccagttcaac ggegegggea agetggtegt gacgaagtte 540
caggtegeceg actteggecaa getggteege tegtgeggea actgctccaa gcagtacaag 600
cgcgagatca tcgtcaacga cgtegacgte acggegecgg gcaagtcect ggteggeate 660
aacaccaact acggggacac cgcggegetyg cgeteggtge gegtccacgg cgacagcage 720
aagaagatca agccctgegt cegcetacace ggcaacagea cgggcegegga accgaaggag 780
acgggcageg gtecggacgg cacgtactge aagtacaceg ccteggacct gagctacgac 840
tag 843
<210> SEQ ID NO 26
<211> LENGTH: 2730
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 26
atgtggtgte acccgtacct cegecteege acgtecggac gaaaggttte cteggtgaac 60
geccttecace cceccegeceg geccegecacee gtcecgaccac ggteceggta cgggeggege 120
gtgcteggga tgteggecge cgcectgetyg tgcegcagggg cectggecegt geccggtacyg 180
gecatggecg acgacgccga acceggacce ggcecccgage agatcaccaa cggegactte 240
gecacceggta cctcagecee gtggtggtgyg acgccgaacg ccteggecge cgtgtecgag 300
ggceggetet gegtggaggt geccegecgge acggccaacg cctgggacgt categtegge 360
cagaacgacg taccgategt cgegggegag agetacgage tgtectacac ggegegtteg 420
accgtgecce tgaccgttea gaccecgggte caggaggegg tggageccta cacgacggtg 480
ctggcgacgyg cggatceggt gggegeggag gacacgeggg tegecegeac gttcacggece 540
tcggtggace agecegecge gteggtgeag ttgcagateg gtggegggga gegggcegacg 600
acgttetgee tggacgacgt gtegetgegg ggeggggeeg ageegecegt gtacgtacceg 660
gacaccggcet cgecggtceeg cgtcaaccag gtcegggtate tgeccegegyg tcccaagage 720
ggcaccegtgg tcaccgacge cgaggegeceg ctgacctgga cggtcaaage cgaggacggt 780
tcgacggecg ccaccggtac gaccgtteeg cgaggtgagg accecagete gegecgacgg 840
gtccacacct tcgacttcegg cgacctcace acggceggggg acggctacac cgtggaggte 900
gacggtgagg tgagcgagec gttcetegate cgeggggace tgtacgacte cctgegeteg 960
gacgcgetgg cgtacttcta ccacaaccge agceggcateg agatcgacge ggacctegte 1020
ggtgagcagt acgcgcgcce ggcceggtcac atceggegteg cgeccaacaa gggcgacacyg 1080
gacgtgcegt gccgacctgg ggtcetgcegac taccggctgg acgtgtceggg cggctggtac 1140
gacgcgggeyg accacggcaa dgtacgtggte aacggceggga tcteggtgge ccagetgatg 1200
gecacgtacg agcggaccct caccgecceg gacgceggagt cggecgaget cggegacgge 1260
gegetgeggyg tgcccgageg cgacaacggyg gtgcceggaca tectggacga ggegegetgg 1320
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gagatggact tcctcatcaa gatgcaggtc ccggcgggeg agcagctggce ggggatggtce 1380
caccacaaga tgcacgacgc cgagtggacc gggctgccga tgaagccgca cctggacccg 1440
cagcagcgeg agctgcacce gecgtegacg gecgecacac tcaacctege cgcecacggece 1500
geecagtgeyg ceeggetceta cgegecctte gacgeggact tegeggacceg ctgectgegy 1560
geegecgaga cegegtggga cgcggegaag cggcacccegg acgtgctege cgacccgaac 1620
gacggcateyg geggeggtge gtacaacgac gacgacgtcet cggacgagtt ctactgggeg 1680
geegecgage tcettcaccac gacgggcaag gacatctacce ggcaggeggt getctcectece 1740
gecatggcacyg gtgacgcggg cgcggtette cecggegggeyg geggaatctce ctggggetece 1800
acggccggac tcggegtget caccctggece accgtgccca acgecctgac gtccgatcag 1860
ctegeccagg tgcgcacggt ggtgaccgag ggcgecgace gctacgcecege gcagtcccegt 1920
gagcaggcegt acgggctgee gtacgegece cggggggagg actacgtetg ggggtccaac 1980
agtcaggtgce tcaacaacat ggtcgtectg gecaccgece acgacctgac cggtgacgece 2040
gectaccagyg acgecgtgcet geggggcegece gactatctge tgggcecgcaa cecgetgaac 2100
cagtcgtacg tcaccggcta cggcgagegg gactcgcaca accagcacca ccgcettetgg 2160
gegeaccaga acgaccccag cctgecgaac ccggegecceg gttegatege gggeggecce 2220
aacctcaccg cgatcgecte cggtgacceg gtggeggegyg agaagctcag cggetgegeg 2280
ccegecatgt gctacgtega cgacategge tectgggega ccaacgagat caccatcaac 2340
tggaacgcac cgctegectt catcgectece tacctggacyg acgegggcega gggcegggcag 2400
accgecgegg cccgecacctg ccaggtcacg tactcectege accegtggaa cagegggteg 2460
acggtgacgg tacgggtcga gaacaccgge teggatceeg tetegecctyg ggegetgace 2520
tggctgetee ccggegagca geggctgage cacacgtgga gegeggagtt cgaccagcac 2580
ggcegtacgyg tcagegcceg gecgetgteg tggaaccgga cectggcace cggegeggeyg 2640
gtcgactteg gcecttcaacac cteggcecggceg ggctectege ccgagecggg cgcegttcaag 2700
ctgaacggcce gggcctgete agcgggctga 2730
<210> SEQ ID NO 27
<211> LENGTH: 1218
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 27
