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Figure 17
g;cr)]t(e;;n Locus dc(?::ggc CBM Functional class®

a SACTE_3159 CBM33 CBM2 cellulase

b SACTE_0265 GH10 CBM2 xylanase

c SACTE_4755 GH64 beta-1,3-glucanase
d SACTE_0482 GH5 CBMZ2 cellulase

e SACTE_0237 GHE C8M2 cellulase

f SACTE 0236 GH48 CBM2 cellulase

g SACTE_3717 GH9 CBMZ cellulase

h SACTE_2347 GHS 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

Figure 18: Spectra count of proteins idestified on each substrate, where top 95 % spectra covered werse highlighted green,
light purple, purple, blue, orange, pink, light biue and yellow on gliscose, cellobtose, celiulose, xylan switchgrass, AFEX-SG, IL-SG and chitin, repsectively.

Locus CAZy identified Proteins (414) glucose celh cellulose xylan
SACTE_0237 GH6 ACTE_1, 4-beta cellobiohydrolase [y
SACTE_0236 GHA8 ACTE_Glyeoside hydrolase, 48F Q
SACTE_2347 GH5,CE3  ACTE_Cellulose-binding family #/chitobiase, carbohydrate-binding domain a
SACTE_3159 (BM33,2 ACTE_Ceflulose-binding domain, family It, bacterial type Q
SACTE_0482 GHS ACTE_Cellutose-hinding family tt/chitobiase, carbohydrate-binding domain Q
SACTE_0265 GH10 ACTE_Glycoside hydrolase, family 10 o
SACTE_0357 CE4 ACTE_Glycoside hydrolase/deacetylase, beta/aipha-barrel 0
SACTE_2433 ACTE_Catalase, N-terminal o]
SACTE_0562 GH74 ACTE_Cellulose-binding family Hi/chitobiase, carhohydrate-Binding domain 0
SACTE_0358 GHI1 ACTE_Glycoside hydrolase, family 11, active site ¢}
SACTE_4343 ACTE_Bartterial extraceilulsr solute-binding protein, family 5

SACTE_1546 ACTE_Bacterioferritin

SACTE_1310 PL3 ACTE_Pectate lyase, catalytic

SACTE_4638 ACTE_Chondroitin AC/alginate lyase

SACTE_5668 ACTE_Alpha/beta hydrolase fold-1

SACTE_3717 GHS ACTE_Carbohydrate-binding, CenC-fike

SACTE_3590 ACTE_Phaspholipase C, phosphatidylinositol-specific , X domain

SACTE 5978 PLT ACTE_Galactose-binding domatn-like

SACTE_2172 ACTE_Citrate synthase-like, core

SACTE_4571 GHi3Z ACTE_EF-Hand 1, calcium-binding site

SACTE_6428 (CBM33  ACTE_Chitin-binding, domain 3

SACTE_2313  CBM33  ACTE_Chitin-binding, domain 3

SACTE 0366 GH78 ACTE_Six-hairpin glycosidase-like

SACTE_1604 ACTE_Pyridine nucleotide-disulphide oxidoreductase, class i, active site

SACTE_4702 ACTE_Protein of unimown function DUF756

SACTE_2059 ACTE_Manganese/iren superaxide dismutase, C-terminal

SACTE_2556 ACTE_Enolase, N-terminal

SACTE_4730 GH30 ACTE_Ricin B lectin

SACTE_A755 GHe4 ACTE_Twin-arginine transiocation pathway, signal sequence

SACTE_AB4S ACTE_Extraceltular solute-binding protein, famity 3

SACTE_1041 ACTE_ABC-type glycine betaine transport system, substrate-hinding domain
SACTE_Q880 ACTE_S-adenosylmethionine synthetase, central domain

SACTE_4246  GH18 ACTE_Galactose-binding domain-tike

SACTE_0464 GHl6 ACTE_Ricin 8 lectin

SACTE_5330 ACTE_Peptidase 51/56, chymotrypsin/Hap

SACTE_1130 ACTE_Galactose-tinding domain-like

SACTE_2232 GH3 ACTE_Glycoside hydralase, family 3, C-teyminal

SACTE_5335 ACTE_ABC transporter, substrate-binding protein, aliphatic sulphonates

SACTE_0132 ACTE_hypathetical protein

SACTE_2288 ACTE_Bacterial extraceifutar solute-binding, family 1

SACTE_5230 ACTE_Xylose isomerase-like, TtV barrel domain

SACTE_5457  GH46 ACTE_Glycoside hydrolase, family 46

SACTE_5647 GHS87 ACTE_Galactose-binding domain-like

SACTE_1422 GH23 ACTE_Twin-arginine transiocation pathway, sighal sequence

SACTE_3306 ACTE_6-phosphogiucanate dehydrogenase related protein

SACTE_3803 ACTE_Pyridoxal phosphate-dependent transferase, major domain

SACTE_4676 ACTE_Bacterial extraceliular solute-binding protein, family 5

SACTE_0383 GHI92 ACTE_Alpha-1,2-mannosidase, putative

SACTE_0642 ACTE_Peptidase $33, tripeptidyl-peptidase C-terminat

SACTE 3778 GH31 ACTE_Glycoside hydrolase, family 31
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SACTE_5166
SACTE_4363
SACTE_1369
SACTE_(0746
SACTE_4468
SACTE_1364
SACTE_S519
SACTE_4612
SACTE_0244
SACTE_4198
SACTE_3458
SACTE_1367
SACTE_0379
SACTE_2033
SACTE_5371
SACTE_5629
SACTE_5588
SACTE_4858
SACTE_4231
SACTE_5240
SACTE_0844
SACTE_0604
SACTE_5267
SACTE_6439
SACTE_4727
SACTE_1302
SACTE_3711
SACTE_6543
SACTE_1859
SACTE_3700
SACTE_3078
SACTE_3038
SACTE_2065
SACTE_1949
SACTE_1701
SACTE_1250
SACTE_0528

SACTE_5220
SACTE_3197
SACTE_4908
SACTE_ 5231
SACTE_3064
SACTE_4515
SACTE_5418
SACTE_4493
SACTE_0081
SACTE_0634
SACTE_4669
SACTE_4483
SACTE_6308
SACTE_4078
SACTE_09726
SACTE_4607

GH43
GH5S

GH2

GHI3
GH18
GH18
GH109
GH43
GH43

PL1

GH115

GH31
GH19
GH25
GHZ3

GH19

Figure 18 (continued)

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_hypothetical protein

ACTE_Glyceraldehyde 3-phosphate dehydragenase, NAD(P) binding domain

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Bacterial extracellutar sojute-binding, family 1
ACTE_Phosphoglucose isomerase, conserved site

ACTE_YD repeat

ACTE_hypothetical protein
ACTE_N-acetylmuramoyl-L-alanine amidase, family 2
ACTE_NAD{P}-binding domain

ACTE_Surface protein from Gram-positive cocci
ACTE_Triosephasphate isomerase

ACTE_Galactose-binding domain-tike

ACTE_Nucleoside diphosphate kinase, core
ACTE_Neuraminidase

ACTE_Ricin B lectin

ACTE_Gamma-glutamyltranspeptidase
ACTE_Galactose-binding domain-like

ACTE_Serine/cysteine peptidase, trypsin-fike
ACTE_hypothetical protein

ACTE_Glycoside hydrolase, subgroup, catalytic care
ACTE_NAD{P)-binding domain

ACTE_Twin-arginine translocation pathway, signal seguence
ACTE_Glyeoside hydrolase, family 43
ACTE_lsocitrate/isopropyimalate dehydrogenase
ACTE_Twin-argintne translocation pathway, signal seguence
ACTE_Glycosyl transferase, family 20

ACTE_Peptidase S11, D-alanyl-D-atanine carboxypeptidase A
ACTE_Bacterial stress protein

ACTE_Bacterial stress protein

ACTE_Ketose-bisphosphate aldolase, class-l

ACTE_Bacterial stress protein

ACTE_Peptigase S8/553, subtilisin/kexin/sedolisin
ACTE_Peptidase M4, thermolysin

ACTE_Rtaa

ACTE_Peptidase S8/S53, subtilisin, active site
ACTE_Twin-arginine translocation pathway, signal seguence

ACTE_Aconitase/3-isopropyimalate dehydratase large subunit, alpha/betafalpha,

subdomain 1/3

ACTE_Haat shiock protein Dnal-iike protein djlA
ACTE_Exoribonuctease, phosphorolytic domain 2
ACTE_Glycoside hydrolase, family 31

ACTE_Glycoside hydrolase, family 13, catalytic
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Peptidoglycan binding-fike

ACTE_Superoxide dismutase, Nickel-type

ACTE_Glyceside hydralase, family 19

ACTE_Periplasmic binding protein

ACTE_Pyridoxal phosphate-dependent transferase, major domain
ACTE_Cyclic nuctzotide-binding-like

ACTE_Periplasmic binding protein

ACTE_MGS-like

ACTE_Vitamin B6 biosynthesis protein

ACTE_Protein of unknown function DUF1557
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SACTE_4178
SACTE_3666
SACTE_1858
SACTE_S5630
SACTE_5751
SACTE_1603
SACTE_3452
SACTE_4459
SACTE_S682
SACTE_1239
SACTE_1356
SACTE_2768
SACTE_3335
SACTE_0168
SACTE_65658
SACTE_1136
SACTE_1434
SACTE_0365
SACTE_2585
SACTE_4738
SACTE 43102
SACTE_1680
SACTE_1003
SACTE_5263

SACTE_0549
SACTE_1325
S5ACTE_1324
SACTE_2068
SACTE_4038
SACTE_0222
SACTE_1281
SACTE_3389
SACTE_3164
SACTE_5880
SACTE_4081
SACTE_2819
SACTE_3589
SACTE_2062
SACTE_5859
SACTE_6144
SACTE_2738
SACTE_4768
SACTE_2049
SACTE_0639
SACTE 0324
SACTE_5685
SACTE_0364
SACTE_1312
SACTE_3227
SACTE_4360
SACTE_0687
SACTE_3765
SACTE_4039

GHi6

GH16

GH3

GHS5
GH13
GH8?7
PLL

Figure 18 (continued)

ACTE_FAD-dependent pyridine nucteotide-disuiphide oxidoreductase
ACTE_Histidine phosphatase superfamity, clade-1
ACTE_Bacterial stress protein

ACTE_Aldo/keto reductase

ACTE_Twin-arginine translocation pathway, signal seguence
ACTE_Peptidase M17, teucy! aminopeptidase, C-terminal
ACTE_Cobaltochelatase; CobN subunit

ACTE_Peptidogiycan binding-like

ACTE_Galactose-binding domain-like
ACTE_Ennyl-{acyi-carrier-protein] reductase {(NADH}
ACTE_Transaldolase, active site

ACTE_Surface protein from Gram-positive cocci
ACTE_Single-strand DNA-binding

ACTE_Glyceraldehiyde 3-phosphate dehydrogenase, active site
ACTE_Quinoprotein amine dehydrogenase, beta chatn-like
ACTE_Peptidoglycan recognition protein
ACTE_S'-Nucleotidase/apyrase

ACTE_Peptidase $8/S53, subtilisin/kexin/sedolisin
ACTE_Phosphoribosyltransferase

ACTE_Galactose-binding domain-tike

ACTE_Fumarate reductase/succinate dehydiogenase, FAD-binding site
ACTE_Cupredoxin

ACTE_NAD{P)-binding domain

ACTE_Dimeric alpha-beta barrel

ACTE_Concanavalin A-like lectinfglucanase
ACTE_Dihydrodipicolinate synthetase

ACTE_hypothetical protein

ACTE_Peptidase M1, aminopeptidase N actinomycete-type
ACTE_Cystathionine beta-synthase, core

ACTE_Peptidase M4, propeptide, PepSY

ACTE_Surface protein from Gram-positive cocci
ACTE_Peptidase M24B, X-Pro dipeptidase/aminopeptidase P, conserved site
ACTE_hypothetical protein

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_NAD{P)-binding domain

ACTE_Chaperonin CipA/B, conserved site
ACTE_5'-Nucleotidase/apyrase

ACTE_DSBA oxidoreductase

ACTE_hypothetical protein

ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Na-Ca exchanger/integrin-betad
ACTE_Glutamyl/glutaminyl-tRNA synthetase, class I¢, catalytic domain
ACTE_Ribose 5-phosphate isomerase, actinabacteria
ACTE_Formyl transferase, N-terminal
ACTE_Galactose-binding domain-tike

ACTE_Glycuside hydrolase, subgroup, catalytic core
ACTE_Galactose-binding domain-tike

ACTE_Pectate tyase/Amb allergen

ACTE_Peptidase M18, aminapeptidase |
ACTE_Aminotransferase class-Hit

ACTE_Protein of unknown function DUF885, bactesial
ACTE_hypothetical protein

ACTE_IMP dehydrogenase/GMP reductase
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SACTE_5260
SACTE_4145
SACTE_1137
S5ACTE_1715
SACTE_0325
SACTE_5146
SACTE_2810
SACTE_D213
SACTE_1311
SACTE_1313
SACTE_5657
SACTE_4436
SACTE_4718
SACTE_5482
SACTE_5606
SACTE_1995
SACTE_4618
SACTE_1240
SACTE_6512
SACTE_5114
SACTE_2698
SACTE_6206
SACTE_4814
SACTE_2318
SACTE_1862
SACTE_4083
SACTE_2645
SACTE_1895
SACTE_5740
SACTE_D133
SACTE_5493
SACTE_1002
SACTE_2381
SACTE_5764
SACTE_6494
SACTE_0860
SACTE_3007
SACTE_2384
SACTE_3685
SACTE_4472
SACTE_1702
SACTE_0450
SACTE_5342
SACTE_0264
SACTE_3319
SACTE_3012
SACTE_2323
SACTE_2490
SACTE_DI8S
SACTE_3327
SACTE_4843
SACTE_4243
SACTE_2260
SACTE_4946

CE8
CE12

CBM13

CBM35,6

GH18
GH18
GH18

Figure 18 (continued)
ACTE_FAD-dependent pyridine nucteotide-disuiphide oxidoreductase
ACTE_Basic membrane lipogrotein
ACTE_Peptidase 545, penicitlin amidase
ACTE_intermediate filament, C-terminat
ACTE_Bacterial stress protein
ACTE_FMN-binding split barrel, related
ACTE_Dihydrodipicolinate reductase, N-terminal
ACTE_Luciferase-like
ACTE_Pectinesterase, catalytic
ACTE_Lipase, GDSL
ACTE_MaoC-like dehydratase
ACTE_Uncharacterised protzin family UPF0182
ACTE_Delta-1-pyrroline-5-carboxylate dehydrogenase 1
ACTE_Aldo/keto reductase, conserved site
ACTE_D-hydantoinase
ACTE_Gamma-glutamyl phosphate reductase GPR
ACTE_Phosphefructokinase, pyrophosphate dependent
ACTE_NAD{P}-binding domain
ACTE_Cadherin-tike
ACTE_Ornithine carbamoyltransferase
ACTE_hypathetical protein
ACTE_hypothetical protein
ACTE_Ribosomal protein L19
ACTE_HAD-superfamily hydrolase, subfamily HA
ACTE_Transketolase, C-terminal/Pyruvate-ferredoxin oxidoreductase, domain il
ACTE_Malare dehydrogenase, active site
ACTE_Penicillin/cephatosporin acylase
ACTE_Mandelate racemase/muconate lactonizing enzyme, N-terminal
ACTE_Twin-arginine transiocation pathway, signal sequence
ACTE_Galactose-binding domain-like
ACTE_Periplasmic binding pratein/iact transcriptional regulator
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Exoribonuclease, phosphorolytic domain 2
ACTE_Carbohydrate-binding domain, family 5/12
ACTE_Glyceside hydrolase, chitinase active site
ACTE_Carbohydrate-binding domain, family 5/12
ACTE_Heat shock protein Hsp70
ACTE_Phasphotransferase system, EHC camponent, type 1
ACTE_Molyhdate/tungstate binding
ACTE_Glucosarnine-6-phosphate isoimerase, subgroup
ACTE_Htaa
ACTE_Dak kinase
ACTE_Nitrite/sulphite reductase, hemoprotein beta-tomponent, ferrodoxin-like
ACTE_Protein of unknown function DUF541
ACTE_Pyridine nucleotide-disulphide oxidoreductase, class-H, active site
ACTE_AMP-binding, conserved site
ACTE_Fumarylacetoacetase, C-terminal-related
ACTE_S-adenosyl-L-homocysteine hydrotase, conserved site
ACTE_N-acetyl-gamma-giutamyl-phasphate reductase
ACTE_NAD{P}-binding domain
ACTE_Aminotransferase class-il
ACTE_Endoribonuclease L-PSP/chorismate mutase-tike
ACTE_Acyi-CoA dehydrogenase/oxidase, M-terminal
ACTE_ABC transporter, conserved site

I B B I S S =3
oo o0 o0
SO oo

(o= e s B i

3
0
O
a
g
4]
Q
0

[ R e
0OC O 0T

0O OO00 0000

QO WwWr M

D OoOO0OD0D0O 0O CoC

[¢]
7
[
Q

0
0
]
o
a
g
g
Q

OO0 0oCC

OV OO0 QOO0 OOOTO0O0 OO QU TORNMNIMNRNMDIRRRMRARWWWWLWWWWWWLWWWWWH B S SDLSH SN

OO OOD OO WNO

0
0
4
o
1]
4]
0
1]
[}
0
4]
0

0
3
2
0
5}
o
o
0
0
o]
0
0
0
b}
]
3
3
o
]
0
o]
0
0
o
i}
4
o
)}
7
3
0
0

DOONOCODODOODROO0OAT NDOODOOTODOOONG

1]
o]
0
0

DODWHOBHBRAADDOODHDOODOOWOWIODOODODODALLDADDODDHLVODOAOADDOD D H D

QO aoa

wow koA

OO OCOGo OO0 000 WWOOOnOGaDDON®Ww

14

Llu oo o

yuaged ‘SN

8T0T ‘¥ "%

0L JO T 194S

d 1P6'vPI°0L SN



SACTE_6131
SACTE_5455
SACTE_1073
SACTE_1901
SACTE_1074
SACTE_0841
SACTE_1897
SACTE_4728
SACTE_1619
SACTE_6303
SACTE_1650
SACTE_0782
SACTE_3219
SACTE_6051
SACTE_1473
SACTE_0534
SACTE_1344
SACTE_2624
SACTE_3777
SACTE_5741
SACTE_2762
SACTE_1162
SACTE_1640
SACTE_2544
SACTE_2213
SACTE_4566
SACTE_2563
SACTE_6063
SACTE_3562
SACTE_2518
SACTE_1738
SACTE_5109
SACTE_5881
SACTE_3741
SACTE_1638
S5ACTE_1419
SACTE_1888
SACTE_2468
SACTE_3896
SACTE_3716
SACTE_4281
SACTE_3955
SACTE_4565
SACTE_4031
SACTE_3086
SACTE_4591
SACTE_4376
SACTE_4194
SACTE_1934
SACTE_a501
SACTE_4855
SACTE_2103
SACTE_4795
SACTE_4073

GH51

GH16

GH13

Figure 18 (continued)

ACTE_Purple acid phosphatase-fike, N-terminal
ACTE_Amidohydrolase 1

ACTE_Proteasome, alpha subunit
ACTE_Alpha-L-arabinofuranosidase, C-terminal
ACTE_Proteasorne, subunit alpha/beta

ACTE_Winged helix-turn-helix transcription repressor DNA-hinding

ACTE_hypothetical protein

ACTE_Aminotransferase, class v

ACTE_Glutamine synthetase, beta-Grasp
ACTE_Serine/cysteine peptidase, trypsin-ike
ACTE_Bacterial extracellular solute-binding, famity 1
ACTE_Transcription regulator PadR N-terminal-like
ACTE_Methionyl-tRNA synthetase, class fa, N-ferminal
ACTE_Cataiase

ACTE_Dienelactone hydrolase

ACTE_Bacterial extracellutar solute-binding, family 1

ACTE_Pyridoxat phosphiate-dependent transferase, miajor domain

ACTE_Concanavalin A-like lectin/glucanase
ACTE_Aldo/keto reductase

ACTE_NAD{P}-binding domain

ACTE_hypathetical protein

ACTE_Lipase, class 2

ACTE_Glycoside hydrolase, carbohydrate-binding
ACTE_Thiolase, C-terminal

ACTE_NAD{P)-binding domain

ACTE_ATPase, F1 complex, alpha subunit, C-terminal
ACTE_ATPase, F1 complex, beta subunit
ACTE_Protein of unknown function DUF336
ACTE_Peptidase S1A, chymotrypsin

ACTE_Acyl-CoA dehydrogenase/oxidase, N-terminal
ACTE_N-acetyl-gamma-giutamyl-phosphate reductase
ACTE_Luciferase-like

ACTE_Multicopper oxidase, type 2
ACTE_Twin-arginine translocation pathway, sighal seguence
ACTE_Tautomerase

ACTE_Ribosomal protein $1, RNA-binding domain
ACTE_Acyl carrier protein-like

ACTE_Bacteriat NAD-glutamate dehydrogenase
STRACTE_03857

STRACTE_03676

STRACTE_04237

STRACTE_03916

STRACTE_04519

ACTE_Chaperonin Cpn6G

ACTE_hypothetical protein

ACTE_Thiolase-like

STRACTE_04332

ACTE_Twin-arginine translocation pathway, signal seguence
ACTE_ATP-grasp fold, subdomain 2

STRACTE_04456

STRACTE_04913

ACTE_Protein of unknown function DUF756
ACTE_SCP-like extraceiluler

ACTE_NAD{P}-binding domain
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SACTE_2558
SACTE_4399
SACTE_1368
SACTE_4224
SACTE_3067
SACTE_2462
SACTE_3361
SACTE_3995
SACTE_0514
SACTE_6342
SACTE_4610
SACTE_1068
SACTE_4926
SACTE_4830
SACTE_3392
SACTE_3037
SACTE_2403
SACTE_5983
SACTE_4283
SACTE_3385
SACTE_1328
SACTE_0800
SACTE_4205
SACTE_4415
SACTE_2431
SACTE_1586
SACTE_1201
SACTE_1426
SACTE_5081
SACTE_4873
SACTE_3960
SACTE_2756
SACTE_2238
SACTE_4616
SACTE_3456
S5ACTE_3943
SACTE_2801
SACTE_0810
SACTE_0665
SACTE_5028
SACTE_4567
SACTE_4397
SACTE_4191
SACTE_4030
SACTE_3961
SACTE_3438
SACTE_3371
SACTE_3088
SACTE_2755
SACTE_2729
SACTE_2036
SACTE_1285
SACTE_1006
SACTE_0548

Figure 18 (continued)

STRACTE_02525

ACTE_Protein of unknown function DUF3107
ACTE_Phosphoglycerate kinase

STRACTE_04182

STRACTE_03033

STRACTE_04417

STRACTE_03325

ACTE_RMA polymerase, alpha subunit, C-terminal
STRACTE_00503

ACTE_Biotin/lipoy! attachment

STRACTE_04564

STRACTE_01051

ACTE_Ferritin-refated

STRACTE_(4784

STRACTE_03356

ACTE_Teburium resistance

STRACTE_02370

STRACTE_05928

STRACTE_04239

STRACTE_03349

STRACTE_01307

ACTE_Glycine cleavage systern P-protein, N-terminal
ACTE_Cys/Met imetabolism, pyridoxal phosphate-dependent enzyme
STRACTE_D4372

STRACTE_(2398

STRACTE_01564

STRACTE_01182

ACTE_Extracelutar ligand-binding receptor
ACTE_S-methyltetrahydropteroylitriglutamate--homocysteine S-methyltransferase
STRACTE_U04827

ACTE_Translation elongation factor EFG/EF2
STRACTE_02721

ACTE_Putative agmatinase

ACTE_Acetate/butyrate kinase

ACTE_DNA-directed RNA polymerase, beta subunit, bacterial-type
STRACTE_03909

STRACTE_02766
ACTE_Alpha-D-phosphohexomutase, alpha/beta/alpha domain §
STRACTE_00659

STRACTE_04982

ACTE_ATPase, F1 comglex, gamma subunit
ACTE_Ferritin/ribonucieotide redisctase-like
ACTE_L-Aspartase-like

ACTE_Chaperonin CpniQ, subgroup
STRACTE_03922

ACTE_Urauil phosphoribosy! transferase
STRACTE_03335

ACTE_Chaperonin ClpB

STRACTE_02720

STRACTE_02694

ACTE_Aminoacyl-tRNA synthetase, class 1s, anticodon-binding
STRACTE_01266

STRACTE_00928

ACTE_Aldo/keto reductase
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Figure 18 (continued)

STRACTE_05949

STRACTE_05765

STRACTE_04875

ACTE_DNA tepoisomerase, type A, subunit A/C-terminal
ACTE_Translation efongation factor EFTs/EF1B, dimerisation
STRACTE_04251

ACTE_Acetyl-coenzyme A carboxyltransferase, C-terminal
ACTE_DNA-directed RNA polymerase, subunit beta-prime
ACTE_Polyprenyi synthetase

ACTE_Fumarylacetoacetase, N-terminal
ACTE_Serine/threonine-protein kinase, active site
STRACTE_02500

STRACTE_02006

ACTE_Beta-factamase-related

ACTE_Periplasmic binding protein

ACTE_Periplasmic binding protein

ACTE_Cupin, RmiC-type

STRACTE_05563

ACTE_Transcription antitermination protein, MusG
STRACTE_03267

ACTE_Chorismate synthase

ACTE_Galactose-binding domain-tike

ACTE_Pyridoxal phosphate-dependent trsnsferase, major domain
ACTE_NAD{P)-binding domain

ACTE_Galactose-binding domatn-ike

ACTE_Peptidase M24, structurat domain
ACTE_NAD{P}-binding domain

ACTE_A4Fe-4S ferredoxin, iran-sutpur binding domain
ACTE_Aldehyde/histidinol dehydrogenase
ACTE_Transthyretinhydroxyisourate hydrofase
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Peptidase M1, arminopeptidase N actinomycete-type
ACTE_tRNA methyltransferase complex GCD14 subunit
ACTE_Peptidase 533, prolyl aminapeptidase
ACTE_NAD{P)-binding domain

ACTE_L-asparaginase i

ACTE_Peptidase S11, D-alanyl-D-atanine carboxypeptidase A
ACTE_Cytochrome ¢ oxidase subunit 8§ C-terminal
ACTE_Malto-aligosyitrehalose synthase
ACTE_Molybdenum-ptetin binding
ACTE_Beta-lactamase-fike

ACTE_Barstar (barnase inhibitor)

ACTE_Cobalamin {vitamin B12}-dependent enzyme, catsiytic subdomain
ACTE_Conserved hypathetical protein CHPBO730
ACTE_Protease inhibitor 14, serpin

ACTE_PKD/Chitinase domain

ACTE_hypothetical protein
ACTE_N-acetylmuramoyl-L-alanine amidase, family 2
ACTE_Twin-arginine translocation pathway, signal sequence
ACTE_Domain of unknown function DUF1996

ACTE_Xylose isomerase-like, TIM barre! domain
ACTE_Arginine deiminase

ACTE_Glyoxalase/bleomycin resistance protein/dioxygenase
ACTE_Ferredoxin
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Figure 18 (continued)

ACTE_Deoxyribonuclease, TatD Mg-dependeit, prokaryote
ACTE_hypothetical protein

ACTE_Rieske [2Fe-2S]} iron-sulphur domain

ACTE Band 7 protein

ACTE_Arginine biosynthesis protein Arg)

ACTE_Cystathioning beta-synthase, core

ACTE_Glycoside hydrolase, family 27

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

ACTE_FMN-binding split barrel, refated

ACTE_lsocitrate dehydrogenase NADP-dependent, monomeric type
ACTE_Aldehyde oxidase/xanthine dehydrogenase, maolybdopterin binding
ACTE_Bacterial stress protein

ACTE _Lipase, GDSL

ACTE_Luciferase-like

ACTE_Acyl-CoA dehydrogenase/oxidase, N-terminal
ACTE_Imidazoleglycerol-phosphate dehydratase, conserved site
ACTE 3mmunoglobulin-ike fold

ACTE_Glycoside hydrolase, family 1

ACTE_Concanavalin A-like fectin/glucanase

ACTE_Periplasmic hinding protein

ACTE_Galactose-binding domain-ike

ACTE_Ferredoxin

ACTE_Metallophosphoesterase

ACTE_Serinefthrecnine-protein kinase, active site

ACTE_Glycoside hydrolase, family 43

ACTE_Glycoside hydrolase, family 20

ACTE_Glycoside hydrolase/deacetylase, betafalpha-barrel
ACTE_Cellutose-binding domain, family i, bacterial type
ACTE_FAD-dependent glycerol-3-phasphate dehydrogenase
ACTE_Cys/Met metabolism, pyridoxal phosphate-dependent enzyme
ACTE_DeoxyUTP pyraphosphatase domain

ACTE_Pratein of unknown function DUF2342

ACTE_Pyridoxal 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-like foid

ACTE_Transketolase, C-terminal/Pyruvate-ferredoxin oxidoreductase, domain it

ACTE_Twin-arginine transtocation pathway, signal sequence
ACTE_Soluble quinoprotein glucose/sorbasone dehydrogenase
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Figure 19

>SACTE 0237(1, 4-beta cellobiohydrolase]GH6 (SEQ 1D NO:17)
atgagccgeacgagecgeaccaccetigegecgateccgaacageactcatggeggegegegeectegicgecgeageegegggctee
gecgeageegeggeaccotieggtgecacegecgecgeggeggecggetgeaccgtegactacaagatccagaaccagtggaacggc
gggcteacogecteggigagegtcaccaacaacggggacgccatetceggetggeagetecagtggageticgecggeggegageag
gtcagecaggggtgpaacgecacegictcicagageggeticegecgicaccgecaaggacgeeggciacaacgeegeeciggeeace
ggegcatcggectectteggtitcaacgegacgggcaacggeaacagegtegteecegegacgticaagetgaacggegtcaccigeaa
cggeggeaccacgggecegaccgateccacggaceccacggaccegacggaceegaccgaccegeccgegggceaacegtgtggac
aacccctaccagggagecaaggtctatgtgaacceggagtggtcggegaacgecgeggecgagecgggeggegacagaategecga
ccagececaccggegictggetggacegeatcgeegegategagggegegaacggticgatgggtctgegegaccatetegacgaggee
ctgacgeagaaggoctecggegaactegtegtecaggtegteatetacaacetgeecgggegagactgegeggegetggectceaacgg
tgagcteggaccgaccgagateggeegetacaagacegagtacatcgaceegategeggagatecteggegaccegaagtacgeggec
ctgegeatcgteaccacggicgagatcgactcgetgeegaacctegicaccaacgeeggeggecgecccacggecacteeggectgiga
cgtecatgaaggecaacggeaactacgtcaagggegteggctacgegctcaacaageteggegacgegeecaacgtetacaactacateg
acgeggegcceaccacggetggateggcetggeacgacaactteggegectecgeggagatcticeacgaggeegegaccgeegagggeg
cgaccgteaacgacgigeacggeticatcaccaacaccgecaactacagegegetgaaggaggagaactictecategacgacgeeglg
aacggceacgteggtecggeagicgaagigggtegactggaaccgetacacggacgagetgiecticgegeaggecticcgeaacgaget
ggtetcegtcggcticaactecggeateggeatgetcategacacciceegeaacggetgggeegacgcgaaccggecgageggaccy
ggcgegaacaccagegtcgacacctatgtggacggeggecgctacgacegecgeatecacctgggeaactggtgeaaccaggeagga
gegggtcteggegaacggecgeaggecgececcgageeggggatcgacgegtacgtetggatgaagececcgggeeagtecgacgg
ticcageteggagateeegaacgacgagggeaagggattcgaccggatgtgcgaccegacetacacgggtaacgeccgtaacaacaac
aacatgtcgggggcgcetggotggcgeccecgtetecgggaagtggttcteggeccagticcaggagetcatgaagaacgectaccegge
getctag

>SACTE 0236|glycoside hydrolase family 48iGH48 (SEQ ID NO:18)
gtggeegeccticgeceteceottgggaatgaccgeageggeeggeacggaggeccaggecgecgeegtegegtgeagegtegactac
acgaccagtgactggggategggsticaccaccgaacicaccetgaccaaccgggpctecgecgegatcgacggetggaceetgacgt
acgactacgecgggaaccageageteacgageggctggageggeacctggtcecagicaggeaagaccgicagegtgaagaacgeag
cctggaacgetgcgatcgecgecggtaccgeegteacgaccggegegeagticacctacageggegecaacaccgeacegaceacctt
cgeegtecaacggeacggtetgegegggggeccaccagecgeegatcgeegteetcaccteeceggeggegggegeegietictecgee
gggoacccggitcegetggeggegaccgecgeggecgeggacgggacgacgatcageaaggtcgagtictacgacgacacgaccete
ctcggeaccgacaccacciceecgtacagetacgaggecgggeaactiggegaccggceageoacticegigtacgecagggeetacgaca
geeteggegectecgeggaticeecgeecgecggeatcacegicgteaceggecccgeggtegtegtctceccegeicaacteggegtcee
agecaggegcaggtegagaaccitcgacgtetegetgiccacegegecegeggeggacgteaccgteacggecgeecggteegegggtaa
caccgggcetgagegtcaceggegggtegacecteaccitcacceccgegaactggiccacaccecagaaggtgacegtcacggeegac
ggctecggeaceggggecgegaccticaccgtcacggeccecggecacggeaaggecgaggteacegteacceagetggeggargec
gaaggagtacgacgeccgtitcetegacctetacgggaagatcaccgatecegegaacggetacticicgeeggagggaatcecctacea
ctecgtegagacgetgategtcgaggegeccgaccacgggeacgagaccaccteggaggectacagetacetgatetggetgeaggeg
atgtacggcaagatcaccggegactggaccaagitcaacggtgegtgggacaccatggagacgtacatgateccecacecacgecgacca
geecacgaactecttctacgacgegtecaageccgecacctacgegeccgageacgacaceccgaacgagtacceegeggtgcicgac
ggetecgectecteeggetecgacecgategeggeagagetgaagagegegtacggeacegacgacatctacggeatgeactggateea
ggacgicgacaacgtetacggatacggeaacgegeecggeacgtgegeggecggecccacecaggeeggtecgicctacatcaacace
ticeagegeggetegeaggagteggtetggaagacegicacceacecgacetgegacaacticacgtacggeggcgeeaacggetacet
cgacctgttcaccggggactectegtacgecaageagtggaagticaccaacgececcgacgecgacgeecgegeegtgeaggeegee
tactgggcegacgictggacgaaggageagggoaaggegggcgaagicgecgacacegicggeaaggeggegaagatgggtyacta
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Figure 19 (continued)

cetgegetacteeatgttegacaagtacticaagaagateggegactgegteggeeegaccacctgeecggecggetecggeaaggaca
gegegeactacctgatgtectggtactacgectgggeeggegecaccgacaccteggeeggetggtecipgeggatcggetecagecac
geecacgggggataccagaaceegatggepgectacgegeigagetcegigeecgaccicaageecaagicggecaccggagegeag
gactggaccaggagectggaccgecaactggactictaceagtggetecagicegacgagggteccatcgegggeggtgegaccaacs
getggaaggecagetacgeecageceecggecggeacgecgacctictacggeatgtactacgacgagaageoecegigtaccacgacee
geegtecaaccagtggticggeticeaggegtggtecatggagegegtegecgagtactaccacgagicgggtgacgeecaggegaagg
cegigeicgacaagtgggtegactggaccectgicegagacgacegtcaacceggacggeacctatctgatgeccteccaccectecagigat
cgggegegeeggacaccetggaacgectegaacceeggtgecaacgeecagetecacgicacggiegeegactacaccgacgacgteg
gegtggeeggegegtacgeecggacactgacctactacgecgecaagteeggtgacacggaggeegaggoecaccgecgaggegetg
ctegacggcalgtggeageaccaccaggacgacgecggegtggeggtgeccgagaccegegecgactacaaceggticgacgaceeg
gtctacgtceceggtgactggacgggegeeatgcccaacggtgacacegtegacgaggactegacgttectetccateegetcctictaca
aggacgacccgaactggecccaggtgeaggcgtacctggacggeggtaccgecceggtettcacctaccaccggtictgggegeagge
cgacatcgeactggecctgggegegtacgecgacctectggagtga

>SACTE_3159|chitin-binding domain 3 proteinjCBM33,2 (SEQ 1D NO:19)
atggctagacgeageagacteateteectggeageggtgetggecaccetgeteggggegeteggectcacegeactetggecgggcaa
ggcggageegcacggigtcgegatgacecceggategegtacetatetgtgecagetegacgecctgtecggeaccggegepctgaac
cceacgaaceceggectgecgggacgegetgagecagageggegegaacgegetgtacaactggitegeegtgetegactecaacgeg
gucggecgeggegegggatatgtgccggacggeagectgtgeagtgccggigacegetcecegtacgacticteegectacaacgecg
ceegegecegactggceccggacacatetgaccetecggtegcgacgetcaaggtgeagtacageaactgggecgeccaccecggtgactic
cgggictacctgaccaagecgggetggacacccacgtecgaactegettgguacgaccetteagitggtacagaccgtaageaaccegee
geageagggeggggeggocaccaacggegggeactactactggeacctggegetgeegtegggeegticeggigacgegetgatgtic
atccagtgggtgegticgpacagicaggagaactictictectgcteggacategicticgacggeggeaacggegaggtgacgggaateg
geggoacgggeacceccaceeccacicegaccecgactecgaceeegaccecgacggacceeggageacteeggticctgeatggeegt
ctacaacgtcgtcagetectgggeeggtgpeticcaggecteegicgaggtgatgaaccacggtacggaaccgegeaacggcetgggecg
{geagtggaagecoggitcegggacgeagatcaacagegtgtggaacggeteectetccaccgggtccgacggeacegtgacgglgeg
cgacgtggaccacaaccgtgtcategecceggacggeagtgtgaccttegggticacegecacceticcacgggeaacgactaceecgeeg
ggacgatcgggtgtgtgacgtectag

>SACTE_0482|glycoside hydrolase family 5{GHS (SEQ ID NO:20)
gtgaaacgetitctggecttactggecacctgegegacggtectgggecticacggeactgacoggececcaggeggtggecgeegeggy
ctgeacggecgactacacgatcaccagecagtggeagggeggeticcaggecgeggtgaaggteaccaaccigggaacccoecgigace
gggtggaagetcacgiicaccctgecggacgegggacagaaggiegtecagggctggaacgecgectggtcgeagtegggticcgegg
fcaccgeegeeggegecgactggaacggeacactggecaccggegegicggecgaggegggettegtggactecticacgggegeca
accegecteccacggegticgegetcaacggtgtegectgtacgggetecaceggagaacceeCgeregactcegacggeggraceee
cgtggacgtcaacgggcagetccacgtetgegagatgaaccictgeaaccagtacgaccggecegtgcagetgeggggtatgageacyg
cacggeatecagtggticgacgectgetacgacgeegecteectggacgegetggegaacgactggaagicggacetgetgegeatege
catgtacgtgeaggaggacggtiacgagacegacceggegggcticacccggegegtgaacgacctegicgacatggecgaggeeege
ggcatgtacgegttgategacticcacaccetgaccecgggegaccegaacgtcaacetegaccgegecaagacgticticgegtecgte
geegegegeaacgecggeaagaagaacgtgatctacgagategecaacgageccaacggegtgacciggacggecgicaagagetac
geegageaggtcateceggtgatecgggeegeegacecggacgeegicgicategieggeacccgeggetggicetegetgggegtete
ggacggetecgacgagagegaggtegteaacageecegicaatgecaccaacatcatgiacgegitecactictacgeagegagecaca
aggacgectaccgetecacgetgagecggaeggcggegeggotticegeteticgtcaccgagticggeacggtgagegecacegaegg
cgggecgatggaccgggegageaccacggectggetggacctgetegaccagotgaagatcagetatgegaactgacctaticegac
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Figure 19 (continued)

gegeeegagageagegeggegttceggecggacacctgeggeggeggegactacageggeageggegtgctgacegagteeggge
cgetgeteaagaaccggateageacceecgaticeticeecaccggetga

>SACTE_0265|glycoside hydrotase family 10JGH10 (SEQ 1D NO:21)
atggecaagaaaatceccgecegtgecagacgggeactetecgtectgacggegggegtgetegeegeegeeggegtegtetegeticge
cggeacggecgaggeageaggcaccetgggtgacgeggeggcggegaagggeeggtacticggeacegeggtcgeggegaaccac
cteggegaggeacegtacgegiceacgetiggacgeccagitegacicggteacceeggagaacgagatgaagteggaceeggicgag
ggcagecgeaactecticacctteacggecgecgaccagategteagicacgeccagageaagggaatgaaggtgegegggeacacee
tggtgtggcactegcagetgecgggetgggicgaeggectgggegecaccgacctcegegeggegatgaacaaccacateacceaggt
gatgacgeactacaagggceaagatecaticetgggacgiggtgaacgaggocticcaggacggeaacageggtgeccggegeagetete
ccticcaggacaagetggptgacggcticatcgaggaggegticegeaccgeeegiacggtegatcegacegegaagetctgtiacaacg
actacaacaccgacggecggaacgegaagagegacgeggtciacgeeatggegaaggacttcaageagegegatatoccgategact
gegtogpettecagicecacticaacageaaciceccegtgecetcegactacegggeeaatetecagegeticgeegaceteggtetega
cgtecagateaccgaactggacatcgagggttecggcteggeccaggecgegaactacacgagegtegtgaacgegtgectggecgtga
ceegetgeaccggectcacegtetgggetetcacegacaagtactectggegeageageggeacgecgetgetcticgacggegactac
aacaagaagceeggcegtacgacgeggtgetcgecgegetcggeggeaccoecegacggiggacggtgacgacggeggacggegacaacy
geggegggaacaccggeagetgeacggegacgtacacgeagacegecacgiggaacggeggatacaacgetgagetgacggicaag
geaggetectecggeateaccacctggteggtgecggtgacegtgecctegteecageaggicteegeeetetggaacggegececeac
gtggaacgeeggcaacacogigatgacggtgaageccacctacaacgggaccetggeggecggigoctegacgageticgggtteace
gteatgacgaacggeaacacctcggegecegecgteggegectgeaccgecteetga