atgcgtacceg gatccatcege gegegtectyg ggectegeceyg cegecctgge cgcactgete 60
accacggect tcatggecce ggccatggece ggcaaacacyg acgccaccga ctccceegtece 120
geegeggeeyg ceeeggegte cttecacccac ceeggegtee tggtcagecg gecgcagete 180
gacttcgtac gcggcaaggt ccaggegggg geccagecgt ggaagggggce gtacgaccag 240
atgctggcca gtcectacge ctegeteteg cggaccgeca agecccgege cgtegtggag 300
tgeggetegt actccaacce caacaacggce tgcaccgacyg agcgcgagga cgcgetggece 360
gegtacaccee tctegetgge ctggtacatce agccaggacg gecgctacge ccagaaggeyg 420
atccagatca tggacgcctg gtcegggegtg atcaaggacce acaccaacag caacgcecccyg 480
ctgcagacgg gctgggecgg ctectectgg cegegggegyg ccgagatcat caagtacacyg 540
tacggcaact ggccggegte cggccgette ggcaccatge tgegtgacgt ctacctgece 600
aaggtcgcca acggctcgaa cagcaacggce aactgggaac tctcecatgac cgaggecgeg 660
atcggcateg cggtettect ggaggaccgg ggcgectacyg acagggccgt cgccaagtte 720
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cgeggecgeg tecceegegta catatacgtg accgecgacyg gatcgetgece gaaggecgeg 780
cceggeageg gtcetegacac gegggaaaag atcatcaact actggcaggyg ccagtcgace 840
ttegtggacyg ggctectegca ggagacctge cgegacctea cccacaccgyg ctacgggcete 900
tcegegatet cccacatcge cgagaccage cggatccagg gccaggacct ctacccggag 960
gtegecgace ggeteegtcea cgegetgggg ctgcacgeca agtaccaget gggggagaag 1020
gtcecegtect cectgtgegg cggctcecgete aaggacagec tceggceccggt caccgaggte 1080
ggcttcaacyg ccctgcacaa ccgcatgggt tacgccatga cgaacaccca gaccctcacce 1140
gagcggcage ggceccgecge ctcgaacaac ctgttegtgg cctgggagac cctgacgcac 1200
gccgacaacce cgaactga 1218
<210> SEQ ID NO 28
<211> LENGTH: 1881
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 28
atgcectece gtacgacgtt gatcgecacce accgeggece tggtegeect cgecgeccce 60
atggectteg cggcetecege cceccgeccee gaccecgeeyg tegaggcecge cgcecgeggec 120
tgggacaccg accgegegge gtccgectac geggcegaace cegecgcecegt caccgegtece 180
ggcagcgaga accccgecte cggaccggge gecgcecacceg acggcgacgce caccacccege 240
tggteccageg acttegecga caacgectgg atacgegteg accteggete caccatccegg 300
atcaaccagg tgaagctgga gtgggaggcece gectacggca agaagtacgt cctggaagte 360
tccaaggacg gcaccaactg gacccectte tacacggagyg acgcgggcac cggeggcace 420
gtcaccgeee acacctacce gcaggaggtce accggecget acgtgeggat gegeggegte 480
gaacgcgeca cggectgggg ctactcecte ttetecttee aggtctacgg gggcgagecy 540
geeeccgect cgaccacceg cagcaaccte gecctcaacce accccgecta cggegaccte 600
taccagcacg ccggcaactc gecccgeatte gtcaccgacyg geggetggee cgcecgacctyg 660
aaggcggace gctcecegetg gtectecgac tggaacgegyg accgetgggt cggegtcgac 720
cteggegega cctecaccat caacagegte gacctctact gggaggcegge ctacgecgte 780
gactacgaga tccaggtgte cgacgacaac cggacctgge ggaccgtceca cegeccctec 840
geegecgagyg tegecgecag acgegecgac gtcaaggece cggccgagge cgteggacge 900
cacgacacca tcaacctgcc caccceggece accggcecget acgtccggat gcetgggcaag 960
gagcgccgtt ccttctacaa cceggcaccce tccaccgcec agttcecggcecta ctegetcectac 1020
gagttccagyg tgtggggcac cggeggcage geggacgecg cctaccceege cctgeccaag 1080
aacceceggeg gcegectaccg caccacctte ttegacgact tcaccggete cggectggac 1140
cgctecaagt ggcgegtggt gegcaceggt acggagatgg geccggtcaa cggggagtcece 1200
caggectacg tcgactcgcece ggacaacatce cgtaccgaga acggcgccect ggtectggag 1260
tccaagtact gcaagggctg cacccccacg cccaacggea ccttegactt caccteggge 1320
cgegtegaca ccaacaccaa gttcgactte acctacggea aggtgagege ccgtatgaag 1380
ctecceggteg gegacggttt ctggecggeg ttetggetge tgggcagcga cgtcgacgac 1440
ceggeggtet cctggecegg ctecggegag acggacatca tggagaacat cggctacgge 1500
gactggacca gctececggect gcacggacce ggctactceg cagacggcaa catcggcegec 1560
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tceccagaccet acccgaacgg cggccgggece gacgagtgge acacctacgyg cgtcgaatgg 1620
acccecgaag gcatgacctt caccgtegac gaccgegteg tgcagcagac ctccecgecag 1680
aagctggagt ccacccgegg caagtgggtce ttcgaccaca accagtacgt gatcctcaac 1740
ctggeccteg geggegecta cccgggegga tacaaccagyg tcacccagece ctactgggge 1800
ctteegecagt ccagegtcga ccgcatcegea cagggcggea tcaaggcgga gatcgactgg 1860
gtacgggtceg agcagaagta a 1881
<210> SEQ ID NO 29

<211> LENGTH: 1227

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 29

gtgatttcge gcagaatgtt cctgaccgge gecgecgect cegegaccge gotcacctat 60
cegetetggyg geaccgecct gageccgege acgteggegg cggecgecac gtgcgaactg 120
gecctegaga accgttegtt geceggtacyg gtgcacgect acgtcaccgyg tcacgageag 180
ggcaccgaca gctgggtget getgegggee gacggcageg tgtaccgecce cgagtegecg 240
ggcgceteege agacccctet gecggtggac tgcegecatce cgetgaacgyg cgecggeged 300
ggcceggteg tectgacget gecccagatyg tacggegege gggtctactt cgteegtgac 360
gacaagctgg acttctacct gaacceggge ccctegetgg tegagecgge cttegegacyg 420
cccaccgace cgaactacgg gegcacctgg tegttetgeg agttcaccett caacccgcag 480
cagctgtacyg cgaacatcag ctacgtegac ctggtcaceg cectgecgat cggectgace 540
ctggagggeg actccaccca caccgtegee cegetecegg acggegeegt gcagegeate 600
gecgacgace tgacggccca ggceggecgeo gacgggcage cgtgggacaa getggtcacce 660
cgtggetegyg acggecaggt getgegggte gtetegecge agaacctgat ggegecgtac 720
ttcgaccgge ccgacgagat gecgtteegg gacctgtteg cggeccagat cgacgaggte 780
tgggagaagt accgctccac cgacctgegg atcgacctec agggeggecg gggcaccecetg 840
gegggecggyg tcagegggga cacgctgace ttegagggeg gacacacctt ctecaagecc 900
acctcgaagg acatcttcac ctgcaaccac ggtcegttea cgaacaacce gagcegactceg 960

gacgacaaga aggcgctgcet ggccaggatc geggceggget tcaaccggtce gatcatgetg 1020
agccacccca gccagecgaa cggcaccteg gtggeggact actaccagga cgcggtgace 1080
aaccactggt cgcgggtegt ccacgcgaac tcccccateg ggtacgegtt cecgtacgac 1140
gacgtacgee ccgacggtga gcecggacgte tegggegegg cgaacgacgg caaccccecgg 1200
cgcttcacgg tgagcegtggg ttectga 1227
<210> SEQ ID NO 30

<211> LENGTH: 870

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 30

gtgcttcace cccacaaccg caccgcacgt cgcaccacte ggctcacceg caccggeggt 60
ctegeegeeg cggeectegg getegegete atggegetece cegtcacege tcacgecgge 120
geccccacge agecggecge tcatcatetyg gaggccgeeg cgaccggact ggacgatcec 180
gcgaagaagg acatcgccat gcagttggte tccagegegg agaactccac getggactgg 240