>SACTE 2347|ccllulose-binding family HJGHS5,CE3 (SEQ ID NO:22)
gtgagaacagcgatacgeacageacgacgaccacageeectggecctictgetgagaggtetggecgecticctggggctegecctege
cggageecteggeecggecaccgegeggecegeggacctgeccecagegggeggageegcgggecgecggectecacatcagegac
gegegectggtogaaggcaacggeaacgacticgtcatgegeggeatcaaccacgeccacacctggtatecgggegagacccagteoct
cgecgacatcaaggegaccggegegaacacggicegegtggtgctgtccgacggetacegetggagegagaacageccegaggacgt
cgeetegatcategeccggigeaaggeegageggetcatctgegtectggaggiccacgacaccaccggetacgggaageacgegee
gecggaacceicgaccacgeggecgactactggatcggectgaaggacglactcgacggegaggaggactacgtegtcatcaacateg
geaacgagecctgggaeaacgecgatecggegggctggaccgeeeccacgacggecgegatccagaagetgegegeegeeggttte
geecacacgatcatggtggacgegeccaactggggccaggactgggagygegicatgegggecgacgeccggagegtgtacgacge
cgaccegaccggeaalctgatetictogatecacatgtacagegictacgacaccgeegegaaggticaccgactacetcaacgecticgtc
gacgecggacttecectgetcatcggegagitcggcggecccgeggaceagtacggegacccggacgaggacacgatgatggecace
geegagpagtipgpgcteggttacctggectggicctggageggcaacacggatceggicetegacctggtectegacticgaceecace
cggoteagetegtgggecgagegegteetccacggeceegacggeateacegagacgteeegtgaggecacggtettcggeggcggg
cagggegaggegacaccgaggeeccgacegeacecggeaccecgacggectecggggtgacggcgacctecgteacecteggoty
gagtgcegecaccgacgacgteggegicaccgegtacgacgtggtecgegtgaccggeggeteegagacgaaggtegectectecgeg
gecaccteggteacegtgaccggtetgagegeeggeaccgegtacagettcgeegictacgeecgggacgeggecggeaacegticgg
cgegetecggeacggtgicggtcaccaccgacgagggepacagegigeceggagacgectgetccgtgggctacegggtgateggeg
agtggccggecggcticeaggggpagatcaccetceggaacaccggegeegecgeegtogacggetggacgetgggoticgecticge
cgacgggcagaccgicacgaacatgtgggacggeaccgegacgeagageggggacecggtgagegteaceceggectegtacacet
ccacgategecgecggeggeteggicacegleggeticaccggeaccetgactggegegaacgeegeceeggeggccttcacgetcaa
cggegeeacetgeacegeggeotga

>SACTE 0357[polysaccharide deacetylaseiCE4 (SEQ 1D NO:23)
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Figure 19 (continued)

atgagcatcacaccecgleectecctgegegecatggteaceggictegeegtcgeegegicegeectggegggeggegeegteacege
cgeaccggeeegggeegeegettgcaacggetacgtegggetcaccticgacgacggacegicggeggeecagaccecggeectget

gtecgegetcaageagaacggectgegggecaceatgticaaccagggcaactacgecgociccaacceegeocaggicaaggeceag
gtegacgecggeatgtgggtegocaaccacagetacagecacccgeacctgacecageagagecaggegeagatggactecgagatet
ceeggacceageaggecategeegeeggaggeggeggeacaccgaaactgtecgecegeegtacggegagaccaacgecacgetg

cggteggtegaggegaagtacggteteaccgaggteatetgggacgtcgactegeaggactggaacggegegageaccgacgegateg
tgeaggeggicteceggeteacegecggicaggteatcctgatgeacgagtggeccgecaacaccetegeegegatecegegeategec
cagaccetgteegecaaggggtigtgttceggeatgatetececgeagaceggecgegecgicgetecegacggegocggeaacggty

gagggpecpgtapeggigpcggatpcaccgegacgitgtcggcgggtgagaagigepgtoaccggtacaacctgaacgtpgcgetea
geggctecageaactggacggtgacgatgaacgtgecgtegggegagaggyteatgacgacctggaacgtcagegegagttatccgag
cgegeagglectggtegecaageegaacgggagegggaacaacigggatocgacgatecaggecaacggeaactggacctggeega

cegtetectgeaccacgagetea

>SACTE 0358{Endo-1,4-beta-xylanaselGH11 (SEQ ID NO:24)
atgaacceactegtgtacacggagegecgeagacgeggecggctcacctegetggecggeagegtotgegecctggtactggeegeeg
cggecgegatgetgetgeeeggeacggecagtgecgacacggtegtcacgacgaaccagacceggeaacaacaacggetactactactc
gtictggaccgacggeggcggecaggtetecatgaacctggectecggeggeagetacageaccicgtggacgaacaceggeaacticg
fcgecgpcaaggactggageacggacggecgtaagagegtcacctactegggeaccticaacceegtecggeaacgectacctgacget
gtacggatgetcgacgaaccegetcgtegagtactacategtggacaactggggcacctaceggeccaceggtacgticaagggeacgg
fetccagegacggeggeacgtacgacatetacgagaccacecgeaccaacgecccciccatcgagggtacgaagaccttcaageagttet
ggagcegiceggeagtcgaageggaceggeggeaceateaccaccggeaaccacticgacgectgggeccgeaacggeatgaaccteg
geaccatgaactacatgatectegecaccgagggetaccagagceageggeagetcecaacatcacggtgagegagggeggatecggtog
tggeggcgacaacggiggagggggcggigecgatagegggtgcaccgecacgigteggegagtgagaagigggatgaccggtaca
acctgaacgtggeggtgageggetecageaactiggacggtgacgatgaacgtacegicggeggagaaggtgctgtegacctggaacat
cagegegagttatcegagetcccaggtectggtegecaagecgaacgggagegggaacaactggggtgcgacgatccaggccaacgg
caactggacgiggecgaccegtetectgeaccacgagetyga

>SACTE_1310{Pectate lyase[PL3 (SEQ ID NO:25)
atgagtgaaagagecegeatceccacgtacceaccggegeegecceggecgecggegeatcgeeaccgegetgacggeggcactagy
cotcaceggegeegeactggecaceggegtgatgetecagecggecggegeggecacecacegegatececgectggeccteegeeac
gggeagecagicegtctcgaagaccatcgaggictecgggacgtacgacggeggtctgaagegettcaccggeageggtgacetegge
gacggtggecaggacgaggaccaggaccegateticaagetgaaggacggggegacgatcaagaacgtcatectgggeactceggee
geegacggeatecactgetceggeagetgeacgatccagaacgictggtegpagracgteggegaggacgecgcgtecticaagggca
cctecacgtogtecgtgtacacggigtacggegacggegcgaagaaggectecgacaaggicticeagitcaacggepegggcaagety
gtegtgacgaagttecaggicgecegacticggeaagetggteegetegigeggeaactgetccaageagtacaagegegagateategte
aacgacgicgacgteacggegeegggeaagteectggicggeateaacaccaactacggggacaccgeggegetgegeteggtgege
gtecacggegacageageaagaagatcaagecctgegiccgetacaceggeaacageacgggogeggaaccgaaggagacgggeag
cggtecpgacggeacgtactigeaagtacaccgecteggaccigagetacgaciag

>SACTE 3717iglycoside hydrolase family 9jGHY (SEQ 1D NO:26)

atgtggigteaccegtacctecgectecgeacgiceggacgaaaggtticcteggtgaacgeeettecaccccecgeecggeccgeacee
gtcegaccacggteceggtacggeeggegegtgetegggatgteggecgecgecctgetgtgegeaggggecctggeogtgeccggta
cggecatggecgacgacgeegaacceggacceggeccegageagateaccaacggegacttegecaccggtacetcageeeegtgat
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Figure 19 (continued)

ggtggacgeegaacgectcggeegeegtgtecgaggpccggetetgegtggaggtgeecgecggeacggecaacgectgggacgica
tegteggecagaacgacgtacegateglegeggecgagagetacgagetgtectacacggegegticgacegtgeccetgacegticag
acccgggtecaggaggeggatagapcectacacgacggtgetgacgacggcggateeggtggacpegpaggacacgeggsicgece
geacgttcacggecteggtggaccageccgeogegteggtgcagtigeagateggtggcggagagcggocgacgacgiictgeetgga
cgacgtgtegetgegggacggaocegagecgeecgigtacgtaceggacaccggetcgecggicegegicaaccaggteggataictg
ceecgeggteccaagageggeacegtggicaccgacgecgaggegeegetgacctggacggtcaaagecgaggacggticgacgge
cgecaccggtacgacegticcgegaggtgaggaceccagetegegecgacgggteeacaccticgacticggegacctcaccacggeg
ggegacggctacaccgiggagotegacggigagateagcgagecgtictegatecgeggggacctgtacgactecctgegeteggacg
cgetggegtactictaccacaaccgeageggeategagatcgacgeggacciegteggatgageagtacgegegeccggeeggicacate
ggegtegoegeccaacaagggegacacggacgigecgtgecgacetggggictgegactaccggetggacgtgteggpegoetggtac
gacgegggegaccacggcaagtacgtggicaacggeggpatctcggtogcccagetgatggecacgtacgageggacceetcaccgec
ceggacgeggagicggecgageicggegacggegegetgegggtgeecgagegegacaacgggatgccggacateciggacgagy
cgegetgggagatggacticcteateaagatgeaggicceggegggegageagetggeggggatggtecaccacaagatgeacgacge
cgagtggaccggectgeegatgaagecgeaccetggaccegeageagegegagetgeaccegecgicgacggeegecacacteaacet
cgeegecacggecgeccagtgcgeccggetctacgegeccticgacgeggacticgeggacegetgectgegggeegeegagaccge
glggpacgegpegaageggeacecggacgigeicgecgacccgaacgacggeateggeggeggtecgtacaacgacgacgacgtet
cggacgagtictactgggeggccgecgagetcttcaccacgacgggcaaggacatelaccggeaggeggtgctetecteegeatggeac
gegtgacgegggaegeggtcitceeggegggeggeggaatctectgggpetecacggocggacteggegtgeicaccctggeeacegige
ccaacgeectgacgtecgateagetegeccaggtecgeacggtggtgacegagggegecgaccgetacgeegegeagtceegigage
aggegtacgggctgeegtacgegecceggggagageactacgictgggaotccaacagicaggtgcteaacaacatggtegicctgge
caccgeccacgaccigaceggtgacgecgectaccaggacgeegigetgegggacgecgactatetgetgggecgeaaccegetgaac
cagtegtacgteaccggetacggegageggoactegeacaaccageaccaccgetictgggegeaccagaacgaceecagectgecga
acecggegeceggttcgategegggeggecccaaccteaccgegategectecggtgaceeggtegeggeggagaageicagegget
gegegeecgecatgtgctacgtegacgacatcggetectgggegaccaacgagatcaccatcaactggaacgeaccgetegecettcateg
cetectacctggacgacgegggcgagggeggaeagaccgecgeggeecgeacctgecaggteacgtactectegeaccegtggaaca
gegagtegacggisacgetacggategagaacacceggetcggatceegtetegecctggacgetgacetggetgetececggegaged
geggetgagecacacgiggagegeggagticgaccageacggeegtacggtcagegeecggecgetgtegtggaaccggaccetgge
acceggegeggeggtcgacticggettcaacaccteggeggeggeetectegeccgageegggegegticaagetgaacggeeggge
ctgeicageggpctga

>SACTE_ 4638jconserved hypothetical protein} (SEQ ID NO:27)
atgegtaceggatecategegegegtectgggectegecgecgecctggecgeactgeteaccacggecttcatggeeceggecatgge
cggcaaacacgacgecacegacteceegteegeegeggecgececggegtectteacceacceeggegtectggteageeggeegea
gotegacticgtacgeggeaaggtccaggegggggeccageegtggaagggracgtacgaccagatgetggecagicectacgecteg
cictegeggaccgecaageeecgegeegtegiggagtgcgactegtactecaaccecaacaacggeigeaccegacgagegegaggac
gegetggecgegtacaccetetegetggectggtacatcagecaggacggecgetacgeccagaaggegatccagateatggacgectg
gicggpcgteatcaaggaccacaccaacageaacgececgetigeagacgggctgggecggctecteciggecgegggeggecgagat
catcaagtacacgtacggeaactggeeggegteeggeegeticggeaccatgetgegtgacgtctacctgeccaaggtegecaacggete
gaacagceaacggceaactgggaactetecatgacegaggecgegateggeategeggtettectggaggaceggggegectacgacagg
geegtegecaagticegeggecgegtececgegtacatatacgtgaccgecgacggategetgeegaaggecgegeceggeageggte
tcgacacgegggaaaagatcatcaactactggeagggccagicgaccettcgtggacgggcictegeaggagacctgecgegacctcace
cacaceggetacgggcteteegegateicccacategeegagaccagecggatecagggecaggacetctaceeggaggicegeegace
ggcteegteacgegetggggctgecacgecaagtaccagetgggeeagaaggtceegtectecctglgeggeggctegetcaaggacag
ceteggeccggtcaccgaggteggcttcaacgecetgeacaaccgeatgggttacgecatgacgaacacccagacccteacegagegge
ageggeecgeegeeticgaacaacctgtiegiggectgggagacectgacgeacgeegacaacecgaactga
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Figure 19 (continued)

>SACTE_4738|glycoside hydrolase family 16jJGH16 (SEQ ID NO:28)
atgeeeteccgtacgacgtigatcgecaccacegeggecctggicgecctegecgeecceatggecttcgeggetecegeoeccgeecce
gacceegeegtegaggecgeegecgeggccigggacaccgaccgegeggegtecgectacgeggegaaccecgecgeegteacege
giceggcagegagaacceegeotccggaccggaegecgecaccgacggegacgecaccaceegetggtecagegacticgecgaca
acgectggatacgegtegaccicggetecaccatecggatcaaccaggigaagetggagtgagagaccgectacggcaagaagtacgtc
ctggaagictccaaggacggeaccaactggaceccctictacacggaggacgegggeaccggeggeaccgteacegeecacacetace
cgcaggagptcaccggcegetacgtgeggatgcgeggegtegaacgegecacggectgggeactacteectettctecticcaggtetacg
ggggegagecggecceegectegaccaccegeageaaccicgecctcaaccaccecgectacggegacctetaccageacgeeggea
actcgecegeaticgteaccgacggeggetggeecgecgacctgaagecggaccgcticcegetggtectecgactggaacgeggaccy
cigggteggegtegacctcggegegacctecaccatcaacagegiogaceictacigggageeggoectacgecgicgactacgagatee
aggtgtecgacgacaaccggacctggeggacegtecaccgeecctecgeegecgaggicgecgecagacgegecgacgtcaaggece
cggeegageeegtcggacgecacgacaccalcaaccigeccaceeeggeeaccggeegetacgtecggatgetggpcaaggagegce
gtteettctacaacccggeacectecaccgeccagticggetactegetetacgagttecaggtetegopocaccggeggeagegeggacg
cegectacecegecctgeccaagaaccecggeggegectacegeaccaccticticgacgacticaccggeteeggectggaccgetee
aagtggegegtggtgcgeaccggtacggagatggecceggicaacggegagicccaggectacgtegactegecggacaacateegta
ccgagaacggegecctggtectggagiceaagiactgeaagggetgeacceccacgeccaacggeaccticgacticacetegggeege
gicgacaccaacaccaagitegacticacetacggeaaggtgagegecegtatgaagetcecggteggegacggttictggecggegtiot
gectgetgggeagegacgicgacgaceeggeggtetcctggoecggetecggegagacggacatcatggagaacateggetacggcg
actggaccagetecggecetgeacggacceggetactcegeagacggeaacateggegecteccagacetaccegaacggegeccgss
ccgacgagiggeacacctacggegtcgaatggaceceegaaggeatgaccttcaccgicgacgaccegegicgtgeageagaccetceeg
ccagaagcetggagtecacecgeggeaagtgggtettegaccacaaccagtacgtgatectcaacetggeccteggeggegectaceegg
geggatacaaccaggtcacccageectaciggggecticegeagtecagegtegaccgeategeacagggeggeatcaaggeggagat
cgactgggtacgggicgageagaagtaa

>SACTE_4755|conserved hypothetical proteinjGH64 (SEQ 1D NO:29)
gtaatttegegeagaatgticetgaceggegecegeegectecgegacegegeteacctatecgetetggggeacegeectgageecgege
acgtcggeggcggecgecacgtgegaactggeectcgagaacegticgtigeccggtacggtacacgectacgicaceggtcacgagea
gggcaccgacagetgggtoctgetgcggacegacggeagegigtacegeeccgagicgeegggcgetcegeagaceccictgeeggt
ggactgegeeatecegetgaacggegecggegeeggaeecggtegtcetgacgetgecccagatgtacggegegegggatetacttegice
gtoacgacaagctggactictacctgaaccogggeccctegetggicgagecggoecticgegacgeccacegacccgaactacggaeac
acctggtegtictgegagttcaccticaaccegeageagetgtacgegaacatcagetacgtegacctggicacegeectgecgateggcet
gacectggaggacgactccacceacacegtegeccegetcceggacggegecgtgeagegeategeegacgacctgacggeccagge
ggecgeegacgggeagecgtgggacaagetggteaceegiggetcggacggecaggtgetgeggategictegecgeagaacctgat
ggegocgtacticgaccggecegacgagatgeecgticegggaccigticgeggeccagatcgacgaggtetgggagaagtaccgeteca
cegacctgeggatcgacetCeagggeggecggggeaceotggegagecggeateageggapgacacgetgaccticgagyggeggacac
acctictceaageccacctcgaaggacatettcacctgeaaccacggtecgticacgaacaaccegagegacteggacgacaagaagge
getgetggecaggategeggegggcticaaccggtcgatcatgetgagecaccecagecagecgaacggeaccteggtggeggactact
accaggacgcggigaccaaccactggtcgegagicgteccacgegaacteccecateggetacgegitecegtacgacgacgtacgecee
gacggtgagecggacgtetcgggegeggegaacgacggeaacceecggegeticacggtgagegtggettectga

>SACTE_5457|Chitosanase{GH46 (SEQ ID NO:30)

gtocttcacceccacaaccgeaccgeacgtegeaccacteggeteaccegeaceggeggictegeegecgeggecectegggetegeget
catggegeteeeegtcacegeteacgecggegoccecacgeagecggecgeteateatetggaggecgecgegaccggactiggacgat
cccgegaagaaggacategecatgeagitggicteccagegeggagaacticeacgetggactggaaggegeagtacggetacategagg
acatcggegacggacgeggcetacaccgecggeateateggettetgetcegggaccggagacatgetcgeectggicgagegetacacg
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Figure 19 {continued)

gacegetcacegggeaacgtactggegtegtaccetgeecgeoctgegegageicgacgegaccgactegeacgacgggetegaccee
ggettecccegggactgpgecgaggecgegaaggaceeggigticcageaggegeagaacgacgagegggacegggtotacticgac
ceggeggtgegecaggecaaggaecgacgggetggagacgeteggecagitcgegtactacgacgecategteatgeacggagecgge
ggypacageacgageticgggtecatccggeagegegegetcgeggaggeggaaccgecctegeggggeggtgacgaggtegecta
cetegacgegtieciggacgegegggtctgggegatgeggeaggaggaggcccactcggacaccagecgggicgacaccgegeage
gegicttcetgegegacgggaatctgaacctggatcegecgetggactggeaggtgtacggegacageticcacateggetga

>SACTE_5647coagulation factor 3/8 type domain protein|GHE7 (SEQ 1D NO:31)
atgaccecaccgeacagacaccgectgticaggegeicggtgteegetteectetegetggeecticaccgecgteggeaccgecgecgeg
gtegtectggecggtgeeccggeggeccaggeegeegeggteecegeacectececggicggeatatecggeeggggegecgecgic
cegttcacggageaggaggeegagtacgeegegaccaacggeacgetcatcggeccggaceggegetacggetcactgeccteggag
gegteeggecggeaggecgteacgetcgacgeggecggtgagtacgtggagticaccctcaccgeccecgecaacgegatgaccitee
getattcgetgecggacaacgeegeegggacgggcegggacgectetctcgacctgegggigaacggeicggtectcaagagegteee
ggtgacctegaagtacygetggtactacggggatiaccccticaacaacaaccecggggacaccaaccegeaccatitctacgacgagac
ceggaccatgticggetegacectgeccgecggtacgaaggteeggetgeaggtegegiccaccgecggetegeectegttcacegteg
acctggecgacttegageaggtgoccgegecegicggeaageegtecggegeactiggacgtggtgagegacticgggaccgacecga
ccggggeggecgaciceaccgcgaagatecaggeggeggiegacgeggggegeacceagggeaaggtegictacatcecgeagggg
accttecaggtgegtgaccacategtegtggaccaggtgacgetgegeggegecggeecctggtacagegtgetgacgggoocgtcacce
cacggaccggageaaggeggteggigicltacgggaagtacicggegeagggeggeageaggaacgicacceetcaaggacticgecate
atcggcgacatceaggagegigiggacaacgaccaggteaacgecatcggeggggccatgteegacicggicgicgacaacgtetggat
geageacaccaagtgeggcgectggatggacggcecgatggacaatttcaccatcaagaacagtegeatectggaccagaccgeggac
ggegtgaacttecactacggggteacgaacticgacegtcacgaacaccttegicegeaacaccggtgacgacggectggeeatgtggoc
ggagaacgtccegaacgtgaagaacaagiicacgticaacacggtgatectgccgatectggecaacaacategigacgtacggeggcaa
ggacatcacgatetcegacaacgicatggeggacaceateaccaacggeggeggactgeacategecaaccgetaceegggegteaact
cggggcaggggacggcegicgegggracgeacacggecgegegeaacacectgatecgtaceggeaacagegacticaaciggaact
tcggegteggggegatetggticageggectcaacgaaccgateageaacgecaceatcaacatcaccgacagegaggtectggacage
tcetacgeegegatecaccigatcgagggtgcgageaacgggctgeacticaagaacgtcaagatcgacggggcgggtacctacgeect
geagatccaggeaccgggeacggecaccticgagaacgtegiggecacccacatcgeccagiccaaccegatccacaactgigteggca
geggcticcagatcacccggggeageggeaacteeggetggtacgecgaccegecegectgeaccggggtetgeccegacceggigte
gaccaacggeggegtgeccggaggegegeggiceeaccaaccegaccgaccecaccgaceecaccgacecgacggaceccacegac
ccgectgaggagacggecaacctegeceggggacgeaccgicaccgagaccagecacacggacgtgtacggegeggecaacacegt
cgacggeaacgeggacacgtactgggagagecgeaacaacgecticeegeagteegteacegtcgaceteggegetgecaaggeggtyg
aagegggtggtoctgaagctccegeeggecgecgegtgggcgaccegeacgeagacgeicicegtgteeggeageaccgacaacggg
acgtacaactegetgaaggegteggeggetiacaccticaaccegicgageggeaacaccgegacggtetcecteecggggacgecggt
ceggtacctgeggetgaccttcacccagaacaccgggtggeecgeegeccagetgtecgaactggaggoctacaccagetga

>SACTE_5978Pectate lyase/Amb allergen{PL1 (SEQ 1D NO:32)
atgaggagaccagtcgecctgegacicagegeggeggaggceaccetggecctggctgeegegaceggegeactgatggegatgece
£agECLLeCHicgecagegaccggrgecgteaccggatacgegacccagaacggeggcaccaceggeggcecegacgegcagacy
gtgeggpecaccaccgggaccgegatecacgeegeectgtgeggacgoaccageageiccaccecgeteaccatceaggtegaggpg
accatcaaccacggeaacaccgacaaggictegggeageagetgeaacaccgecgecggagicatcgagetgaageagatcageaac
gtcacgatcgicggegtggacggcggegecgtcitcgaccaagtaggcatecacgtecgegagtccageaacatcatcatccagaacgtc
accgtcaagaacgtcaagaagtceggetegeccacgiccaacggeggtgacgecatcggeatggagaaggacgtecgeaacgtetggg
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Figure 19 (continued)

tggaccacaccacceiggaggectcgggeggegagtcggagggcticgacggcetcticgacatgaaggeeggcacceagtacgtgac

getgtectacageateotgegeaacteeggecggegagaccticgteggetccagegagagegaccteticgaacggeticateacctacea
ccacaacctgtacgagaacatcgacteccgegeecetetgetgeggggeggegicgeccacalctacaacaaccactacgigggactcag
caagtcggecatcaacteccgggeeggegeccgegecaaggtggacaacaactactiegaggactccaaggacgtectgggcacctict

acaccgacgcggecggetactggcaggicageggcaacgteticgacaacgtgacgtggtecggecgeagoagegacaacaacceeg

cggaceeggacecgeagiceaacaccicggicageatceectacgectacaccctegacggggegaactgegtacegicegtegtgage
cggacggegggegcgaacacggegctgaaggigicggacggcageigicgeegcagacgegeaccegaccgaccccacceecg

accegacgeeggaceegaccgacceecactcegeccaccgggaccaaccicagecteggggecgacteggacggeiccageaaggeg
agegggaccagetacggegacgtgegggacggtgacatgageacctactggtcaccgtceggetegaccggticegictegateaagtg

gagcetcegecaccacegtctecaagatcaacgtgegegaggeggegggetecacgggetecatcacctectggaaggteggeaacgce

gacaccggegeegteciggeetceggeageggggegggegtceatcacgticecgeagaccicgetgegeaagateacgticgagateac
gggcicgacggacacgecgaaggicgecgagticgagacgtacgecggetga

>SACTE 5230ixylose isomerase] (SEQ ID NO:48)
atgecggagegtticacteccactectgaggacaagitcacgticggictgtggacegtggactggegeggeaacgaccegticggteage
cgacgegteeggtectiggaceeggtegagtcggtcgageggctggeggageteggtgegeacggggtgacgticcatgacgacgacet
gaticegttcgggteggacgacegtgagegggegeggetggicgggeggticagggaggcegetggagegtaccgggcteaaggtgec
gatggegacgacgaacctgttcacgeacceggigitcaaggacggegggticacctecaacgacegtgacgtgeggeggticgegetge
gecaaggtgatccgeaacategatetegeggtggageteggegegeagacgtatgtgacctgggocggacataaggacgccgagiceg
gtagcggecaaggacgtgcggteggecctggaccggatgaaggaggccticgacctactgggegactacgteaccgageagggetacga
cectgeggttegegategageccaageccaacgageccegeggigacatectgetgeecacgategggeacgegetggoecticategage
goctggagegeccegagetggtcgggatgaacceggagaccgggcacgageagatggecgggetgaacttceeccacggeategege
aggeectgtgggegggcaagetettecacategacctcaacggecagtecgggateaagtacgaccaggacticegeticggegeeggt
gacctgegecaggegtictggctegtggaceteetggagacggecggetgggacggeteacgecacticgacticaageeggtacgeac
cgacggeatcgacgggetotougagiccgegaagaactgeatgegeaactaccicalecicaaggagegegecgecgecticegegee
gaceecgeegtecaggaggecctcaccgectecegectegacgaactegeecgececacegeegacgacggecicaaggeactecteg
cegaccgeaccgectacgaggacttcgacgecacegecgeegeegaacgetceatggecttegaagecctcgaceagetegecatgga
ccacctectcaacgteegetga

>SACTE_4571glycoside hydrolase family 1§iGH18 (SEQ ID N(:49)
atgacaagegegelcagggegacgeagggitiocagiccacgaaccaccecegtitgteggacetcacecgaggageacegtigageac
tgaatcecccegaagaagticecgtetcagatggagacteggeecggggegggeeaccegggecaaggeggiegegggcticacegea
ctgetgetgeegetegeegegatggtcggeotggegtcccoggeccaggeegegaccteggegaccgecacctacctcaagaagicgg
actggggcageggcticgagggccagtggacggtgaagaacaccggeaccaccgecetgicetcetggacgatcgagtggeacttcee
ctecggeaccgeggtcggetcegectgggacgeetecgtgaccagetceggeacceactggaccgecaagaaccteggetggaacggt
acggtegeccegggtgccageateageticggeticaacggeaceggatecggetceececaccggetgeaagetgaacggtgeceteetgt
gacggeggcgeeacggtceccggegacagegeeecgiccaageceggeacceccacegegageggeateacegacaccteggtgaa
getetectggagegeageecaccgacgacaagggcatcaagaactacgacgtectgegegacggegecaaggtegegacggicaceac
gacgacgtacaccgacaccggectcaccaagggeacggactactectactecgtgeaggeccgegacaccgeegacceagaccggace
ggtcageggegeggtagregtgegeaccacgggegagaacgacaaccegggecceggeaccggeageaaggicaaccteggetact
tcaccaactggggcgtetacgggogeaactaccacgtcaagaacctggtgacctcggectcggecgagaagatcacgeacatcaactac
gecttcggeaacgiceagggcggeaagtgcaccateggegactectacgeegactacgacaaggectacacegecgaccagieggiog
acggegicgecgacacgtgggaccagecgetgegeggcaacticaaccagetgegcaagetcaaggegaagtaccegeacatcaaggt
gatctggtegticggeggctggacctggtecggeggeticggtgeegeggegeagaacccggeegegticgeecagtectgetacgacct
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Figure 19 (continued)

getegagoaceccegeigggecgatgicticgacggeategacategactgggagtaccccaacgectgeggectgaccigtgacacca
geggeeccgecgegetgaagaacctgtecteegegetecgegecaagticggegegaagaacctggteacegecgegatcaccgegga
cggcteggacggeggcaagatcgacgecgecgactacgegggegeegegeagtecticgactggtacaacgtgatgacgtacgactict
teggegectgggaggegaagggtecgacggececgeacteccegetgaacgegtacgecggeateccgeaggacggcitcaactecg
cecgeegecategecaagetgaaggecaagggcegteccggectcgaagetgetgeteggeateggetictacggecgeggetggacggg
cgtgacceaggeggeacegggeggeaccgecaccggegeggeecegggeacgtacgaggegggeatcgaggactacaaggiectea
agaccagetgeccggecaccggeacgatlcgeeggeaccgegtacgegeactgeggcaccaactggtggagoetacgacaceceggega
ccatcacctccaagatggectgggegaacageeagggecteggeggtgegttctictggeagttcageggegacaccgecaacggega
getegtgagegecatggacageggectcaactag

>SACTE_2313|chitin-binding domain 3 protein/CBM33 (SEQ ID NO:50)
atgcggaaaagggcaagegegeccgtcataggectggegategeeggegtetegatgticgecaccageagtgecageagecacgget
acaccgattcceccatcageagacagaageigtgtgecaacggeacegteaceggetgeggeaacatccagtigggageegeagagegt
cgagggecegaaggaeticecggeggeaggiccggeggacggcaggatetgegecggeggaaacagcetecticgecgegetegacga
cecgegegggaggcaactggeecgecacecaggteaceggeggecagggetacaacttccgetggeagticaccgeecgeeacgecac
gacegacttecggtactacatcaccaaggacggctgggactceaccaagecgetcaccagggeegeectggagtegeageccticatga
cggtgcegtacgggaaccageageececggegacceetgacceaccagggeaccatcececacccagaagiceggeaageacateatect
ggecgtetggaacgtegctgacaccgeeaacgegtictacgegtgcteggacgtgaagtictga

>SACTE 4246|Carbohydrate-binding CenC domain proteinfGH18 (SEQ ID NO:51)
gigocegecctegeggecggegeceigacegtgaceggictggtcggeaccgeacaggeggecgacatcaacgicgecaagaacgec
gogttcgagagegpecteageggetggacctgtaccggeggcageggegecacegtceteeteceeccgtgeacggeggetecgecgece
teagggecaccccgageggecaggacaacgegaagtgcacceagacegtggecgtgaageccaactecacctatgegetcagticctg
ggtgeagggacgegtacgectaceicggggegageggraccggeaccaccgacgtoiecaceiggacceccggeageaccggetgga
cceagetgegeacgagettcaccaccggeccgtecaceaccteggtgeaggictacacccacggetggtacggecaggeggectactac
geggacgacgtcgeggteaccggaceegacggeggeggeggtacggaggageocggeeeggegatecceggegeeccegeeggtc
tggeegicggeaccaccacgtectecteggtggeectgtegtggaacgeggictecggegecaceggetacacegtctaceggpacgge
accaaggegaccaccaccaccggeaccicegegacggtgageggectggecgecgacaccgegtaccagticicggtgagegecace
aacgecgecggtgagicegtcaggteggegacegtgageggacgtacggoecaagaaggacgagaceggeccgggeeectegacctc
cgtgeccaageacgecgigaceggetactggcagaacticaacaacggegeggecgiccagaagetcagegacgtgeccgegaactac
gacatcafcgeegtetecticgeggacgecgecggtacceegggigecgtecaccticaacctcgacteggegggectgaacggetacace
gtegeccagticaaggecgacatcaaggecaageaggeegegggeaagaacgteateatctecgteggegacgagaagggeacegtet
cggteaacagegacgectcggegaacgegticgeggactegetgtacacgetgatecaggagtacggcticaacggegtegacategac
ctggagaacggectcaactceacctacatgacgaaggeectgeggetegetgicetegaaggtegociceggietcgtcatcacgatzgeg
cegeagacgatcgacatgeagtcgacgtegggtgagtacticaagacggegeicaacatcaaggacateetgacegtegtcaacatgeag
tactacaacageggticgatgetgggetgegacggcaaggtctactegeagggcteggtggacttcctcacegegetegectgeatecagt
tggagggcgocctegececgteccaggtcggecteggtgteccegectceaccegeggegegggeageggetacgtegeeecgteggt
cgtgaacgeggeectggactgectggecaagggeaccggetgeggticeticaagecgtccaggacgtacceggacatcegtggtgega
tgacctggtcgacgaactgggacgecacggegggeaacgectggtccaacgeggteggecegeacgtccacggeettcegtaa

>SACTE_3064|Chitinase{GH19 (SEQ ID NO:52)

gtgatcagacgegteatgggectgctcacegegetggecgeggtegtegegacgetegtcticetceccgecgecacggecteggegge
cacctgegecceggectggaacgectegtecgtgtacacggacggcggetcegectegtacaacgggeacaactggteggegaagtag
tggacgeagaacgagegtecgggcacctcggacgictggpcegaccaggeegectgegattegggeggeggeggeaccgaccegaa
ceectegggeticgtegteagegaggegeagitcaaccagatgtteccgagecggaactectictacacetacagegggeteacegecge
getgagegectaceecgecttcgeeaacaccggeagegacacegtgaagaageaggaggcggeggegticetegeeaacgtcagecat
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Figure 19 (contimued)

gagaccggeggcectggtccacatcgtggagcagaacacegeeaactaccegeactactgegacaccagecagtectacggeigecegy
ceggccaggecgectactacggecgeggecceatecageteageiggaacttcaactacaaggeggeeggtgacgeccteggeatega

cetgetgggeaaceectggeaggtogageagaacgecteegtggectggaagaccggectetggtactggaacacecagiecggeece

ggcaccatgacgeeecacaacgecatcgtcaacggetccggattcggtgagaceatecggiccatcaacggeageatcgagtgcaacgg
cggeaacceeggecaggtecagageegegteaacacctaccagtegitegtecagatecteggtaccacgeceggetegaacctgaget

getga

>SACTE 5764|Chitinase{GH18 (SEQ ID NO:33)
atgagacgeicacgatcegtecgegegeliggtgacggeggeegteaccacggiggecgeggeaggeatggeegigetgggeteeggea
ccgeccaggeggegacceegetgeccgaccacgtettcgeeccctacttcgagtegtggaccggagagageccggeggecatggegy
cegagteccgggecgaaacacetgaccatggegticctecagacgacggecaagggetectgeacgeegtactggaacggegacacegg
cetgecgatcgeccaggegtecttcggegecgacatcgacacgatccaggecggaggeggegacgteateecgicgiicggeggetaca
cegeggacaccaccggeacggagatcgecgacagetgeaccgacgtegaccagategecgeggectaccagaaggtegicacgacgt
acgacgtctegeggetcgacatggacategaggtcgacteeetegacgacacegecgggatcgacegacggaacaaggecaicaagaa
getecaggactggocggacgegaacggecgtgacciggagaictectacacgeticegacgaccaccegeggactggectecagegge
ctegecgtgetgegeaacgeegtgaccaacggggcacgggicgacgtegtgaacctgatgacgticgactactacgacaacgegtceea
cgacatggecgecgacaccgagaccgecgeccagggeetgtacgaccagetegegaagetgtacecgggeaggaccegecacccaget
gtggtccatggicggepteaccgagatgeccggegtcgacgacttcggeccggeegagaccticacgeicgecaacgeegeccgggtat
acgactgggeggtgoccaagggcatcaacaccectgtectictgggegetccagegogacaacggeggetgecceggeggoeeggecy
cegacgactgeteeggcatccageagaacacctgggacttcaccegegtettegegeecttcaccageggeaccacggegeeggacgac
gacttcteggtgacggecacgeecgecticegggacggtgaccgegggeggticggecaccaccacggigaagacegeegtgaccaag
ggegeggeacageaggteggectcacggicageggggteccggecggtgtcacegecteectcageecctecteggtgacegeggge
ggccggteaacgetcacecicgecacgacecaggecgeegictegggeacgtaceggatcagegicaceggtacgageecgicgggea
geeacgegacggectacacgetgacegicaceggegeeaccggeagecagtgeacggeggagecgigggcgagcgopacgatctac
accggeggocageaggtetegtacaagggccacacctggaaggccaagtggtggacgacgggegaggageecggeaccaccggtea
giggapgcatctggcaggacctgggegectgctga

>SACTE 4439|Catalase} (SEQ ID NO:54)
glgacgcagggaccgeteaccacggaggeeggegegecggtageegacaaccagaacagigagacegeaggecceggtegaceget
tctegttcaggaccaggegettetggagaagetggeccacttcaaccgggagegeateecggagegegtegtgeatgeecggggagecg
gegegtacggeacgttcacgetgaceegigacgictegeagtggacgegtgegaagttccteteggaggicggeaaggagacegagace
ticctgegettctecaccgtegeggaeaaccicggeteggecgacgeggegegtyaccegegeggetgpgcgctgaagtictacacega
agagggcaactacgacetcgtecggeaacaacacceceggtgtictticatcaaggacgecateaagiteccegactteatecacaccecagaag
cgegacceglacacgggceteccaggaggeggacaacgteiggaactictgggacctgicgecggaatecacceaccaggtgacctggct
cticggtgaccgeggeateccggectegticegtcacatgaacggotacggetcgcacacgticcagtggaacaacgaggecggegagg
teitctgpgicaagtaccacticaagaccgaccagggeatcaagaacetcaccaccgaggaggecgtecgecteiceggegtegaccegg
acagecaccagegegatetgegtgagtecategagegeggatgacticecgacctggacggtgeaggtccagateatgecggeggecga

ggeggcocacgtaccgeticaaccegticgaccigaccaaggtgtggecgeacgaggactaccegeegatcgagateggeaagetggag
ctcaaccgeaacceggagaacatcticgecgaggtegageagtegateticageceggegeactiegtaceeggeateggeecgteceeg
gacaagatgctccagggeegectgticgegtacggegacgeccaccgetaccgegicggeatcaacgecgaccacctigeeggigaace
gtecgeacgecaccgaggegegtaccaacageegigacggetacctgtacgacggecggeacaagggeacgaagaactacgageega
acagceitcggeggeecggiecagaccgacaggecgetctggeageecgictecgicaccggegglacgggcaaccacgaggecgecg
tecacgeggaggacaacgacticgtgcaggeoggacaatctetaccggetgatgicggaggacgagaaggeecggetgatcgacaacct
ggeogagticatcgegaaggtgtcgegegacgacatcgecgatcgegegatcaacaacticegicaggecgacgeggacitcggeaage
ggctgpaggicgeggtccaggeectgegeggetga
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Figure 19 (continued)

>SACTE _0562|cellulose-binding family IIJGH74 (SEQ ID NO:55)
gtgtatgceatgecetecacegeecctgeggeggiccagiceggagaggacgetecegtgegiteaageeccagacecticgecgeectg
ctggeggeactegecctgaccgeagggtigicacicatcggaacceetgecgtggegegetecgacgaggeacetgetgegacagaagc
atcggatgigiccatagecgeggacacetacacctggaagaacgeccggatcgacggeggeggcticgteccegggategtettcaaceg
gieegagaagaacctegectacgeceggaccgacatcggeggegectacegetgggaccagtceggcaageagiggaagecectgetg
gactggptogactpgpaccgetggpgctggacgogegtgotoagecicgectcegacacggtegaccecgacaacgtgtacgeegee
gtggagacgtacaceaacageigggacccgacegacggegeggteetgegeicetcggaceggggegectectggaaggeggeeace
ctecegttcaageteggeggcaacatgeceggacgeggeatggagaoagegectegeggicgaccegaacaagaactcegtgetctacct
ggpegegeccageggeaacggectetggegetecaccgacgegggagicagetggtecgaggtgacggecticeccaacccegggeaa
ctacgegeaggacecgicggacaccageggctacggeaacgacaaccagggeategtotggetgaccttcgacgagegticeggeage
gegggeagegecaceeaggacatetacgicggggicgecgacaaggagaacaccgictacegetecacggacggeggegecacetgy
tegeggatecegggecageccaceggetaceicgegeacaagggegtactegactecgegaccggecacetetatetgacgetgagega
cacgggeggeecctacgacggeggeaagggecggatetggeggtacgacacggegtecggegectggeaggacgteagecegglgg
cggaggeegacgectactacggeticagegggcteicegtggacceggeagaageccggceaccetgatggecacegectacageteetg
gtggeccgacacceagatcticegetecacggacageggtgecacctggacecaggectgggactacaccggetacecgaaccgeicea
accgcetacacgetggacgtetecteegtgeegtggetetectggggegetteocecgeaccgecegagaccgeecegaagetgageteg
atgacggaggcgotggagategaccegitcpacicggaccggatgatgtacggeaceggagegacggiotacggeaccgaggacctea
cgtectgggactecggeggeacgttcaggatcacceccatggigaageggatcgaggagacgecceteaacgacciggecageecgee
ctecggggeacegttgetgagegeacteggigacategggegcttecggcacacegacctegacgecgtgecggacctgatgtacacet
ceeegaacetegactegaccaccagectggacticgeggagagetcgeccggeacggicgicegggteggeaacteegacgeegegee
ccacateggettetecaccgacaacggggecaactggticcagggcteggagecticgggegteaceggeggeggeacgategeggcg
geggeggacggeageggeticgtgtgoageecggagggcgegggegiccaccacaccaceggetteggeacctectggacegeetee
accggeatcecggecggtgccacggicgagiecgaccggaagaaceccgagaagitctacggattcgaggegggeacctictacgtetc
gacegacggeggagegaccticaccgecgaggeecacegggetgeecgecgaggacaacgtecgeticeaggeactgecegggacgg
agggegacatetggetegegggeggetcegacaceggggegtacggictgtggegetccaccgactecggggcgacgticacgaagtc
cgecggegtegageaggeggacagegtggecttcggeaaggeegeeccgggegecteptaceggacggteticgtcagepegaagat
cggegggatecgeggacatcticcggtecacegacgecgggecgagetggaccaggatcaacgacgacgeeccaccagiggggctgaa
ceggepgeegegatcacgggegacceeagggictacgggcegegictacgtetccaccaacgggegegggatccaggtgggegagacct
cegacageggeggeggaggeacggaceecggeacegatcccggeaccgatcceggeacegateeeggtecggageageecgegga
cgeegectgtgeggtgacgtacgeggtcaccaaccagiggeeggeeggcticcaggecgatgtgacggtcaccaacacgggtgacgce
gegtacaacggetggaageteggetggtegttecceggegggeageagatcagecagatetggaacgectegeaceggeaggacggys
gtgaaggtcaccgtcacggacgeeggctggaacggeacggigacgeceggetegteggeggacitcggeticaceggcagtiggpegy
ggagcaacgecgaaccggeegecttcacectggacggecaggeetgeacegigggctga