aaggcgcagt acggctacat cgaggacatce ggegacggac geggctacac cgecggeatce 300
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atcggettet gctecgggac cggagacatg ctegecctgyg tegagcegeta cacggaccge 360
tcaccgggca acgtactggce gtcgtacctg ceegecctge gegaggtcega cgggaccgac 420
tegecacgacyg ggctegacce cggctteccee cgggactggg ccegaggcecge gaaggacccyg 480
gtgttccage aggcgcagaa cgacgagcegg gaccgggtgt acttcgacce ggeggtgege 540
caggccaagg acgacgggct ggggacgetce ggecagtteg cgtactacga cgccategte 600
atgcacggag gcggegggga cagcacgage ttegggteca tecggcageyg cgcegetegeg 660
gaggcggaac cgccectegeg gggeggtgac gaggtegect acctcgacge gttectggac 720
gegegggtet gggegatgeg gcaggaggag geccactegg acaccagecg ggtcgacacce 780
gegeagegeyg tettectgeg cgacgggaat ctgaacctgg atccgecget ggactggeag 840
gtgtacggcg acagcttcca catcggcetga 870
<210> SEQ ID NO 31
<211> LENGTH: 2373
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 31
atgaccccac cgcacagaca ccgcectgtte aggegcetegyg tgtecgette cctetegetg 60
geectcaceyg cegteggcac cgccgecgeg gtegtectgg ceggtgecce ggeggceccag 120
geegecgegy teccegcace ctceeceggte ggcatatceg gecggggege cgecgtececeg 180
ttcacggage aggaggccga gtacgecgeg accaacggea cgctcategyg cccggaccgg 240
cgctacgget cactgeccte ggaggegtee ggecggcagyg cegtcacget cgacgeggece 300
ggtgagtacyg tggagttcac cctcaccgcece cccgcecaacg cgatgacctt cegetatteg 360
ctgceggaca acgcecgecgg gacgggecgyg gacgectete tegacctgeyg ggtgaacgge 420
tecggtectceca agagegtgce ggtgaccteg aagtacgget ggtactacgg gggttaccce 480
ttcaacaaca accccgggga caccaaccceg caccatttet acgacgagac ccggaccatg 540
tteggetega ccctgecege cggtacgaag gtecggetge aggtggegte caccgecgge 600
tegeectegt tcaccgtega cctggecgac ttegagcagyg tggecgegee cgtceggcaag 660
cegtecggeg cactggacgt ggtgagegac tteggggecyg acccgaccegyg ggcggecgac 720
tccaccgega agatccagge ggcggtegac geggggcegea cccagggcaa ggtcegtctac 780
atccegecagg ggacctteca ggtgegtgac cacatcegteg tggaccaggt gacgetgege 840
ggegecggee cctggtacag cgtgetgacg gggcegtcace ccacggaccg gagcaaggeyg 900
gteggtgtet acgggaagta ctcggegcag ggcggcagca ggaacgtcac cctcaaggac 960
ttegecatca tceggegacat ccaggagegt gtggacaacyg accaggtcaa cgccatcgge 1020
ggggccatgt ccgactceggt cgtcgacaac gtctggatge agcacaccaa gtgeggcegece 1080
tggatggacg gcccgatgga caatttcacce atcaagaaca gtcgcatcct ggaccagacce 1140
gcggacggceg tgaacttcca ctacggggtce acgaactcga ccgtcacgaa caccttegte 1200
cgcaacaccg gtgacgacgg cctggecatg tgggceggaga acgtcccgaa cgtgaagaac 1260
aagttcacgt tcaacacggt gatcctgccg atcctggceca acaacatcgt gacgtacggce 1320
ggcaaggaca tcacgatctc cgacaacgtc atggcggaca ccatcaccaa cggeggceggyg 1380
ctgcacatceg ccaaccgcta cccgggegte aactegggge aggggacgge cgtegegggg 1440
acgcacacgg ccgcgegcaa caccctgate cgtaccggea acagcgactt caactggaac 1500
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ttecggegteg gggcgatcetyg gttcageggg ctcaacgaac cgatcagcaa cgccaccatce 1560
aacatcaccg acagcgaggt cctggacage tectacgecg cgatccacct gatcgagggt 1620
gcgagcaacyg ggctgcactt caagaacgtc aagatcgacg gggcgggtac ctacgccctg 1680
cagatccagg caccgggcac ggccacctte gagaacgteg tggccaccca catcgeccag 1740
tccaacccega tccacaactg tgtcggecage ggettcecaga tcacccegggyg cagcggcaac 1800
tceggetggt acgecgacce geccgectge accggggtet ggeccgaccee ggtgtggace 1860
aacggeggeg tgcccggagg cggcggtcece accaacccga ccgaccccac cgaccccace 1920
gacccgacgyg accccaccga cccgectgag gagacgggea acctcegeccg gggacgcace 1980
gtcaccgaga ccagccacac ggacgtgtac ggcgeggceca acaccgtcecga cggcaacgceg 2040
gacacgtact gggagagccg caacaacgcc ttcccgeagt cegtcaccegt cgacctegge 2100
getgecaagyg cggtgaageg ggtggtgetg aagcteccge cggecgecge gtgggcgace 2160
cgcacgcaga cgctcteegt gtccggeage accgacaacyg ggacgtacaa ctcgctgaag 2220
gegteggegyg gttacacctt caaccegtceg agcggcaaca ccgcgacggt cteectececg 2280
gggacgceegyg tcecggtacct geggetgace ttcacccaga acaccgggtg geccgecgec 2340
cagctgtceg aactggaggce ctacaccagce tga 2373
<210> SEQ ID NO 32
<211> LENGTH: 1545
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 32
atgaggagac cagtcgcecct gecgactcage geggeggggyg ccaccctgge cctggetgee 60
gegaccggeyg cactgatgge gatgeccgag geggegtegg cagcgaccegg cggegtcacce 120
ggatacgcga cccagaacgg cggcaccacce ggcggegecg gegggcagac ggtgegggece 180
accaccggga ccgcgatcca cgccgeectyg tgegggeggyg ccagcagcete caccecgete 240
accatccagg tcgaggggac catcaaccac ggcaacaccyg acaaggtctce gggcagcage 300
tgcaacaccg ccgccggagt catcgagetg aagcagatca gcaacgtcac gatcgtegge 360
gtgggceggeyg gegecgtett cgaccaagta ggcatccacyg tcecgcgagtce cagcaacatce 420
atcatccaga acgtcaccgt caagaacgtc aagaagtceg gctegcccac gtccaacgge 480
ggtgacgcca tcggcatgga gaaggacgtc cgcaacgtcet gggtggacca caccaccctg 540
gaggcectegyg geggcgagte ggagggette gacggectet tegacatgaa ggecggcace 600
cagtacgtga cgctgteccta cagcatectg cgcaactceeyg gecggggagyg cctegtegge 660
tccagegaga gcgacctete gaacggette atcacctace accacaacct gtacgagaac 720
atcgactcce gegecectet getgegggge ggegtegece acatctacaa caaccactac 780
gtgggactca gcaagtcggg catcaactcce cgggccggeg cecgcegecaa ggtggacaac 840
aactacttcg aggactccaa ggacgtectg ggcaccttet acaccgacge ggcecggcetac 900
tggcaggtca gcggcaacgt cttcgacaac gtgacgtggt ceggccgcag cagcgacaac 960
aaccecegegg gceccggacce gecagtccaac accteggtea gcatccccta cgcectacace 1020
ctegacgggg cgaactgegt accgteegte gtgagcecgga cggegggege gaacacgggyg 1080
ctgaaggtgt cggacggcag ctgctegecg cagacgccegyg acccgaccga ccccacccce 1140
gacccgacge cggacccgac cgaccccact ccgceccaccg ggaccaacct cagectceggyg 1200
geeggetegy acggctccag caaggcgage gggaccaget acggcgacgt gegggacggt 1260
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gacatgagca