>SACTE_4343|extraceliular solute-binding protein family 5 (SEQ ID NO:56)

atgegeggtgccaagagegecaagiggetcgegogageggceaateategecctiggecgegaccgectgtggtgocgacgacagegac
agcgacaacggtgecaagggcgecgtegacgeggacggcatattetecgtegaggteggtgagecgeagaaccegetgeageeggee
aacacgatggagtcgaacggeageategtcaccgacgecatcttctegeagetcgtcgactacgaccecgacggeaagetegagatgate
aacgecgagicegicgagacgaccgacageaagetgtggacgateaagetcaagaaggactggaagitccacgacggeaccecegica
cegeegactectacgtcaaggectggaactggeccgegaacatcgagaacgegeagacgaacgecteetggticgecgacatcaaggg
ctacgecgacgiccaccecgacgeegaggeocgecaagecgaagtccgacgecatgteeggectgaagaaggiggacgactacacctic
accatcgagcteaacteggecgicecgtactictegtacaageteggctacacggtettcicgecgetgecegagtectictacgeggacce
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Figure 19 (continued)

gaaggeegeeggtgagaageeggleggeaacggegegtacaagttegicagetggeaccacaagaageagatcaaggtegtecgeaa
cgacgactacaagggeeccgacaaggegaagaacggtegtgtgateticaagaactacaccaccctegagaccgectacgaggaccetca
agtecggeaacgtegacgtgetccgecagatcggeeegaaggaccteecggtetacegigecgaccicgaggacegegecgtagacaa
ggcctactecgeggaticagacgetegatategecatgtacaccgaccagiggaagaacacggaccegaaggicctccagggoeetgtegat
ggecatcgaccgggacacgatcaccaagacggtectccagggeaccegegagecggecacgggcetggotegecaagggcgicetcg
gttaccaggagaacgtcgecggtgacgtcaccaagtacgacceggegaaggecaaggecetcatcaaggagggtggeggtpticeggg
caacgagatcticatccagttcaacgecgacggeggecacaaggagtgeatecgaggeggtctgeaacageateacgeaggecaccgge
gtcaagigeaccggegactegaaggecgacticcaggeegaccigaacgeccgegacgecaageaggtgaagtcglictacegeagty
getgaptectegactacceggtcaacgecaactteatcagegacetgttcegeaceggtgeggecggeaacaacggcetictictecaacaa
ggacctcgacgegaagatcaaggecgeggacteegeegegagecticgacgaticggicaaggectaccaggagategagaaggagct
getcaactacatgeccageateecgetetggtactacaaggtcaacgecggetactcggagaacgicaagaacgtggactacgegeagga
cggegacccgatectgacegaagtccaggtcatcaagtaa

>SACTE 1546/bacterioferritin} (SEQ 1D NO:57)
atgcagggcegaccecgaggtectegagticetgaacgaacagetgaccgecgaatigactgecateaatcagtacticetgeacgegaag
atgcaggatcaccgeggetggaccaagetegecaaacacaccegggeegagiegticgacgagatgaageacgeggagatectgacceg
accggatcctgetgetggacggectgeccadctatcageggetgticcacgtgcgggtigggecagacegicacggagatgitccaggecg
accggeaggicgaggtegaggcgategaccgactgegeegeggtategatetgatgegegecaagagegacatcacgteegecaacat
cttcgaacggatectggaggacgaggageaccacatcgactatctegacacecagetggagetgategagaageteggggagecgetet
acetegeccaggtcatcgageaggicegagetctga

>SACTE 3590|phosphatidylinositol-specific phospholipase C X region] (SEQ ID NO:58)
atgageecgtacaccgecacgegeeggaccticetcaccggegeeetggeegeegeeaceggagtegtecteggtggtacgeeegeect
cgeegeeccegegagagtectggggacceaggaciggatgggepocctegeegactecaccecgetgegacgeetcacgateceegg
cacccacaacgegggggeecgetacggeggaccetggaccgagtgeeagaacaccacggtegeegageageteggeageggeatee
geticetggacgtgegetgeoggatcaceggegacgegticgegatecaccacggegeetegtaccagaacctgatgtteggggacgtce
teatcgectgeegggacticetggecgegeacecgicegagacggtgetgatgegggicaageaggagiactcggaggagagegacge
cgegltceggeagateticgacctgtacctcgacggeaagggetggcgeecgeteticegeetegaceccaccetgecggacctcggegg
cgeecggggcaaggtegtactectegeggacaacggeggectgeceggggteeggtacgeegaceeggeggicticgacatceagga
cgactacatggeegagececticggeaagtaccecaagategaggegeagiicegeaaggeegeecageageeeggeaagelicticatga
actacgtgtccaccgetgeectgetgecgeegegetegaacgecgaccggetcaaccegeaggiceacacgticetegacggetcegag
geggegggetggaceggectcggaategteecgetggactatceggegacecgeceeggectggtegagtogetgatcaggeacaace
cggtggectga

>SACTE 2172|citrate synthase T} (SEQ ID NO:59)
gtgagegageacaccaacaacgetgtagtactgeggtacggegatgacgagtacacctacecggtgatcgacageacegicggegacaa
gggcttcgacategpgaageiccgggecaatacgggectggteacgetggacageggatacggceaacacegecgectataaatcegee
atcacctatetcgacggegaacagggcatecigegetaccgeggetacccgategageagetegeggagageicgacgttectegaggic
gectacacgetgatcaacggegaccticecaaggicgacgagetgicggecticaagaacgagatcacccageacacgetgetgeacga
ggacgteaagegettcticgacggeticcecgegegacgeecaccegatggecatgetgtecteggiegtcagegegetptecacgtictac
caggacagccacaacccgticgacgaggageagegteacctetcgacgateeggetgetggccaagetecegacgategeegegtacg
cgtacaagaagtcgatcggteaccegttegtetaceegegeaacgaccteggttacgtegagaacticctgegeatgaccetteteggiceeyg
geeeaggagtacgteceggaccegategtegteicggegetcgagaagetgeteatectgeacgeggaccacgageagaactgitegac
ctecaccgtgegictggteggetectegeaggocaacatgticgectecatetecgeeggeateteggegctgtgggoccegetgeacggt
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Figure 19 {continued)

ggcgecaaccagteggtgetggagatgetggaagpcatccaggeeaacggeggegacgtcgactecticatccagaaggicaagaaca

aggaggacggcgteegectgatgggettcggecacegggtgtacaagtecticgaccegegegecaagateateaaggeogeggeeca

cgacgtectetecicgeteggeaagtecgacgagetgetggacategegeteaagetggaggageacgegetetecgacgactacttegte
tcgegeaaccictaccecaacgiggactictacacgggectgatetaccgggecatgggettcecgacegagatgticaccegtgetettege

getcggecgeciceecggetggategetcagiggeacgagatgatcaaggageegggiteccgeateggecgeeegegecagaictaca
ccggegaggtectgegegacticgteceegtegagageegetga

>SACTE 5668iSerine Protease| (SEQ ID NO:60)
atgacgaaacgtgcaggeatictggicgeagtcggegecacggtegecgggetggtcaccgeggttecegiccgecgegteeaccgegee
cggggecoctggggocgecgegeegetgaagtggacegettgegggacgaaggegtatcegacceageagtgegeaacegticgege
ceeactggaccatgacaggecgteaggacggeaggteacgetegecctegeccggateccgeacacggegaagacetcgeaggatee
getgetggicaacceeggeggeeccggeggeageggectctegatggeeggettegtggegicetcgetgecggegaagetegecgee
cagtacgacgtgatcggcttcgaccegegeggegteggeaggageageeeggegotggactgegiacegaageacttcgacceggtac
geeccgacacegtgeecggeteccegegggacgageggaccaaccgggaacgegeegegtecticgecgacgegtgeggegagaag
cacggggacctgcetgeegticatggacacggteageacegegaaggacctggacgigatcegecgggeecteggegeacggeagatea
actacticggetactectacggeacctacetgggegecgtetacgecaagetgticceggagegegtacggegectggtgctegactegat
cgtegacceggacggegtcetggtacgaggacaacctcggecaggactacgecticgacgeccgteacaaggegttegecgectgggty
gegaagaacgacgcecacctaccggeteggeaccgacceggegaaggicgaagecgectggtaceggatgcggrccgeggtgaagaa
geaccecgeggegggcaaggteggeccgagegagetggaggacaccticetgeecggeggetactacaacggetactggecgcaact
ggccgaggegttcgeegegtacgigaacgacaaggacgageacgegetegecacggegtacgacgacticgegoeggicgacgega
geggggacaacggctactecgtctacacggecgtceagtgecgegacacgggetggeegaagtectggaccacctiggegeaacgacac
ctggeaggegeaccgeaaggegecgitcatgtectggaacaacacctggtacaacgegeectgegecacctggeccgicgeacegetge
ggeeggigeggpteaccaaccegegagateeegecggegetectoticcaggecaccgacgacgeggrgacceegtacgaggeeggce
{gagcatgeaccgeaagetcaagggetegegectggtegtcgaggagggcggeggeaaccacggeatcageeigageggeaacgact
geefegacgegeacctgaiegectacctcaccgacggeacectgeccegeteeggeggeageggegecgacgeggtetgegacgeget
ceecgagecggaggegecggegaccgegaaggegaaggeegetacgggecagaagggeageaccetgeacagectgeteggetice
ggggetga

>SACTE_6428|chitin-binding domain 3 proteinjCBM33 (SEQ ID NO:61)
atgaattgteatgategeatcaactiacgeggetggacgacacggctgageggtetgticgtegeegeegtgetctgtetgetecegtggac
gggeacggecgaggeccacggeteggtegtogacceecgegicecgeaactacggeigetggcteegetggggcagegacticcagaac
ccegecatggegeaggaagaccecatgtgctggeaggeatggeaggecgacecgaacgecatgiggaactggaacggeetgtacege
aacgagicegeeggeaacticecggeagtgateccegacgggeagetgtgeageggeggecggaccgaggageggecggtacaacge
getggacaccgigggegectiggeaggecacggacatcacggacgacticaccgigaggotggaggaccaggecageeacggegecg
actacticcgggtgtacgteaccgageagggeticgaccecactgeteageecctgacctggagegeactcgacctggtpacggagace
ggacgtlacggicecaglacgagetacgagatececgtgagtacgicggggtacaceggecgoecatlgiegictacacgatctggeaggee
tegeacatggaccagacgtacticcigtgeagtgacgtgaacticggetga

>SACTE_0366{alpha-L~-rhamnosidase|GH78 (SEQ ID NO:62)

gtgatcagcagaagacgactgcetcageaccaccgeegecacegeegeectegeegeggteicctegeregeegeecgegeegeegee
cecggeegacaccgeggeeggtcggeteegegtcaccgggecgaccgtggagtacgtacgecgecegeteggecetegacgtetecege
ccceggetgagetggeeectegecteggaccaceeggaccacggecagicegeetaccaggtgegggtegecacctegeeggacege
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Figure 19 (continued)

ctggeccgeecegacgictgggacageggeaaggtegtgteccegacgteggtactggtecegtacgegggeecggegetggictece
gtacgegetaccactggteggtgegegigtgggaccaggacggacgegtetcggectggagegagecgicetggigggagacegggct
ceiggacgagocecgactgeteggegpgptogatcggogegecegeegegetgacctecteacceicectggaggeggecticetggatet
ggticeeggaggpegatceggeegtgggegetecggeggecacecggtggttecgeggecgggtgoagateccegagggegtcaccee
gegeccgectggtcatgaccgecgacgacggeitcaccgecctggtegacggtgtecaggtggeecgtaccgageeegacggeecege
ggagaactggegtegiecegtggtgstggacgigacggegeaccictececeggeteccgggtegtegeegtgacggecaccaacgeg
gtggacggeccggeeggtetgetcggggegetggagetgaccacegeegacggtgeggteacactegecacgggaaceggatggegg
geeacegacegggageeggacggggactgggegiceggeggetacgacgacaceggetggeccgeegeageggtectegeeecgtyg
gggttceggeccctggggegaggtacgggeggeccteteceecgeeacceagetgegeacggaaticeggetgggeegcaagegegt
cgegegggeecggetgtactcgaccgegeteggectgtacgaggtgitectyaacggegeacgtgicggegaggaccggetegegece
ggctgpaccgactaccgeaagegegtccagtaccagacgtacgacgtgacggeactgetteggtecggeggeaacgetetegggetcac
cetegegecgggetggtacgecgggaacatcgectggticggacegeaccagtacggegaacgtecggecgtactggeccagitggag
gtcaccticaccgacggetcgatcgagegggtactgicgggeaccggetgggecgecgegaccgggeeegteaccgeeaccgaccica
tggecaggcegaggagtacgacgeccggetggagaccgacgeetggagecgegecggaticgacgegicgggatooctecgeggcagaa
geggtggaagapateacggeegtgeeggiogecgeggtggacggggectgecgtgicgagegegagetgacggeccgegaggtgac
cgaacccgageeeggggictacgigitcgaccicggacagaacaiggtggocacggtacggctectigicteggggccggeggacacyg
acggtgegpetgegecacgecgaggtgctgaacceggacggeacectetacacggecaacetigegeacegeacgggecacegacace
tacacgetcagggocggeggaccggagacgtacgageeecgeticaccticcacggiticegetacgicgaggtgacggactitecggge
cgeeecgggecggacgeggtegtegaecggeteatccacaccteggegeegticaccatggectictecgaccgacgiceccatgetcga
ceggctecacageaacatcacctgggggcagegeggcaacticctetecgteccgacegacacgeccgegegegacgaacgeetegge
tggaceggegacatcaacgtettegegeecacegeegegtacacgatggagteggeecgeticeicggeaagtggetecaggacetgeg
cgacgaccagetggecgacggegecticecgaacgtegeceeggaccicecgggegteggeagegggaeggecggetggegegacy
ccggggigacggtecogtgggecctgtaccaggegtacggggacgigegggtactggageagtectggtegtegatgategcotggetg
gagtacctecaggegeacagegacggteiectgeggecggecgatgggtacggagactggetcaacatcgaggacgagacacccaag
gacgtcatcggeacggegtacitegeecacagegeegaccticacggeecggacegeegaggigetgggeaaggacecegggeectac
cgeacgetgtecggeeggglgegegacgegticegggegaegiacgtggacgacygegggeegatoaaggacgacacgeagaceg
cgtacgicetggeectgtcgatggaccetgetggagecgggegaccgegeaccggetgeggacaggetggicgegetgategageegaa
geactggeaccigtcgacggggticctecggeacaccgegectgetgeeggtgetgaccgacacegggeacacggacgtegectaccgg
cteetgacgeggeggacgttceegagetggggotaccagatcgaccgggeteccaccacgatgtgggagegetggpacteegtecggc
cggacggeggtitccaggacgeegggatgaactecticaaccactacgectacgggteggtegecgagiggatatacgegaacategeg
ggcategeeecggeggegeceggeticegegagatcegggtacgtecgegtecgggegueggagtgcaccgggecgaggeceggtt
cgactecctgtacgggecggicaccaccegetggaccteggacgggeocgocticgegeticgggtggtectgeecgecanacacgacy
geegagptptgoaptgecgagcgeteacggeagaageteogtecggggeaccgecgtaticctgeggegggaggacgggtgegeggt
cticgeggeeggetcgggcatccaccgettcacegegeeggectga
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Figure 20

>SACTE 02371, 4-beta cellobiohydrolaselGH6{GI:344313496 (SEQ ID NO:1)
MSRTSRTTLRRSRTALMAAGALVAAAAGSAAAAAPFGATAAAAAGCTVDYKIQONQW
NGGLTASVSVTNNGDAISGWOQLOQWSFAGGEQVSQGWNATVSQSGSAVTAKDAGYNA
ALATGASASFGENATGNGNSVVPATFKINGVTCNGGTTGPTDPTDPTDPTDPTDPPAGN
RVDNPYQGAKVYVNPEWSANAAAEPGGDRIADQPTGVWLDRIAAIEGANGSMGLRDH
LDEALTOQKGSGELVVQVVIYNLPGRDCAALASNGELGPTEIGRYKTEYIDPIAEILGDPK
YAGLRIVITVEIDSLPNLVINAGGRPTATPACDVMKANGNYVKGVGYALNKLGDAPN
VYNYIDAGHHGWIGWDDNFGASAEIFHEAATAEGATVNDVHGFITNTANYSALKEENF
SIDDAVNGTSVRQSKWVDWNRYTDELSFAQAFRNELVSVGFNSGIGMLIDTSRNGWGG
ANRPSGPGANTSVDTYVDGGRYDRRIHLOGNWCNQAGAGLGERPQAAPEPGIDAYVWM
KPPGESDGSSSEIPNDEGKGFDRMCDPTYTGNARNNNNMSGALGGAPVSGKWFSAQFQ
ELMKNAYPAL*

>SACTE _0236iglycoside hydrolase family 48]GH48{G1:344313495 (SEQ ID NQO:2)
VAALALPLGMTAAAGTEAQAAAVACSYDYTTSDWGSGFTTELTLTNRGSAAIDGWTLT
YDYAGNQQLTSGWSGTWSQSGKTVSVKNAAWNGATAAGAAVTTGAQFTYSGANTAP
TTFAVNGTVCAGAHQPPIAVLTSPAAGAVFSAGDPVPLAATAAAADGATISKVEFYDDT
TLLGTDTTSPYSYEAGQLAAGSHSVYARAYDSLGASADSPPAGITVVTGPAVVVSPAQL
GVQQGRSGTFDVSLSTAPAADVTVTAARSAGNTGLSVTIGGSTLTFTPANWSTPQKVTV
TADGSGTGAATFTVTAPGHGKAEVTVTQLAAAKEYDARFLDLYGKITDPANGYFSPEGI
PYHSVETLIVEAPDHGHETTSEAYSYLIWLQAMYGKITGDWTKFNGAWDTMETYMIPT
HADQPINSFYDASKPATYAPEHDTPNEYPAVLDGSASSGSDPIAAELKSAYGTDDIYGM
HWIQDVDNVYGYGNAPGTCAAGPTQAGPSYINTFQRGSQESVWETVTHPTCDNFTYGG
ANGYLDLFTGDSSYAKQWKFTNAPDADARAVOQAAYWADVWAKEQGKAGEVADTVG
KAAKMGDYLRYSMFDKYFKKIGDCVGPTTCPAGSGKDSAHYLMSWYYAWGGATDTS
AGWSWRIGSSHAHGGYQNPMAAYALSSVADLKPKSATGAQDWAKSLDRQEDFYQWL
QSDEGATAGGATNSWKGSYAQPPAGTPTFYGMYYDEKPVYHDPPSNQWFGFQAWSME
RVAEYYHESGDAQAKAVLDKWVDWALSETTVNPDGTYLMPSTLQWSGAPDTWNASN
PGANAQLHVTVADYTDDVGVAGAYARTLTYYAAKSGDTEAEATAEALLDGMWQHHQ
DDAGVAVPETRADYNRFDDPVYVPGGWTGAMPNGDTVDEDSTFLSIRSFYKDDPNWP
QVOAYLDGGAAPVFTYHRFWAQADIALALGAYADLLE*

>SACTE 3159ichitin-binding domain 3 protein|CBM33,2/GI:344316337 (SEQ ID NO:3)
MARRSRLISLAAVLATLLGALGLTALWPGKAEAHGVAMTPGSRTYLCQLDALSGTGAL
NPTNPACRDALSQSGANALYNWFAVLDSNAGGRGAGY VPDGSLCSAGDRSPYDESAY
NAARADWPRTHLTSGATLKVQYSNWAAHPGDFRVYLTEKPGWAPTSELAWDDLQLVQ
TVSNPPQQGGAGTNGGHYYWDLALPSGRSGDALMFIQWVRSDSQENFFSCSDIVEDGG
NGEVTGIGGTGTPTPTPTPTPTPTPTDPEHSGSCMAVYNVVSSWAGGFQASVEVMNHGT
EPRNGWAVQWKPGSGTQINSVWNGSLSTGSDGTVTVRDVDHNRVIAPDGSVTFGFTAT
STGNDYPAGTIGCVTS*

>SACTE 0482iglycoside hydrolase family 5|{GHS5|(G1:344313735 (SEQ 1D NO:4)
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Figure 20 (continued)

VKRFLALLATCATVLGLTALTGPQAVAAAGCTADYTITSQWQGGFQAAVKVTINLGTPY
TGWKLTFTLPDAGQKVVQGWNAAWSQSGSAVTAAGADWNGTLATGASAEAGFVGSE
TGANPPPTAFALNGVACTGSTGEPPAGSDGGTPVDVNGQLHVCGVNLONQYDRPVQLR
GMSTHGIQWFDACYDAASLDALANDWKSDLLRIAMYVQEDGYETDPAGFTRRVNDLYV
DMAEARGMYALIDFHTLTPGDPNVNLDRAKTFFASVAARNAGKKNVIYEIANEPNGVT
WTAVKSYAEQVIPVIRAADPDAVVIVGTRGWSSLGVSDGSDESEVVNSPVNATNIMYAF
HEFYAASHKDAYRSTLSRAAARLPLEFVTEFGTVSATGGGAMDRASTTAWLDLLDQLKIS
YANWTYSDAPESSAAFRPGTCGGGDYSGSGVLTESGALLKNRISTPDSFPTG*

>SACTE_0265iglycoside hydrolase family 10|GH10{G1:344313522 (SEQ ID NO:5)
MAKKIPARARRALSVLTAGVLAAAGVVSLAGTAEAAGTLGDAAAAKGRYFGTAVAAN
HLGEAPYASTLDAQFDSVTPENEMKWDAVEGSRNSFTFTAADQIVSHAQSKGMKVRG
HTLYVWHSQLPGWVGGLGATDLRAAMNNHITQVMTHYKGKIHSWDVVNEAFQDGNSG
ARRSSPFOQDKLGDGFIEEAFRTARTVDPTAKLCYNDYNTDGRNAKSDAVYAMAKDEKQ
RGVPIDCVGFQSHFNSNSPVPSDYRANLQRFADLGLDVQITELDIEGSGSAQAANYTSVV
NACLAVTRCTGLTVWGVTDKYSWRSSGTPLLFDGDYNKKPAYDAVLAALGGTPDGGG
DDGGGDNGGGNTGSCTATYTQTATWNGGYNGEVTVKAGSSGITTWSVPVTVPSSQQV
SALWNGAPTWNAGNTVMTVKPTYNGTLAAGASTSFGFTVMTNGNTSAPAVGACTAS*

>SACTE_2347{cellulose-binding family IGHS,CE3{G1:344315549 (SEQ ID NO:6)
VRTAIRTARRPQPLALLLRGLAAFLGLALAGALGPATARAADLPQRAEARAAGLHISDG
REVEGNGNDFVMRGINHAHTWYPGETQSLADIKATGANTVRVVLSDGYRWSENSPED
VASHARCKAERLICVLEVHDTTGYGEDAAAGTLDHAADYWIGLKDVLDGEEDYVVINI
GNEPWGNADPAGWTAPTTAAIQKLRAAGFAHTIMVDAPNWGQDWEGVMRADARSVY
DADPTGNLIFSIHMYSVYDTAAKVTDYLNAFVDAGLPLLIGEFGGPADQYGDPDEDTM
MATAEELGLGYLAWSWSGNTDPVLDLVLDFDPTRLSSWGERVLHGPDGITETSREATV
FGGGQGGGDTEAPTAPGTPTASGVTATSVILGWSAATDDVGVTAYDVVRVTGGSETK
VASSAATSVTVTGLSAGTAYSFAVYARDAAGNRSARSGTVSVITDEGGSVPGGACSVG
YRVIGEWPGGFQGEITLRNTGAAAVDGWTLGFAFADGQTVINMWGGTATQSGGAVSY
TPASYTSTIAAGGSVTVGFTGTLTGANAAPAAFTLNGATCTAA*

>SACTE 0357{polysaccharide deacetylaselCE4{GI:344313612 (SEQ 1D NO:7)
MSITPRPSLRAMVTGLAVAASALAGGAVTAAPARAAACNGY VGLTFDDGPSAAQTPAL
LSALKONGLRATMFNQGNYAASNPAQVKAQVDAGMWVGNHSYSHPHLTQQSQAQM
DSEISRTQQAIAAGGGGTPKLFRPPYGETNATLRSVEAKYGLTEVIWDVDSQDWNGAST
DAIVQAVSRLTAGQVILMBEWPANTLAAIPRIAQTLSAKGLCSGMISPQTGRAVAPDGG
GNGGOGGGGGGCTATLSAGEKWGDRYNLNVAVSGSSNWTVTMNVPSGERVMTTWN
VSASYPSAQVLVAKPNGSGNNWGATIQANGNWTWPTVSCTTS*

>SACTE_0358|Endo-1,4-beta-xylanase/GH11{GI:344313613 (SEQ ID NO:§)
MNPLVYTERRRRGRLTSLAGSVCALVEAAAAAMLLPGTASADTVVTTNQTGNNNGYY
YSFWTDGGGQVSMNLASGGSYSTSWINTGNFVAGKGWSTGGRKSVTYSGTFNPSGNA
YLTLYGWSTNPLVEYYIVDNWGTYRPTGTFKGTVSSDGGTYDIYETTRTNAPSIEGTKTF
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Figure 20 (continued)

KQFWSVRQSKRTGGTITTGNHFDAWARNGMNLGTMNYMILATEGYQSSGSSNITVSEG
GSGGGGDNGGGGGGGGGCTATLSAGEKWGDRYNLNVAVSGSSNWTVTMNVPSAEKV
LSTWNISASYPSSQVLVAKPNGSGNNWGATIQANGNWTWPTVSCTTS*

>SACTE_1310|Pectate lyase]PL3|G1:344314542 (SEQ ID NO:9)
MSERAASPRTHRRRPGRRRIATALTAALGLTGAALATGVMLQPAGAATTAIPAWPSAT
GSQSVSKTIEVSGTYDGGLKRFTGSGDLGDGGQDEGQDPIFKLKDGATIKNVILGTPAAD
GIHCSGSCTIQNVWWEDVGEDAASFKGTSTSSVYTVY GGGAKKASDKVFQFNGAGKL
VVTKFQVADFGKLVRSCGNCSKQYKREIIVNDVDVTAPGKSLVGINTNYGDTAALRSV
RVHGDSSKKIKPCVRYTGNSTGAEPKETGSGPDGTYCKYTASDLSYD*

>SACTE_3717|glycoside hydrolase family 9JGH9|GL:344316877 (SEQ 1D NO:10)
MWCHPYLRLRTSGRKVSSVNALPPPARPAPVRPRSRYGRRVLGMSAAALLCAGALAVP
GTAMADDAEPGPGPEQITNGDPATGTSAPWWWTPNASAAVSEGRLCVEVPAGTANAW
DVIVGONDVPIVAGESYELSYTARSTVPLTVQTRVQEAVEPYTTVLATADPVGAEDTRV
ARTFTASVDOQPAASVOLQIGGGERATTFCLDDVSLRGGAEPPVY VPDTGSPVRVNQVG
YLPRGPKSGTVVTDAEAPLTWTVKAEDGSTAATGTTVPRGEDPSSRRRVHTFDFGDLTT
AGDGYTVEVDGEVSEPPSIRGDLYDSLRSDALAYFYHNRSGIEIDADLVGEQYARPAGH!I
GVAPNKGDTDVPCRPGVCDYRLDVSGGWYDAGDHGKYVVNGGISVAQLMATYERTL
TAPDAESAELGDGALRVPERDNGVPDILDEARWEMDFLIKMQVPAGEQLAGMVHHKM
HDAEWTGLPMKPHLDPQORELHPPSTAATLNLAATAAQCARLY APFDADFADRCLRA
AETAWDAAKRHPDVLADPNDGIGGGAYNDDDVSDEFYWAAAELFTTTGKDIYRQAVL
SSAWHGDAGAVFPAGGGISWGSTAGLGVLTLATVPNALTSDQLAQVRTVVTEGADRY
AAQSREQAYGLPYAPRGEDYVWGSNSQVLNNMVVLATAHDLTGDAAYQDAVLRGAD
YLLGRNPLNQSYVTGYGERDSHNQHHRFWAHQNDPSLPNPAPGSIAGGPNLTAIASGDP
VAAEKLSGCAPAMCYVDDIGSWATNEITINWNAPLAFIASYLDDAGEGGQTAAARTCQ
VTYSSHPWNSGSTVTVRVENTGSDPYVSPWALTWLLPGEQRLSHTWSAEFDQHGRTYSA
RPLSWNRTLAPGAAVDFGFNTSAAGSSPEPGAFKLNGRACSAGH

>SACTE_4638|conserved hypothetical protein|}G1:344317777 (SEQ ID NO:11)
MRTGSIARVLGLAAALAALLTTAFMAPAMAGKHDATDSPSAAAAPASFTHPGVLVSRP
QLDFVRGKVQAGAQPWKGAYDOQMLASPYASLSRTAKPRAVVECGSYSNPNNGCTDER
EDALAAYTLSLAWYISQDGRYAQKAIQIMDAWSGVIKDHTNSNAPLQTGWAGSSWPR
AAFTKYTYGNWPASGRFGTMLRDVYLPKVANGSNSNGNWELSMTEAAIGIAVFLEDR
GAYDRAVAKFRGRVPAYIYVTADGSLPKAAPGSGLDTREKIINYWQGQSTFVDGLSQET
CRDLTHTGYGLSAISHIAETSRIQGQDLYPEVADRLRHALGLHAKYQLGEKVPSSLCGGS
LKDSLGPVTEVGFNALHNRMGYAMTNTQTLTERQRPAASNNLFVAWETLTHADNPN*

>SACTE 4738|glycoside hydrolase family 16jGH16]G1:344317876 (SEQ ID NO:12)

MPSRTTLIATTAALVALAAPMAFAAPAPAPDPAVEAAAAAWDTDRAASAYAANPAAY
TASGSENPASGPGAATDGDATTRWSSDFADNAWIRVDLGSTIRINQVKLEWEAAYGKK
YVLEVSKDGINWTPFYTEDAGTGGTVTAHTYPQEVTGRY VRMRGVERATAWGYSLFS
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FOVYGGEPAPASTTRSNLALNHPAYGDLYQHAGNSPAFVTDGGWPADLKADRSRWSS
DWNADRWVGVDLGATSTINSVDLYWEAAYAVDYEIQVSDDNRTWRTVHRPSAAEVA
ARRADVKAPAEAVGRHDTINLPTPATGRY VRMLGKERRSFYNPAPSTAQFGYSLYEFQ
VWGTGGSADAAYPALPKNPGGAYRTTFFDDFTGSGLDRSKWRVVRTGTEMGPVNGES
QAYVDSPDNIRTENGALVLESKYCKGCTPTPNGTFDFTSGRVDTINTKFDFTYGKVSARM
KLPVGDGFWPAFWLLGSDVDDPAVSWPGSGETDIMENIGYGDWTSSGLHGPGYSADG
NIGASQTYPNGGRADEWHTYGVEWTPEGMTFTVDDRVVQQTSRQKLESTRGKWVEFDH
NQYVILNLALGGAYPGGYNQVTQPYWGLPQSSVDRIAQGGIKAEIDWVRVEQK*

>SACTE_4755/conserved hypothetical protein|GH64[G1:344317893 (SEQ ID NO:13)
VISRRMFLTGAAASATALTYPLWGTALSPRTSAAAATCELALENRSLPGTVHAYVTGHE
QGTDSWVLLRADGSVYRPESPGAPQTPLPVDCAIPLNGAGAGPVVLTLPQMYGARVYF
VRDDKLDFYLNPGPSLVEPAFATPTDPNYGRTWSFCEFTENPQQLYANISYVDLVTALP]
GLTLEGDSTHTVAPLPDGAVQRIADDLTAQAAADGQPWDKLVTRGSDGQVLRVVSPQ
NLMAPYFDRPDEMPFRDLFAAQIDEVWEKYRSTDLRIDLQGGRGTLAGRVSGDTLTFE
GGHTFSKPTSKDIFTCNHGPFTNNPSDSDDKKALLARIAAGFNRSIMLSHPSQPNGTSVA
DYYQDAVTNHWSRVVHANSPIGYAFPYDDVRPDGEPDVSGAANDGNPRRFTVSVGS*

>SACTE_S457/Chitosanase|GH46/G1:344318578 (SEQ 1D NO:14)
VLHPHNRTARRTTRLTRTGGLAAAALGLALMALPVTAHAGAPTQPAAHHLEAAATGL
DDPAKKDIAMQLVSSAENSTLDWKAQYGYIEDIGDGRGYTAGHGFCSGTGDMLALVER
YTDRSPGNVLASYLPALREVDGTDSHDGLDPGFPRDWAEAAKDPVFQQAQNDERDRY
YFDPAVRQAKDDGLGTLGQFAYYDAIVMHGGGGDSTSFGSIRQRALAEAEPPSRGGDE
VAYLDAFLDARVWAMRQEEAHSDTSRVDTAQRVFLRDGNLNLDPPLDWQVYGDSFHI
G*

>SACTE_5647|coagulation factor 5/8 type domain protein|GH87|G1:344318749 (SEQ 1D
NO:15)
MTPPHRHRLFRRSVSASLSLALTAVGTAAAVVLAGAPAAQAAAVPAPSPVGISGRGAA
VPFTEQEAEY AATNGTLIGPDRRYGSLPSEASGRQAVTLDAAGEYVEFTLTAPANAMTF
RYSLPDNAAGTGRDASLDLRVNGSVLESVPVTISKYGWYYGGYPFNNNPGDTNPHHFY
DETRTMFGSTLPAGTKVRLQVASTAGSPSFTVDLADFEQVAAPVGKPSGALDVVSDEG
ADPTGAADSTAKIQAAVDAGRTQGKVVYIPQGTFQVRDHIVVDQVTLRGAGPWYSVLT
GRHPTDRSKAVGVYGKYSAQGGSRNVTLKDFAIGDIQERVDNDQVNAIGGAMSDSVV
DNVWMOHTKCGAWMDGPMDNFTIKNSRILDQTADGVNFHYGVTNSTVINTFEVRNTG
DDGLAMWAENVPNVKNKFTENTVILPILANNIVTYGGKDITISDNVMADTITNGGGLHI
ANRYPGVNSGQGTAVAGTHTAARNTLIRTGNSDENWNEFGVGAIWESGLNEPISNATINI
TDSEVLDSSYAATHLIEGASNGLHFKNVKIDGAGTYALQIQAPGTATFENVVATHIAQSN
PIHNCVGSGFQITRGSGNSGWYADPPACTGVWPDPVWINGGVPGGGGPTNPTDPTDPT
DPTDPTDPPEETGNLARGRTVTETSHTDVYGAANTVDGNADTYWESRNNAFPQSVTVD
LGAAKAVKRVVLKLPPAAAWATRTQTLSVSGSTDNGTYNSLKASAGYTENPSSGNTAT
VSLPGTPVRYLRLTEFTONTGWPAAQLSELEAYTS*

>SACTE 5978|Pectate lyase/Amb allergen{PL1]GI:344319072 (SEQ ID NO:16)
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MRRPVALRLSAAGATLALAAATGALMAMPEAASAATGGVTGYATONGGTTGGAGGQ
TVRATTGTAIHAALCGRASSSTPLTIQVEGTINHGNTDKVSGSSCNTAAGVIELKQISNVT
IVGVGGGAVFDQVGIHVRESSNHIQNVTVENVEKKSGSPTSNGGDAIGMEKDVRNVWVYD
HTTLEASGGESEGFDGLFDMKAGTQYVTLSYSILRNSGRGGLVGSSESDLSNGETITYHHN
LYENIDSRAPLLRGGVAHIYNNHYVGLSKSGINSRAGARAKVDNNYFEDSKDVLGTFYT
DAAGYWQVSGNVFDNVTWSGRSSDNNPAGPDPOSNTSVSIPYAYTLDGANCVPSVVSR
TAGANTGLKVSDGSCSPOQTPDPTDPTPDPTPDPTDPTPPTGTNLSLGAGSDGSSKASGTS
YGDVRDGDMSTYWSPSGSTGSVSIKWSSATTVSKINVREAAGSTGSITSWKVGNADTG
AVLASGSGAGVITFPQTSLRKITFEITGSTGTPKVAEFETYAG*

>SACTE 5230ixylose isomerasel|(G1:344318358 (SEQ ID NO:33)
MPERFTPTPEOKFTFGLWTVGWRGNDPFGEPTRPVLDPVESVERLAELGAHGVTFHDD
DLIPFGSDDRERARLVGRFREALERTGLKVPMATTNLFTHPVFKDGGFTSNDRDVRRFA
LRKVIRNIDLAVELGAQTYVAWGGREGAESGAAKDVRSALDRMKEAFDLLGDYVTEQ
GYDLRFAIEPKPNEPRGDILLPTIGHALAFIERLERPELVGVNPETGHEQMAGLNFPHGIA
QALWAGKLFHIDLNGQSGIKYDQDFRFGAGDLRQAFWLVDLLETAGWDGSRHFDFKP
VRTDGIDGVWESAKNCMRNYLILKERAAAFRADPAVQEALTASRLDELARPTADDGLK
ALLADRTAYEDFDATAAAERSMAFEALDQLAMDHLLNVR*

>SACTE 4571|glycoside hydrolase family 18|GH18|GI:344317711 (SEQ ID NO:34)
MTSALRATOGLQSTNHPRLSDLTRGAPLSTESPRRSSRLRWRLGPGRATRAKAVAGFTA
LLLPLAAMVGLASPAQAATSATATYLKKSDWGSGFEGQWTVKNTGTTALSSWTIEWDF
PSGTAVGSAWDASVTSSGTHWTAKNLGWNGTVAPGASISFGENGTGSGSPTGCKLNGA
SCDGGGTVPGDSAPSKPGTPTASGITDTSVKLSWSAATDDKGIKNYDVLRDGAK VATV
TTTTYTDTGLTKGTDYSYSVQARDTADQTGPVSGAVAVRTTGGNDNPGPGTGSKVNLG
YFTNWGVYGRNYHVENLVTSGSAEKITHINYAFGNVQGGKCTIGDSYADYDKAYTAD
QSVDGVADTWDQPLRGNFNQLRKLKAKYPHIKVIWSFGGWTWSGGFGAAAQNPAAFA
QSCYDLVEDPRWADVFDGIDIDWEYPNACGLTCDTSGPAALKNLSSALRAKFGAKNLY
TAAITADGSDGGKIDAADYAGAAQSFDWYNVMTYDFFGAWEAKGPTAPHSPLNAYAG
IPODGENSAAAIAKLKAKGVPASKLLLGIGFYGRGWTGVTQAAPGGTATGAAPGTYEA
GIEDYKVLKTSCPATGTIAGTAYAHCGTNWWSYDTPATITSKMAWANSQGLGGAFFWE
FSGDTANGELVSAMDSGLN*

>SACTE 2313|chitin-binding domain 3 protein{CBM33|G1:344315516 (SEQ 1D NO:35)
MRKRASAAVIGLAIAGVSMFATSSASSHGY TDSPISRQKLCANGTVTGCGNIQWEPQSV
EGPKGFPAAGPADGKICAGGNSSFAALDDPRGGNWPATQVTGGQGYNFRWQFTARHA
TTDFRYYITKDGWDSTKPLTRAALESQPFMTVPYGNQQPPATLTHOQGTIPTQKSGKHIIL
AVWNVADTANAFYACSDVKF*

>SACTE 4246|Carbohydrate-binding CenC domain proteinjGH18]G1:344317395 (SEQ ID
NQ:36)
VAALAAGALTVTGLVGTAQAADINVAKNAGFESGLSGWTCTGGSGATVSSPVHGGSA
ALKATPSGQDNAKCTQTVAVKPNSTYALSSWVQGGYAYLGASGTGTTDVSTWTPGST
GWTQLRTSFTTGPSTTISVQVYTHGWYGQAAYYADDVAVTGPDGGGGTEEPGPAIPGAP
AGLAVGTTTSSSVALSWNAVSGATGYTVYRDGTKATTTTGTSATVSGLAADTAYQFSY
SATNAAGESVRSATVSGRTAKKDETGPGPSTSVPKHAVTGYWONFNNGAAVQKLSDV



U.S. Patent Dec. 4, 2018 Sheet 48 of 70 US 10,144,941 B2

Figure 20 (continued)

PANYDHAVSFADAAGTPGAVTENLDSAGLNGYTVAQFKADIKAKQAAGKNVIISVGGE
KGTVSVNSDASANAFADSLYTLIQEYGFNGVDIDLENGENSTYMTKALRSLSSKVGSGL
VITMAPQTIDMQSTSGEYFKTALNIKDILTVVNMQYYNSGSMLGCDGKVYSQGSVDFLT
ALACIQLEGGLAPSQVGLGVPASTRGAGSGY VAPSYVVNAALDCLAKGTGCGSFKPSRT
YPDIRGAMTWSTNWDATAGNAWSNAVGPHVHGLP*

>SACTE_3064|Chitinase|GH19|GI:344316244 (SEQ ID NO:37)
VIRRVMGLLTALAAVVATLVFLPAATASAATCAPAWNASSVYTGGGSASYNGHNWSA
KWWTQNERPGTSDVWADQGACGSGGGGTDPNPSGFVVSEAQFNQMFPSRNSFYTYSG
LTAALSAYPAFANTGSDTVKKQEAAAFLANVSHETGGLVHIVEQNTANYPHYCDTSQS
YGCPAGQAAYYGRGPIQLSWNFNYKAAGDALGIDLLGNPWQVEQNASVAWKTGLWY
WNTQSGPGTMTPHNAIVNGSGEGETIRSINGSIECNGGNPGQVQSRVNTYQSFVQILGTT
PGSNLSC*

>SACTE_5764|Chitinase}GH18|GI:344318865 {SEQ ID NO:38)
MRRSRSVRALVTAAVITVAAAGMAVLGSGTAQAATPLPDHVFAPYFESWTGESPAAM
AAESGAKHLTMAFLQTTAKGSCTPYWNGDTGLPIAQASFGADIDTIQAGGGDVIPSFGG
YTADTTGTEIADSCTDVDQIAAAYQKVVTTYDVSRLDMDIEVDSLDDTAGIDRRNKAIK
KLOQDWADANGRDLEISYTLPTTTRGLASSGLAVLRNAVTINGARVDVVNLMTEDYYDN
ASHDMAADTETAAQGLYDQLAKLYPGRTATQLWSMVGVTEMPGVDDFGPAETFTLAN
AARVYDWAVAKGINTLSFWALQRDNGGCPGGPAADDCSGIQONTWDFTRVFAPEFTSG
TTAPDDDESVTATPASGTVTAGGSATTTVKTAVTKGAAQQVGLTVSGVPAGVTASLSPES
SVTAGGRSTLTLATTQAAVSGTYRISVTGTSPSGSHATAYTLTVTGGTGSQCTAGPWAG
GTVYTGGQOQVSYKGHTWKAKWWTTGEEPGTTGEWGVWQDLGAC*

>SACTE_4439|Catalasel|G1:344317584 (SEQ ID NO:39)
VTQGPLTTEAGAPVADNONSETAGPGGPVLVQDQALLEKLAHFNRERIPERVVHARGA
GAYGTFTLTRDVSQWTRAKFLSEVGKETETFLRFSTVAGNLGSADAARDPRGWALKFY
TEEGNYDLVGNNTPVFFIKDAIKFPDFIHTQKRDPY TGSQEADNVWDFWGLSPESTHQV
TWLFGDRGIPASFRHMNGYGSHTFQWNNEAGEVFW VK YHFK TDQGIKNLTTEEAVRLS
GVDPDSHQRDLRESIERGDFPTWTVQVQIMPAAEAATYRFNPFDLTKVWPHEDYPPIEIG
KLELNRNPENIFAEVEQSIFSPAHEVPGIGPSPDKMLQGRLFAYGDAHRYRVGINADHLP
VNRPHATEARTNSRDGYLYDGRHKGTKNYEPNSFGGPVQTDRPLWQPVSVTGGTGNH
EAAVHAEDNDEVQAGNLYRLMSEDEKGRLIDNLAGFTAKVSRDDIADRAINNFRQADA
DFGKRLEVAVQALRG*

>SACTE_0562cellulose-binding family IfGH741GI1:344313814 (SEQ 1D NO:40)
VYAMPSTAPAAVQSGEDAPVRSSPRPFAALLAALALTAGLSLIGTPAVARSDEAPAATE
ASDVSIAADTYTWKNARIDGGGFVPGIVFNRSEKNLAYARTDIGGAYRWDQSGKQWKP
LLDWVDWDRWGWTGVVSLASDTVDPDNVYAAVGTYTNSWDPTDGAVLRSSDRGAS
WKAATLPFKLGGNMPGRGMGERLAVDPNKNSVLYLGAPSGNGLWRSTDAGVSWSEVY
TAFPNPGNYAQDPSDTSGYGNDNQGIVWVTFDERSGSAGSATQDIYVGVADKENTVYR
STDGGATWSRIPGQPTGYLAHKGVLDSATGHLYLTLSDTGGPYDGGKGRIWRYDTASG
AWQDVSPVAEADAYYGFSGLSVDROKPGTLMATAYSSWWPDTQIFRSTDSGATWTQA
WDYTGYPNRSNRYTLDVSSVPWLSWGASPAPPETAPKLGWMTEALEIDPFDSDRMMY
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GTGATVYGTEDLTSWDSGGTFRITPMVKGIEETAVNDLASPPSGAPLLSALGDIGGFRHT
DLDAVPDLMYTSPNLDSTTSLDFAESSPGTVVRVGNSDAAPHIGFSTDNGANWFQGSEP

SGVTGOGGTVAAAADGSGFVWSPEGAGVHHTTGFGTSWTASTGIPAGATVESDRKNPEK
FYGFEAGTFYVSTDGGATFTAEATGLPAEGNVRFQALPGTEGDIWLAGGSDTGAYGLW

RSTDSGATFTKSAGVEQADSVGFGKAAPGASYRTVEVSAKIGGVRGIFRSTDAGASWTR
INDDAHQWGWTGAAITGDPRVYGRVY VSTNGRGIQVGETSDSGGGGTDPGTDPGTDPG
TDPGPEQPADAACAVTYAVTNQWPGGFQADVTVINTGDAAYNGWKLGWSFPGGQQIS
QIWNASHRODGVKVTVIDAGWNGTVAPGSSAGFGFTGSWAGSNAEPAAFTLDGQACT
VG*

>SACTE_4343iextracellular solute-binding protein family 5§GI1:344317489 (SEQ ID NO:41)
MRGAKSAKWVAGAAHALAATACGGGDSDSDNGAKGAVDADGIFSVEVGEPQNPLQP
ANTMESNGSIVTDAIFSQLVDYDPDGKLEMINAESVETTDSKLWTVKLKKDWKFHDGT
PVTADSYVKAWNWAANIENAQTNASWEFADIKGYADVHPDGEGAKPKSDAMSGLKKYV
DDYTFTIELNSAVPYESYKLGYTVESPLPESFYADPKAAGEKPVGNGAYKFVSWDHKKQ
IKVVRNDDYKGPDKAKNGGVIFKNYTTLETAYEDLKSGNVDVLRQIGPKDLPVYRADL
EDRAVDKAYSAVQTLGVAMYTDQWKNTDPKVLQGLSMAIDRDTITKTVLQGTREPAT
GWVAKGVLGYQENVAGDVTKYDPAKAKALIKEGGGVPGNEIFIQFNADGGHKEWIEA
VCNSITQATGVKCTGDSKADFQADLNARDAKQVKSFYRSGWVLDYPVNANFISDLFRT
GAAGNNGFFSNKDLDAKIKAADSAASLDDSVKAYQEIEKELVNYMPSIPLWYYKVNAG
YSENVKNVDYAQDGDPILTEVQVIK*

>SACTE _1546ibacterioferritin{|G1:344314774 (SEQ 1D NO:42)
MQGDPEVLEFINEQLTAELTAINQYFLHAKMQDHRGWTKLAKHTRAESFDEMKHAEIL
TDRILLLDGLPNYQRLFHVRVGQTVTEMFQADRQVEVEAIDRLRRGVDLMRAKSDITSA
NIFERILEDEEHHIDYLDTQLELIEKL.GEPLYLAQVIEQVEL*

>SACTE_3590iphosphatidylinositol-specific phospholipase C X regioni|GI:344316754 (SEQ ID
NO:43)
MSPYTATRRTFLTGALAAATGVVLGGTPALAAPARVLGTQDWMGALADSTPLRRLTIP
GTHNAGARYGGPWTECONTTVAEQLGSGIRFLDVRCRITGDAFAIHHGASYQNLMFEGD
VLIACRDFLAAHPSETVLMRVKQEYSEESDAAFROQIFDLYLDGKGWRPLERLDPTLPDL
GGARGKVVLLADNGGLPGVRYADPAVFEDIQDDYMAEPFGKYPKIEAQFRKAAQQPGK
LFMNYVSTAALLPPRSNADRLNPQVHTFLDGSEAAGWTGLGIVPLDYPATRPGLVESLI
RHNPVA*

>SACTE 2172icitrate synthase I}i{G1:344315379 (SEQ ID NO:44)
VSEHTNNAVVLRYGDDEYTYPVIDSTVGDKGFDIGKLRANTGLVTLDSGYGNTAAYKS
AITYLDGEQGILRYRGYPIEQLAESSTFLEVAYTLINGDLPKVDELSAFKNEITQHTLLHE
DVKRFFDGFPRDAHPMAMLSSVVSALSTFYQDSHNPFDEEQRHLSTIRLLAKLPTIAAYA
YKKSIGHPFVYPRNDLGYVENFLRMTESVPAQEYVPDPIVVSALEKLLILHADHEQNCST
STVRLVGSSQANMFASISAGISALWGPLHGGANQSVLEMLEGIQANGGDVDSFIQKVEN
KEDGVRLMGFGHRVYKSFDPRAKIIKAAAHDVLSSLGKSDELLDIALKLEEHALSDDYF
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VSRNLYPNVDFYTGLIYRAMGFPTEMFTVLFALGRLPGWIAQWHEMIKEPGSRIGRPROQ!
YTGEVLRDFVPVESR*

>SACTE_5668|TAP domain proteinl]GL:344318769 (SEQ ID NO:45)
MTKRAGILVAVGATVAGLVTAVPSAASTAPGAPGAAAPLKWTACGTKAYPTQQCATV
RAPLDHDRPSGRQVTLALARIPHTAKTSQGPLLVNPGGPGGSGLSMAGFVASSLPAKLA
AQYDVIGFDPRGVGRSSPALDCVPKHFDPVRPDTVPGSPRDERTNRERAASFADACGEK
HGDLLPFMDTVSTAKDLDVIRRALGARQINYFGYSYGTYLGAVYAKLFPERVRRLVLD
SIVDPDGVWYEDNLGQDYAFDARHKAFAAWVAKNDATYRLGTDPAKVEAAWYRMR
AAVKKHPAAGKVGPSELEDTFLPGGYYNGYWPQLAEAFAAYVNDKDEDALATAYDDF
AAVDASGDNGYSVYTAVQCRDTGWPKSWTTWRNDTWQAHRKAPFMSWNNTWYNAP
CATWPVAPLRPVRVTNREIPPALLFQATDDAATPYEGGLSMHREKLKGSRLVVEEGGGN
HGISLSGNDCLDAHLIAYLTDGTLPRSGGSGADAVCDALPEPEAAATAKAKAATGQKGS
TLHSLLGFRG*

>SACTE_6428|chitin-binding domain 3 proteinjCBM33|G1:344319509 (SEQ ID NO:46)
MNCHDRINLRGWTTRLSGLFVAAVLCLLPWTGTAEAHGSVVDPASRNYGCWLRWGSD
FONPAMAQEDPMCWQAWQADPNAMWNWNGLYRNESAGNFPAVIPDGQLCSGGRTE
GGRYNALDTVGAWQATDITDDFTVRLEDQASHGADYFRVYVTEQGFDPTAQPLTWGA
LDLVAETGRYGPSTSYEIPVSTSGYTGRHVVYTIWQASHMDQTYFLCSDVNFG*

>SACTE 0366jalpha-L-rbamnosidase{GH78|G1:344313621 (SEQ 1D NG:47)
VISRRRLLSTTAATAALAAVSSPAARAAAPADTAAGRLRVTGPTVEYVRRPLGLDVSRP
RLSWPLASDHPDHGQSAYQVRVATSPDRLARPDVWDSGKVVSPTSVLVPYAGPALVSR
TRYHWSVRVWDQDGRVSAWSEPSWWETGLLDEADWSAGWIGAPAALTSSPSLEAAS
WIWFPEGDPAVGAPAATRWFRGRVEIPEGVTRARLVMTADDGETALVDGVQVARTEP
DGPAENWRRPVVVDVTAHLSPGSRVVAVTATNAVDGPAGLLGALELTTADGAVTLAT
GTGWRATDREPDGDWASGGYDDTGWPAAAVLAPWGSGPWGEVRAALSPATQLRTEF
RUGRKRVARARLYSTALGLYEVFLNGARVGEDRLAPGWTDYRKRVQYQTYDVTALLR
SGGNALGVTLAPGWYAGNIAWFGPHQYGERPAVLAQLEVTFTDGSIERVLSGTGWAAA
TGPVTATDLMAGEEYDARLETDGWSRAGFDASGWLAAEAVEGVTAVPVAAVDGACR
VERELTAREVTEPEPGVYVFDLGQNMVGTVRLLVSGPAGTTVRLRHAEVLNPDGTLYT
ANLRTARATDTYTLRGGGPETYEPRFTFHGFRYVEVTGFPGRPGPDAVVGRVIHTSAPF
TMAFSTDVPMLDRLHSNITWGQRGNFLSVPTDTPARDERLGWTGDINVFAPTAAYTME
SARFLGKWLQDLRDDQLADGAFPNVAPDLPGVGSGAAGWGDAGVTVPWALYQAYGD
VRVLEQSWSSMVAWLEYLOQAHSDGLLRPADGYGDWLNIEDETPKDVIGTAYFAHSAD
LTARTAEVLGKDPGPYRTLSGRVRDAFRAAYVGDGGRVKGDTQTAYVLALSMDLLEP
GDRAPAADRLVALIEAKDWHLSTGFLGTPRLLPVLTDTGHTDVAYRLLTRRTFPSWGY
QIDRGATTMWERWDSVRPDGGFQDAGMNSFNHYAYGSVGEWMY ANIAGIAPAAPGY
REIRVRPRPGGGVHRAEARFDSLYGPVTTRWTSDGGGFALRVVLPANTTAEVWVPGGD
GRSSVRGTAVFLRREDGCAVFAAGSGIHRFTAPA*
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Figure 22 (SEQ ID NOs: 63 & 64)
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Figure 22 continued (SEQ ID NOs: 63 & 64)



U.S. Patent Dec. 4, 2018 Sheet 54 of 70 US 10,144,941 B2

CelLece CBM3a Page 3 of 4
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Figure 22 continued (SEQ ID NOs: 63 & 64)
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Figure 22 continued (SEQ ID NOs: 63 & 64)
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Figure 24
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Figure 26 A-B
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Microarray rank”® Present in Diagnostic substrate
Gene Locus CAZy MW {kDa) cellulose xylan chitin secretomes MUG MUC MUM MUX2
SACTE_0265 GH10  49.8 20 519 3530 yes - - +
SACTE_0358 GH11 37.2 13 160 553 yes - - +
SACTE_2548 GH1L 50.8 4197 4135 5330 no - - -
SACTE_2286 GH2 55.3 28 2533 3012 no - - -
SACTE_4737 GH1 52 702 791 1718 no - - -

* Dut of 6152 genes total, ranking by transcript intensity, with highest rank equat 1.

Figure 29A-B
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Figure 34A-B

glucose 11 sigmacell =4
glucose N xylan =45

sigmaceli N xylan = 16

glucose (M sigmacelf Nixylan =4

glucose / {sigmacell U xylan) = 117
sigmaceli 7 (xylan U glucose} =9
xylan / {glucose U sigmacell) = 46

switchgrass M afexSG = 36
switchgrass N iSG =35
afexSGNISG =27

switchgrass M afexSG NUSG = 27

switchgrass / {afexSG U H5G) = 19
afexSG / (1SG U switchgrass) =0
i15G / (switchgrass U afexSG) = 8
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METHOD AND COMPOSITIONS FOR
IMPROVED LIGNOCELLULOSIC
MATERIAL HYDROLYSIS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of U.S.
patent application Ser. No. 13/709,971, filed Dec. 10, 2012,
which claims benefit from U.S. Provisional Application
61/579,301 filed Dec. 22, 2011 and U.S. Provisional Appli-
cation 61/579,897 filed Dec. 23, 2011, all 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-
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bohydrate binding domains, while C. thermocellum is a
strictly anaerobic prokaryote that predominantly assembles
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.
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SirexAA-E (ActE) (Adams, et al., 2011). S. noctilio is a
highly destructive wood-feeding insect that is found
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 NOs:1 and 17)
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 NOs:2 and 18)
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 NOs:3 and 19)
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 NOs:4 and 20)
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 NOs:5 and
21) 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 NOs:6 and 22)
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 NOs: 1 and 17),
SActE_0236 (GH48) (SEQ ID NOs: 2 and 18), SActE_3159
(CBM33) (SEQ ID NOs: 3 and 19), SActE_0482 (GHS)
(SEQ ID NOs: 4 and 20) 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 NOs: 5 and 21)
and SActE_2347 (GHS) (SEQ ID NOs: 6 and 22) 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 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 NOs: 5 and 21), SActE_0358
(GH11) (SEQ ID NOs: 8 and 24), SActE_0357 (CE4) (SEQ
ID NOs: 7 and 23), SActE_5978 (PL1) (SEQ ID NOs: 16
and 32) and SActE_5230 (xylose isomerase) (SEQ ID
NOs:33 and 48) 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) (SEQ ID NOs:34 and
49), SActE_2313 (CBM33) (SEQ ID NOs:35 and 50),
SActE_4246 (GH18), (SEQ ID NOs:36 and 51)
SActE_3064 (GH19) (SEQ ID NOs:37 and 52), and
SActE_5764 (GH18) (SEQ ID NOs:38 and 53) 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 NOs: 14 and 30) 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 mannan release. In these embodiments the com-
position can additionally comprise SactE_2347 (GHS) (SEQ
ID NOs: 6 and 22) 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 beta-1,3-glucan release. In these embodiments the
composition can additionally comprise at least one member
selected from SActE_4755 (GH64) (SEQ ID NOs:13 and
29) and SActE_4738 (GH16) (SEQ ID NOs:12 and 28)
genes or expression products thereof. In a preferred embodi-
ment, the composition 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
ID NOs:9 and 25) 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
NOs:11 and 27) 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 NOs:15 and 31) 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 NOs:5 and 21) and
SActE_0358 (GH11) (SEQ ID NO:8 and 24) gene or expres-
sion products thereof.

In some embodiments of the tenth aspect, the composition
additionally comprises SActE_0265 (GH10) (SEQ ID
NOs:5 and 21), SActE_0358 (GH11) (SEQ ID NOs:8 and
24), SActE_0357 (CE4) (SEQ ID NOs:7 and 23),
SActE_5978 (PL1) (SEQ ID NOs:16 and 32), and
SActE_5230 (xylose isomerase) (SEQ ID NOs:33 and 48)
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 an eleventh aspect, the present invention is summarized
as a composition useful for biomass degradation comprising
SActE_0237 (GH6) (SEQ ID NOs:1 and 17), SActE_0482
(GH5) (SEQ ID NOs:4 and 20), SActE_3159 (CBM33)
(SEQ ID NOs:3 and 19), SActE_0236 (GH48) (SEQ ID
NOs:2 and 18), SActE_3717 (GH9) (SEQ ID NOs:10 and
26), SActE_0265 (GHI10) (SEQ ID NOs:5 and 21),
SActE_0358 (GH11) (SEQ ID NOs:8 and 24), SActE_2347
(GHS) (SEQ ID NOs:6 and 22) and SActE_1310 (PL3)
(SEQ ID NOs:9 and 25) genes or expression products
thereof. In a preferred embodiment, the composition com-
prises 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 NOs:1 and 17), SActE_0482
(GH5) (SEQ ID NOs:4 and 20), SActE_3159 (CBM33)
(SEQ ID NOs:3 and 19), SActE_0236 (GH48) (SEQ ID
NOs:2 and 18), SActE_2347 (GHS5) (SEQ ID NOs:6 and
22), and SActE_0265 (GH10) (SEQ ID NOs:5 and 21) genes
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or expression products thereof. In a preferred embodiment,
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-
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:

FIGS. 1A-B are sets 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.

FIGS. 2A-C are sets 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).
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(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 meanzs.d. from three
experiments; * indicates P<0.01 compared with SPEZYME
CP.

FIGS. 3A-B are tables illustrating composition of ActE
secretomes identified by LC-MS/MS. (A) Carbohydrate
Active Enzyme (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 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.

FIGS. 5A-B are diagrams with a table showing expression
of ActE CAZy genes on various carbon sources. (A) Hier-
archical 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 expres-
sion 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.
FIGS. 7A-B are sets of graphs demonstrating fraction-
ation of the ActE cellulose secretome and assays of reactions
with different polysaccharides. (A) Anion exchange chro-
matography was performed using the ActE cellulose secre-
tome, 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.

FIGS. 8A-B are sets 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
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(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-
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.

FIGS. 15A-B are diagrams with a table showing expres-
sion 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 information on group 2 genes including expres-
sion profile, SACTE_locus 1D, CAZy family, and annotated
function.

FIGS. 16 A-B are diagrams with a table showing expres-
sion of 167 predicted CAZy genes in ActE, highlighting
group 3 genes. (A) Clustering of genes with similar expres-
sion 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,
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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. 21A-B are graphs illustrating a comparison of spe-
cific activities of Streptomyces sp. ActE secretomes with
SPEZYME CP. (A) 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. (B) depicts relative activity (pH 6.0, 40°
C.) of ActE cellulose secretome and Cell.cc_CBM3a, an
engineered C. thermocellum endo/exoglucanase, compared
to SPEZYME CP. Total amounts of protein included in all
reactions were equivalent.

FIG. 22 illustrates nucleotide and amino acid sequence of
Cell.cc_CBM3a. Construct described in US Patent Appli-
cation 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.

FIGS. 25A-B illustrate synergy of recombined fractions
from ion exchange chromatography. All reactions were
prepared to contain the same total amount of protein.

FIGS. 26A-D are sets of graphs illustrating mannanase
activity demonstrated in fractions containing various natu-
rally truncated versions of SACTE_2347 (GHS). (A-B)
depict proteins found in previous assayed fractions. (C)
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. (D)
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.

FIGS. 27A-B are sets of graphs illustrating ion exchange
fractionation of Streptomyces sp. ActE secretome. (A)
depicts an SDS-PAGE analysis of the fractionation of an
ActE secretome by ion exchange chromatography. (B)
depicts catalytic assays of the separate fractions at 40° C. for
20 h in 0.1 M phosphate buffer, pH 6.0, showing different
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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.

FIGS. 29A-B are SDS-PAGE graphs and a table that
demonstrates the existence of xylanases from Strepromyces
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). (A) depicts a
stain-free gel image of proteins produced by wheat germ
cell-free translation (indicated by asterisks). (depicts a sum-
mary of protein information, expression and secretion data,
and diagnostic assay results. Small molecule assays (MUG,
methylumbelliferyl glucoside; MUC, methylumbelliferyl
cellobioside; MUM, methylumbelliferyl mannoside and
MUX2, methylumbelliferyl xylobioside) were performed in
0.1 M phosphate bufter, pH 6.0, at 30° C. SACTE_0265 and
SACTE_0358, highly expressed and secreted proteins dur-
ing 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.

FIGS. 34A-B are 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).
(A) depicts secretomes obtained from growth on glucose,
Sigmacell™, and xylan. (B) depicts secretomes obtained
from growth on switchgrass, ammonia fiber expansion
(AFEX)-SG, and IL-SG. For clarification, glucoseNSigma-
cell)=4 represents the intersection of the two sets, while
glucose/(SigmacellNxylan)=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,
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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
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 NOs:1 and 17),
SActE_0236 (GH48) (SEQ ID NOs:2 and 18), SActE_3159
(CBM33) (SEQ ID NOs:3 and 19), SActE_0482 (GHS)
(SEQ ID NOs:4 and 20), SActE_0265 (GH10) (SEQ ID
NOs:5 and 21), and SActE_2347 (GHS) (SEQ ID NOs:6 and
22) 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 NOs:7 and 23), SActE_0358 (GHI11) (SEQ
ID NOs:8 and 24), SActE_1310 (PL3) (SEQ ID NOs:9 and
25), SActE_3717 (GH9) (SEQ ID NOs:10 and 26),
SActE_4638 (SEQ ID NOs:11 and 27), SActE_4738
(GHI16) (SEQ ID NOs:12 and 28), SActE_4755 (GH64)
(SEQ ID NOs:13 and 29), SActE_5457 (GH46) (SEQ 1D
NOs:14 and 30), SActE_5647 (GH87) (SEQ ID NOs:15 and
31), and SActE_5978 (PL1) (SEQ ID NOs:16 and 32) genes
or expression products derived thereof.

In one embodiment, the invention is a composition useful
for cellulose degradation comprising SActE_0236 (GH48)
(SEQ ID NOs:2 and 18), SActE_3159 (CBM33) (SEQ ID
NOs:3 and 19), SActE_0482 (GHS5) (SEQ ID NOs:4 and 20)
and SActE_0237 (GH6) (SEQ ID NOs:1 and 17) genes or
expression product thereof. In one embodiment, the com-
position additionally comprises at least one member selected
from the group consisting of SActE_0357 (CE4) (SEQ ID
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NOs:7 and 23), SActE_0358 (GH11) (SEQ ID NOs:8 and
24), SActE_1310 (PL3) (SEQ ID NOs:9 and 25),
SActE_3717 (GH9) (SEQ ID NOs:10 and 26), SActE_4638
(SEQ ID NOs:11 and 27), SActE_4738 (GH16) (SEQ 1D
NOs:12 and 28), SActE_4755 (GH64) (SEQ ID NOs:13 and
29), SActE_5457 (GH46) (SEQ ID NOs:14 and 30),
SActE_5647 (GH87) (SEQ ID NOs:15 and 31), and
SActE_5978 (PL1) (SEQ ID NOs:16 and 32) 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
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
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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, and comprises biological material from liv-
ing or recently 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, switchgrass, hemp, corn, poplar, willow, sor-
ghum, sugarcane, bamboo, and a variety of tree species,
ranging from eucalyptus 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 saline (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
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Carbohydrate Active Enzyme (CAZy) content relative to
one another and relative to known organisms. Strepromyces
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.

Preferably, the ActE secretomes would be prepared as
supernatants from ActE cultures.

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
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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.

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
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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
pine, Pinus sylvestris L, in Onondaga County, NY, 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
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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.

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 (SEQ ID NOs:1 and
17), SACTE_0482 (SEQ ID NOs:4 and 20), SACTE_0236
(SEQ ID NOs:2 and 18), or SACTE_3159 (SEQ ID NOs:3
and 19) together with one or more of SACTE_2347 (SEQ ID
NOs:6 and 22), and SACTE_0265 (SEQ ID NOs:5 and 21).
One may wish to overexpress core xylan deconstructing
enzymes, SACTE_0265 (SEQ ID NOs:5 and 21),
SACTE_0358 (SEQ ID NOs:8 and 24), SACTE_0357 (SEQ
ID NOs:7 and 23), SACTE_5978 (SEQ ID NOs:16 and 32),
and SACTE_5230 (SEQ ID NOs:33 and 48). One may wish
to overexpress core mannan deconstruction enzymes, such
as SACTE_2347 (SEQ ID NOs:6 and 22). Additionally,
SACTE_4755 (SEQ ID NOs:13 and 29) and SACTE_4738
(SEQ ID NOs:12 and 28) 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. Selected 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-
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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 NOs:1 and 17),
SActE_0236 (SEQ ID NOs:2 and 18), SActE_3159 (SEQ
ID NOs:3 and 19), SActE_0482 (SEQ ID NOs:4 and 20),
SACtE_0265 (SEQ ID NOs:5 and 21), and SActE_2347
(SEQ ID NOs:6 and 22), and (b) SActE_0357 (CE4) (SEQ
ID NOs:7 and 23), SActE_0358 (GH11) (SEQID NOs:8 and
24), SActE_1310 (PL3) (SEQ ID NOs:9 and 25),
SActE_3717 (GH9) (SEQ ID NOs:10 and 26), SActE_4638
(SEQ ID NOs:11 and 27), SActE_4738 (GH16) (SEQ 1D
NOs:12 and 28), SActE_4755 (GH64) (SEQ ID NOs:13 and
29), SActE_5457 (GH46) (SEQ ID NOs:14 and 30),
SActE_5647 (GH87) (SEQ ID NOs:15 and 31), and
SActE_5978 (PL1) (SEQ ID NOs: 16 and 32). 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 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 NOs:1 and 17),
SActE_0236 (SEQ ID NOs:2 and 18), SActE_3159 (SEQ
ID NOs:3 and 19), and SActE_0482 (SEQ ID NOs:4 and
20)] 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
NOs:5 and 21) and SActE_2347 (GHS) (SEQ ID NOs:6 and
22) 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
NOs:5 and 21), SActE_0358 (GH11) (SEQ ID NOs:8 and
24), SActE_0357 (CE4) (SEQ ID NOs:7 and 23),
SActE_5978 (PL1) (SEQ ID NOs:16 and 32) and
SActE_5230 (xylose isomerase) (SEQ ID NOs:33 and 48)
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 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 (GH18) (SEQ ID
NOs:34 and 49), SActE_2313 (CBM33) (SEQ ID NOs:35
and 50), SActE_4246 (GHI18) (SEQ ID NOs:36 and 51),
SActE_3064 (GH19) (SEQ ID NOs:37 and 52), and
SActE_5764 (GH18) (SEQ ID NOs:38 and 53) genes or
expression products thereof. In a preferred embodiment, the
composition comprises at least three or four of the genes or
expression products.
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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 NOs:14 and 30) 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 (GHS) (SEQ ID NO:6 and 22) genes or expres-
sion 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 NOs:13 and 29) and SActE_4738 (GH16) (SEQ ID
NOs:12 and 28) 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 NOs:9 and 25) gene or expres-
sion products derived thereof.

In another embodiment, a composition optimized for
alginate release utilization may include any combinations of
ActE genes and expression products disclosed above with
SActE_4638 (SEQ ID NOs:11 and 27) 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 NOs:15 and 31) 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 NOs:5 and 21) and
SActE_0358 (GHI11) (SEQ ID NOs:8 and 24) 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 NOs:5 and 21),
SActE_0358 (GH11) (SEQ ID NOs:8 and 24), SActE_0265
(GH10) (SEQ ID NOs:5 and 21), SActE_0358 (GHI1)
(SEQ ID NOs:8 and 24), SActE_0357 (CE4) (SEQ ID
NOs:7 and 23), SActE_5978 (PL1) (SEQ ID NOs:16 and
32), and SActE_5230 (xylose isomerase) (SEQ ID NOs:33
and 48) 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 NOs:1 and 17),
SActE_0482 (GHS5) (SEQ ID NOs:4 and 20), SActE_3159
(CBM33) (SEQ ID NOs:3 and 19), SActE_0236 (GH48)
(SEQ ID NOs:2 and 18), SActE_3717 (GH9) (SEQ ID
NOs:10 and 26), SActE_0265 (GH10) (SEQ ID NOs:5 and
21), SActE_0358 (GHI1) (SEQ ID NOs:8 and 24),
SActE_2347 (GHS5) (SEQ ID NOs:6 and 22) and
SActE_1310 (PL3) (SEQ ID NOs:9 and 25) genes or
expression products thereof. In a preferred embodiment, 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 NOs:1 and 17),
SActE_0236 (SEQ ID NOs:2 and 18), SActE_3159 (SEQ
ID NOs:3 and 19), SActE_0482 (SEQ ID NOs:4 and 20),
SACtE_0265 (SEQ ID NOs:5 and 21), and SActE_2347
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(SEQ ID NOs:6 and 22) (for cellulose); (b) SActE_0265
(SEQ ID NOs:5 and 21), SActE_0357 (SEQ ID NOs:7 and
23), SActE_0358 (SEQ ID NOs:8 and 24), SActE_5230
(SEQID NOs:33 and 48) and SActE_5978 (SEQ ID NOs: 16
and 32) (for xylan); (¢) SActE_2313 (SEQ ID NOs:35 and
50), SActE_3064 (SEQ ID NOs:37 and 52), SActE_4246
(SEQ ID NOs:36 and 51), SActE_4571 (SEQ ID NOs:34
and 49) and SActE_5764 (SEQ ID NOs:38 and 53) (for
chitin); (d) SActE_2347 (SEQ ID NOs:6 and 22) (for
mannan); and (e) SActE_0236 (SEQ ID NOs:2 and 18),
SActE_0237 (SEQ ID NOs:1 and 17), SActE_0265 (SEQ
ID NOs:5 and 21), SActE_0358 (SEQ ID NOs:8 and 24),
SActE_1310 (SEQ ID NOs:9 and 25), SActE_2347 (SEQ
ID NOs:6 and 22) and SActE_3159 (SEQ ID NOs:3 and 19)
(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.

In the case of cellulose degradation, the inventors believe
SACTE_3159 (SEQ ID NOs:3 and 19), SACTE_0237 (SEQ
ID NOs:1 and 17), SACTE_0482 (SEQ ID NOs:4 and 20),
and SACTE_0236 (SEQ ID NOs:2 and 18) act cooperatively
to create nicks and hydrolyze cellobiose units from crystal-
line 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 (SEQ ID NOs:2 and 18), SACTE_0237
(SEQ ID NOs:1 and 17), SACTE_0482 (SEQ ID NOs:4 and
20), SACTE_3717 (SEQ ID NOs:10 and 26) and
SACTE_3159 (SEQ ID NOs:3 and 19)) 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,
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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 (SEQ ID NOs:1 and 17),
SACTE_0236 (SEQ ID NOs:2 and 18), SACTE_2347 (SEQ
ID NOs:6 and 22), SACTE_3159 (SEQ ID NOs:3 and 19),
SACTE_0482 (SEQ ID NOs:4 and 20), SACTE_0265 (SEQ
ID NOs:5 and 21), SACTE_0357 (SEQ ID NOs:7 and 23),
SACTE_4439 (SEQ ID NOs:39 and 54), SACTE_0562
(SEQ ID NOs:40 and 55), SACTE_0358 (SEQ ID NOs:8
and 24), SACTE_4343 (SEQ ID NOs:i4l1 and 56),
SACTE_1546 (SEQ ID NOs:42 and 57), SACTE_1310
(SEQ ID NOs:9 and 25), SACTE_4638 (SEQ ID NOs:11
and 27), SACTE_5668 (SEQ ID NOs:45 and 60),
SACTE_3717 (SEQ ID NOs:10 and 26), SACTE_3590
(SEQ ID NOs:43 and 58), SACTE_2172 (SEQ ID NOs:44
and 59), SACTE_4571 (SEQ ID NOs:34 and 49),
SACTE_5978 (SEQ ID NOs:16 and 32), SACTE_6428
(SEQ ID NOs:46 and 61), SACTE_2313 (SEQ ID NOs:35
and 50), and SACTE_0366 (SEQ ID NOs:47 and 62). In a
preferred embodiment, 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.

TABLE 1

ActE genes or expression
products useful for lienocellulosic degradation

Gene or Expression Preferred
Product Combinations subsets Additional Useful Genes
SACTE_0236, Cellulose SACTE_0229, SACTE_0230,
SACTE_0237, degradation SACTE_0231, SACTE_0232,
SACTE_3159, SACTE_0233, SACTE_0234,
SACTE_0482 SACTE_0235, SACTE_0480,
and SACTE_3717 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_0265, Xylan SACTE_0364, SACTE_0365,
SACTE_0357, degradation SACTE_0366, SACTE_0368,
SACTE_0358, SACTE_0369, SACTE_0370,
SACTE_5230 SACTE_0527, SACTE_0528,
and SACTE_5978 SACTE_5227, SACTE_5228,
SACTE_5229, SACTE_5858,
and SACTE_5859
SACTE_2313, Chitin SACTE_0080, SACTE_0081,
SACTE_3064, degradation SACTE_0844, SACTE_0846,
SACTE_4246, SACTE_0860, SACTE_3063,
SACTE_4571 SACTE_4858, SACTE_6493
and SACTE_5764 and SACTE_6494
SACTE_2347 Mannan
degradation
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TABLE 1-continued

ActE genes or expression
products useful for lignocellulosic degradation.

Gene or Expression Preferred
Product Combinations subsets Additional Useful Genes
SACTE_1310 Pectin
degradation
SACTE_4638 Alginate
release
SACTE_5647 Galactose SACTE_5648
release
SACTE_4738 and Beta-1,3- SACTE_4737, SACTE_4739
SACTE_4755 glucan and SACTE_4756
degradation
SACTE_0236, Cellulose SACTE_3065, SACTE_4730,
SACTE_0237, and hemi- SACTE_4755, and
SACTE_0265, celluloses SACTE_5166
SACTE_0358, degradation
SACTE_0482,
SACTE_1310,
SACTE_2347,
SACTE_3159

and SACTE_3717

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. 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),
and are available at NCBI with the following accession
numbers, GenBank: CP002993.1; RefSeq: 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. We then used BLASTP
to compare all ActE protein-coding sequences to the CAZy
database and to the pfam database. 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
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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).

Growth of Organisms.

ActE, S. coelicolor, S. griseus and T. reesei RUT-C30
were grown at pH 6.0 and ActE was also grown at pH 6.9
in M63 minimal medium, where 1 L contains: 10.72 g
K,HPO,; 5.24 g KH,PO,; 2 g (NH,),SO,; 0.5 mL iron
sulfate (1 mg/mL in 0.01 M HCI); 1 mL 1 M MgSO,; 1 mL.
thiamine solution (1 mg/ml) supplemented with glucose,
cellulose (either Whatman #1 filter paper or Sigmacell-20,
Sigma/Aldrich, St. Louis, Mo. as indicated), xylan, chitin,
switchgrass, AFEX-treated switchgrass (Balan et al., 2009),
or ionic liquid-treated switchgrass as the sole carbon source
(0.5% w/v). Cultures were incubated for 7 days at 30° C.
with shaking. In this medium at pH 6.9, ActE has doubling
times of 2.5 h for growth on xylan and switchgrass, 8 h for
glucose and 13 h for cellulose as determined by time-
dependent increases in total protein present in the culture
medium.

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 polysac-
charide 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 pre-
cipitated 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 Biosystems, Foster City, Calif.). Addi-
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tional samples from the same culture secretomes were
analyzed by LC-MS/MS to identify highly abundant pro-
teins 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™
chromatography 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 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 disso-
ciation (HCD) MS analyses employing a capillary LC-MS/
MS were performed on an electrospray ionization F1/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 secre-
tome preparations with polysaccharide-containing sub-
strates including cellulose (either Whatman #1 filter paper or
Sigmacell-20 as indicated), xylan, chitin, mannan, switch-
grass, AFEX pretreated switchgrass, or ionic-liquid pre-
treated switchgrass®*. After incubation in 0.1 M sodium
phosphate, pH 6 at 40° C. for 20 h, the reducing sugar
content was detected by dinitrosalicylic acid assay (Miller,
1959) and calibrated by using glucose, xylose, or mannose
as standards. Purified polysaccharide preparations had neg-
ligible 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 HPL.C
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, cellopentaose, and cel-
lohexaose (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:
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fraction 1, SACTE_3159 (CBM33/CBM2 oxidative endo-
cellulase, 95%) and SACTE_4738 (GH16 p-1,3 endogluca-
nase, 5%); fraction 2, SACTE_0237 (GH6 exocellulase,
60%), SACTE_0482 (GHS 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),
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 oligomers obtained
from secretome reactions without and with the addition of
excess [-glucosidase (Lucigen) 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, cellotetraose, and cellopentaose (Sigma) were
used as standards. The integrated arcas of peaks were
analyzed by EZ start 7.2 SP1 software (Shimadzu).

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.

CelLcc_CBM3a.

The nucleotide and amino acid sequence of
CelLcc_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
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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-
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 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
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state (Cheng et al., 2011; Liet 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
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
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
(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.
C. C.

ActE  S. coelicolor S. griseus thermocellum japonicus
Genome size 7414440 8667507 8545929 3843301 4576573
(nt)
Proteome size 6357 8153 7136 3173 3750
Total CAZy 167 221 132 103 183
Proteins

10

20

30

35

40

45

50

55

60

65

28
TABLE 2-continued

Comparison of genomic composition.

C. C.

ActE  S. coelicolor S. griseus thermocellum japonicus
% 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
% 9.8% 8.8% 16.0% 2.8% 3.0%
antiSMASH

“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.

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
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
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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
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-
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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
(SEQ ID NO:65) (the CebR binding element). CebR pro-
teins are Lacl/GalR-like transcriptional regulators shown to
provide ftranscriptional control of gene expression in
response to the presence of cellobiose or other small oli-
gosaccharides 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 GH1 protein (p-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
upregqulated 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 (SEQ ID
NO: 65)
SACTE_0237 GHé CBM2 1,4-beta TGGGAGCGCTC 2 17.3
cellobiohydrolase CCA (SEQ ID
NO: 65)
SACTE_3159 CBM33 CBM2 Cellulose-binding TGGGAGCGCTC 3 16.2
domain CCA (SEQ ID
NO: 65)
SACTE_0482 GH5 CBM2 Endo-1,4-beta- TGGGAGCGCTC 4 15.4
glucosidase CCA (SEQ ID
NO: 65)
SACTE_2288 Transport systems TGGGAGCGCTC 5 11.2
inner membrane CCA (SEQ ID
component NO: 65
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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_3717 GHS CBM2 1,4-beta TGGGAGCGCTC 6 9.7
cellobiohydrolase CCA (SEQ ID
NO: 65)
SACTE_6428 CBM33Chitin-binding, GGGAGCGCTCC 9 7.9
domain 3 CA (SEQ ID
NO: 66)
SACTE_2347 GH5 CBM2 Beta-mannosidase TGGGAGCGCTC 11 5.0
CCA (SEQ ID
NO: 65)
SACTE_2287 Transport systems TGGGAGCGCTC 15 4.3
inner membrane CCA (SEQ ID
component NO: 65)
SACTE_2289 Family 1 TGGGAGCGCTC 19 3.9
extracellular CCA (SEQ ID
solute-binding NO: 65)
protein
SACTE_0352 GCN5-related N- TGGGAGCGCTC 22 3.6
acetyltransferase CCA (SEQ ID
NO: 65)
SACTE_2286 GH1 Glycoside GGGAGCGCTCC 27 3.4
hydrolase 1 CA (SEQ ID
NO: 66)
SACTE_0483 CBM2 Cellulose-binding GGGAGCGCTCC 503 1.6
family protein CA (SEQ ID
NO: 66)
SACTE_0562 GH74 CBM2 Secreted cellulase TGGGAGCGCTC 5759 0.7
(endo) CCA (SEQ ID
NO: 65)
SACTE_2285 LacI family TGGGAGCGCTC 6229 0.6
transcriptional CCA (SEQ ID
regulator (CebR) NO: 65)

“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 45 extending from SACTE_5858 to SACTE_5864 was

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-
sponding proteins were identified in the proteomic analysis
of biomass secretomes (FIGS. 3 and 4). A gene cluster
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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
genome-wide basis ActE selectively expresses small, dis-
tinct sets of CAZy genes during growth on pure polysac-
charides, which is distinct from the larger numbers of CAZy
genes expressed by 1. reesei (Herpoel-Gimbert et al., 2008),
C. thermocellum (Raman et al., 2009; Riederer et al., 2011),
and T fusca (Chen and Wilson, 2007).
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TABLE 4

Streptomyces sp. ActE genes with >4-fold expression increase

during growth on pure polysaccharides.

Fold increase

Sigmacell CAZy Annotation Sigmacell: gle xylan: glc chitin: gle

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

SACTE_0236  GHA48, CBM2,37 Glycoside hydrolase, 48F 19.00 4.93 3.91

SACTE_0482 GHS, CBM2 Cellulose-binding family 11.84 3.01 2.00
II/chitobiase, carbohydrate-
binding domain

SACTE_2347 GHS,CE3, CBM2,37 Cellulose-binding family 4.46 1.17 0.99
II/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 1.53 137
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

Fold increase

Xylan CAZy Annotation Sigmacell: gle xylan: glc chitin: gle

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

SACTE_0358 GHI1, 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  GHA48, 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_3978 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 6.72 446
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

SACTE_5285 Bacterial bifunctional 1.71 6.54 3.33

deaminase-reductase, C-
terminal

34
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TABLE 4-continued

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

SACTE_1383 Glycerophosphoryl diester 1.08 6.50 3.51
phosphodiesterase
SACTE_4333 Binding-protein-dependent 1.37 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 6.27 291
SACTE_5136 NAD(P)-binding domain 2.20 6.27 2.87
SACTE_6561 hypothetical protein 2.92 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 1.66 597 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 Rbhs 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 5.61 391
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 1.37 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 1.21 544 331

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 3.11
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



US 10,144,941 B2

37
TABLE 4-continued

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

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-48 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 4.70 293

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 4.63 271

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
IS204/IS1001/I1S1096/1S1165

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

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 4.34 341
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
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TABLE 4-continued

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

SACTE_0819
SACTE_4539
SACTE_0532

SACTE_3300
SACTE_6277
SACTE_0941
SACTE_1115
SACTE_6105
SACTE_4407
SACTE_5387

SACTE_5053
SACTE_5562

SACTE_5522

SACTE_5484

SACTE_6526
SACTE_4164
SACTE_4979

SACTE_0952
SACTE_1785
SACTE_3454
SACTE_1271
SACTE_1760
SACTE_0035
SACTE_0247
SACTE_3796
SACTE_4641
SACTE_4816
SACTE_2331

SACTE_1666
SACTE_5867

SACTE_2705
SACTE_6014
SACTE_2018
SACTE_5690
SACTE_3243
SACTE_0786

SACTE_6450

SACTE_0097
SACTE_6341

SACTE_1483
SACTE_0754

SACTE_5308

SACTE_5862

Protein of unknown function
DUF962

NERD
Binding-protein-dependent
transport systems inner
membrane component
hypothetical protein
hypothetical protein
Twin-arginine translocation
pathway, signal sequence
GntR, C-terminal

Fatty acid hydroxylase
Spherulation-specific family
4

hypothetical protein
NmrA-like

Amino acid ABC transporter,
permease protein, 3-TM
domain,
His/Gluw/Gln/Arg/opine family
Galactose-binding domain-
like

Transcription regulator,
TetR-like, DNA-binding,
bacterial/archaeal

Restriction endonuclease,
type IV-like, Mrr
hypothetical protein
Transcription regulator,
TetR-like, DNA-binding,
bacterial/archaeal
hypothetical protein
hypothetical protein
hypothetical protein

Class IT aldolase/adducin, N-
terminal

hypothetical protein
hypothetical protein

Protein of unknown function
DUF2241

F420-dependent enzyme,
PPOX class, family Rv2061,
putative

hypothetical protein
Peptidase S26, conserved
region

Major facilitator superfamily
MFS-1

hypothetical protein
Mammalian cell entry,
meelC

AMP-binding, conserved site
Binding-protein-dependent
transport systems inner
membrane component
Putative DNA binding
domain

Gluconate transporter
hypothetical protein
Polynucleotidy! transferase,
ribonuclease H fold
Rhamnose isomerase

related
Beta-lactamase-related
FMN-binding split barrel,
related

hypothetical protein
Uncharacterised protein
family UPF0060

Winged helix-turn-helix
transcription repressor DNA-
binding

ABC transporter, conserved
site

1.50 433
142 432
3.47 431
1.68 431
2.4 431
132 430
1.57 4.29
1.63 4.29
1.19 4.29
1.24 427
1.23 427
1.37 426
1.82 426
145 421
231 4.20
1.06 4.19
1.20 4.19
133 4.18
1.25 4.17
146 4.16
1.77 4.16
138 413
1.93 413
130 4.10
143 4.10
143 4.09
1.17 4.09
1.15 4.08
144 4.07
1.79 4.07
138 4.07
0.89 4.07
1.05 4.06
1.00 4.05
0.91 4.05
1.81 4.03
2.72 4.02
1.70 4.02
1.82 4.01
0.82 4.01
121 4.00
133 4.00
1.87 4.00

2.83
3.98
242
2.59
2.63
2.63
2.78
4.15
3.08

3.05
3.75

3.24

2.40
2.48
2.34

2.02
1.94
2.32
2.65
2.07

3.13
2.77

2.60
2.77

2.20

2.46
292

2.75

2.51

2.63

2.29

2.23

2.98

2.90

2.52
245

2.75
2.51

1.56

3.05

40
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TABLE 4-continued

42

Streptomyces sp. ActE genes with >4-fold expression increase

during growth on pure polysaccharides.