tcegecacca

accteetgga

ggcgtcatca

acgggcacge

<210> SEQ I
<211> LENGT.
<212> TYPE:

cctactggte
cecgtetecaa
aggtcggcaa
cgttecegea
cgaaggtege
D NO 33

H: 389
PRT

accgtecegge

gatcaacgtyg

cgcecgacace

gacctegety

cgagttcgag

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 33

Met Pro Glu
1

Leu Trp Thr
Arg Pro Val
35

Gly Ala His
50

Ser Asp Asp
65

Leu Glu Arg

Thr His Pro

Val Arg Arg

115

Val Glu Leu
130

Ala Glu Ser
145

Lys Glu Ala

Asp Leu Arg

Ile Leu Leu
195

Glu Arg Pro
210

Met Ala Gly
225

Gly Lys Leu

Asp Gln Asp

Leu Val Asp

275

Asp Phe Lys
290

Ala Lys Asn
305

Arg Phe Thr Pro Thr

Val Gly Trp Arg Gly

20

Leu Asp Pro Val Glu

40

Gly Val Thr Phe His

55

Arg Glu Arg Ala Arg

70

Thr Gly Leu Lys Val

Val Phe Lys Asp Gly

100

Phe Ala Leu Arg Lys

120

Gly Ala Gln Thr Tyr

135

Gly Ala Ala Lys Asp
150

Phe Asp Leu Leu