Fold increase

Chitin CAZy Annotation Sigmacell: gle xylan: glc chitin: gle
SACTE_2313 CBM33 Chitin-binding, domain 3 1.08 1.24 4.77
SACTE_4571 GHI18, 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 2.92 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 1.45 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 1.19 4.29 4.15
4
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
SACTE_6365 Isocitrate 1.88 6.82 4.01
lyase/phosphorylmutase
Example 6: Composition of ActE Secretome is chitin, switchgrass, AFEX-SG, and IL.-SG were analyzed by
Dependent on ActE Growth Substrate LC-MS/MS (FIG. 3 and FIG. 18). The proteins were sorted
65 into a descending rank according to spectral counts, and sets

To identify secreted proteins, supernatants from ActE
cultures grown on glucose, cellobiose, cellulose, xylan,

whose spectral counts summed to 95% of the total protein in
each secretome are shown. FIG. 3A summarizes the per-
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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),
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;
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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;
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,
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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.

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-
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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.

TABLE 5

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 441 45844
SACTE_0237 GH6 586 61062 62 93 Tfu_ 0620 Cel6B 396 63548
SACTE_0236 GH48 954 100726 57 95 Tfu 1959 Cel48A 984 107127
SACTE_2347 GHS8 562 57753 45 23 Tfu 2176 Cel9A 880 95203
SACTE_3159 CBMS33 362 37787 42 71 Tfu_ 1665 E8 438 46808
SACTE_0482 GH5 456 47654 51 97 Tfu 0901 Cel5A 466 49807
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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_0265 GHI10 458 47683 44 95 Tfu 2923 Xyl10A 491 53185
SACTE_3717 GH9Y 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

92%
89%
82%

89%
86%
80%

Percentage with Cel6A
Percentage with Cel6B
Percentage with Cel6A,B

with Cel6A,B 5516 593939

Example 8: ActE Secretome Specific Activity is
Comparable to that of SPEZYME OP™

The enzymatic activities of ActE secretomes were com-
pared with a commercial secretome, SPEZYME CP. The
enzyme cocktail of SPEZYME CP was prepared from 7.
reesei Rut-C30, thus providing a useful, routinely available
reference point for the capabilities of other cellulolytic
organisms. HPL.C analysis showed that the ActE cellulose
secretome released cellobiose as the primary product during
reaction with cellulose (FIG. 2A, 95% of products), which
is distinct from the higher proportion of glucose produced by
the 7. reesei secretome. Similarly, the primary products from
xylan and mannan were xylobiose and mannobiose, respec-
tively. Upon accounting for total glucose equivalents
released, the ActE secretome obtained from growth on pure
cellulose had specific activity that was about half of that
provided by SPEZYME CP (FIG. 2A, inset). Interestingly,
the ActE secretome obtained from growth on pure cellulose
had higher specific activity for deconstruction of pure man-
nan than SPEZYME CP (FIG. 2B). Additionally, the ActE
secretome obtained from growth on pure xylan had higher
specific activity for reaction with pure xylan than
SPEZYME CP. Cellulose, xylan, and mannan are all abun-
dant in pinewood, thus accounting for the necessity of each
of the major catalytic activities detected.

Anion exchange chromatography was performed to frac-
tionate the ActE secretome obtained from cells grown on
cellulose as the sole carbon source. We identified fractions
that hydrolyzed pure polysaccharides by biochemical assays
(FIG. 7), and confirmed the identity of the protein or proteins
contained in these fractions by mass spectrometry (FIG. 17).
Where multiple polypeptides were present, the identity of
each was confirmed by mass spectrometry to correspond to
the indicated gene locus. In several cases, these most likely
arise from proteolysis of a single protein found in the
secretome. Fractions containing the maximum cellulase
activity were highly enriched in SACTE_0236 and
SACTE_0237, reducing and non-reducing end cellobiohy-
drolases from the GH6 and GH48 families, respectively.
SACTE_0265 and SACTE_2347 were identified as the
major proteins present in fractions associated with xylan and
mannan hydrolysis, respectively. A CBM33 polysaccharide
monooxygenase (SACTE_3159) was also identified in the
ion exchange profile. Moreover, beta-1,3 glucanase activity
was identified in fractions that were enriched in
SACTE_4755.

When ActE was grown on either ammonia fiber expan-
sion-treated switchgrass (AFEX-SG) (Li, C. et al., 2011) or
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ionic liquid-treated switchgrass (IL-SG), the secretomes had
~2-fold increase in specific activity relative to the cellulose
secretome and were equivalent to SPEZYME CP for reac-
tion with both the AFEX- and IL-treated biomass (FIG. 2C)
(Li, C. et al., 2011). The ActE secretomes retained greater
than 60% of maximal activity for the hydrolysis of AFEX-
and IL-SG from 30 to 55° C. and 35 to 47° C., respectively,
which is comparable to recent reports on the temperature
profile of secretomes from thermophilic biomass-degrading
fungi (Tolonen et al., 2011) (FIG. 8A). The secretomes
showed a pH optimum of ~7 for reaction with AFEX-SG and
a pH optimum of ~8 for reaction with IL-SG. Moreover,
these secretomes retained greater than 60% of maximal
activity over the ranges of pH 4.5 to 8.0, and pH 7.0 to 8.0,
respectively (FIG. 8B). These optimal pH values are con-
siderably higher than observed for SPEZYME CP.

Example 9: ActE Produces Cellobiose as the
Primary Extracellular Product of Cellulose
Utilization

The isolated ActE secretomes contained substantial abil-
ity to release reducing sugars from pure polysaccharides.
Cellobiose accounted for ~95% of soluble sugar released
from pure cellulose and glucose represented the remainder;
cellotriose and cellobionic acid were not detected. Neither
cellobiosidase nor p-glucosidase was detected in the ActE
secretome. Thus ActE produces cellobiose as the primary
extracellular product of cellulose utilization and also grows
vigorously on this. Dominance of cellobiose may help to
channel cellulolytic activity to only a subset of the Sirex
community. Since genes encoding cellobiose oxidase and
cellobiose dehydrogenase (Eastwood et al., 2011; Langston
et al., 2011) were not present in ActE, biological reduction
systems for the CBM33 proteins may be provided by other
members of the Sirex community, in analogy to that
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.
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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 CellL.cc_CBM3a, 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 supplementation 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-
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
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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
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
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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
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

10

15

20

25

30

35

40

45

50

55

60

65

52

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-
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.
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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: 66

<210> SEQ ID NO 1

<211> LENGTH: 586

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 1

Met Ser Arg Thr Ser Arg Thr Thr Leu Arg Arg Ser Arg Thr Ala Leu
1 5 10 15

Met Ala Ala Gly Ala Leu Val Ala Ala Ala Ala Gly Ser Ala Ala Ala
20 25 30

Ala Ala Pro Phe Gly Ala Thr Ala Ala Ala Ala Ala Gly Cys Thr Val
35 40 45

Asp Tyr Lys Ile Gln Asn Gln Trp Asn Gly Gly Leu Thr Ala Ser Val
50 55 60

Ser Val Thr Asn Asn Gly Asp Ala Ile Ser Gly Trp Gln Leu Gln Trp
65 70 75 80

Ser Phe Ala Gly Gly Glu Gln Val Ser Gln Gly Trp Asn Ala Thr Val
85 90 95

Ser Gln Ser Gly Ser Ala Val Thr Ala Lys Asp Ala Gly Tyr Asn Ala
100 105 110

Ala Leu Ala Thr Gly Ala Ser Ala Ser Phe Gly Phe Asn Ala Thr Gly
115 120 125

Asn Gly Asn Ser Val Val Pro Ala Thr Phe Lys Leu Asn Gly Val Thr
130 135 140

Cys Asn Gly Gly Thr Thr Gly Pro Thr Asp Pro Thr Asp Pro Thr Asp
145 150 155 160

Pro Thr Asp Pro Thr Asp Pro Pro Ala Gly Asn Arg Val Asp Asn Pro
165 170 175

Tyr Gln Gly Ala Lys Val Tyr Val Asn Pro Glu Trp Ser Ala Asn Ala
180 185 190

Ala Ala Glu Pro Gly Gly Asp Arg Ile Ala Asp Gln Pro Thr Gly Val
195 200 205

Trp Leu Asp Arg Ile Ala Ala Ile Glu Gly Ala Asn Gly Ser Met Gly
210 215 220

Leu Arg Asp His Leu Asp Glu Ala Leu Thr Gln Lys Gly Ser Gly Glu
225 230 235 240

Leu Val Val Gln Val Val Ile Tyr Asn Leu Pro Gly Arg Asp Cys Ala
245 250 255

Ala Leu Ala Ser Asn Gly Glu Leu Gly Pro Thr Glu Ile Gly Arg Tyr
260 265 270

Lys Thr Glu Tyr Ile Asp Pro Ile Ala Glu Ile Leu Gly Asp Pro Lys
275 280 285

Tyr Ala Gly Leu Arg Ile Val Thr Thr Val Glu Ile Asp Ser Leu Pro
290 295 300

Asn Leu Val Thr Asn Ala Gly Gly Arg Pro Thr Ala Thr Pro Ala Cys
305 310 315 320

Asp Val Met Lys Ala Asn Gly Asn Tyr Val Lys Gly Val Gly Tyr Ala
325 330 335

Leu Asn Lys Leu Gly Asp Ala Pro Asn Val Tyr Asn Tyr Ile Asp Ala
340 345 350

Gly His His Gly Trp Ile Gly Trp Asp Asp Asn Phe Gly Ala Ser Ala
355 360 365
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Glu

385

Glu

Ser

Gln

Gly

Pro

465

Gly

Gly

Asp

Ser

Pro

545

Leu

Glu

Ile

370

His

Asn

Lys

Ala

Met

450

Ser

Arg

Ala

Ala

Glu

530

Thr

Gly

Leu

Phe

Gly

Phe

Trp

Phe

435

Leu

Gly

Tyr

Gly

Tyr

515

Ile

Tyr

Gly

Met

His

Phe

Ser

Val

420

Arg

Ile

Pro

Asp

Leu

500

Val

Pro

Thr

Ala

Lys
580

Glu

Ile

Ile

405

Asp

Asn

Asp

Gly

Arg

485

Gly

Trp

Asn

Gly

Pro

565

Asn

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Val

1

Glu

Asp

Ser

Gln

65

Thr

Ala

Ala

Gln

Ser
145

Ala

Ala

Trp

Ala

Gln

Val

Ala

Pro

Pro

130

Ala

Ala

Gln

Gly

35

Ala

Leu

Ser

Val

Thr

115

Pro

Gly

Leu

Ala

20

Ser

Ile

Thr

Val

Thr

100

Thr

Ile

Asp

954

2

Ala

5

Ala

Gly

Asp

Ser

Lys

85

Thr

Phe

Ala

Pro

Ala

Thr

390

Asp

Trp

Glu

Thr

Ala

470

Arg

Glu

Met

Asp

Asn

550

Val

Ala

Leu

Ala

Phe

Gly

Gly

70

Asn

Gly

Ala

Val

Val
150

Ala

375

Asn

Asp

Asn

Leu

Ser

455

Asn

Ile

Arg

Lys

Glu

535

Ala

Ser

Tyr

Pro

Val

Thr

Trp

Trp

Ala

Ala

Val

Leu

135

Pro

Thr

Thr

Ala

Arg

Val

440

Arg

Thr

His

Pro

Pro

520

Gly

Arg

Gly

Pro

Leu

Ala

Thr

40

Thr

Ser

Ala

Gln

Asn
120

Thr

Leu

Ala

Ala

Val

Tyr

425

Ser

Asn

Ser

Leu

Gln

505

Pro

Lys

Asn

Lys

Ala
585

Glu

Asn

Asn

410

Thr

Val

Gly

Val

Gly

490

Ala

Gly

Gly

Asn

Trp

570

Leu

ACTE

Gly

Cys

25

Glu

Leu

Gly

Trp

Phe

105

Gly

Ser

Ala

Met

10

Ser

Leu

Thr

Thr

Asn

90

Thr

Thr

Pro

Ala

Gly

Tyr

395

Gly

Asp

Gly

Trp

Asp

475

Asn

Ala

Glu

Phe

Asn

555

Phe

Thr

Val

Thr

Tyr

Trp

75

Gly

Tyr

Val

Ala

Thr
155

Ala

380

Ser

Thr

Glu

Phe

Gly

460

Thr

Trp

Pro

Ser

Asp

540

Asn

Ser

Ala

Asp

Leu

Asp

Ser

Ala

Ser

Cys

Ala

140

Ala

Thr

Ala

Ser

Leu

Asn

445

Gly

Tyr

Cys

Glu

Asp

525

Arg

Met

Ala

Ala

Tyr

Thr

45

Tyr

Gln

Ile

Gly

Ala
125

Gly

Ala

Val

Leu

Val

Ser

430

Ser

Ala

Val

Asn

Pro

510

Gly

Met

Ser

Gln

Ala

Thr

30

Asn

Ala

Ser

Ala

Ala
110
Gly

Ala

Ala

Asn

Lys

Arg

415

Phe

Gly

Asn

Asp

Gln

495

Gly

Ser

Cys

Gly

Phe
575

Gly

15

Thr

Arg

Gly

Gly

Ala

95

Asn

Ala

Val

Ala

Asp

Glu

400

Gln

Ala

Ile

Arg

Gly

480

Ala

Ile

Ser

Asp

Ala

560

Gln

Thr

Ser

Gly

Asn

Lys

80

Gly

Thr

His

Phe

Asp
160
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60

Gly

Gly

Ala

Ser

225

Thr

Thr

Ser

Thr

Thr

305

Ala

Thr

Ser

Thr

Lys

385

Glu

Tyr

Asn

Pro

Gly

465

Ala

Ile

Thr

Leu

Thr

545

Ala

Ala

Thr

Gly

Ala

210

Val

Phe

Ala

Thr

Val

290

Ala

Ala

Asp

Val

Ser

370

Ile

Thr

Asp

Glu

Ile

450

Met

Pro

Asn

His

Asp

530

Asn

Asp

Thr

Asp

Ser

195

Asp

Val

Asp

Ala

Leu

275

Thr

Pro

Lys

Pro

Glu

355

Glu

Thr

Tyr

Ala

Tyr

435

Ala

His

Gly

Thr

Pro
515
Leu

Ala

Val

Ile

Thr

180

His

Ser

Ser

Val

Arg

260

Thr

Ala

Gly

Glu

Ala

340

Thr

Ala

Gly

Met

Ser

420

Pro

Ala

Trp

Thr

Phe

500

Thr

Phe

Pro

Trp

Ser

165

Thr

Ser

Pro

Pro

Ser

245

Ser

Phe

Asp

His

Tyr

325

Asn

Leu

Tyr

Asp

Ile

405

Lys

Ala

Glu

Ile

Cys

485

Gln

Cys

Thr

Asp

Ala
565

Lys

Ser

Val

Pro

Ala

230

Leu

Ala

Thr

Gly

Gly

310

Asp

Gly

Ile

Ser

Trp

390

Pro

Pro

Val

Leu

Gln

470

Ala

Arg

Asp

Gly

Ala
550

Lys

Val

Pro

Tyr

Ala

215

Gln

Ser

Gly

Pro

Ser

295

Lys

Ala

Tyr

Val

Tyr

375

Thr

Thr

Ala

Leu

Lys

455

Asp

Ala

Gly

Asn

Asp
535

Asp

Glu

Glu

Tyr

Ala

200

Gly

Leu

Thr

Asn

Ala

280

Gly

Ala

Arg

Phe

Glu

360

Leu

Lys

His

Thr

Asp

440

Ser

Val

Gly

Ser

Phe
520
Ser

Ala

Gln

Phe

Ser

185

Arg

Ile

Gly

Ala

Thr

265

Asn

Thr

Glu

Phe

Ser

345

Ala

Ile

Phe

Ala

Tyr

425

Gly

Ala

Asp

Pro

Gln

505

Thr

Ser

Arg

Gly

Tyr

170

Tyr

Ala

Thr

Val

Pro

250

Gly

Trp

Gly

Val

Leu

330

Pro

Pro

Trp

Asn

Asp

410

Ala

Ser

Tyr

Asn

Thr

490

Glu

Tyr

Tyr

Ala

Lys
570

Asp

Glu

Tyr

Val

Gln

235

Ala

Leu

Ser

Ala

Thr

315

Asp

Glu

Asp

Leu

Gly

395

Gln

Pro

Ala

Gly

Val

475

Gln

Ser

Gly

Ala

Val

555

Ala

Asp

Ala

Asp

Val

220

Gln

Ala

Ser

Thr

Ala

300

Val

Leu

Gly

His

Gln

380

Ala

Pro

Glu

Ser

Thr

460

Tyr

Ala

Val

Gly

Lys

540

Gln

Gly

Thr

Gly

Ser

205

Thr

Gly

Asp

Val

Pro

285

Thr

Thr

Tyr

Ile

Gly

365

Ala

Trp

Thr

His

Ser

445

Asp

Gly

Gly

Trp

Ala
525
Gln

Ala

Glu

Thr

Gln

190

Leu

Gly

Arg

Val

Thr

270

Gln

Phe

Gln

Gly

Pro

350

His

Met

Asp

Asn

Asp

430

Gly

Asp

Tyr

Pro

Glu

510

Asn

Trp

Ala

Val

Leu

175

Leu

Gly

Pro

Ser

Thr

255

Gly

Lys

Thr

Leu

Lys

335

Tyr

Glu

Tyr

Thr

Ser

415

Thr

Ser

Ile

Gly

Ser

495

Thr

Gly

Lys

Tyr

Ala
575

Leu

Ala

Ala

Ala

Gly

240

Val

Gly

Val

Val

Ala

320

Ile

His

Thr

Gly

Met

400

Phe

Pro

Asp

Tyr

Asn

480

Tyr

Val

Tyr

Phe

Trp
560

Asp
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62

Thr

Phe

Cys

Tyr

625

Arg

Ala

Gly

Gln

Ser

705

Tyr

Asn

Tyr

Trp

Tyr

785

Asn

Asp

Thr

Glu

Asp

Pro

Ala
945

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

<400>

Val

Asp

Pro

610

Tyr

Ile

Tyr

Ala

Trp

690

Trp

Gly

Gln

Tyr

Val

770

Leu

Ala

Tyr

Tyr

Ala

850

Ala

Tyr

Asp

Pro

Val
930

Leu

Gly

Lys

595

Ala

Ala

Gly

Ala

Gln

675

Leu

Lys

Met

Trp

His

755

Asp

Met

Ser

Thr

Tyr

835

Leu

Val

Val

Glu

Asn

915

Phe

Gly

Lys

580

Tyr

Gly

Trp

Ser

Leu

660

Asp

Gln

Gly

Tyr

Phe

740

Glu

Trp

Pro

Asn

Asp

820

Ala

Leu

Pro

Pro

Asp

900

Trp

Thr

Ala

PRT

SEQUENCE :

Ala

Phe

Ser

Gly

Ser

645

Ser

Trp

Ser

Ser

Tyr

725

Gly

Ser

Ala

Ser

Pro

805

Asp

Ala

Asp

Glu

Gly

885

Ser

Pro

Tyr

Tyr

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

362

3

Ala

Lys

Gly

Gly

630

His

Ser

Ala

Asp

Tyr

710

Asp

Phe

Gly

Leu

Thr

790

Gly

Val

Lys

Gly

Thr

870

Gly

Thr

Gln

His

Ala
950

Lys

Lys

Lys

615

Ala

Ala

Val

Lys

Glu

695

Ala

Glu

Gln

Asp

Ser

775

Leu

Ala

Gly

Ser

Met

855

Arg

Trp

Phe

Val

Arg

935

Asp

Met

Ile

600

Asp

Thr

His

Ala

Ser

680

Gly

Gln

Lys

Ala

Ala

760

Glu

Gln

Asn

Val

Gly

840

Trp

Ala

Thr

Leu

Gln

920

Phe

Leu

Gly

585

Gly

Ser

Asp

Gly

Asp

665

Leu

Ala

Pro

Pro

Trp

745

Gln

Thr

Trp

Ala

Ala

825

Asp

Gln

Asp

Gly

Ser

905

Ala

Trp

Leu

Asp

Asp

Ala

Thr

Gly

650

Leu

Asp

Ile

Pro

Val

730

Ser

Ala

Thr

Ser

Gln

810

Gly

Thr

His

Tyr

Ala

890

Ile

Tyr

Ala

Glu

ACTE

Tyr

Cys

His

Ser

635

Tyr

Lys

Arg

Ala

Ala

715

Tyr

Met

Lys

Val

Gly

795

Leu

Ala

Glu

His

Asn

875

Met

Arg

Leu

Gln

Leu

Val

Tyr

620

Ala

Gln

Pro

Gln

Gly

700

Gly

His

Glu

Ala

Asn

780

Ala

His

Tyr

Ala

Gln

860

Arg

Pro

Ser

Asp

Ala
940

Arg

Gly

605

Leu

Gly

Asn

Lys

Leu

685

Gly

Thr

Asp

Arg

Val

765

Pro

Pro

Val

Ala

Glu

845

Asp

Phe

Asn

Phe

Gly

925

Asp

Tyr

590

Pro

Met

Trp

Pro

Ser

670

Asp

Ala

Pro

Pro

Val

750

Leu

Asp

Asp

Thr

Arg

830

Ala

Asp

Asp

Gly

Tyr

910

Gly

Ile

Ser

Thr

Ser

Ser

Met

655

Ala

Phe

Thr

Thr

Pro

735

Ala

Asp

Gly

Thr

Val

815

Thr

Thr

Ala

Asp

Asp

895

Lys

Ala

Ala

Met

Thr

Trp

Trp

640

Ala

Thr

Tyr

Asn

Phe

720

Ser

Glu

Lys

Thr

Trp

800

Ala

Leu

Ala

Gly

Pro

880

Thr

Asp

Ala

Leu
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64

Met

Leu

Ala

Leu

Cys

65

Phe

Pro

Ser

Ser

Gly

145

Glu

Pro

Leu

Trp

225

Thr

Pro

Trp

Glu

Gln

305

Thr

Gly

Pro

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

<400>

Ala

Leu

His

Asp

50

Arg

Ala

Asp

Ala

Gly

130

Asp

Leu

Gln

Ala

Val

210

Phe

Pro

Glu

Ala

Pro

290

Ile

Val

Ser

Ala

Arg

Gly

Gly

35

Ala

Asp

Val

Gly

Tyr

115

Ala

Phe

Ala

Gln

Leu

195

Arg

Asp

Thr

His

Gly

275

Arg

Asn

Thr

Val

Gly
355

Arg

Ala

20

Val

Leu

Ala

Leu

Ser

100

Asn

Thr

Arg

Trp

Gly

180

Pro

Ser

Gly

Pro

Ser

260

Gly

Asn

Ser

Val

Thr
340

Thr

PRT

SEQUENCE :

Ser

Leu

Ala

Ser

Leu

Asp

85

Leu

Ala

Leu

Val

Asp

165

Gly

Ser

Asp

Gly

Thr

245

Gly

Phe

Gly

Val

Arg

325

Phe

Ile

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

456

4

Arg

Gly

Met

Gly

Ser

Ser

Cys

Ala

Lys

Tyr

150

Asp

Ala

Gly

Ser

Asn

230

Pro

Ser

Gln

Trp

Trp

310

Asp

Gly

Gly

Leu

Leu

Thr

Thr

55

Gln

Asn

Ser

Arg

Val

135

Leu

Leu

Gly

Arg

Gln

215

Gly

Thr

Cys

Ala

Ala

295

Asn

Val

Phe

Cys

Ile

Thr

Pro

40

Gly

Ser

Ala

Ala

Ala

120

Gln

Thr

Gln

Thr

Ser

200

Glu

Glu

Pro

Met

Ser

280

Val

Gly

Asp

Thr

Val
360

Val Lys Arg Phe Leu Ala Leu Leu

Ser

Ala

25

Gly

Ala

Gly

Gly

Gly

105

Asp

Tyr

Lys

Leu

Asn

185

Gly

Asn

Val

Thr

Ala

265

Val

Gln

Ser

His

Ala
345

Thr

Leu

10

Leu

Ser

Leu

Ala

Gly

90

Asp

Trp

Ser

Pro

Val

170

Gly

Asp

Phe

Thr

Pro

250

Val

Glu

Trp

Leu

Asn

330

Thr

Ser

ACTE

Ala

Trp

Arg

Asn

Asn

75

Arg

Arg

Pro

Asn

Gly

155

Gln

Gly

Ala

Phe

Gly

235

Thr

Tyr

Val

Lys

Ser

315

Arg

Ser

Ala

Pro

Thr

Pro

60

Ala

Gly

Ser

Arg

Trp

140

Trp

Thr

His

Leu

Ser

220

Ile

Pro

Asn

Met

Pro

300

Thr

Val

Thr

Val

Gly

Tyr

45

Thr

Leu

Ala

Pro

Thr

125

Ala

Ala

Val

Tyr

Met

205

Cys

Gly

Thr

Val

Asn

285

Gly

Gly

Ile

Gly

Leu

Lys

30

Leu

Asn

Tyr

Gly

Tyr

110

His

Ala

Pro

Ser

Tyr

190

Phe

Ser

Gly

Pro

Val

270

His

Ser

Ser

Ala

Asn
350

Ala

Ala

Cys

Pro

Asn

Tyr

95

Asp

Leu

His

Thr

Asn

175

Trp

Ile

Asp

Thr

Thr

255

Ser

Gly

Gly

Asp

Pro

335

Asp

Thr

Glu

Gln

Ala

Trp

Val

Phe

Thr

Pro

Ser

160

Pro

Asp

Gln

Ile

Gly

240

Asp

Ser

Thr

Thr

Gly

320

Asp

Tyr

Ala Thr Cys Ala Thr Val Leu Gly
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-continued

66

Leu

Ala

Phe
65
Ala

Asn

Ser

Gly
145

Leu

Ala

Arg

Lys

Thr

Ala

305

Leu

Pro
Ala
385

Leu

Ser

Thr

Asp

Lys

50

Thr

Trp

Gly

Phe

Ala

130

Thr

Cys

Gly

Leu

Gln

210

Asn

Asp

Ala

Asn

Ala

290

Asp

Gly

Asn

Lys

Leu
370
Met

Lys

Ala

Ala

Tyr

35

Val

Leu

Ser

Thr

Thr

115

Cys

Pro

Asn

Ile

Ala

195

Glu

Asp

Phe

Lys

Val

275

Val

Pro

Val

Ala

Asp

355

Phe

Asp

Ile

Ala

Leu

20

Thr

Thr

Pro

Gln

Leu

100

Gly

Thr

Val

Gln

Gln

180

Asn

Asp

Leu

His

Thr

260

Ile

Lys

Asp

Ser

Thr

340

Ala

Val

Arg

Ser

Phe
420

Thr

Ile

Asn

Asp

Ser

85

Ala

Ala

Gly

Asp

Tyr

165

Trp

Asp

Gly

Val

Thr

245

Phe

Tyr

Ser

Ala

Asp

325

Asn

Tyr

Thr

Ala

Tyr
405

Arg

Gly

Thr

Leu

Ala

70

Gly

Thr

Asn

Ser

Val

150

Asp

Phe

Trp

Tyr

Asp

230

Leu

Phe

Glu

Tyr

Val

310

Gly

Ile

Arg

Glu

Ser
390

Ala

Pro

Pro

Ser

Gly

55

Gly

Ser

Gly

Pro

Thr

135

Asn

Arg

Asp

Lys

Glu

215

Met

Thr

Ala

Ile

Ala

295

Val

Ser

Met

Ser

Phe
375
Thr

Asn

Gly

Gln

Gln

40

Thr

Gln

Ala

Ala

Pro

120

Gly

Gly

Pro

Ala

Ser

200

Thr

Ala

Pro

Ser

Ala

280

Glu

Ile

Asp

Tyr

Thr

360

Gly

Thr

Trp

Thr

Ala

25

Trp

Pro

Lys

Val

Ser

105

Pro

Glu

Gln

Val

Cys

185

Asp

Asp

Glu

Gly

Val

265

Asn

Gln

Val

Glu

Ala

345

Leu

Thr

Ala

Thr

Cys
425

10

Val

Gln

Val

Val

Thr

90

Ala

Thr

Pro

Leu

Gln

170

Tyr

Leu

Pro

Ala

Asp

250

Ala

Glu

Val

Gly

Ser

330

Phe

Ser

Val

Trp

Tyr

410

Gly

Ala

Gly

Thr

Val

75

Ala

Glu

Ala

Pro

His

155

Leu

Asp

Leu

Ala

Arg

235

Pro

Ala

Pro

Ile

Thr

315

Glu

His

Arg

Ser

Leu
395

Ser

Gly

Ala

Gly

Gly

60

Gln

Ala

Ala

Phe

Ala

140

Val

Arg

Ala

Arg

Gly

220

Gly

Asn

Arg

Asn

Pro

300

Arg

Val

Phe

Ala

Ala
380
Asp

Asp

Gly

Ala

Phe

45

Trp

Gly

Gly

Gly

Ala

125

Gly

Cys

Gly

Ala

Ile

205

Phe

Met

Val

Asn

Gly

285

Val

Gly

Val

Tyr

Ala

365

Thr

Leu

Ala

Asp

Gly

30

Gln

Lys

Trp

Ala

Phe

110

Leu

Ser

Gly

Met

Ser

190

Ala

Thr

Tyr

Asn

Ala

270

Val

Ile

Trp

Asn

Ala

350

Ala

Gly

Leu

Pro

Tyr
430

15

Cys

Ala

Leu

Asn

Asp

95

Val

Asn

Asp

Val

Ser

175

Leu

Met

Arg

Ala

Leu

255

Gly

Thr

Arg

Ser

Ser

335

Ala

Arg

Gly

Asp

Glu
415

Ser

Thr

Ala

Thr

Ala

Trp

Gly

Gly

Gly

Asn

160

Thr

Asp

Tyr

Arg

Leu

240

Asp

Lys

Trp

Ala

Ser

320

Pro

Ser

Leu

Gly

Gln
400

Ser

Gly
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-continued

68

Ser Gly Val Leu Thr Glu Ser Gly
435 440

Thr Pro Asp Ser Phe Pro Thr Gly
450 455

<210> SEQ ID NO 5
<211> LENGTH: 458
<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 5

Met Ala Lys Lys Ile Pro Ala Arg
1 5

Thr Ala Gly Val Leu Ala Ala Ala
20

Ala Glu Ala Ala Gly Thr Leu Gly
35 40

Tyr Phe Gly Thr Ala Val Ala Ala
50 55

Ala Ser Thr Leu Asp Ala Gln Phe
65 70

Met Lys Trp Asp Ala Val Glu Gly
85

Ala Ala Asp Gln Ile Val Ser His
100

Arg Gly His Thr Leu Val Trp His
115 120

Gly Leu Gly Ala Thr Asp Leu Arg
130 135

Gln Val Met Thr His Tyr Lys Gly
145 150

Asn Glu Ala Phe Gln Asp Gly Asn
165

Phe Gln Asp Lys Leu Gly Asp Gly
180

Ala Arg Thr Val Asp Pro Thr Ala
195 200

Thr Asp Gly Arg Asn Ala Lys Ser
210 215

Asp Phe Lys Gln Arg Gly Val Pro
225 230

His Phe Asn Ser Asn Ser Pro Val
245

Gln Arg Phe Ala Asp Leu Gly Leu
260

Ile Glu Gly Ser Gly Ser Ala Gln
275 280

Asn Ala Cys Leu Ala Val Thr Arg
290 295

Val Thr Asp Lys Tyr Ser Trp Arg
305 310

Asp Gly Asp Tyr Asn Lys Lys Pro
325

Leu Gly Gly Thr Pro Asp Gly Gly

Ala Leu Leu Lys Asn Arg Ile Ser
445

ACTE

Ala Arg Arg Ala Leu Ser Val Leu
10 15

Gly Val Val Ser Leu Ala Gly Thr
25 30

Asp Ala Ala Ala Ala Lys Gly Arg
45

Asn His Leu Gly Glu Ala Pro Tyr
Asp Ser Val Thr Pro Glu Asn Glu
75 80

Ser Arg Asn Ser Phe Thr Phe Thr
90 95

Ala Gln Ser Lys Gly Met Lys Val
105 110

Ser Gln Leu Pro Gly Trp Val Gly
125

Ala Ala Met Asn Asn His Ile Thr
140

Lys Ile His Ser Trp Asp Val Val
155 160

Ser Gly Ala Arg Arg Ser Ser Pro
170 175

Phe Ile Glu Glu Ala Phe Arg Thr
185 190

Lys Leu Cys Tyr Asn Asp Tyr Asn
205

Asp Ala Val Tyr Ala Met Ala Lys
220

Ile Asp Cys Val Gly Phe Gln Ser
235 240

Pro Ser Asp Tyr Arg Ala Asn Leu
250 255

Asp Val Gln Ile Thr Glu Leu Asp
265 270

Ala Ala Asn Tyr Thr Ser Val Val
285

Cys Thr Gly Leu Thr Val Trp Gly
300

Ser Ser Gly Thr Pro Leu Leu Phe
315 320

Ala Tyr Asp Ala Val Leu Ala Ala
330 335

Gly Asp Asp Gly Gly Gly Asp Asn
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-continued

70

Gly

Thr

Ser

385

Gln

Thr

Ala

Ala

Gly

Trp

370

Gly

Val

Val

Ser

Pro
450

Gly

355

Asn

Ile

Ser

Met

Thr

435

Ala

340

Asn

Gly

Thr

Ala

Thr

420

Ser

Val

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 Arg Thr Ala

1

Leu

Leu

Ala

Asn

65

Tyr

Asn

Ser

Leu

Ala

145

Lys

Asn

Thr

Met

Ala
225

Phe

Leu

Gly

Arg

50

Gly

Pro

Thr

Pro

Ile

130

Ala

Asp

Glu

Ala

Val
210

Asp

Ser

Arg

Pro

35

Ala

Asn

Gly

Val

Glu

115

Cys

Ala

Val

Pro

Ala

195

Asp

Ala

Ile

Gly

20

Ala

Ala

Asp

Glu

Arg

100

Asp

Val

Gly

Leu

Trp

180

Ile

Ala

Arg

His

562

6

Ile

5

Leu

Thr

Gly

Phe

Thr

85

Val

Val

Leu

Thr

Asp

165

Gly

Gln

Pro

Ser

Met
245

Gly

Tyr

Trp

390

Trp

Lys

Gly

Ala

Arg

Ala

Ala

Leu

Val

70

Gln

Val

Ala

Glu

Leu

150

Gly

Asn

Lys

Asn

Val
230

Tyr

Ser

Asn

375

Ser

Asn

Pro

Phe

Cys
455

Thr

Ala

Arg

His

55

Met

Ser

Leu

Ser

Val

135

Asp

Glu

Ala

Leu

Trp
215

Tyr

Ser

Cys

360

Gly

Val

Gly

Thr

Thr

440

Thr

Ala

Phe

Ala

40

Ile

Arg

Leu

Ser

Ile

120

His

His

Glu

Asp

Arg

200

Gly

Asp

Val

345

Thr

Glu

Pro

Ala

Tyr

425

Val

Ala

Ala

Val

Val

Pro

410

Asn

Met

Ser

ACTE

Arg

Leu

25

Ala

Ser

Gly

Ala

Asp

105

Ile

Asp

Ala

Asp

Pro

185

Ala

Gln

Ala

Tyr

Arg

10

Gly

Asp

Asp

Ile

Asp

Gly

Ala

Thr

Ala

Tyr

170

Ala

Ala

Asp

Asp

Asp
250

Thr

Thr

Thr

395

Thr

Gly

Thr

Pro

Leu

Leu

Gly

Asn

75

Ile

Tyr

Arg

Thr

Asp

155

Val

Gly

Gly

Trp

Pro
235

Thr

Tyr

Val

380

Val

Trp

Thr

Asn

Gln

Ala

Pro

Arg

60

His

Lys

Arg

Cys

Gly

140

Tyr

Val

Trp

Phe

Glu
220

Thr

Ala

Thr

365

Lys

Pro

Asn

Leu

Gly
445

Pro

Leu

Gln

45

Leu

Ala

Ala

Trp

Lys

125

Tyr

Trp

Ile

Thr

Ala
205
Gly

Gly

Ala

350

Gln

Ala

Ser

Ala

Ala

430

Asn

Leu

Ala

Arg

Val

His

Thr

Ser

110

Ala

Gly

Ile

Asn

Ala

190

His

Val

Asn

Lys

Thr

Gly

Ser

Gly

415

Ala

Thr

Ala

15

Gly

Ala

Glu

Thr

Gly

Glu

Glu

Glu

Gly

Ile

175

Pro

Thr

Met

Leu

Val
255

Ala

Ser

Gln

400

Asn

Gly

Ser

Leu

Ala

Glu

Gly

Trp

80

Ala

Asn

Arg

Asp

Leu

160

Gly

Thr

Ile

Arg

Ile

240

Thr
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-continued

72

Asp

Glu

Met

Trp

305

Pro

Gly

Gly

Ser

Asp

385

Ser

Gly

Ala

Asp

465

Asn

Ala

Ser

Ala

Ala

545

Ala

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

<400>

Met
1
Ala

Ala

Gly

Tyr

Phe

Met

290

Ser

Thr

Ile

Gly

Gly

370

Asp

Glu

Leu

Ala

Glu

450

Ile

Thr

Asp

Gly

Ala

530

Asn

Ala

Ser

Val

Arg

Pro
50

Leu

Gly

275

Ala

Gly

Arg

Thr

Gly

355

Val

Val

Thr

Ser

Gly

435

Gly

Gly

Gly

Gly

Gly

515

Gly

Ala

Asn

260

Gly

Thr

Asn

Leu

Glu

340

Asp

Thr

Gly

Lys

Ala

420

Asn

Gly

Glu

Ala

Gln

500

Ala

Gly

Ala

PRT

SEQUENCE :

Ala

Pro

Ala

Thr

Ser

325

Thr

Thr

Ala

Val

Val

405

Gly

Arg

Ser

Trp

Ala

485

Thr

Val

Ser

Pro

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

328

7

Phe

Ala

Glu

Asp

310

Ser

Ser

Glu

Thr

Thr

390

Ala

Thr

Ser

Val

Pro

470

Ala

Val

Ser

Val

Ala
550

Ile Thr Pro Arg

5

Ala Ala Ser Ala

20

Ala Ala Ala Cys

35

Ser Ala Ala Gln

Val

Asp

Glu

295

Pro

Trp

Arg

Ala

Ser

375

Ala

Ser

Ala

Ala

Pro

455

Gly

Val

Thr

Val

Thr

535

Ala

Pro

Leu

Asn

Thr
55

Asp

Gln

280

Leu

Val

Gly

Glu

Pro

360

Val

Tyr

Ser

Tyr

Arg

440

Gly

Gly

Asp

Asn

Thr

520

Val

Phe

Ser

Ala

Gly

40

Pro

Ala

265

Tyr

Gly

Leu

Glu

Ala

345

Thr

Thr

Asp

Ala

Ser

425

Ser

Gly

Phe

Gly

Met

505

Pro

Gly

Thr

Gly

Gly

Leu

Asp

Arg

330

Thr

Ala

Leu

Val

Ala

410

Phe

Gly

Ala

Gln

Trp

490

Trp

Ala

Phe

Leu

ACTE

Leu
Gly
25

Tyr

Ala

Arg
10
Gly

Val

Leu

Leu

Asp

Gly

Leu

315

Val

Val

Pro

Gly

Val

395

Thr

Ala

Thr

Cys

Gly

475

Thr

Gly

Ser

Thr

Asn
555

Ala

Ala

Gly

Leu

Pro

Pro

Tyr

300

Val

Leu

Phe

Gly

Trp

380

Arg

Ser

Val

Val

Ser

460

Glu

Leu

Gly

Tyr

Gly

540

Gly

Met

Val

Leu

Ser
60

Leu

Asp

285

Leu

Leu

His

Gly

Thr

365

Ser

Val

Val

Tyr

Ser

445

Val

Ile

Gly

Thr

Thr

525

Thr

Ala

Val

Thr

Thr

45

Ala

Leu

270

Glu

Ala

Asp

Gly

Gly

350

Pro

Ala

Thr

Thr

Ala

430

Val

Gly

Thr

Phe

Ala

510

Ser

Leu

Thr

Thr
Ala
30

Phe

Leu

Ile

Asp

Trp

Phe

Pro

335

Gly

Thr

Ala

Gly

Val

415

Arg

Thr

Tyr

Leu

Ala

495

Thr

Thr

Thr

Cys

Gly
15
Ala

Asp

Lys

Gly

Thr

Ser

Asp

320

Asp

Gln

Ala

Thr

Gly

400

Thr

Asp

Thr

Arg

Arg

480

Phe

Gln

Ile

Gly

Thr
560

Leu

Pro

Asp

Gln
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74

Asn

65

Asn

Asn

Met

Gly

Thr

145

Asp

Gln

Trp

Ser

Ala

225

Gly

Tyr

Met

Ala

Gly

305

Pro

Gly

Pro

His

Asp

Gly

130

Leu

Val

Ala

Pro

Ala

210

Val

Gly

Asn

Asn

Ser

290

Asn

Thr

Leu

Ala

Ser

Ser

115

Thr

Arg

Asp

Val

Ala

195

Lys

Ala

Cys

Leu

Val

275

Tyr

Asn

Val

Arg

Gln

Tyr

100

Glu

Pro

Ser

Ser

Ser

180

Asn

Gly

Pro

Thr

Asn

260

Pro

Pro

Trp

Ser

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:

PRT

<400> SEQUENCE:

Met

1

Ser

Met

Gln

Gly
65

Ser

Gly

Asn

Leu

Leu

Thr

50

Gly

Trp

Gly

Pro

Ala

Leu

35

Gly

Gln

Thr

Arg

Leu

Gly

20

Pro

Asn

Val

Asn

Lys
100

335

Streptomyces sp.

8

Val

Ser

Gly

Asn

Ser

Thr

85

Ser

Thr

70

Lys

His

Ser

Leu

Glu

150

Asp

Leu

Leu

Cys

Gly

230

Thr

Ala

Gly

Ala

Ala

310

Thr

Tyr

Val

Thr

Asn

Met

70

Gly

Val

Met

Ala

Pro

Arg

Phe

135

Ala

Trp

Thr

Ala

Ser

215

Gly

Leu

Val

Glu

Gln

295

Thr

Thr

Thr

Cys

Ala

Gly

55

Asn

Asn

Thr

Phe

Gln

His

Thr

120

Arg

Lys

Asn

Ala

Ala

200

Gly

Gly

Ser

Ser

Arg

280

Val

Ile

Ser

Glu

Ala

Ser

40

Tyr

Leu

Phe

Tyr

Asn

Val

Leu

105

Gln

Pro

Tyr

Gly

Gly

185

Ile

Met

Asn

Ala

Gly

265

Val

Leu

Gln

Gln

Asp

90

Thr

Gln

Pro

Gly

Ala

170

Gln

Pro

Ile

Gly

Gly

250

Ser

Met

Val

Ala

ACTE

Arg

Leu

25

Ala

Tyr

Ala

Val

Ser
105

Arg

Val

Asp

Tyr

Ser

Ala

90

Gly

Gly

Ala

Gln

Ala

Tyr

Leu

155

Ser

Val

Arg

Ser

Gly

235

Glu

Ser

Thr

Ala

Asn
315

Arg

Leu

Thr

Ser

Gly

75

Gly

Thr

Asn

Gly

Gln

Ile

Gly

140

Thr

Thr

Ile

Ile

Pro

220

Gly

Lys

Asn

Thr

Lys

300

Gly

Arg

Ala

Val

Phe

60

Gly

Lys

Phe

Tyr

Met

Ser

Ala

125

Glu

Glu

Asp

Leu

Ala

205

Gln

Gly

Trp

Trp

Trp

285

Pro

Asn

Gly

Ala

Val

45

Trp

Ser

Gly

Asn

Ala

Trp

Gln

110

Ala

Thr

Val

Ala

Met

190

Gln

Thr

Gly

Gly

Thr

270

Asn

Asn

Trp

Arg

Ala

30

Thr

Thr

Tyr

Trp

Pro
110

Ala

Val

95

Ala

Gly

Asn

Ile

Ile

175

His

Thr

Gly

Gly

Asp

255

Val

Val

Gly

Thr

Leu

15

Ala

Thr

Asp

Ser

Ser

95

Ser

Ser

80

Gly

Gln

Gly

Ala

Trp

160

Val

Glu

Leu

Arg

Gly

240

Arg

Thr

Ser

Ser

Trp
320

Thr

Ala

Asn

Gly

Thr

80

Thr

Gly
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-continued

76

Asn

Tyr

Lys

145

Thr

Phe

Gly

Met

Ser

225

Gly

Gly

Ser

Leu

305

Ala

Ala

Tyr

130

Gly

Arg

Trp

Asn

Asn

210

Asn

Gly

Glu

Ser

Ser

290

Ala

Asn

Tyr

115

Ile

Thr

Thr

Ser

His

195

Tyr

Ile

Gly

Lys

Asn

275

Thr

Lys

Gly

Leu

Val

Val

Asn

Val

180

Phe

Met

Thr

Gly

Trp

260

Trp

Trp

Pro

Asn

Thr

Asp

Ser

Ala

165

Arg

Asp

Ile

Val

Gly

245

Gly

Thr

Asn

Asn

Trp
325

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met
1
Arg
Ala
Thr
Lys
65

Thr

Pro

Gly

Gln

Gly

Ser

Arg

Ala

Ala

50

Thr

Gly

Ile

Thr

Asn
130

Thr

Glu

Arg

Leu

35

Ile

Ile

Ser

Phe

Pro

115

Val

Ser

Arg

Ile

20

Ala

Pro

Glu

Gly

Lys

100

Ala

Trp

Thr

280

Streptomyces sp.

9

Ala

Ala

Thr

Ala

Val

Asp

85

Leu

Ala

Trp

Ser

Leu

Asn

Ser

150

Pro

Gln

Ala

Leu

Ser

230

Gly

Asp

Val

Ile

Gly

310

Thr

Ala

Thr

Gly

Trp

Ser

70

Leu

Lys

Asp

Glu

Ser

Tyr

Trp

135

Asp

Ser

Ser

Trp

Ala

215

Glu

Gly

Arg

Thr

Ser

295

Ser

Trp

Ser

Ala

Val

Pro

55

Gly

Gly

Asp

Gly

Asp

135

Val

Gly

120

Gly

Gly

Ile

Lys

Ala

200

Thr

Gly

Gly

Tyr

Met

280

Ala

Gly

Pro

Pro

Leu

Met

40

Ser

Thr

Asp

Gly

Ile

120

Val

Tyr

Trp

Thr

Gly

Glu

Arg

185

Arg

Glu

Gly

Gly

Asn

265

Asn

Ser

Asn

Thr

Ser

Tyr

Thr

Gly

170

Thr

Asn

Gly

Ser

Cys

250

Leu

Val

Tyr

Asn

Val
330

ACTE

Arg

Thr

25

Leu

Ala

Tyr

Gly

Ala
105
His

Gly

Thr

Thr

10

Ala

Gln

Thr

Asp

Gly

90

Thr

Cys

Glu

Val

Thr

Arg

Tyr

155

Thr

Gly

Gly

Tyr

Gly

235

Thr

Asn

Pro

Pro

Trp

315

Ser

His

Ala

Pro

Gly

Gly

75

Gln

Ile

Ser

Asp

Tyr

Asn

Pro

140

Asp

Lys

Gly

Met

Gln

220

Gly

Ala

Val

Ser

Ser

300

Gly

Cys

Arg

Leu

Ala

Ser

60

Gly

Asp

Lys

Gly

Ala
140

Gly

Pro

125

Thr

Ile

Thr

Thr

Asn

205

Ser

Gly

Thr

Ala

Ala

285

Ser

Ala

Thr

Arg

Gly

Gly

Gln

Leu

Glu

Asn

Ser

125

Ala

Gly

Leu

Gly

Tyr

Phe

Ile

190

Leu

Ser

Gly

Leu

Val

270

Glu

Gln

Thr

Thr

Arg

Leu

30

Ala

Ser

Lys

Gly

Val
110
Cys

Ser

Gly

Val

Thr

Glu

Lys

175

Thr

Gly

Gly

Asp

Ser

255

Ser

Lys

Val

Ile

Ser
335

Pro

15

Thr

Ala

Val

Arg

Gln

95

Ile

Thr

Phe

Ala

Glu

Phe

Thr

160

Gln

Thr

Thr

Ser

Asn

240

Ala

Gly

Val

Leu

Gln
320

Gly

Gly

Thr

Ser

Phe

80

Asp

Leu

Ile

Lys

Lys
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-continued

78

145

Lys

Gly

Asp

Gly

225

Lys

Glu

Thr

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

<400>

Met

1

Ser

Pro

Leu

Asp

Ala

Ala

Asn

Gly

Thr

145

Leu

Thr

Ile

Leu

Pro
225

Ala

Thr

Asn

Val

210

Asp

Lys

Pro

Ala

Trp

Ser

Arg

Leu

50

Ala

Thr

Val

Ala

Glu

130

Val

Ala

Phe

Gly

Arg

210

Val

Ser

Lys

Cys

195

Thr

Thr

Ile

Lys

Ser
275

Cys

Val

Ser

35

Cys

Glu

Gly

Ser

Trp

115

Ser

Gln

Thr

Thr

Gly
195

Gly

Arg

Asp

Phe

180

Ser

Ala

Ala

Lys

Glu

260

Asp

PRT

SEQUENCE :

His

Asn

20

Arg

Ala

Pro

Thr

Glu

100

Asp

Tyr

Thr

Ala

Ala

180

Gly

Gly

Val

150

Lys Val
165

Gln Val

Lys Gln

Pro Gly

Ala Leu

230

Pro Cys
245

Thr Gly

Leu Ser

SEQ ID NO 10
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

909

10

Pro Tyr

Ala Leu

Tyr Gly

Gly Ala

Gly Pro

70

Ser Ala
85

Gly Arg

Val Ile

Glu Leu

Arg Val

150

Asp Pro

165

Ser Val

Glu Arg

Ala Glu

Asn Gln
230

Phe

Ala

Tyr

Lys

215

Arg

Val

Ser

Tyr

Leu

Pro

Arg

Leu

55

Gly

Pro

Leu

Val

Ser

135

Gln

Val

Asp

Ala

Pro

215

Val

Gln

Asp

Lys

200

Ser

Ser

Arg

Gly

Asp
280

Arg

Pro

Arg

40

Ala

Pro

Trp

Cys

Gly

120

Tyr

Glu

Gly

Gln

Thr
200

Pro

Gly

Phe

Phe

185

Arg

Leu

Val

Tyr

Pro
265

Asn

170

Gly

Glu

Val

Arg

Thr

250

Asp

ACTE

Leu

Pro

25

Val

Val

Glu

Trp

Val

105

Gln

Thr

Ala

Ala

Pro

185

Thr

Val

Tyr

Arg

Ala

Leu

Pro

Gln

Trp

90

Glu

Asn

Ala

Val

Glu

170

Ala

Phe

Tyr

Leu

155

Gly

Lys

Ile

Gly

Val

235

Gly

Gly

Thr

Arg

Gly

Gly

Ile

Thr

Val

Asp

Arg

Glu

155

Asp

Ala

Cys

Val

Pro
235

Ala

Leu

Ile

Ile

220

His

Asn

Thr

Ser

Pro

Met

Thr

60

Thr

Pro

Pro

Val

Ser

140

Pro

Thr

Ser

Leu

Pro

220

Arg

Gly

Val

Val

205

Asn

Gly

Ser

Tyr

Gly

Ala

Ser

45

Ala

Asn

Asn

Ala

Pro

125

Thr

Tyr

Arg

Val

Asp
205

Asp

Gly

Lys

Arg

190

Asn

Thr

Asp

Thr

Cys
270

Arg

Pro

30

Ala

Met

Gly

Ala

Gly

110

Ile

Val

Thr

Val

Gln
190
Asp

Thr

Pro

Leu

175

Ser

Asp

Asn

Ser

Gly

255

Lys

Lys

15

Val

Ala

Ala

Asp

Ser

95

Thr

Val

Pro

Thr

Ala

175

Leu

Val

Gly

Lys

160

Val

Cys

Val

Tyr

Ser

240

Ala

Tyr

Val

Arg

Ala

Asp

Phe

80

Ala

Ala

Ala

Leu

Val

160

Arg

Gln

Ser

Ser

Ser
240
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-continued

80

Gly

Ala

Glu

Leu

Ser

305

Asp

Ala

Cys

His

385

Ala

Leu

Asp

Gln

His

465

Gln

Ala

Asp

Ala

Gly

545

Ala

Gly

Leu

Arg

625

Glu

Trp

Thr

Glu

Asp

Thr

290

Glu

Ala

Asp

Ala

Asp

370

Gly

Thr

Gly

Ile

Val

450

Asp

Gln

Ala

Phe

Lys

530

Gly

Ala

Leu

Gly

Ala
610
Thr

Gln

Gly

Val

Asp

Pro

275

Thr

Pro

Leu

Leu

Pro

355

Tyr

Lys

Tyr

Asp

Leu

435

Pro

Ala

Arg

Thr

Ala

515

Arg

Ala

Glu

Ser

Gly

595

Thr

Val

Ala

Ser

Val

Gly

260

Ser

Ala

Phe

Ala

Val

340

Asn

Arg

Tyr

Glu

Gly

420

Asp

Ala

Glu

Glu

Ala

500

Asp

His

Tyr

Leu

Ser

580

Ile

Val

Val

Tyr

Asn

Thr

245

Ser

Ser

Gly

Ser

Tyr

325

Gly

Lys

Leu

Val

Arg

405

Ala

Glu

Gly

Trp

Leu

485

Ala

Arg

Pro

Asn

Phe

565

Ala

Ser

Pro

Thr

Gly
645

Ser

Asp

Thr

Arg

Asp

Ile

310

Phe

Glu

Gly

Asp

Val

390

Thr

Leu

Ala

Glu

Thr

470

His

Gln

Cys

Asp

Asp

550

Thr

Trp

Trp

Asn

Glu
630

Leu

Gln

Ala

Ala

Arg

Gly

295

Arg

Tyr

Gln

Asp

Val

375

Asn

Leu

Arg

Arg

Gln

455

Gly

Pro

Cys

Leu

Val

535

Asp

Thr

His

Gly

Ala
615
Gly

Pro

Val

Glu

Ala

Arg

280

Tyr

Gly

His

Tyr

Thr

360

Ser

Gly

Thr

Val

Trp

440

Leu

Leu

Pro

Ala

Arg

520

Leu

Asp

Thr

Gly

Ser

600

Leu

Ala

Tyr

Leu

Ala

Thr

265

Val

Thr

Asp

Asn

Ala

345

Asp

Gly

Gly

Ala

Pro

425

Glu

Ala

Pro

Ser

Arg

505

Ala

Ala

Val

Gly

Asp

585

Thr

Thr

Asp

Ala

Asn

Pro

250

Gly

His

Val

Leu

Arg

330

Arg

Val

Gly

Ile

Pro

410

Glu

Met

Gly

Met

Thr

490

Leu

Ala

Asp

Ser

Lys

570

Ala

Ala

Ser

Arg

Pro
650

Asn

Leu

Thr

Thr

Glu

Tyr

315

Ser

Pro

Pro

Trp

Ser

395

Asp

Arg

Asp

Met

Lys

475

Ala

Tyr

Glu

Pro

Asp

555

Asp

Gly

Gly

Asp

Tyr

635

Arg

Met

Thr

Thr

Phe

Val

300

Asp

Gly

Ala

Cys

Tyr

380

Val

Ala

Asp

Phe

Val

460

Pro

Ala

Ala

Thr

Asn

540

Glu

Ile

Ala

Leu

Gln
620
Ala

Gly

Val

Trp

Val

Asp

285

Asp

Ser

Ile

Gly

Arg

365

Asp

Ala

Glu

Asn

Leu

445

His

His

Thr

Pro

Ala

525

Asp

Phe

Tyr

Val

Gly

605

Leu

Ala

Glu

Val

Thr

Pro

270

Phe

Gly

Leu

Glu

His

350

Pro

Ala

Gln

Ser

Gly

430

Ile

His

Leu

Leu

Phe

510

Trp

Gly

Tyr

Arg

Phe

590

Val

Ala

Gln

Asp

Leu

Val

255

Arg

Gly

Glu

Arg

Ile

335

Ile

Gly

Gly

Leu

Ala

415

Val

Lys

Lys

Asp

Asn

495

Asp

Asp

Ile

Trp

Gln

575

Pro

Leu

Gln

Ser

Tyr
655

Ala

Lys

Gly

Asp

Val

Ser

320

Asp

Gly

Val

Asp

Met

400

Glu

Pro

Met

Met

Pro

480

Leu

Ala

Ala

Gly

Ala

560

Ala

Ala

Thr

Val

Arg
640

Val

Thr
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-continued

82

Ala

Gly

Thr

705

Ala

Ala

Ala

Ile

Leu

785

Thr

Asn

Pro

Leu

Ser

865

Gly

His

Ala

690

Gly

His

Gly

Glu

Gly

770

Ala

Ala

Ser

Val

Ser

850

Ala

Asp

Ala

Asp

675

Asp

Tyr

Gln

Gly

Lys

755

Ser

Phe

Ala

Gly

Ser

835

His

Arg

Phe

Phe

660

Leu

Tyr

Gly

Asn

Pro

740

Leu

Trp

Ile

Ala

Ser

820

Pro

Thr

Pro

Gly

Lys
900

Thr Gly

Leu Leu

Glu Arg

710

Asp Pro
725

Asn Leu

Ser Gly

Ala Thr

Ala Ser

790

Arg Thr
805

Thr Val

Trp Ala

Trp Ser

Leu Ser
870

Phe Asn
885

Leu Asn

<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Arg Thr Gly

1

Ala

Thr

Gly

65

Met

Ala

Asp

Ala

Asp

His

50

Lys

Leu

Val

Glu

Leu

Ala

35

Pro

Val

Ala

Val

Arg
115

Leu

20

Thr

Gly

Gln

Ser

Glu

100

Glu

405

Streptomyces sp.

11

Ser Ile

Thr Thr

Asp Ser

Val Leu

Ala Gly
70

Pro Tyr
85

Cys Gly

Asp Ala

Asp

Gly

695

Asp

Ser

Thr

Cys

Asn

775

Tyr

Cys

Thr

Leu

Ala

855

Trp

Thr

Gly

Ala

Ala

Pro

Val

55

Ala

Ala

Ser

Leu

Ala

680

Arg

Ser

Leu

Ala

Ala

760

Glu

Leu

Gln

Val

Thr

840

Glu

Asn

Ser

Arg

Arg

Phe

Ser

40

Ser

Gln

Ser

Tyr

Ala
120

665

Ala

Asn

His

Pro

Ile

745

Pro

Ile

Asp

Val

Arg

825

Trp

Phe

Arg

Ala

Ala
905

Tyr

Pro

Asn

Asn

730

Ala

Ala

Thr

Asp

Thr

810

Val

Leu

Asp

Thr

Ala

890

Cys

ACTE

Val

Met

25

Ala

Arg

Pro

Leu

Ser

105

Ala

Leu

10

Ala

Ala

Pro

Trp

Ser

90

Asn

Tyr

Gln

Leu

Gln

715

Pro

Ser

Met

Ile

Ala

795

Tyr

Glu

Leu

Gln

Leu

875

Gly

Ser

Gly

Pro

Ala

Gln

Lys
75
Arg

Pro

Thr

Asp

Asn

700

His

Ala

Gly

Cys

Asn

780

Gly

Ser

Asn

Pro

His

860

Ala

Ser

Ala

Leu

Ala

Ala

Leu

60

Gly

Thr

Asn

Leu

Ala

685

Gln

His

Pro

Asp

Tyr

765

Trp

Glu

Ser

Thr

Gly

845

Gly

Pro

Ser

Gly

Ala

Met

Pro

45

Asp

Ala

Ala

Asn

Ser
125

670

Val

Ser

Arg

Gly

Pro

750

Val

Asn

Gly

His

Gly

830

Glu

Arg

Gly

Pro

Ala

Ala

Ala

Phe

Tyr

Lys

Gly

110

Leu

Leu

Tyr

Phe

Ser

735

Val

Asp

Ala

Gly

Pro

815

Ser

Gln

Thr

Ala

Glu
895

Ala
15
Gly

Ser

Val

Asp

Pro

95

Cys

Ala

Arg

Val

Trp

720

Ile

Ala

Asp

Pro

Gln

800

Trp

Asp

Arg

Val

Ala

880

Pro

Leu

Lys

Phe

Arg

Gln

80

Arg

Thr

Trp



83

US 10,144,941 B2

-continued

84

Tyr

Asp

145

Leu

Ile

Met

Asn

225

Arg

Pro

Asn

Thr

His

305

Leu

Ser

Met

Pro

385

Ala

Ile

130

Ala

Gln

Lys

Leu

Gly

210

Phe

Gly

Lys

Tyr

Cys

290

Ile

Ala

Gly

Leu

Gly

370

Ala

Asp

Ser

Trp

Thr

Tyr

Arg

195

Asn

Leu

Arg

Ala

Trp

275

Arg

Ala

Asp

Glu

Gly

355

Tyr

Ala

Asn

Gln

Ser

Gly

Thr

180

Asp

Trp

Glu

Val

Ala

260

Gln

Asp

Glu

Arg

Lys

340

Pro

Ala

Ser

Pro

Asp

Gly

Trp

165

Tyr

Val

Glu

Asp

Pro

245

Pro

Gly

Leu

Thr

Leu

325

Val

Val

Met

Asn

Asn
405

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met

1

Leu

Ala

Ala

65

Trp

Pro

Ala

Val

Tyr

50

Ala

Ser

Ser

Ala

Glu

35

Ala

Ser

Ser

Arg

Pro

20

Ala

Ala

Gly

Asp

626

Streptomyces sp.

12

Thr

Met

Ala

Asn

Pro

Phe
85

Gly

Val

150

Ala

Gly

Tyr

Leu

Arg

230

Ala

Gly

Gln

Thr

Ser

310

Arg

Pro

Thr

Thr

Asn
390

Thr

Ala

Ala

Pro

Gly

70

Ala

Arg

135

Ile

Gly

Asn

Leu

Ser

215

Gly

Tyr

Ser

Ser

His

295

Arg

His

Ser

Glu

Asn

375

Leu

Leu

Phe

Ala

Ala

55

Ala

Asp

Tyr

Lys

Ser

Trp

Pro

200

Met

Ala

Ile

Gly

Thr

280

Thr

Ile

Ala

Ser

Val

360

Thr

Phe

Ile

Ala

Ala

40

Ala

Ala

Asn

Ala

Asp

Ser

Pro

185

Lys

Thr

Tyr

Tyr

Leu

265

Phe

Gly

Gln

Leu

Leu

345

Gly

Gln

Val

Gln

His

Trp

170

Ala

Val

Glu

Asp

Val

250

Asp

Val

Tyr

Gly

Gly

330

Cys

Phe

Thr

Ala

ACTE

Ala

Ala

25

Trp

Val

Thr

Ala

Thr

10

Pro

Asp

Thr

Asp

Trp
90

Lys

Thr

155

Pro

Ser

Ala

Ala

Arg

235

Thr

Thr

Asp

Gly

Gln

315

Leu

Gly

Asn

Leu

Trp
395

Thr

Ala

Thr

Ala

Gly

75

Ile

Ala

140

Asn

Arg

Gly

Asn

Ala

220

Ala

Ala

Arg

Gly

Leu

300

Asp

His

Gly

Ala

Thr

380

Glu

Ala

Pro

Asp

Ser

60

Asp

Arg

Ile

Ser

Ala

Arg

Gly

205

Ile

Val

Asp

Glu

Leu

285

Ser

Leu

Ala

Ser

Leu

365

Glu

Thr

Ala

Ala

Arg

45

Gly

Ala

Val

Gln

Asn

Ala

Phe

190

Ser

Gly

Ala

Gly

Lys

270

Ser

Ala

Tyr

Lys

Leu

350

His

Arg

Leu

Leu

Pro

30

Ala

Ser

Thr

Asp

Ile

Ala

Glu

175

Gly

Asn

Ile

Lys

Ser

255

Ile

Gln

Ile

Pro

Tyr

335

Lys

Asn

Gln

Thr

Val

15

Asp

Ala

Glu

Thr

Leu
95

Met

Pro

160

Ile

Thr

Ser

Ala

Phe

240

Leu

Ile

Glu

Ser

Glu

320

Gln

Asp

Arg

Arg

His
400

Ala

Pro

Ser

Asn

Arg

80

Gly
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-continued

86

Ser

Gly

Pro

Thr

145

Glu

Gly

Asn

Ala

Ser

225

Leu

Ala

Trp

Ala

Asn

305

Glu

Tyr

Ala

Thr

Arg

385

Gln

Leu

Gly

Asp

Asp

465

Pro

Ile

Thr

Lys

Phe

130

Tyr

Arg

Gly

His

Phe

210

Arg

Gly

Tyr

Arg

Asp

290

Leu

Arg

Ser

Ala

Phe

370

Val

Ala

Val

Thr

Phe
450
Gly

Ala

Gly

Ile

Lys

115

Tyr

Pro

Ala

Glu

Pro

195

Val

Trp

Ala

Ala

Thr

275

Val

Pro

Arg

Leu

Tyr

355

Phe

Val

Tyr

Leu

Phe

435

Thr

Phe

Val

Tyr

Arg

100

Tyr

Thr

Gln

Thr

Pro

180

Ala

Thr

Ser

Thr

Val

260

Val

Lys

Thr

Ser

Tyr

340

Pro

Asp

Arg

Val

Glu

420

Asp

Tyr

Trp

Ser

Gly
500

Ile

Val

Glu

Glu

Ala

165

Ala

Tyr

Asp

Ser

Ser

245

Asp

His

Ala

Pro

Phe

325

Glu

Ala

Asp

Thr

Asp

405

Ser

Phe

Gly

Pro

Trp

485

Asp

Asn

Leu

Asp

Val

150

Trp

Pro

Gly

Gly

Asp

230

Thr

Tyr

Arg

Pro

Ala

310

Tyr

Phe

Leu

Phe

Gly

390

Ser

Lys

Thr

Lys

Ala
470

Pro

Trp

Gln

Glu

Ala

135

Thr

Gly

Ala

Asp

Gly

215

Trp

Ile

Glu

Pro

Ala

295

Thr

Asn

Gln

Pro

Thr

375

Thr

Pro

Tyr

Ser

Val
455
Phe

Gly

Thr

Val

Val

120

Gly

Gly

Tyr

Ser

Leu

200

Trp

Asn

Asn

Ile

Ser

280

Glu

Gly

Pro

Val

Lys

360

Gly

Glu

Asp

Cys

Gly

440

Ser

Trp

Ser

Ser

Lys

105

Ser

Thr

Arg

Ser

Thr

185

Tyr

Pro

Ala

Ser

Gln

265

Ala

Ala

Arg

Ala

Trp

345

Asn

Ser

Met

Asn

Lys

425

Arg

Ala

Leu

Gly

Ser
505

Leu

Lys

Gly

Tyr

Leu

170

Thr

Gln

Ala

Asp

Val

250

Val

Ala

Val

Tyr

Pro

330

Gly

Pro

Gly

Gly

Ile

410

Gly

Val

Arg

Leu

Glu
490

Gly

Glu

Asp

Gly

Val

155

Phe

Arg

His

Asp

Arg

235

Asp

Ser

Glu

Gly

Val

315

Ser

Thr

Gly

Leu

Pro

395

Arg

Cys

Asp

Met

Gly
475

Thr

Leu

Trp

Gly

Thr

140

Arg

Ser

Ser

Ala

Leu

220

Trp

Leu

Asp

Val

Arg

300

Arg

Thr

Gly

Gly

Asp

380

Val

Thr

Thr

Thr

Lys

460

Ser

Asp

His

Glu

Thr

125

Val

Met

Phe

Asn

Gly

205

Lys

Val

Tyr

Asp

Ala

285

His

Met

Ala

Gly

Ala

365

Arg

Asn

Glu

Pro

Asn

445

Leu

Asp

Ile

Gly

Ala

110

Asn

Thr

Arg

Gln

Leu

190

Asn

Ala

Gly

Trp

Asn

270

Ala

Asp

Leu

Gln

Ser

350

Tyr

Ser

Gly

Asn

Thr

430

Thr

Pro

Val

Met

Pro
510

Ala

Trp

Ala

Gly

Val

175

Ala

Ser

Asp

Val

Glu

255

Arg

Arg

Thr

Gly

Phe

335

Ala

Arg

Lys

Glu

Gly

415

Pro

Lys

Val

Asp

Glu
495

Gly

Tyr

Thr

His

Val

160

Tyr

Leu

Pro

Arg

Asp

240

Ala

Thr

Arg

Ile

Lys

320

Gly

Asp

Thr

Trp

Ser

400

Ala

Asn

Phe

Gly

Asp

480

Asn

Tyr
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-continued

88

Ser

Arg

Met

545

Lys

Gln

Ile

Gln
625

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

<400>

Ala

Ala

530

Thr

Leu

Ile

Val

Ala

610

Lys

Asp

515

Asp

Phe

Glu

Leu

Thr

595

Gln

Gly

Glu

Thr

Ser

Asn

580

Gln

Gly

PRT

SEQUENCE :

Val Ile Ser Arg

1

Ala

Ala

Gly

Trp

65

Gly

Gly

Ala

Pro

Asn

145

Gln

Ile

Pro

Ala

Gly
225

Phe

Leu

Ala

Thr

50

Val

Ala

Ala

Arg

Gly

130

Tyr

Leu

Gly

Asp

Ala
210

Gln

Asp

Thr

Ala

35

Val

Leu

Pro

Gly

Val

115

Pro

Gly

Tyr

Leu

Gly
195
Asp

Val

Arg

Tyr

20

Ala

His

Leu

Gln

Ala

100

Tyr

Ser

Arg

Ala

Thr

180

Ala

Gly

Leu

Pro

Asn

Trp

Val

Thr

565

Leu

Pro

Gly

SEQ ID NO 13
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

408

13

Arg

Pro

Thr

Ala

Arg

Thr

85

Gly

Phe

Leu

Thr

Asn

165

Leu

Val

Gln

Arg

Asp
245

Ile

His

Asp

550

Arg

Ala

Tyr

Ile

Met

Leu

Cys

Tyr

Ala

70

Pro

Pro

Val

Val

Trp

150

Ile

Glu

Gln

Pro

Val
230

Glu

Gly

Thr

535

Asp

Gly

Leu

Trp

Lys
615

Phe

Trp

Glu

Val

55

Asp

Leu

Val

Arg

Glu

135

Ser

Ser

Gly

Arg

Trp

215

Val

Met

Ala

520

Tyr

Arg

Lys

Gly

Gly

600

Ala

Leu

Gly

Leu

40

Thr

Gly

Pro

Val

Asp

120

Pro

Phe

Tyr

Asp

Ile
200
Asp

Ser

Pro

Ser

Gly

Val

Trp

Gly

585

Leu

Glu

Gln

Val

Val

Val

570

Ala

Pro

Ile

ACTE

Thr

Thr

25

Ala

Gly

Ser

Val

Leu

105

Asp

Ala

Cys

Val

Ser

185

Ala

Lys

Pro

Phe

Gly

10

Ala

Leu

His

Val

Asp

Thr

Lys

Phe

Glu

Asp

170

Thr

Asp

Leu

Gln

Arg
250

Thr

Glu

Gln

555

Phe

Tyr

Gln

Asp

Ala

Leu

Glu

Glu

Tyr

75

Cys

Leu

Leu

Ala

Phe

155

Leu

His

Asp

Val

Asn
235

Asp

Tyr

Trp

540

Gln

Asp

Pro

Ser

Trp
620

Ala

Ser

Asn

Gln

60

Arg

Ala

Pro

Asp

Thr

140

Thr

Val

Thr

Leu

Thr
220

Leu

Leu

Pro

525

Thr

Thr

His

Gly

Ser

605

Val

Ala

Pro

Arg

45

Gly

Pro

Ile

Gln

Phe

125

Pro

Phe

Thr

Val

Thr
205
Arg

Met

Phe

Asn

Pro

Ser

Asn

Gly

590

Val

Arg

Ser

Arg

Ser

Thr

Glu

Pro

Met

110

Tyr

Thr

Asn

Ala

Ala

190

Ala

Gly

Ala

Ala

Gly

Glu

Arg

Gln

575

Tyr

Asp

Val

Ala

15

Thr

Leu

Asp

Ser

Leu

95

Tyr

Leu

Asp

Pro

Leu

175

Pro

Gln

Ser

Pro

Ala
255

Gly

Gly

Gln

560

Tyr

Asn

Arg

Glu

Thr

Ser

Pro

Ser

Pro

80

Asn

Gly

Asn

Pro

Gln

160

Pro

Leu

Ala

Asp

Tyr

240

Gln
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-continued

90

Ile

Leu

Leu

Ile

305

Asp

Ser

Asp

Ala

Asp

385

Arg

Asp

Gln

Thr

290

Phe

Asp

Ile

Tyr

Asn

370

Gly

Phe

Glu

Gly

275

Phe

Thr

Lys

Met

Tyr

355

Ser

Glu

Thr

Val

260

Gly

Glu

Cys

Lys

Leu

340

Gln

Pro

Pro

Val

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
1
Arg

Leu

Ile

65

Lys

Thr

Leu

Tyr

Leu

145

Pro

Phe

Thr

Leu

Thr

Pro

Leu

50

Ala

Ala

Ala

Val

Leu

130

Asp

Phe

Ala

Ala

Ser

His

Gly

Val

35

Glu

Met

Gln

Gly

Glu

115

Pro

Pro

Gln

Val

Tyr
195

Phe

Pro

Gly

20

Thr

Ala

Gln

Tyr

Ile

100

Arg

Ala

Gly

Gln

Arg
180

Tyr

Gly

289

Streptomyces sp.

14

His

Leu

Ala

Ala

Leu

Gly

85

Ile

Tyr

Leu

Phe

Ala

165

Gln

Asp

Ser

Glu

Gly

Gly

His

310

Leu

His

Ala

Gly

Val

390

Val

Asn

Ala

His

Ala

Val

70

Tyr

Gly

Thr

Arg

Pro

150

Gln

Ala

Ala

Ile

Lys

Thr

His

295

Gly

Leu

Pro

Val

Tyr

375

Ser

Gly

Arg

Ala

Ala

Thr

55

Ser

Ile

Phe

Asp

Glu

135

Arg

Asn

Lys

Ile

Arg

Tyr

Leu

280

Thr

Pro

Ala

Ser

Thr

360

Ala

Gly

Ser

Thr

Ala

Gly

40

Gly

Ser

Glu

Cys

Arg

120

Val

Asp

Asp

Asp

Val
200

Gln

Arg

265

Ala

Phe

Phe

Arg

Gln

345

Asn

Phe

Ala

Ser

Gly

Ser

Thr

Ile

330

Pro

His

Pro

Ala

ACTE

Ala

Ala

25

Ala

Leu

Ala

Asp

Ser

105

Ser

Asp

Trp

Glu

Asp
185

Met

Arg

Arg

10

Leu

Pro

Asp

Glu

Ile

90

Gly

Pro

Gly

Ala

Arg
170
Gly

His

Ala

Thr

Arg

Lys

Asn

315

Ala

Asn

Trp

Tyr

Asn
395

Arg

Gly

Thr

Asp

Asn

75

Gly

Thr

Gly

Thr

Glu

155

Asp

Leu

Gly

Leu

Asp

Val

Pro

300

Asn

Ala

Gly

Ser

Asp

380

Asp

Thr

Leu

Gln

Pro

60

Ser

Asp

Gly

Asn

Asp

140

Ala

Arg

Gly

Gly

Ala

Leu

Ser

285

Thr

Pro

Gly

Thr

Arg

365

Asp

Gly

Thr

Ala

Pro

45

Ala

Thr

Gly

Asp

Val

125

Ser

Ala

Val

Thr

Gly
205

Glu

Arg

270

Gly

Ser

Ser

Phe

Ser

350

Val

Val

Asn

Arg

Leu

30

Ala

Lys

Leu

Arg

Met

110

Leu

His

Lys

Tyr

Leu
190

Gly

Ala

Ile

Asp

Lys

Asp

Asn

335

Val

Val

Arg

Pro

Leu

15

Met

Ala

Lys

Asp

Gly

95

Leu

Ala

Asp

Asp

Phe
175
Gly

Asp

Glu

Asp

Thr

Asp

Ser

320

Arg

Ala

His

Pro

Arg
400

Thr

Ala

His

Asp

Trp

80

Tyr

Ala

Ser

Gly

Pro

160

Asp

Gln

Ser

Pro
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-continued

92

225

Ala

Arg

Gly

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

<400>

Met

1

Ser

Leu

Pro

Glu

65

Arg

Leu

Asn

Gly

Ser

145

Phe

Thr

Leu

Ala

Leu
225

Ser

Lys

Leu

210

Ser

Arg

Val

Asp

Thr

Leu

Ala

Val

50

Ala

Tyr

Asp

Ala

Arg

130

Val

Asn

Arg

Gln

Asp

210

Asp

Thr

Val

Val

Thr

Arg

Val

Asp

Pro
275

Pro

Ser

Gly

35

Gly

Glu

Gly

Ala

Met

115

Asp

Pro

Asn

Thr

Val

195

Phe

Val

Ala

Val

Asp
275

Gly

215

Gly Gly Asp Glu

230

Trp Ala Met Arg

245

Thr Ala Gln Arg

260

Pro Leu Asp Trp

PRT

SEQUENCE :

Pro

Leu

20

Ala

Ile

Tyr

Ser

Ala

100

Thr

Ala

Val

Asn

Met

180

Ala

Glu

Val

Lys

Tyr

260

Gln

Arg

SEQ ID NO 15
LENGTH:
TYPE :
ORGANISM:

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 Gly

Ser Thr

Gln Val

Ser Asp
230

Ile Gln
245
Ile Pro

Val Thr

His Pro

His

Thr

Ala

Arg

55

Thr

Ser

Tyr

Tyr

Asp

135

Lys

Asp

Ser

Ala

Ala

215

Phe

Ala

Gln

Leu

Thr

Val

Gln

Val

Gln
280

Arg

Ala

Gln

40

Gly

Asn

Glu

Val

Ser

120

Leu

Tyr

Thr

Thr

Gly

200

Ala

Gly

Ala

Gly

Arg

280

Asp

Ala

Glu

Phe

265

Val

Tyr
Glu
250

Leu

Tyr

ACTE

Leu

Val

25

Ala

Ala

Gly

Ala

Glu

105

Leu

Arg

Gly

Asn

Leu

185

Ser

Pro

Ala

Val

Thr
265

Gly

Arg

Phe

10

Gly

Ala

Ala

Thr

Ser

90

Phe

Pro

Val

Trp

Pro

170

Pro

Pro

Val

Asp

Asp

250

Phe

Ala

Ser

Leu
235
Ala

Arg

Gly

Arg

Thr

Ala

Val

Leu

75

Gly

Thr

Asp

Asn

Tyr

155

His

Ala

Ser

Gly

Pro

235

Ala

Gln

Gly

Lys

220

Asp

His

Asp

Asp

Arg

Ala

Val

Pro

60

Ile

Arg

Leu

Asn

Gly

140

Tyr

His

Gly

Phe

Lys

220

Thr

Gly

Val

Pro

Ala

Ala

Ser

Gly

Ser
285

Ser

Ala

Pro

45

Phe

Gly

Gln

Thr

Ala

125

Ser

Gly

Phe

Thr

Thr

205

Pro

Gly

Arg

Arg

Trp

285

Val

Phe

Asp

Asn

270

Phe

Val

Ala

30

Ala

Thr

Pro

Ala

Ala

110

Ala

Val

Gly

Tyr

Lys

190

Val

Ser

Ala

Thr

Asp
270

Tyr

Gly

Leu
Thr
255

Leu

His

Ser

15

Val

Pro

Glu

Asp

Val

95

Pro

Gly

Leu

Tyr

Asp

175

Val

Asp

Gly

Ala

Gln
255
His

Ser

Val

Asp
240
Ser

Asn

Ile

Ala

Val

Ser

Gln

Arg

Thr

Ala

Thr

Lys

Pro

160

Glu

Arg

Leu

Ala

Asp

240

Gly

Ile

Val

Tyr
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-continued

94

Gly

305

Phe

Asn

Met

Phe

Asn

385

Arg

Asn

Ala

Asn

Asn

465

Thr

Phe

Glu

Asp

Leu

545

Gln

Gln

Ala

Pro

625

Asp

Arg

Ala

Asn

705

290

Lys

Ala

Ala

Gln

Thr

370

Phe

Asn

Val

Asn

Val

450

Arg

His

Asn

Pro

Ser

530

His

Ile

Ile

Ile

Cys

610

Gly

Pro

Gly

Asn

Ala
690

Lys

Tyr

Ile

Ile

His

355

Ile

His

Thr

Lys

Asn

435

Met

Tyr

Thr

Trp

Ile

515

Ser

Phe

Gln

Ala

Thr

595

Thr

Gly

Thr

Arg

Thr
675

Phe

Arg

Ser

Ile

Gly

340

Thr

Lys

Tyr

Gly

Asn

420

Ile

Ala

Pro

Ala

Asn

500

Ser

Tyr

Lys

Ala

Gln

580

Arg

Gly

Gly

Asp

Thr
660
Val

Pro

Val

Ala

Gly

325

Gly

Lys

Asn

Gly

Asp

405

Lys

Val

Asp

Gly

Ala

485

Phe

Asn

Ala

Asn

Pro

565

Ser

Gly

Val

Gly

Pro

645

Val

Asp

Gln

Val

Gln

310

Asp

Ala

Cys

Ser

Val

390

Asp

Phe

Thr

Thr

Val

470

Arg

Gly

Ala

Ala

Val

550

Gly

Asn

Ser

Trp

Pro

630

Thr

Thr

Gly

Ser

Leu
710

295

Gly

Ile

Met

Gly

Arg

375

Thr

Gly

Thr

Tyr

Ile

455

Asn

Asn

Val

Thr

Ile

535

Lys

Thr

Pro

Gly

Pro

615

Thr

Asp

Glu

Asn

Val
695

Lys

Gly

Gln

Ser

Ala

360

Ile

Asn

Leu

Phe

Gly

440

Thr

Ser

Thr

Gly

Ile

520

His

Ile

Ala

Ile

Asn

600

Asp

Asn

Pro

Thr

Ala
680

Thr

Leu

Ser

Glu

Asp

345

Trp

Leu

Ser

Ala

Asn

425

Gly

Asn

Gly

Leu

Ala

505

Asn

Leu

Asp

Thr

His

585

Ser

Pro

Pro

Pro

Ser
665
Asp

Val

Pro

Arg

Arg

330

Ser

Met

Asp

Thr

Met

410

Thr

Lys

Gly

Gln

Ile

490

Ile

Ile

Ile

Gly

Phe

570

Asn

Gly

Val

Thr

Glu

650

His

Thr

Asp

Pro

Asn

315

Val

Val

Asp

Gln

Val

395

Trp

Val

Asp

Gly

Gly

475

Arg

Trp

Thr

Glu

Ala

555

Glu

Cys

Trp

Trp

Asp

635

Glu

Thr

Tyr

Leu

Ala
715

300

Val

Asp

Val

Gly

Thr

380

Thr

Ala

Ile

Ile

Gly

460

Thr

Thr

Phe

Asp

Gly

540

Gly

Asn

Val

Tyr

Thr

620

Pro

Thr

Asp

Trp

Gly

700

Ala

Thr

Asn

Asp

Pro

365

Ala

Asn

Glu

Leu

Thr

445

Leu

Ala

Gly

Ser

Ser

525

Ala

Thr

Val

Gly

Ala

605

Asn

Thr

Gly

Val

Glu
685

Ala

Ala

Leu

Asp

Asn

350

Met

Asp

Thr

Asn

Pro

430

Ile

His

Val

Asn

Gly

510

Glu

Ser

Tyr

Val

Ser

590

Asp

Gly

Asp

Asn

Tyr
670
Ser

Ala

Trp

Lys

Gln

335

Val

Asp

Gly

Phe

Val

415

Ile

Ser

Ile

Ala

Ser

495

Leu

Val

Asn

Ala

Ala

575

Gly

Pro

Gly

Pro

Leu

655

Gly

Arg

Lys

Ala

Asp

320

Val

Trp

Asn

Val

Val

400

Pro

Leu

Asp

Ala

Gly

480

Asp

Asn

Leu

Gly

Leu

560

Thr

Phe

Pro

Val

Thr

640

Ala

Ala

Asn

Ala

Thr
720
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-continued

96

Arg

Asn

Asn

Leu

Leu
785

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

<400>

Thr

Ser

Thr

Thr

770

Glu

Gln

Leu

Ala

755

Phe

Ala

Thr

Lys

740

Thr

Thr

Tyr

PRT

SEQUENCE :

Met Arg Arg Pro

1

Ala

Ser

Thr

Ala

65

Thr

Ser

Ile

Gln

145

Gly

Leu

Ile

Asp

225

Ile

Asn

Gly

Leu

Ala

Thr

50

Ile

Ile

Gly

Ser

Val

130

Thr

Asp

Thr

Phe

Leu

210

Leu

Asp

Asn

Ala

Leu

Ala

Ala

35

Gly

His

Gln

Ser

Asn

115

Gly

Val

Ala

Thr

Asp

195

Arg

Ser

Ser

His

Arg

275

Gly

Ala

20

Thr

Gly

Ala

Val

Ser

100

Val

Ile

Lys

Ile

Leu

180

Met

Asn

Asn

Arg

Tyr

260

Ala

Thr

Leu

725

Ala

Val

Gln

Thr

SEQ ID NO 16
LENGTH:
TYPE :
ORGANISM:

514

Streptomyces sp.

16

Val

Ala

Gly

Ala

Ala

Glu

85

Cys

Thr

His

Asn

Gly

165

Glu

Lys

Ser

Gly

Ala
245
Val

Lys

Phe

Ser

Ser

Ser

Asn

Ser
790

Ala

Thr

Gly

Gly

Leu

70

Gly

Asn

Ile

Val

Val

150

Met

Ala

Ala

Gly

Phe

230

Pro

Gly

Val

Tyr

Val

Ala

Leu

Thr
775

Leu

Gly

Val

Gly

55

Cys

Thr

Thr

Val

Arg

135

Lys

Glu

Ser

Gly

Arg

215

Ile

Leu

Leu

Asp

Thr

Ser

Gly

Pro

760

Gly

Arg

Ala

Thr

40

Gln

Gly

Ile

Ala

Gly

120

Glu

Lys

Lys

Gly

Thr

200

Gly

Thr

Leu

Ser

Asn
280

Asp

Gly
Tyr
745

Gly

Trp

Ser

730

Thr

Thr

Pro

ACTE

Leu

Leu

25

Gly

Thr

Arg

Asn

Ala

105

Val

Ser

Ser

Asp

Gly

185

Gln

Gly

Tyr

Arg

Lys

265

Asn

Ala

Ser

10

Met

Tyr

Val

Ala

His

90

Gly

Gly

Ser

Gly

Val

170

Glu

Tyr

Leu

His

Gly

250

Ser

Tyr

Ala

Thr

Phe

Pro

Ala

Ala

Ala

Ala

Arg

Ser

75

Gly

Val

Gly

Asn

Ser

155

Arg

Ser

Val

Val

His

235

Gly

Gly

Phe

Gly

Asp

Asn

Val

Ala
780

Ala

Met

Thr

Ala

60

Ser

Asn

Ile

Gly

Ile

140

Pro

Asn

Glu

Thr

Gly

220

Asn

Val

Ile

Glu

Tyr

Asn

Pro

Arg

765

Gln

Gly

Pro

Gln

45

Thr

Ser

Thr

Glu

Ala

125

Ile

Thr

Val

Gly

Leu

205

Ser

Leu

Ala

Asn

Asp
285

Trp

Gly
Ser
750

Tyr

Leu

Ala

Glu

30

Asn

Thr

Thr

Asp

Leu

110

Val

Ile

Ser

Trp

Phe

190

Ser

Ser

Tyr

His

Ser
270

Ser

Gln

Thr
735
Ser

Leu

Ser

Thr

15

Ala

Gly

Gly

Pro

Lys

95

Lys

Phe

Gln

Asn

Val

175

Asp

Tyr

Glu

Glu

Ile
255
Arg

Lys

Val

Tyr

Gly

Arg

Glu

Leu

Ala

Gly

Thr

Leu

80

Val

Gln

Asp

Asn

Gly

160

Asp

Gly

Ser

Ser

Asn

240

Tyr

Ala

Asp

Ser
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290 295 300
Gly Asn Val Phe Asp Asn Val Thr Trp Ser Gly Arg Ser Ser Asp Asn
305 310 315 320
Asn Pro Ala Gly Pro Asp Pro Gln Ser Asn Thr Ser Val Ser Ile Pro
325 330 335
Tyr Ala Tyr Thr Leu Asp Gly Ala Asn Cys Val Pro Ser Val Val Ser
340 345 350
Arg Thr Ala Gly Ala Asn Thr Gly Leu Lys Val Ser Asp Gly Ser Cys
355 360 365
Ser Pro Gln Thr Pro Asp Pro Thr Asp Pro Thr Pro Asp Pro Thr Pro
370 375 380
Asp Pro Thr Asp Pro Thr Pro Pro Thr Gly Thr Asn Leu Ser Leu Gly
385 390 395 400
Ala Gly Ser Asp Gly Ser Ser Lys Ala Ser Gly Thr Ser Tyr Gly Asp
405 410 415
Val Arg Asp Gly Asp Met Ser Thr Tyr Trp Ser Pro Ser Gly Ser Thr
420 425 430
Gly Ser Val Ser Ile Lys Trp Ser Ser Ala Thr Thr Val Ser Lys Ile
435 440 445
Asn Val Arg Glu Ala Ala Gly Ser Thr Gly Ser Ile Thr Ser Trp Lys
450 455 460
Val Gly Asn Ala Asp Thr Gly Ala Val Leu Ala Ser Gly Ser Gly Ala
465 470 475 480
Gly Val Ile Thr Phe Pro Gln Thr Ser Leu Arg Lys Ile Thr Phe Glu
485 490 495
Ile Thr Gly Ser Thr Gly Thr Pro Lys Val Ala Glu Phe Glu Thr Tyr
500 505 510
Ala Gly
<210> SEQ ID NO 17
<211> LENGTH: 1761
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 17
atgagccgca cgagcecgcac caccctgege cgatcccgaa cagcactcat ggeggeggge 60
geectegteyg cegeagecge gggctecgece gecagecgegg cacccttegg tgecaccgee 120
geegeggegy ceggetgcac cgtcgactac aagatccaga accagtggaa cggegggete 180
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
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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
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
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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
<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
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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
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



US 10,144,941 B2
105 106

-continued

<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

gacgcggegyg cggcgaaggg ceggtactte ggcaccgegg tegeggegaa ccacctegge 180

gaggcaccegt acgcgtccac getggacgece cagttcgact cggtcacccce ggagaacgag 240
atgaagtggg acgcggtcga gggcagecge aactecttea cettcacgge cgecgaccag 300
atcgtcagte acgcccagag caagggaatg aaggtgegeg ggcacacect ggtgtggeac 360
tcgcagetge cgggetgggt cggeggectyg ggegecaceg accteegege ggcegatgaac 420
aaccacatca cccaggtgat gacgcactac aagggcaaga tccattcetg ggacgtggtg 480
aacgaggcct tccaggacgg caacageggt geccggegea getctecett ccaggacaag 540
ctgggtgacyg gcetteatega ggaggegtte cgecaccgece gtacggtega tccgaccegeg 600
aagctetgtt acaacgacta caacaccgac ggecggaacg cgaagagega cgeggtctac 660
gecatggega aggacttcaa gcagegeggt gtgccgateg actgegtggyg cttecagtec 720
cacttcaaca gcaactccee cgtgeectee gactaceggg ccaatcteca gegettegece 780
gaccteggte tcgacgtcca gatcaccgaa ctggacateg agggttcegyg cteggeccag 840
gecgegaact acacgagegt cgtgaacgeyg tgectggeeg tgaccegetyg caccggecte 900
accgtetggyg gtgtcaccga caagtactee tggegcagea geggcacgee getgetette 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

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 22

gtgagaacag cgatacgcac agcacgacga ccacagcccce tggcccttet getgagaggt 60

ctggeegect teectgggget cgecctegee ggageccteg geceggecac cgegegggeco 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
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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
cccaccegge tcagetegtg gggegagege gtectecacg geccecgacgg catcaccgag 1020
acgtccegtyg aggccacggt ctteggegge gggcagggeg ggggcgacac cgaggeccceg 1080
accgcacceg gcaccccgac ggecteeggg gtgacggega cetecgtecac ccteggetgg 1140
agtgcegeca ccgacgacgt cggegtcace gegtacgacg tggtcegegt gaccggegge 1200
tccgagacga aggtegecte cteegeggee accteggtea cegtgacegg tetgagegece 1260
ggcaccgegt acagettege cgtctacgee cgggacgegg ceggcaaccyg tteggegege 1320
tceggcacgg tgteggtecac caccgacgag ggeggcageg tgcecggggg cgectgetece 1380
gtgggctace gggtgatcgg cgagtggceceyg ggceggcttee agggggagat caccctecgg 1440
aacaccggeg ccgecgecgt cgacggetgg acgetggget tegecttege cgacgggcag 1500
accgtcacga acatgtgggg cggcaccgeg acgcagageg ggggegeggt gagegtcace 1560
ceggectegt acacctecac gatcgecgee ggeggetegg tcaccgtegg cttcaccegge 1620
accctgactyg gegecgaacge cgecceggeg gecttcacge tcaacggege cacctgcace 1680
gcggectga 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
aacccegece aggtcaagge ccaggtegac geeggeatgt gggtceggcaa ccacagetac 300
agccaccege acctgaccca gcagagecag gegcagatgg actecgagat ctecceggace 360
cagcaggcca tcgeegecgg aggceggegge acaccgaaac tgttcegece gecgtacgge 420
gagaccaacg ccacgctgeg gtceggtcegag gcegaagtacg gtctcaccga ggtcatetgg 480
gacgtcgact cgcaggactg gaacggcegeyg agcaccgacg cgatcgtgeca ggeggtetec 540
cggetcaceg cceggtcaggt catcctgatg cacgagtgge cegecaacac cctegecgeg 600
atccecgegea tcgeccagac cctgtecgee aaggggttgt gttecggeat gatctcecceg 660
cagaccggece gegeegtege teccgacgge ggeggcaacg gtggaggggg cggtggeggt 720
ggcgggtgca ccgcgacgtt gtceggegggt gagaagtggg gtgaccggta caacctgaac 780
gtggcggtga geggcetecag caactggacyg gtgacgatga acgtgecgte gggegagagg 840
gtcatgacga cctggaacgt cagcgcegagt tatccgageg cgcaggtect ggtegecaag 900
ccgaacggga gcogggaacaa ctggggtgeg acgatccagg ccaacggcaa ctggacctgg 960
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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
ctecagecegg ccggegegge caccaccgeg atccccegect ggeccteege cacgggcage 180
cagtcegtet cgaagaccat cgaggtctee gggacgtacyg acggcggtet gaagegette 240
accggcageg gtgacctggg cgacggtgge caggacgagg gccaggacce gatcttcaag 300
ctgaaggacg gggcgacgat caagaacgtce atcctgggea cteeggecge cgacggcate 360
cactgctceeg gcagetgcac gatccagaac gtetggtggg aggacgtegyg cgaggacgece 420
gegtecttea agggcaccte cacgtegtcece gtgtacacgg tgtacggegg cggegcgaag 480
aaggcctceeg acaaggtett ccagttcaac ggegegggea agetggtegt gacgaagtte 540
caggtecgeeg actteggcaa getggtecge tegtgceggea actgctccaa gcagtacaag 600
cgcgagatca tcgtcaacga cgtcgacgte acggegecgyg gcaagtccect ggtceggcate 660
aacaccaact acggggacac cgcggegetg cgeteggtge gegtecacgyg cgacagcage 720
aagaagatca agccctgegt ccgctacacce ggcaacagca cgggcgcgga accgaaggag 780



US 10,144,941 B2
111 112

-continued

acgggcageg gtcceggacgg cacgtactge aagtacaccyg 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 accegtacct ccgcctecge acgtecggac gaaaggttte ctceggtgaac 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
gagatggact tcctcatcaa gatgcaggtc ccggcgggeg agcagctggce ggggatggtce 1380
caccacaaga tgcacgacgce cgagtggace gggctgecga tgaagecgca cctggacceg 1440
cagcagcgeg agctgecacce gecgtegacg gecgecacac tcaacctege cgecacggec 1500
geccagtgeg cceggceteta cgegeectte gacgeggact tegeggacceyg ctgectgegg 1560
gecgecgaga ccgegtggga cgceggcegaag cggcaccegg acgtgetege cgacccgaac 1620
gacggcatcg geggeggtge gtacaacgac gacgacgtcet cggacgagtt ctactgggeg 1680
gecgecgage tettcaccac gacgggcaag gacatctace ggcaggeggt getctectec 1740
gecatggcacyg gtgacgeggg cgcggtette ceggegggeg geggaatcte ctggggetec 1800
acggccggac tcggegtget caccctggece accgtgecca acgecctgac gtcecgatcag 1860
ctegeccagg tgcgcacggt ggtgaccgag ggegecgace getacgeege gcagtcecegt 1920
gagcaggegt acgggctgec gtacgegece cggggggagg actacgtcetyg ggggtcecaac 1980

agtcaggtge tcaacaacat ggtcgtectg gecaccgecce acgacctgac cggtgacgece 2040
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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
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
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<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
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
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geectegaga accgttegtt geceggtacg gtgcacgect acgtcaccgg tcacgagcag 180
ggcaccgaca gctgggtget getgegggcece gacggcageg tgtaccgecce cgagtcgecyg 240
ggegetecge agaccectet gecggtggac tgcgecatce cgctgaacgg cgecggegec 300
ggeceggteg tectgacget gecccagatg tacggegege gggtctactt cgtecgtgac 360
gacaagctygyg acttctacct gaaccecggge cectegetgg tegagecgge cttegcegacy 420
cccaccgace cgaactacgg gcgcacctgg tegttetgeg agttcacctt caacccgcag 480
cagctgtacg cgaacatcag ctacgtcgac ctggtcaceyg ccectgccgat cggectgace 540
ctggagggeg actccaccca caccgtegece cegetcecegyg acggegcecegt gcagegeate 600
geegacgace tgacggccca ggcggecgece gacgggcage cgtgggacaa getggtcacce 660
cgtggetegg acggecaggt getgegggte gtetegecge agaacctgat ggcegecgtac 720
ttecgaccgge ccgacgagat gecgttecgg gacctgtteg cggeccagat cgacgaggte 780
tgggagaagt accgctccac cgacctgegg atcgacctece agggcggecyg gggcaccctg 840
gegggecegygy tcagegggga cacgetgace ttcegagggeg gacacacctt ctecaagecce 900
acctcgaagg acatcttcac ctgcaaccac ggtccgtteca cgaacaaccce gagcgactcg 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 cgcaccactce ggctcacceg caccggeggt 60
ctegecgeeg cggecctegg getegegete atggegetece cegtcaccege tcacgecgge 120
geeeccacge agecggecge tcatcatcetg gaggecgecg cgaccggact ggacgatccce 180
gcgaagaagyg acatcgccat gcagttggtce tccagegegg agaactccac getggactgg 240
aaggcgcagt acggctacat cgaggacatc ggcgacggac gceggctacac cgccggcate 300
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
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<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

cegteeggeg cactggacgt ggtgagegac tteggggeeg accegacegg ggeggecgac 720

tccaccgega agatccagge ggcggtegac geggggegea cecagggcaa ggtegtetac 780
atcccgecagg ggacctteca ggtgegtgac cacatcgteg tggaccaggt gacgetgege 840
ggcgeeggee cctggtacag cgtgctgacyg gggegtcace ccacggaccyg gagcaaggeg 900
gtcggtgtet acgggaagta ctcggegcag ggceggcagca 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
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 gteceggeage accgacaacg ggacgtacaa ctegetgaag 2220
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-continued

122

gegteggegyg gttacacctt caaccegteg

gggacgcegg tceggtaccet geggetgace

cagctgteeg aactggagge ctacaccage

<210> SEQ ID NO 32
<211> LENGTH: 1545

<212> TYPE:

DNA

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 32

atgaggagac
gegaccggeg
ggatacgcga
accaccggga
accatccagg
tgcaacaccyg
gtgggcggeg
atcatccaga
ggtgacgcca
gaggcctegg
cagtacgtga
tccagegaga
atcgactcce
gtgggactca
aactacttcg
tggcaggtca
aacccegegyg
ctcgacgggg
ctgaaggtgt
gacccgacge
geeggetegg
gacatgagca
tcegecacca
accteetgga

ggcgtcatca

acgggcacge

cagtcgeect

cactgatgge

cccagaacgg

ccgegateca

tcgaggggac

cegecggagt

gegecgtett

acgtcaccgt

tcggcatgga

geggegagte

cgctgtecta

gegacctete

gegecectet

gcaagtcggg

aggactccaa

geggcaacgt

geceggacce

cgaactgegt

cggacggcag

cggacccgac

acggctecag

cctactggte

cecgtetecaa

aggtcggcaa

cgttecegea

cgaaggtege

<210> SEQ ID NO 33
<211> LENGTH: 389

<212> TYPE:

PRT

gegactcage

gatgcccgag

cggcaccace

cgecegeecty

catcaaccac

catcgagetyg

cgaccaagta

caagaacgtc

gaaggacgtce

ggagggcttc

cagcatcectyg

gaacggctte

getgegggge

catcaactcc

ggacgtecty

cttecgacaac

gcagtccaac

accgteegte

ctgctegecy

cgaccecact

caaggcgage

accgtecegge

gatcaacgtyg

cgcecgacace

gacctegety

cgagttcgag

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 33

agcggcaaca ccgcgacggt

ttcacccaga acaccgggtyg

tga

ACTE

geggeggggyg ccaccecetgge
geggegtegg cagegaccgg
ggeggegecyg gegggcagac
tgcgggeggy ccagcagete
ggcaacaccyg acaaggtcte
aagcagatca gcaacgtcac
ggcatccacyg tccgegagte
aagaagtccyg gctegeccac
cgcaacgtet gggtggacca
gacggectet tcgacatgaa
cgcaacteeyg gceceggggagy
atcacctacc accacaacct
ggcegtegece acatctacaa
cgggeeggey cccegegecaa
ggcaccttcet acaccgacgce
gtgacgtggt ccggccgcag
acctcggtca gcatccecta
gtgagccgga cggegggege
cagacgcegyg acccgaccga
cecgeccaceyg ggaccaacct
gggaccaget acggcgacgt
tcgaceggtt cecgtcetegat
cgcgaggegyg cgggctccac
ggegeegtee tggectecegg
cgcaagatca cgttcgagat

acgtacgeeg gctga

ACTE

ctcecteeey

gecegecgece

cctggetgee

cggegteace

ggtgegggece

caccecegete

gggcagcagc

gategtegge

cagcaacatc

gtccaacgge

caccaccctyg

ggceggcace

cctegtegge

gtacgagaac

caaccactac

ggtggacaac

ggceggetac

cagcgacaac

cgectacace

gaacacgggyg

cgcgceaceccece

cagccteggy

gegggacggt

caagtggagce

gggctcecate

cagcggggcey

cacgggcteg

Met Pro Glu Arg Phe Thr Pro Thr Pro Glu Asp Lys Phe Thr Phe Gly

1

5

10

15

Leu Trp Thr Val Gly Trp Arg Gly Asn Asp Pro Phe Gly Glu Pro Thr

2280

2340

2373

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1545
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123 124

-continued

20 25 30

Arg Pro Val Leu Asp Pro Val Glu Ser Val Glu Arg Leu Ala Glu Leu
35 40 45

Gly Ala His Gly Val Thr Phe His Asp Asp Asp Leu Ile Pro Phe Gly
50 55 60

Ser Asp Asp Arg Glu Arg Ala Arg Leu Val Gly Arg Phe Arg Glu Ala
65 70 75 80

Leu Glu Arg Thr Gly Leu Lys Val Pro Met Ala Thr Thr Asn Leu Phe
Thr His Pro Val Phe Lys Asp Gly Gly Phe Thr Ser Asn Asp Arg Asp
100 105 110

Val Arg Arg Phe Ala Leu Arg Lys Val Ile Arg Asn Ile Asp Leu Ala
115 120 125

Val Glu Leu Gly Ala Gln Thr Tyr Val Ala Trp Gly Gly Arg Glu Gly
130 135 140

Ala Glu Ser Gly Ala Ala Lys Asp Val Arg Ser Ala Leu Asp Arg Met
145 150 155 160

Lys Glu Ala Phe Asp Leu Leu Gly Asp Tyr Val Thr Glu Gln Gly Tyr
165 170 175

Asp Leu Arg Phe Ala Ile Glu Pro Lys Pro Asn Glu Pro Arg Gly Asp
180 185 190

Ile Leu Leu Pro Thr Ile Gly His Ala Leu Ala Phe Ile Glu Arg Leu
195 200 205

Glu Arg Pro Glu Leu Val Gly Val Asn Pro Glu Thr Gly His Glu Gln
210 215 220

Met Ala Gly Leu Asn Phe Pro His Gly Ile Ala Gln Ala Leu Trp Ala
225 230 235 240

Gly Lys Leu Phe His Ile Asp Leu Asn Gly Gln Ser Gly Ile Lys Tyr
245 250 255

Asp Gln Asp Phe Arg Phe Gly Ala Gly Asp Leu Arg Gln Ala Phe Trp
260 265 270

Leu Val Asp Leu Leu Glu Thr Ala Gly Trp Asp Gly Ser Arg His Phe
275 280 285

Asp Phe Lys Pro Val Arg Thr Asp Gly Ile Asp Gly Val Trp Glu Ser
290 295 300

Ala Lys Asn Cys Met Arg Asn Tyr Leu Ile Leu Lys Glu Arg Ala Ala
305 310 315 320

Ala Phe Arg Ala Asp Pro Ala Val Gln Glu Ala Leu Thr Ala Ser Arg
325 330 335

Leu Asp Glu Leu Ala Arg Pro Thr Ala Asp Asp Gly Leu Lys Ala Leu
340 345 350

Leu Ala Asp Arg Thr Ala Tyr Glu Asp Phe Asp Ala Thr Ala Ala Ala
355 360 365

Glu Arg Ser Met Ala Phe Glu Ala Leu Asp Gln Leu Ala Met Asp His
370 375 380

Leu Leu Asn Val Arg
385

<210> SEQ ID NO 34

<211> LENGTH: 655

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 34
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-continued

126

Met

Pro

Pro

Thr

Ala

65

Thr

Gln

Ile

Ala

Trp

145

Gly

Cys

Gly

Trp

Arg

225

Thr

Asp

Thr

Asn

305

Asn

Ser

Gly

Leu

Phe
385

Pro

Trp

Thr

Arg

Arg

Arg

50

Ala

Ala

Trp

Glu

Ser

130

Asn

Thr

Asp

Thr

Ser

210

Asp

Gly

Thr

Thr

Leu

290

Lys

Tyr

Tyr

Val

Arg
370
Gly

Ala

Ala

Ser

Leu

Arg

35

Ala

Met

Thr

Thr

Trp

115

Val

Gly

Gly

Gly

Pro

195

Ala

Gly

Leu

Ala

Gly

275

Gly

Asn

Ala

Ala

Ala

355

Lys

Gly

Ala

Asp

Ala

Ser

20

Ser

Lys

Val

Tyr

Val

100

Asp

Thr

Thr

Ser

Gly

180

Thr

Ala

Ala

Thr

Asp

260

Gly

Tyr

Leu

Phe

Asp

340

Asp

Leu

Trp

Phe

Val

Leu

Asp

Ser

Ala

Gly

Leu

85

Lys

Phe

Ser

Val

Gly

165

Gly

Ala

Thr

Lys

Lys

245

Gln

Asn

Phe

Val

Gly

325

Tyr

Thr

Lys

Thr

Ala
405

Phe

Arg

Leu

Arg

Val

Leu

70

Lys

Asn

Pro

Ser

Ala

150

Ser

Thr

Ser

Asp

Val

230

Gly

Thr

Asp

Thr

Thr

310

Asn

Asp

Trp

Ala

Trp
390

Gln

Asp

Ala

Thr

Leu

Ala

55

Ala

Lys

Thr

Ser

Gly

135

Pro

Pro

Val

Gly

Asp

215

Ala

Thr

Gly

Asn

Asn

295

Ser

Val

Lys

Asp

Lys

375

Ser

Ser

Gly

Thr

Arg

Arg

40

Gly

Ser

Ser

Gly

Gly

120

Thr

Gly

Thr

Pro

Ile

200

Lys

Thr

Asp

Pro

Pro

280

Trp

Gly

Gln

Ala

Gln

360

Tyr

Gly

Cys

Ile

Gln

Gly

25

Trp

Phe

Pro

Asp

Thr

105

Thr

His

Ala

Gly

Gly

185

Thr

Gly

Val

Tyr

Val

265

Gly

Gly

Ser

Gly

Tyr

345

Pro

Pro

Gly

Tyr

Asp

Gly

Ala

Arg

Thr

Ala

Trp

90

Thr

Ala

Trp

Ser

Cys

170

Asp

Asp

Ile

Thr

Ser

250

Ser

Pro

Val

Ala

Gly

330

Thr

Leu

His

Phe

Asp
410

Ile

Leu

Pro

Leu

Ala

Gln

75

Gly

Ala

Val

Thr

Ile

155

Lys

Ser

Thr

Lys

Thr

235

Tyr

Gly

Gly

Tyr

Glu

315

Lys

Ala

Arg

Ile

Gly
395

Leu

Asp

Gln

Leu

Gly

Leu

60

Ala

Ser

Leu

Gly

Ala

140

Ser

Leu

Ala

Ser

Asn

220

Thr

Ser

Ala

Thr

Gly

300

Lys

Cys

Asp

Gly

Lys

380

Ala

Val

Trp

Ser

Ser

Pro

45

Leu

Ala

Gly

Ser

Ser

125

Lys

Phe

Asn

Pro

Val

205

Tyr

Thr

Val

Val

Gly

285

Arg

Ile

Thr

Gln

Asn

365

Val

Ala

Glu

Glu

Thr

Thr

30

Gly

Leu

Thr

Phe

Ser

110

Ala

Asn

Gly

Gly

Ser

190

Lys

Asp

Tyr

Gln

Ala

270

Ser

Asn

Thr

Ile

Ser

350

Phe

Ile

Ala

Asp

Tyr

Asn

15

Glu

Arg

Pro

Ser

Glu

95

Trp

Trp

Leu

Phe

Ala

175

Lys

Leu

Val

Thr

Ala

255

Val

Lys

Tyr

His

Gly

335

Val

Asn

Trp

Gln

Pro
415

Pro

His

Ser

Ala

Leu

Ala

Gly

Thr

Asp

Gly

Asn

160

Ser

Pro

Ser

Leu

Asp

240

Arg

Arg

Val

His

Ile

320

Asp

Asp

Gln

Ser

Asn
400

Arg

Asn
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127 128

-continued

420 425 430

Ala Cys Gly Leu Thr Cys Asp Thr Ser Gly Pro Ala Ala Leu Lys Asn
435 440 445

Leu Ser Ser Ala Leu Arg Ala Lys Phe Gly Ala Lys Asn Leu Val Thr
450 455 460

Ala Ala Ile Thr Ala Asp Gly Ser Asp Gly Gly Lys Ile Asp Ala Ala
465 470 475 480

Asp Tyr Ala Gly Ala Ala Gln Ser Phe Asp Trp Tyr Asn Val Met Thr
485 490 495

Tyr Asp Phe Phe Gly Ala Trp Glu Ala Lys Gly Pro Thr Ala Pro His
500 505 510

Ser Pro Leu Asn Ala Tyr Ala Gly Ile Pro Gln Asp Gly Phe Asn Ser
515 520 525

Ala Ala Ala Ile Ala Lys Leu Lys Ala Lys Gly Val Pro Ala Ser Lys
530 535 540

Leu Leu Leu Gly Ile Gly Phe Tyr Gly Arg Gly Trp Thr Gly Val Thr
545 550 555 560

Gln Ala Ala Pro Gly Gly Thr Ala Thr Gly Ala Ala Pro Gly Thr Tyr
565 570 575

Glu Ala Gly Ile Glu Asp Tyr Lys Val Leu Lys Thr Ser Cys Pro Ala
580 585 590

Thr Gly Thr Ile Ala Gly Thr Ala Tyr Ala His Cys Gly Thr Asn Trp
595 600 605

Trp Ser Tyr Asp Thr Pro Ala Thr Ile Thr Ser Lys Met Ala Trp Ala
610 615 620

Asn Ser Gln Gly Leu Gly Gly Ala Phe Phe Trp Glu Phe Ser Gly Asp
625 630 635 640

Thr Ala Asn Gly Glu Leu Val Ser Ala Met Asp Ser Gly Leu Asn
645 650 655

<210> SEQ ID NO 35

<211> LENGTH: 196

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 35

Met Arg Lys Arg Ala Ser Ala Ala Val Ile Gly Leu Ala Ile Ala Gly
1 5 10 15

Val Ser Met Phe Ala Thr Ser Ser Ala Ser Ser His Gly Tyr Thr Asp
20 25 30

Ser Pro Ile Ser Arg Gln Lys Leu Cys Ala Asn Gly Thr Val Thr Gly
Cys Gly Asn Ile Gln Trp Glu Pro Gln Ser Val Glu Gly Pro Lys Gly
50 55 60

Phe Pro Ala Ala Gly Pro Ala Asp Gly Lys Ile Cys Ala Gly Gly Asn
65 70 75 80

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

Thr Gln Val Thr Gly Gly Gln Gly Tyr Asn Phe Arg Trp Gln Phe Thr
100 105 110

Ala Arg His Ala Thr Thr Asp Phe Arg Tyr Tyr Ile Thr Lys Asp Gly
115 120 125

Trp Asp Ser Thr Lys Pro Leu Thr Arg Ala Ala Leu Glu Ser Gln Pro
130 135 140
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130

Phe
145

Ala

Asp

Met

Gln

Val

Val

Thr

Val Pro Tyr

150

Gly Thr Ile Pro

Trp

Lys
195

165

Asn Val Ala

180

Phe

<210> SEQ ID NO 36

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Val

1

Thr

Ser

Ser

Gly

65

Ser

Gly

Ser

Thr

Tyr

145

Thr

Ser

Thr

Ala

225

Arg

Pro

Gln

Ala

Pro
305

Ala

Ala

Gly

Ser

50

Gln

Thr

Ala

Thr

Thr

130

Tyr

Glu

Gly

Gly

Thr

210

Tyr

Ser

Gly

Asn

Asn
290

Gly

Ala

Gln

Leu

35

Pro

Asp

Tyr

Ser

Gly

115

Ser

Ala

Glu

Thr

Ala

195

Thr

Gln

Ala

Pro

Phe
275

Tyr

Ala

Leu

Ala

Ser

Val

Asn

Ala

Gly

100

Trp

Val

Asp

Pro

Thr

180

Thr

Gly

Phe

Thr

Ser
260
Asn

Asp

Val

556

36

Ala

Ala

Gly

His

Ala

Leu

85

Thr

Thr

Gln

Asp

Gly

165

Thr

Gly

Thr

Ser

Val

245

Thr

Asn

Ile

Thr

Ala

Asp

Trp

Gly

Lys

70

Ser

Gly

Gln

Val

Val

150

Pro

Ser

Tyr

Ser

Val

230

Ser

Ser

Gly

Ile

Phe
310

Gly

Thr

Asp

Gly

Ile

Thr

Gly

55

Cys

Ser

Thr

Leu

Tyr

135

Ala

Ala

Ser

Thr

Ala

215

Ser

Gly

Val

Ala

Ala
295

Asn

Asn

Gln

Thr

Ala

Asn

Cys

40

Ser

Thr

Trp

Thr

Arg

120

Thr

Val

Ile

Ser

Val

200

Thr

Ala

Arg

Pro

Ala
280

Val

Leu

Gln

Lys

Ala
185

Gln

Ser
170

Asn

ACTE

Leu

Val

Thr

Ala

Gln

Val

Asp

105

Thr

His

Thr

Pro

Val

185

Tyr

Val

Thr

Thr

Lys

265

Val

Ser

Asp

Thr

10

Ala

Gly

Ala

Thr

Gln

90

Val

Ser

Gly

Gly

Gly

170

Ala

Arg

Ser

Asn

Ala

250

His

Gln

Phe

Ser

Pro
155

Pro Ala Thr

Gly Lys His Ile

Ala

Val

Lys

Gly

Leu

Val

75

Gly

Ser

Phe

Trp

Pro

155

Ala

Leu

Asp

Gly

Ala

235

Lys

Ala

Lys

Ala

Ala
315

Phe Tyr Ala

Thr

Asn

Ser

Lys

60

Ala

Gly

Thr

Thr

Tyr

140

Asp

Pro

Ser

Gly

Leu

220

Ala

Lys

Val

Leu

Asp
300

Gly

Gly

Ala

Gly

45

Ala

Val

Tyr

Trp

Thr

125

Gly

Gly

Ala

Trp

Thr

205

Ala

Gly

Asp

Thr

Ser
285

Ala

Leu

190

Leu

Gly

Ala

Thr

Lys

Ala

Thr

110

Gly

Gln

Gly

Gly

Asn

190

Lys

Ala

Glu

Glu

Gly
270
Asp

Ala

Asn

Leu
Ile
175

Cys

Val

15

Phe

Thr

Pro

Pro

Tyr

95

Pro

Pro

Ala

Gly

Leu

175

Ala

Ala

Asp

Ser

Thr

255

Tyr

Val

Gly

Gly

Thr
160

Leu

Ser

Gly

Glu

Val

Ser

Asn

80

Leu

Gly

Ser

Ala

Gly

160

Ala

Val

Thr

Thr

Val

240

Gly

Trp

Pro

Thr

Tyr
320
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131

-continued

132

Thr

Lys

Asn

Ile

Leu

385

Gln

Ile

Gly

Ala

465

Gly

Ala

Gly

Ala

Ser
545

Val

Asn

Ser

Gln

370

Asn

Gly

Ser

Leu

Cys

450

Leu

Leu

Pro

Cys

Met

530

Asn

Ala

Val

Asp

355

Glu

Ser

Ser

Thr

Thr

435

Asp

Ala

Gly

Ser

Gly

515

Thr

Ala

Gln

Ile

340

Ala

Tyr

Thr

Gly

Ser

420

Val

Gly

Cys

Val

Val

500

Ser

Trp

Val

Phe

325

Ile

Ser

Gly

Tyr

Leu

405

Gly

Val

Lys

Ile

Pro

485

Val

Phe

Ser

Gly

<210> SEQ ID NO 37

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces sp. ACTE

PRT

<400> SEQUENCE:

Val

1

Ala

Ala

Ser

Arg

65

Gly

Ala

Ser

Gly

Ile

Thr

Pro

Tyr

50

Pro

Gly

Gln

Gly

Ser

Arg

Leu

Ala

35

Asn

Gly

Gly

Phe

Leu
115

Asp

Arg

Val

Trp

Gly

Thr

Gly

Asn

100

Thr

Thr

295

37

Val

5

Phe

Asn

His

Ser

Thr

85

Gln

Ala

Val

Lys

Ser

Ala

Phe

Met

390

Val

Glu

Asn

Val

Gln

470

Ala

Asn

Lys

Thr

Pro
550

Met

Leu

Ala

Asn

Asp

70

Asp

Met

Ala

Lys

Ala Asp Ile Lys Ala Lys Gln Ala Ala
330 335

Val Gly Gly Glu Lys Gly Thr Val Ser
345 350

Asn Ala Phe Ala Asp Ser Leu Tyr Thr
360 365

Asn Gly Val Asp Ile Asp Leu Glu Asn
375 380

Thr Lys Ala Leu Arg Ser Leu Ser Ser
395

Ile Thr Met Ala Pro Gln Thr Ile Asp
410 415

Tyr Phe Lys Thr Ala Leu Asn Ile Lys
425 430

Met Gln Tyr Tyr Asn Ser Gly Ser Met
440 445

Tyr Ser Gln Gly Ser Val Asp Phe Leu
455 460

Leu Glu Gly Gly Leu Ala Pro Ser Gln
475

Ser Thr Arg Gly Ala Gly Ser Gly Tyr
490 495

Ala Ala Leu Asp Cys Leu Ala Lys Gly
505 510

Pro Ser Arg Thr Tyr Pro Asp Ile Arg
520 525

Asn Trp Asp Ala Thr Ala Gly Asn Ala
535 540

His Val His Gly Leu Pro
555

Gly Leu Leu Thr Ala Leu Ala Ala Val
10 15

Pro Ala Ala Thr Ala Ser Ala Ala Thr
Ser Ser Val Tyr Thr Gly Gly Gly Ser
40 45

Trp Ser Ala Lys Trp Trp Thr Gln Asn
55 60

Val Trp Ala Asp Gln Gly Ala Cys Gly
75

Pro Asn Pro Ser Gly Phe Val Val Ser
90 95

Phe Pro Ser Arg Asn Ser Phe Tyr Thr
105 110

Leu Ser Ala Tyr Pro Ala Phe Ala Asn
120 125

Lys Gln Glu Ala Ala Ala Phe Leu Ala

Gly

Val

Leu

Gly

Lys

400

Met

Asp

Leu

Thr

Val

480

Val

Thr

Gly

Trp

Val

Cys

Ala

Glu

Ser

80

Glu

Tyr

Thr

Asn
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133 134

-continued

130 135 140

Val Ser His Glu Thr Gly Gly Leu Val His Ile Val Glu Gln Asn Thr
145 150 155 160

Ala Asn Tyr Pro His Tyr Cys Asp Thr Ser Gln Ser Tyr Gly Cys Pro
165 170 175

Ala Gly Gln Ala Ala Tyr Tyr Gly Arg Gly Pro Ile Gln Leu Ser Trp
180 185 190

Asn Phe Asn Tyr Lys Ala Ala Gly Asp Ala Leu Gly Ile Asp Leu Leu
195 200 205

Gly Asn Pro Trp Gln Val Glu Gln Asn Ala Ser Val Ala Trp Lys Thr
210 215 220

Gly Leu Trp Tyr Trp Asn Thr Gln Ser Gly Pro Gly Thr Met Thr Pro
225 230 235 240

His Asn Ala Ile Val Asn Gly Ser Gly Phe Gly Glu Thr Ile Arg Ser
245 250 255

Ile Asn Gly Ser Ile Glu Cys Asn Gly Gly Asn Pro Gly Gln Val Gln
260 265 270

Ser Arg Val Asn Thr Tyr Gln Ser Phe Val Gln Ile Leu Gly Thr Thr
275 280 285

Pro Gly Ser Asn Leu Ser Cys
290 295

<210> SEQ ID NO 38

<211> LENGTH: 507

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 38

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

Thr Val Ala Ala Ala Gly Met Ala Val Leu Gly Ser Gly Thr Ala Gln
20 25 30

Ala Ala Thr Pro Leu Pro Asp His Val Phe Ala Pro Tyr Phe Glu Ser
35 40 45

Trp Thr Gly Glu Ser Pro Ala Ala Met Ala Ala Glu Ser Gly Ala Lys
50 55 60

His Leu Thr Met Ala Phe Leu Gln Thr Thr Ala Lys Gly Ser Cys Thr
65 70 75 80

Pro Tyr Trp Asn Gly Asp Thr Gly Leu Pro Ile Ala Gln Ala Ser Phe
85 90 95

Gly Ala Asp Ile Asp Thr Ile Gln Ala Gly Gly Gly Asp Val Ile Pro
100 105 110

Ser Phe Gly Gly Tyr Thr Ala Asp Thr Thr Gly Thr Glu Ile Ala Asp
115 120 125

Ser Cys Thr Asp Val Asp Gln Ile Ala Ala Ala Tyr Gln Lys Val Val
130 135 140

Thr Thr Tyr Asp Val Ser Arg Leu Asp Met Asp Ile Glu Val Asp Ser
145 150 155 160

Leu Asp Asp Thr Ala Gly Ile Asp Arg Arg Asn Lys Ala Ile Lys Lys
165 170 175

Leu Gln Asp Trp Ala Asp Ala Asn Gly Arg Asp Leu Glu Ile Ser Tyr
180 185 190

Thr Leu Pro Thr Thr Thr Arg Gly Leu Ala Ser Ser Gly Leu Ala Val
195 200 205
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-continued

136

Leu

Met

225

Thr

Pro

Met

Asn

Leu

305

Pro

Thr

Asp

Gly

Gln

385

Ser

Leu

Thr

Gly
465

Trp

Glu

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

<400>

Val

1

Asn

Asp

Pro

Thr
65

Arg

210

Thr

Glu

Gly

Pro

Ala

290

Ser

Ala

Arg

Phe

Ser

370

Gln

Leu

Ala

Gly

Thr

450

Thr

Lys

Trp

Thr

Gln

Gln

Glu

50

Leu

Asn

Phe

Thr

Arg

Gly

275

Ala

Phe

Ala

Val

Ser

355

Ala

Val

Ser

Thr

Thr

435

Gly

Val

Ala

Gly

Gln

Asn

Ala

35

Arg

Thr

Ala

Asp

Ala

Thr

260

Val

Arg

Trp

Asp

Phe

340

Val

Thr

Gly

Pro

Thr

420

Ser

Gly

Tyr

Lys

Val

500

PRT

SEQUENCE :

Gly

Ser

20

Leu

Val

Arg

Val

Tyr

Ala

245

Ala

Asp

Val

Ala

Asp

325

Ala

Thr

Thr

Leu

Ser

405

Gln

Pro

Thr

Thr

Trp

485

Trp

SEQ ID NO 39
LENGTH:
TYPE :
ORGANISM: Streptomyces sp.

483

39

Pro

Glu

Leu

Val

Asp

Thr

Tyr

230

Gln

Thr

Asp

Tyr

Leu

310

Cys

Pro

Ala

Thr

Thr

390

Ser

Ala

Ser

Gly

Gly

470

Trp

Gln

Leu

Thr

Glu

His

Val
70

Asn

215

Asp

Gly

Gln

Phe

Asp

295

Gln

Ser

Phe

Thr

Val

375

Val

Val

Ala

Gly

Ser

455

Gly

Thr

Asp

Thr

Ala

Lys

Ala

55

Ser

Gly

Asn

Leu

Leu

Gly

280

Trp

Arg

Gly

Thr

Pro

360

Lys

Ser

Thr

Val

Ser

440

Gln

Gln

Thr

Leu

Thr

Gly

Leu

40

Arg

Gln

Ala

Ala

Tyr

Trp

265

Pro

Ala

Asp

Ile

Ser

345

Ala

Thr

Gly

Ala

Ser

425

His

Cys

Gln

Gly

Gly
505

Arg

Ser

Asp

250

Ser

Ala

Val

Asn

Gln

330

Gly

Ser

Ala

Val

Gly

410

Gly

Ala

Thr

Val

Glu

490

Ala

ACTE

Glu

Pro

25

Ala

Gly

Trp

Ala

10

Gly

His

Ala

Thr

Val

His

235

Gln

Met

Glu

Ala

Gly

315

Gln

Thr

Gly

Val

Pro

395

Gly

Thr

Thr

Ala

Ser

475

Glu

Cys

Gly

Gly

Phe

Gly

Arg
75

Asp

220

Asp

Leu

Val

Thr

Lys

300

Gly

Asn

Thr

Thr

Thr

380

Ala

Arg

Tyr

Ala

Gly

460

Tyr

Pro

Ala

Pro

Asn

Ala

60

Ala

Val Val Asn

Met

Ala

Gly

Phe

285

Gly

Cys

Thr

Ala

Val

365

Lys

Gly

Ser

Arg

Tyr

445

Pro

Lys

Gly

Pro

Val

Arg

45

Tyr

Lys

Ala

Lys

Val

270

Thr

Ile

Pro

Trp

Pro

350

Thr

Gly

Val

Thr

Ile

430

Thr

Trp

Gly

Thr

Val

Leu

30

Glu

Gly

Phe

Ala

Leu

255

Thr

Leu

Asn

Gly

Asp

335

Asp

Ala

Ala

Thr

Leu

415

Ser

Leu

Ala

His

Thr
495

Ala

15

Val

Arg

Thr

Leu

Leu

Asp

240

Tyr

Glu

Ala

Thr

Gly

320

Phe

Asp

Gly

Ala

Ala

400

Thr

Val

Thr

Gly

Thr

480

Gly

Asp

Gln

Ile

Phe

Ser
80
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137

-continued

138

Glu

Gly

Leu

Thr

His

145

Trp

Gly

Phe

Thr

225

Gln

Thr

Phe

Pro

Phe

305

Gly

Tyr

Pro

Gly

Asn

385

Glu

Glu

Lys

Gln

465

Leu

Val

Asn

Lys

Pro

130

Thr

Trp

Leu

Tyr

Trp

210

Thr

Arg

Val

Asn

Ile

290

Ala

Ile

Gly

Val

Tyr

370

Ser

Ser

Asp

Asp

Val
450

Ala

Arg

Gly

Leu

Phe

115

Val

Gln

Asp

Phe

Gly

195

Val

Glu

Asp

Gln

Pro

275

Glu

Glu

Gly

Asp

Asn

355

Leu

Phe

Val

Asn

Glu
435
Ser

Asp

Gly

Lys

Gly

100

Tyr

Phe

Lys

Phe

Gly

180

Ser

Lys

Glu

Leu

Val

260

Phe

Ile

Val

Pro

Ala

340

Arg

Tyr

Gly

Thr

Asp

420

Lys

Arg

Ala

Glu

85

Ser

Thr

Phe

Arg

Trp

165

Asp

His

Tyr

Ala

Arg

245

Gln

Asp

Gly

Glu

Ser

325

His

Pro

Asp

Gly

Gly

405

Phe

Gly

Asp

Asp

Thr

Ala

Glu

Ile

Asp

150

Gly

Arg

Thr

His

Val

230

Glu

Ile

Leu

Lys

Gln

310

Pro

Arg

His

Gly

Pro

390

Gly

Val

Arg

Asp

Phe
470

Glu Thr Phe Leu Arg Phe Ser Thr Val
90 95

Asp Ala Ala Arg Asp Pro Arg Gly Trp
105 110

Glu Gly Asn Tyr Asp Leu Val Gly Asn
120 125

Lys Asp Ala Ile Lys Phe Pro Asp Phe
135 140

Pro Tyr Thr Gly Ser Gln Glu Ala Asp
155

Leu Ser Pro Glu Ser Thr His Gln Val
170 175

Gly Ile Pro Ala Ser Phe Arg His Met
185 190

Phe Gln Trp Asn Asn Glu Ala Gly Glu
200 205

Phe Lys Thr Asp Gln Gly Ile Lys Asn
215 220

Arg Leu Ser Gly Val Asp Pro Asp Ser
235

Ser Ile Glu Arg Gly Asp Phe Pro Thr
250 255

Met Pro Ala Ala Glu Ala Ala Thr Tyr
265 270

Thr Lys Val Trp Pro His Glu Asp Tyr
280 285

Leu Glu Leu Asn Arg Asn Pro Glu Asn
295 300

Ser Ile Phe Ser Pro Ala His Phe Val
315

Asp Lys Met Leu Gln Gly Arg Leu Phe
330 335

Tyr Arg Val Gly Ile Asn Ala Asp His
345 350

Ala Thr Glu Ala Arg Thr Asn Ser Arg
360 365

Arg His Lys Gly Thr Lys Asn Tyr Glu
375 380

Val Gln Thr Asp Arg Pro Leu Trp Gln
395

Thr Gly Asn His Glu Ala Ala Val His
410 415

Gln Ala Gly Asn Leu Tyr Arg Leu Met
425 430

Leu Ile Asp Asn Leu Ala Gly Phe Ile
440 445

Ile Ala Asp Arg Ala Ile Asn Asn Phe
455 460

Gly Lys Arg Leu Glu Val Ala Val Gln
475

Ala

Ala

Asn

Ile

Asn

160

Thr

Asn

Val

Leu

His

240

Trp

Arg

Pro

Ile

Pro

320

Ala

Leu

Asp

Pro

Pro

400

Ala

Ser

Ala

Arg

Ala
480
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139 140

-continued

<210> SEQ ID NO 40

<211> LENGTH: 926

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 40

Val Tyr Ala Met Pro Ser Thr Ala Pro Ala Ala Val Gln Ser Gly Glu
1 5 10 15

Asp Ala Pro Val Arg Ser Ser Pro Arg Pro Phe Ala Ala Leu Leu Ala
20 25 30

Ala Leu Ala Leu Thr Ala Gly Leu Ser Leu Ile Gly Thr Pro Ala Val
Ala Arg Ser Asp Glu Ala Pro Ala Ala Thr Glu Ala Ser Asp Val Ser
50 55 60

Ile Ala Ala Asp Thr Tyr Thr Trp Lys Asn Ala Arg Ile Asp Gly Gly
65 70 75 80

Gly Phe Val Pro Gly Ile Val Phe Asn Arg Ser Glu Lys Asn Leu Ala
85 90 95

Tyr Ala Arg Thr Asp Ile Gly Gly Ala Tyr Arg Trp Asp Gln Ser Gly
100 105 110

Lys Gln Trp Lys Pro Leu Leu Asp Trp Val Asp Trp Asp Arg Trp Gly
115 120 125

Trp Thr Gly Val Val Ser Leu Ala Ser Asp Thr Val Asp Pro Asp Asn
130 135 140

Val Tyr Ala Ala Val Gly Thr Tyr Thr Asn Ser Trp Asp Pro Thr Asp
145 150 155 160

Gly Ala Val Leu Arg Ser Ser Asp Arg Gly Ala Ser Trp Lys Ala Ala
165 170 175

Thr Leu Pro Phe Lys Leu Gly Gly Asn Met Pro Gly Arg Gly Met Gly
180 185 190

Glu Arg Leu Ala Val Asp Pro Asn Lys Asn Ser Val Leu Tyr Leu Gly
195 200 205

Ala Pro Ser Gly Asn Gly Leu Trp Arg Ser Thr Asp Ala Gly Val Ser
210 215 220

Trp Ser Glu Val Thr Ala Phe Pro Asn Pro Gly Asn Tyr Ala Gln Asp
225 230 235 240

Pro Ser Asp Thr Ser Gly Tyr Gly Asn Asp Asn Gln Gly Ile Val Trp
245 250 255

Val Thr Phe Asp Glu Arg Ser Gly Ser Ala Gly Ser Ala Thr Gln Asp
260 265 270

Ile Tyr Val Gly Val Ala Asp Lys Glu Asn Thr Val Tyr Arg Ser Thr
275 280 285

Asp Gly Gly Ala Thr Trp Ser Arg Ile Pro Gly Gln Pro Thr Gly Tyr
290 295 300

Leu Ala His Lys Gly Val Leu Asp Ser Ala Thr Gly His Leu Tyr Leu
305 310 315 320

Thr Leu Ser Asp Thr Gly Gly Pro Tyr Asp Gly Gly Lys Gly Arg Ile
325 330 335

Trp Arg Tyr Asp Thr Ala Ser Gly Ala Trp Gln Asp Val Ser Pro Val
340 345 350

Ala Glu Ala Asp Ala Tyr Tyr Gly Phe Ser Gly Leu Ser Val Asp Arg
355 360 365

Gln Lys Pro Gly Thr Leu Met Ala Thr Ala Tyr Ser Ser Trp Trp Pro
370 375 380
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-continued

142

Asp

385

Ala

Asp

Pro

Asp

Tyr

465

Ile

Ala

Gly

Thr

Ser

545

Ile

Pro

Ser

Gly

Thr

625

Ala

Glu

Pro

Ala

Ser

705

Pro

Ile

Gly

Gly

785

Pro

Thr

Trp

Val

Glu

Pro

450

Gly

Thr

Ser

Gly

Ser

530

Pro

Gly

Ser

Gly

Phe

610

Val

Gly

Ala

Gly

Tyr

690

Ala

Gly

Arg

Asn

Asp
770

Ile

Gly

Gln

Asp

Ser

Thr

435

Phe

Thr

Pro

Pro

Phe

515

Pro

Gly

Phe

Gly

Phe

595

Gly

Glu

Thr

Thr

Thr

675

Gly

Gly

Ala

Gly

Asp

755

Pro

Gln

Thr

Ile

Tyr

Ser

420

Ala

Asp

Glu

Met

Pro

500

Arg

Asn

Thr

Ser

Val

580

Val

Thr

Ser

Phe

Gly

660

Glu

Leu

Val

Ser

Ile

740

Asp

Arg

Val

Asp

Phe

Thr

405

Val

Pro

Ser

Asp

Val

485

Ser

His

Leu

Val

Thr

565

Thr

Trp

Ser

Asp

Tyr

645

Leu

Gly

Trp

Glu

Tyr

725

Phe

Ala

Val

Gly

Pro

Arg

390

Gly

Pro

Lys

Asp

Leu

470

Lys

Gly

Thr

Asp

Val

550

Asp

Gly

Ser

Trp

Arg

630

Val

Pro

Asp

Arg

Gln

710

Arg

Arg

His

Tyr

Glu
790

Gly

Ser

Tyr

Trp

Leu

Arg

455

Thr

Gly

Ala

Asp

Ser

535

Arg

Asn

Gly

Pro

Thr

615

Lys

Ser

Ala

Ile

Ser

695

Ala

Thr

Ser

Gln

Gly
775

Thr

Thr

Thr

Pro

Leu

Gly

440

Met

Ser

Ile

Pro

Leu

520

Thr

Val

Gly

Gly

Glu

600

Ala

Asn

Thr

Glu

Trp

680

Thr

Asp

Val

Thr

Trp
760
Arg

Ser

Asp

Asp

Asn

Ser

425

Trp

Met

Trp

Glu

Leu

505

Asp

Thr

Gly

Ala

Thr

585

Gly

Ser

Pro

Asp

Gly

665

Leu

Asp

Ser

Phe

Asp

745

Gly

Val

Asp

Pro

Ser

Arg

410

Trp

Met

Tyr

Asp

Glu

490

Leu

Ala

Ser

Asn

Asn

570

Val

Ala

Thr

Glu

Gly

650

Asn

Ala

Ser

Val

Val

730

Ala

Trp

Tyr

Ser

Gly

Gly

395

Ser

Gly

Thr

Gly

Ser

475

Thr

Ser

Val

Leu

Ser

555

Trp

Ala

Gly

Gly

Lys

635

Gly

Val

Gly

Gly

Gly

715

Ser

Gly

Thr

Val

Gly
795

Thr

Ala

Asn

Ala

Glu

Thr

460

Gly

Ala

Ala

Pro

Asp

540

Asp

Phe

Ala

Val

Ile

620

Phe

Ala

Arg

Gly

Ala

700

Phe

Ala

Ala

Gly

Ser
780

Gly

Asp

Thr

Arg

Ser

Ala

445

Gly

Gly

Val

Leu

Asp

525

Phe

Ala

Gln

Ala

His

605

Pro

Tyr

Thr

Phe

Ser

685

Thr

Gly

Lys

Ser

Ala
765
Thr

Gly

Pro

Trp

Tyr

Pro

430

Leu

Ala

Thr

Asn

Gly

510

Leu

Ala

Ala

Gly

Ala

590

His

Ala

Gly

Phe

Gln

670

Asp

Phe

Lys

Ile

Trp

750

Ala

Asn

Gly

Gly

Thr

Thr

415

Ala

Glu

Thr

Phe

Asp

495

Asp

Met

Glu

Pro

Ser

575

Asp

Thr

Gly

Phe

Thr

655

Ala

Thr

Thr

Ala

Gly

735

Thr

Ile

Gly

Thr

Pro

Gln

400

Leu

Pro

Ile

Val

Arg

480

Leu

Ile

Tyr

Ser

His

560

Glu

Gly

Thr

Ala

Glu

640

Ala

Leu

Gly

Lys

Ala

720

Gly

Arg

Thr

Arg

Asp

800

Glu
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143

-continued

144

Gln

Trp

Ala

Gln

865

Ser

Pro

Pro

Pro

Ala

850

Ile

Thr

Ala

Ala

Ala

Gly

835

Tyr

Ser

Val

Gly

Ala
915

Asp

820

Gly

Asn

Gln

Thr

Phe

900

Phe

805

Ala Ala

Phe Gln

Gly Trp

Ile Trp

870

Asp Ala
885

Gly Phe

Thr Leu

<210> SEQ ID NO 41

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces sp. ACTE

PRT

<400> SEQUENCE:

Met Arg Gly Ala

1

Ala

Gly

Gly

Gly

65

Pro

Asp

Asp

Ala

Ile

145

Lys

Thr

Tyr

Ala

Trp
225

Gly

Leu

Ala

Glu

50

Ser

Asp

Ser

Gly

Ala

130

Lys

Ser

Ile

Thr

Ala

210

Asp

Pro

Ala

Lys

35

Pro

Ile

Gly

Lys

Thr

115

Asn

Gly

Asp

Glu

Val
195
Gly

His

Asp

Ala

Gly

Gln

Val

Lys

Leu

100

Pro

Ile

Tyr

Ala

Leu

180

Phe

Glu

Lys

Lys

543

41

Lys Ser

Thr Ala

Ala Val

Asn Pro

Thr Asp
70

Leu Glu
85

Trp Thr

Val Thr

Glu Asn

Ala Asp
150

Met Ser
165

Asn Ser

Ser Pro

Lys Pro

Lys Gln

230

Ala Lys
245

810 815

Cys Ala Val Thr Tyr Ala Val Thr Asn
825 830

Ala Asp Val Thr Val Thr Asn Thr Gly
840 845

Lys Leu Gly Trp Ser Phe Pro Gly Gly
855 860

Asn Ala Ser His Arg Gln Asp Gly Val
875

Gly Trp Asn Gly Thr Val Ala Pro Gly
890 895

Thr Gly Ser Trp Ala Gly Ser Asn Ala
905 910

Asp Gly Gln Ala Cys Thr Val Gly
920 925

Ala Lys Trp Val Ala Gly Ala Ala Ile
10 15

Cys Gly Gly Gly Asp Ser Asp Ser Asp
Asp Ala Asp Gly Ile Phe Ser Val Glu
40 45

Leu Gln Pro Ala Asn Thr Met Glu Ser
55 60

Ala Ile Phe Ser Gln Leu Val Asp Tyr
75

Met Ile Asn Ala Glu Ser Val Glu Thr
Val Lys Leu Lys Lys Asp Trp Lys Phe
105 110

Ala Asp Ser Tyr Val Lys Ala Trp Asn
120 125

Ala Gln Thr Asn Ala Ser Trp Phe Ala
135 140

Val His Pro Asp Gly Glu Gly Ala Lys
155

Gly Leu Lys Lys Val Asp Asp Tyr Thr
170 175

Ala Val Pro Tyr Phe Ser Tyr Lys Leu
185 190

Leu Pro Glu Ser Phe Tyr Ala Asp Pro
200 205

Val Gly Asn Gly Ala Tyr Lys Phe Val
215 220

Ile Lys Val Val Arg Asn Asp Asp Tyr
235

Asn Gly Gly Val Ile Phe Lys Asn Tyr
250 255

Gln

Asp

Gln

Lys

880

Ser

Glu

Ile

Asn

Val

Asn

Asp

80

Thr

His

Trp

Asp

Pro

160

Phe

Gly

Lys

Ser

Lys
240

Thr
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146

Thr

Leu

Glu

305

Gln

Leu

Leu

Ala

Glu

385

Glu

Gly

Lys

Asn

465

Ala

Ile

Tyr

Ala

Leu

Arg

Asp

290

Ala

Gly

Gln

Gly

Lys

370

Ile

Ala

Asp

Gln

Asn

450

Asn

Asp

Glu

Lys

Gln
530

Glu

Gln

275

Arg

Met

Leu

Gly

Tyr

355

Ala

Phe

Val

Ser

Val

435

Ala

Gly

Ser

Lys

Val

515

Asp

Thr

260

Ile

Ala

Tyr

Ser

Thr

340

Gln

Lys

Ile

Cys

Lys

420

Lys

Asn

Phe

Ala

Glu

500

Asn

Gly

Ala

Gly

Val

Thr

Met

325

Arg

Glu

Ala

Gln

Asn

405

Ala

Ser

Phe

Phe

Ala

485

Leu

Ala

Asp

<210> SEQ ID NO 42

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Met
1

Ala

Asp

Phe

Leu

65

Gln

Gln

Glu

His

Asp

50

Asp

Thr

Gly

Leu

Arg

35

Glu

Gly

Val

Asp

Thr

20

Gly

Met

Leu

Thr

159

42

Pro

Ala

Trp

Lys

Pro

Glu
85

Tyr

Pro

Asp

Asp

310

Ala

Glu

Asn

Leu

Phe

390

Ser

Asp

Phe

Ile

Ser

470

Ser

Val

Gly

Pro

Glu

Ile

Thr

His

Asn

70

Met

Glu

Lys

Lys

295

Gln

Ile

Pro

Val

Ile

375

Asn

Ile

Phe

Tyr

Ser

455

Asn

Leu

Asn

Tyr

Ile
535

Val

Asn

Lys

Ala

55

Tyr

Phe

Asp

Asp

280

Ala

Trp

Asp

Ala

Ala

360

Lys

Ala

Thr

Gln

Arg

440

Asp

Lys

Asp

Tyr

Ser

520

Leu

Leu

Gln

Leu

40

Glu

Gln

Gln

Leu

265

Leu

Tyr

Lys

Arg

Thr

345

Gly

Glu

Asp

Gln

Ala

425

Ser

Leu

Asp

Asp

Met

505

Glu

Thr

Lys

Pro

Ser

Asn

Asp

330

Gly

Asp

Gly

Gly

Ala

410

Asp

Gly

Phe

Leu

Ser

490

Pro

Asn

Glu

ACTE

Glu

Tyr

25

Ala

Ile

Arg

Ala

Phe

10

Phe

Lys

Leu

Leu

Asp
90

Ser

Val

Ala

Thr

315

Thr

Trp

Val

Gly

Gly

395

Thr

Leu

Trp

Arg

Asp

475

Val

Ser

Val

Val

Leu

Leu

His

Thr

Phe

75

Arg

Gly

Tyr

Val

300

Asp

Ile

Val

Thr

Gly

380

His

Gly

Asn

Val

Thr

460

Ala

Lys

Ile

Lys

Gln
540

Asn

His

Thr

Asp

60

His

Gln

Asn

Arg

285

Gln

Pro

Thr

Ala

Lys

365

Val

Lys

Val

Ala

Leu

445

Gly

Lys

Ala

Pro

Asn

525

Val

Glu

Ala

Arg

45

Arg

Val

Val

Val

270

Ala

Thr

Lys

Lys

Lys

350

Tyr

Pro

Glu

Lys

Arg

430

Asp

Ala

Ile

Tyr

Leu

510

Val

Ile

Gln

Lys

30

Ala

Ile

Arg

Glu

Asp

Asp

Leu

Val

Thr

335

Gly

Asp

Gly

Trp

Cys

415

Asp

Tyr

Ala

Lys

Gln

495

Trp

Asp

Lys

Leu

15

Met

Glu

Leu

Val

Val
95

Val

Leu

Gly

Leu

320

Val

Val

Pro

Asn

Ile

400

Thr

Ala

Pro

Gly

Ala

480

Glu

Tyr

Tyr

Thr

Gln

Ser

Leu

Gly

80

Glu
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-continued

148

Ala

Asp

Gly
145

Ile

Ile

His

130

Glu

Asp
Thr
115

Ile

Pro

Arg
100
Ser

Asp

Leu

Leu Arg

Ala Asn

Tyr Leu

Tyr Leu
150

<210> SEQ ID NO 43

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Met

1

Ala

Pro

Ser

Ala

65

Glu

Thr

Met

Pro

Ser

145

Gly

Gly

Gly

Met

Lys

225

Ala

Gly

Ser

Ser

Ala

Ala

Thr

50

Arg

Gln

Gly

Phe

Ser

130

Asp

Trp

Ala

Val

Ala

210

Ala

Ala

His

Ile

Leu
290

Pro

Ala

Arg

35

Pro

Tyr

Leu

Asp

Gly

115

Glu

Ala

Arg

Arg

Arg

195

Glu

Ala

Leu

Thr

Val
275

Ile

Tyr

Thr

20

Val

Leu

Gly

Gly

Ala

100

Asp

Thr

Ala

Pro

Gly

180

Tyr

Pro

Gln

Leu

Phe
260

Pro

Arg

297

43

Thr Ala

Gly Val

Leu Gly

Arg Arg

Gly Pro

70

Ser Gly

Phe Ala

Val Leu

Val Leu

Phe Arg

150

Leu Phe
165

Lys Val

Ala Asp

Phe Gly

Gln Pro

230
Pro Pro
245
Leu Asp

Leu Asp

His Asn

Arg

Ile

Asp

135

Ala

Thr

Val

Thr

Leu

55

Trp

Ile

Ile

Ile

Met

135

Gln

Arg

Val

Pro

Lys

215

Gly

Arg

Gly

Tyr

Pro
295

Gly
Phe
120

Thr

Gln

Arg

Leu

Gln

40

Thr

Thr

Arg

His

Ala

120

Arg

Ile

Leu

Leu

Ala

200

Tyr

Lys

Ser

Ser

Pro
280

Val

Val

105

Glu

Gln

Val

Asp

Arg

Leu

Ile

ACTE

Arg

Gly

Asp

Ile

Glu

Phe

His

105

Cys

Val

Phe

Asp

Leu

185

Val

Pro

Leu

Asn

Glu
265

Ala

Ala

Thr

10

Gly

Trp

Pro

Cys

Leu

90

Gly

Arg

Lys

Asp

Pro

170

Ala

Phe

Lys

Phe

Ala
250

Ala

Thr

Leu

Ile

Glu

Glu
155

Phe

Thr

Met

Gly

Gln

75

Asp

Ala

Asp

Gln

Leu

155

Thr

Asp

Asp

Ile

Met

235

Asp

Ala

Arg

Met

Leu

Leu

140

Gln

Leu

Pro

Gly

Thr

60

Asn

Val

Ser

Phe

Glu

140

Tyr

Leu

Asn

Ile

Glu

220

Asn

Arg

Gly

Pro

Arg
Glu
125

Ile

Val

Thr

Ala

Ala

45

His

Thr

Arg

Tyr

Leu

125

Tyr

Leu

Pro

Gly

Gln

205

Ala

Tyr

Leu

Trp

Gly
285

Ala
110
Asp

Glu

Glu

Gly

Leu

30

Leu

Asn

Thr

Cys

Gln

110

Ala

Ser

Asp

Asp

Gly

190

Asp

Gln

Val

Asn

Thr
270

Leu

Lys

Glu

Lys

Leu

Ala

15

Ala

Ala

Ala

Val

Arg

Asn

Ala

Glu

Gly

Leu

175

Leu

Asp

Phe

Ser

Pro
255

Gly

Val

Ser

Glu

Leu

Leu

Ala

Asp

Gly

Ala

80

Ile

Leu

His

Glu

Lys

160

Gly

Pro

Tyr

Arg

Thr

240

Gln

Leu

Glu
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149 150

-continued

<210> SEQ ID NO 44

<211> LENGTH: 432

<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 44

Val Ser Glu His Thr Asn Asn Ala Val Val Leu Arg Tyr Gly Asp Asp
1 5 10 15

Glu Tyr Thr Tyr Pro Val Ile Asp Ser Thr Val Gly Asp Lys Gly Phe
20 25 30

Asp Ile Gly Lys Leu Arg Ala Asn Thr Gly Leu Val Thr Leu Asp Ser
Gly Tyr Gly Asn Thr Ala Ala Tyr Lys Ser Ala Ile Thr Tyr Leu Asp
50 55 60

Gly Glu Gln Gly Ile Leu Arg Tyr Arg Gly Tyr Pro Ile Glu Gln Leu
65 70 75 80

Ala Glu Ser Ser Thr Phe Leu Glu Val Ala Tyr Thr Leu Ile Asn Gly
85 90 95

Asp Leu Pro Lys Val Asp Glu Leu Ser Ala Phe Lys Asn Glu Ile Thr
100 105 110

Gln His Thr Leu Leu His Glu Asp Val Lys Arg Phe Phe Asp Gly Phe
115 120 125

Pro Arg Asp Ala His Pro Met Ala Met Leu Ser Ser Val Val Ser Ala
130 135 140

Leu Ser Thr Phe Tyr Gln Asp Ser His Asn Pro Phe Asp Glu Glu Gln
145 150 155 160

Arg His Leu Ser Thr Ile Arg Leu Leu Ala Lys Leu Pro Thr Ile Ala
165 170 175

Ala Tyr Ala Tyr Lys Lys Ser Ile Gly His Pro Phe Val Tyr Pro Arg
180 185 190

Asn Asp Leu Gly Tyr Val Glu Asn Phe Leu Arg Met Thr Phe Ser Val
195 200 205

Pro Ala Gln Glu Tyr Val Pro Asp Pro Ile Val Val Ser Ala Leu Glu
210 215 220

Lys Leu Leu Ile Leu His Ala Asp His Glu Gln Asn Cys Ser Thr Ser
225 230 235 240

Thr Val Arg Leu Val Gly Ser Ser Gln Ala Asn Met Phe Ala Ser Ile
245 250 255

Ser Ala Gly Ile Ser Ala Leu Trp Gly Pro Leu His Gly Gly Ala Asn
260 265 270

Gln Ser Val Leu Glu Met Leu Glu Gly Ile Gln Ala Asn Gly Gly Asp
275 280 285

Val Asp Ser Phe Ile Gln Lys Val Lys Asn Lys Glu Asp Gly Val Arg
290 295 300

Leu Met Gly Phe Gly His Arg Val Tyr Lys Ser Phe Asp Pro Arg Ala
305 310 315 320

Lys Ile Ile Lys Ala Ala Ala His Asp Val Leu Ser Ser Leu Gly Lys
325 330 335

Ser Asp Glu Leu Leu Asp Ile Ala Leu Lys Leu Glu Glu His Ala Leu
340 345 350

Ser Asp Asp Tyr Phe Val Ser Arg Asn Leu Tyr Pro Asn Val Asp Phe
355 360 365

Tyr Thr Gly Leu Ile Tyr Arg Ala Met Gly Phe Pro Thr Glu Met Phe
370 375 380
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-continued

152

Thr
385

His

Ile

Val Leu Phe Ala Leu

390

Glu Met Ile Lys Glu

405

Tyr Thr Gly Glu Val

420

<210> SEQ ID NO 45

<211> LENGTH:

<212> TYPE:

<213> ORGANISM: Streptomyces sp.

PRT

<400> SEQUENCE:

Met

1

Gly

Pro

Tyr

Arg

65

Thr

Gly

Ala

Pro

145

Asn

Gly

Asp

Tyr

Glu
225

Leu

Ala

Leu

305

Gln

Thr

Leu

Gly

Pro

50

Pro

Ala

Gly

Lys

Gly

130

Val

Arg

Asp

Val

Ser

210

Arg

Trp

Lys

Gly

Ala
290

Glu

Leu

Lys

Val

Ala

Thr

Ser

Lys

Ser

Leu

115

Arg

Arg

Glu

Leu

Ile

195

Tyr

Val

Tyr

Ala

Thr

275

Val

Asp

Ala

Arg

Thr

20

Ala

Gln

Gly

Thr

Gly

100

Ala

Ser

Pro

Arg

Leu

180

Arg

Gly

Arg

Glu

Phe

260

Asp

Lys

Thr

Glu

527

45

Ala

Ala

Ala

Gln

Arg

Ser

85

Leu

Ala

Ser

Asp

Ala

165

Pro

Arg

Thr

Arg

Asp

245

Ala

Pro

Lys

Phe

Ala
325

Gly

Val

Pro

Cys

Gln

70

Gln

Ser

Gln

Pro

Thr

150

Ala

Phe

Ala

Tyr

Leu

230

Asn

Ala

Ala

His

Leu
310

Phe

Gly

Pro

Leu

Ile

Pro

Leu

Ala

55

Val

Gly

Met

Tyr

Ala

135

Val

Ser

Met

Leu

Leu

215

Val

Leu

Trp

Lys

Pro
295

Pro

Ala

Arg

Gly

Arg

Leu

Ser

Lys

40

Thr

Thr

Pro

Ala

Asp

120

Leu

Pro

Phe

Asp

Gly

200

Gly

Leu

Gly

Val

Val
280
Ala

Gly

Ala

Leu

Ser

Asp
425

Pro

Arg
410

Phe

ACTE

Val

Ala

25

Trp

Val

Leu

Leu

Gly

105

Val

Asp

Gly

Ala

Thr

185

Ala

Ala

Asp

Gln

Ala

265

Glu

Ala

Gly

Tyr

Ala

10

Ala

Thr

Arg

Ala

Leu

90

Phe

Ile

Cys

Ser

Asp

170

Val

Arg

Val

Ser

Asp

250

Lys

Ala

Gly

Tyr

Val
330

Gly
395
Ile

Val

Val

Ser

Ala

Ala

Leu

75

Val

Val

Gly

Val

Pro

155

Ala

Ser

Gln

Tyr

Ile

235

Tyr

Asn

Ala

Lys

Tyr

315

Asn

Trp Ile Ala

Gly Arg Pro

Pro Val Glu

Gly

Thr

Cys

Pro

60

Ala

Asn

Ala

Phe

Pro

140

Arg

Cys

Thr

Ile

Ala

220

Val

Ala

Asp

Trp

Val
300

Asn

Asp

Ala

Ala

Gly

Leu

Arg

Pro

Ser

Asp

125

Lys

Asp

Gly

Ala

Asn

205

Lys

Asp

Phe

Ala

Tyr
285
Gly

Gly

Lys

430

Thr

Pro

30

Thr

Asp

Ile

Gly

Ser

110

Pro

His

Glu

Glu

Lys

190

Tyr

Leu

Pro

Asp

Thr

270

Arg

Pro

Tyr

Asp

Gln
Arg
415

Ser

Val

15

Gly

Lys

His

Pro

Gly

95

Leu

Arg

Phe

Arg

Lys

175

Asp

Phe

Phe

Asp

Ala

255

Tyr

Met

Ser

Trp

Glu
335

Trp
400
Gln

Arg

Ala

Ala

Ala

Asp

His

80

Pro

Pro

Gly

Asp

Thr

160

His

Leu

Gly

Pro

Gly

240

Arg

Arg

Arg

Glu

Pro
320

Asp
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153

-continued

154

Ala

Asp

Trp

Arg

385

Cys

Arg

Thr

Arg

Gly

465

Thr

Leu

Gly

Leu

Asn

Pro

370

Lys

Ala

Glu

Pro

Leu

450

Asn

Leu

Pro

Gln

Ala

Gly

355

Lys

Ala

Thr

Ile

Tyr

435

Val

Asp

Pro

Glu

Lys
515

Thr

340

Tyr

Ser

Pro

Trp

Pro

420

Glu

Val

Cys

Arg

Pro

500

Gly

Ala

Ser

Trp

Phe

Pro

405

Pro

Gly

Glu

Leu

Ser

485

Glu

Ser

<210> SEQ ID NO 46

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces sp. ACTE

PRT

<400> SEQUENCE:

Met

1

Ser

Thr

Gly

Gln

65

Met

Pro

Gly

Asp

Gly

145

Thr

Gly

Asn

Gly

Ala

Cys

50

Glu

Trp

Ala

Gly

Ile

130

Ala

Ala

Arg

Cys

Leu

Glu

35

Trp

Asp

Asn

Val

Arg

115

Thr

Asp

Gln

Tyr

His

Phe

20

Ala

Leu

Pro

Trp

Ile

100

Tyr

Asp

Tyr

Pro

Gly

222

46

Asp

Val

His

Arg

Met

Asn

85

Pro

Asn

Asp

Phe

Leu

165

Pro

Tyr

Val

Thr

Met

390

Val

Ala

Gly

Glu

Asp

470

Gly

Ala

Thr

Arg

Ala

Gly

Trp

Cys

70

Gly

Asp

Ala

Phe

Arg
150

Thr

Ser

Asp Asp Phe Ala Ala Val Asp Ala Ser
345 350

Tyr Thr Ala Val Gln Cys Arg Asp Thr
360 365

Thr Trp Arg Asn Asp Thr Trp Gln Ala
375 380

Ser Trp Asn Asn Thr Trp Tyr Asn Ala
395

Ala Pro Leu Arg Pro Val Arg Val Thr
410 415

Leu Leu Phe Gln Ala Thr Asp Asp Ala
425 430

Leu Ser Met His Arg Lys Leu Lys Gly
440 445

Gly Gly Gly Asn His Gly Ile Ser Leu
455 460

Ala His Leu Ile Ala Tyr Leu Thr Asp
475

Gly Ser Gly Ala Asp Ala Val Cys Asp
490 495

Ala Ala Thr Ala Lys Ala Lys Ala Ala
505 510

Leu His Ser Leu Leu Gly Phe Arg Gly
520 525

Ile Asn Leu Arg Gly Trp Thr Thr Arg
10 15

Ala Val Leu Cys Leu Leu Pro Trp Thr
25 30

Ser Val Val Asp Pro Ala Ser Arg Asn
40 45

Gly Ser Asp Phe Gln Asn Pro Ala Met
55 60

Trp Gln Ala Trp Gln Ala Asp Pro Asn
75

Leu Tyr Arg Asn Glu Ser Ala Gly Asn
90 95

Gly Gln Leu Cys Ser Gly Gly Arg Thr
105 110

Leu Asp Thr Val Gly Ala Trp Gln Ala
120 125

Thr Val Arg Leu Glu Asp Gln Ala Ser
135 140

Val Tyr Val Thr Glu Gln Gly Phe Asp
155

Trp Gly Ala Leu Asp Leu Val Ala Glu
170 175

Thr Ser Tyr Glu Ile Pro Val Ser Thr

Gly

Gly

His

Pro

400

Asn

Ala

Ser

Ser

Gly

480

Ala

Thr

Leu

Gly

Tyr

Ala

Ala

Phe

Glu

Thr

His

Pro

160

Thr

Ser
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-continued

156

180

Gly Tyr Thr Gly Arg His Val Val
195 200

Met Asp Gln Thr Tyr Phe Leu Cys
210 215

<210> SEQ ID NO 47
<211> LENGTH: 1065
<212> TYPE: PRT

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 47

Val Ile Ser Arg Arg Arg Leu Leu
1 5

Leu Ala Ala Val Ser Ser Pro Ala
20

Thr Ala Ala Gly Arg Leu Arg Val
35 40

Arg Arg Pro Leu Gly Leu Asp Val
50 55

Leu Ala Ser Asp His Pro Asp His
65 70

Val Ala Thr Ser Pro Asp Arg Leu
85

Gly Lys Val Val Ser Pro Thr Ser
100

Ala Leu Val Ser Arg Thr Arg Tyr
115 120

Gln Asp Gly Arg Val Ser Ala Trp
130 135

Gly Leu Leu Asp Glu Ala Asp Trp
145 150

Ala Ala Leu Thr Ser Ser Pro Ser
165

Phe Pro Glu Gly Asp Pro Ala Val
180

Phe Arg Gly Arg Val Glu Ile Pro
195 200

Val Met Thr Ala Asp Asp Gly Phe
210 215

Val Ala Arg Thr Glu Pro Asp Gly
225 230

Val Val Val Asp Val Thr Ala His
245

Ala Val Thr Ala Thr Asn Ala Val
260

Ala Leu Glu Leu Thr Thr Ala Asp
275 280

Thr Gly Trp Arg Ala Thr Asp Arg
290 295

Gly Gly Tyr Asp Asp Thr Gly Trp
305 310

Trp Gly Ser Gly Pro Trp Gly Glu
325

185 190

Tyr Thr Ile Trp Gln Ala Ser His
205

Ser Asp Val Asn Phe Gly
220

ACTE

Ser Thr Thr Ala Ala Thr Ala Ala
10 15

Ala Arg Ala Ala Ala Pro Ala Asp
25 30

Thr Gly Pro Thr Val Glu Tyr Val
45

Ser Arg Pro Arg Leu Ser Trp Pro
60

Gly Gln Ser Ala Tyr Gln Val Arg
75 80

Ala Arg Pro Asp Val Trp Asp Ser
90 95

Val Leu Val Pro Tyr Ala Gly Pro
105 110

His Trp Ser Val Arg Val Trp Asp
125

Ser Glu Pro Ser Trp Trp Glu Thr
140

Ser Ala Gly Trp Ile Gly Ala Pro
155 160

Leu Glu Ala Ala Ser Trp Ile Trp
170 175

Gly Ala Pro Ala Ala Thr Arg Trp
185 190

Glu Gly Val Thr Arg Ala Arg Leu
205

Thr Ala Leu Val Asp Gly Val Gln
220

Pro Ala Glu Asn Trp Arg Arg Pro
235 240

Leu Ser Pro Gly Ser Arg Val Val
250 255

Asp Gly Pro Ala Gly Leu Leu Gly
265 270

Gly Ala Val Thr Leu Ala Thr Gly
285

Glu Pro Asp Gly Asp Trp Ala Ser
300

Pro Ala Ala Ala Val Leu Ala Pro
315 320

Val Arg Ala Ala Leu Ser Pro Ala
330 335
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158

Thr

Ala

Gly

Arg

385

Ser

Gly

Thr

465

Gly

Ala

Cys

Pro

Arg

545

Ala

Thr

Thr

Thr

Ile

625

Met

Phe

Trp

Glu

Gln
705

Trp

Trp

Gln

Arg

Ala

370

Lys

Gly

Asn

Leu

Leu

450

Asp

Trp

Val

Arg

Gly

530

Leu

Glu

Ala

Tyr

Gly

610

His

Leu

Leu

Thr

Ser

690

Leu

Gly

Ala

Ser

Leu

Leu

355

Arg

Arg

Gly

Ile

Ala

435

Ser

Leu

Ser

Glu

Val

515

Val

Leu

Val

Arg

Glu

595

Phe

Thr

Asp

Ser

Gly

675

Ala

Ala

Ser

Leu

Ser

Arg

340

Tyr

Val

Val

Asn

Ala

420

Gln

Gly

Met

Arg

Gly

500

Glu

Tyr

Val

Leu

Ala

580

Pro

Pro

Ser

Arg

Val

660

Asp

Arg

Asp

Gly

Tyr

740

Met

Thr

Ser

Gly

Gln

Ala

405

Trp

Leu

Thr

Ala

Ala

485

Val

Arg

Val

Ser

Asn

565

Thr

Arg

Gly

Ala

Leu

645

Pro

Ile

Phe

Gly

Ala
725

Gln

Val

Glu

Thr

Glu

Tyr

390

Leu

Phe

Glu

Gly

Gly

470

Gly

Thr

Glu

Phe

Gly

550

Pro

Asp

Phe

Arg

Pro

630

His

Thr

Asn

Leu

Ala
710
Ala

Ala

Ala

Phe

Ala

Asp

375

Gln

Gly

Gly

Val

Trp

455

Glu

Phe

Ala

Leu

Asp

535

Pro

Asp

Thr

Thr

Pro

615

Phe

Ser

Asp

Val

Gly

695

Phe

Gly

Tyr

Trp

Arg

Leu

360

Arg

Thr

Val

Pro

Thr

440

Ala

Glu

Asp

Val

Thr

520

Leu

Ala

Gly

Tyr

Phe

600

Gly

Thr

Asn

Thr

Phe

680

Lys

Pro

Trp

Gly

Leu

Leu

345

Gly

Leu

Tyr

Thr

His

425

Phe

Ala

Tyr

Ala

Pro

505

Ala

Gly

Gly

Thr

Thr

585

His

Pro

Met

Ile

Pro

665

Ala

Trp

Asn

Gly

Asp

745

Glu

Gly

Leu

Ala

Asp

Leu

410

Gln

Thr

Ala

Asp

Ser

490

Val

Arg

Gln

Thr

Leu

570

Leu

Gly

Asp

Ala

Thr

650

Ala

Pro

Leu

Val

Asp
730

Val

Tyr

Arg

Tyr

Pro

Val

395

Ala

Tyr

Asp

Thr

Ala

475

Gly

Ala

Glu

Asn

Thr

555

Tyr

Arg

Phe

Ala

Phe

635

Trp

Arg

Thr

Gln

Ala
715
Ala

Arg

Leu

Lys

Glu

Gly

380

Thr

Pro

Gly

Gly

Gly

460

Arg

Trp

Ala

Val

Met

540

Val

Thr

Gly

Arg

Val

620

Ser

Gly

Asp

Ala

Asp

700

Pro

Gly

Val

Gln

Arg

Val

365

Trp

Ala

Gly

Glu

Ser

445

Pro

Leu

Leu

Val

Thr

525

Val

Arg

Ala

Gly

Tyr

605

Val

Thr

Gln

Glu

Ala

685

Leu

Asp

Val

Leu

Ala

Val

350

Phe

Thr

Leu

Trp

Arg

430

Ile

Val

Glu

Ala

Asp

510

Glu

Gly

Leu

Asn

Gly

590

Val

Gly

Asp

Arg

Arg

670

Tyr

Arg

Leu

Thr

Glu
750

His

Ala

Leu

Asp

Leu

Tyr

415

Pro

Glu

Thr

Thr

Ala

495

Gly

Pro

Thr

Arg

Leu

575

Pro

Glu

Arg

Val

Gly

655

Leu

Thr

Asp

Pro

Val
735

Gln

Ser

Arg

Asn

Tyr

Arg

400

Ala

Ala

Arg

Ala

Asp

480

Glu

Ala

Glu

Val

His

560

Arg

Glu

Val

Val

Pro

640

Asn

Gly

Met

Asp

Gly

720

Pro

Ser

Asp
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-continued

755 760 765

Gly Leu Leu Arg Pro Ala Asp Gly Tyr Gly Asp Trp Leu Asn Ile Glu
770 775 780

Asp Glu Thr Pro Lys Asp Val Ile Gly Thr Ala Tyr Phe Ala His Ser
785 790 795 800

Ala Asp Leu Thr Ala Arg Thr Ala Glu Val Leu Gly Lys Asp Pro Gly
805 810 815

Pro Tyr Arg Thr Leu Ser Gly Arg Val Arg Asp Ala Phe Arg Ala Ala
820 825 830

Tyr Val Gly Asp Gly Gly Arg Val Lys Gly Asp Thr Gln Thr Ala Tyr
835 840 845

Val Leu Ala Leu Ser Met Asp Leu Leu Glu Pro Gly Asp Arg Ala Pro
850 855 860

Ala Ala Asp Arg Leu Val Ala Leu Ile Glu Ala Lys Asp Trp His Leu
865 870 875 880

Ser Thr Gly Phe Leu Gly Thr Pro Arg Leu Leu Pro Val Leu Thr Asp
885 890 895

Thr Gly His Thr Asp Val Ala Tyr Arg Leu Leu Thr Arg Arg Thr Phe
900 905 910

Pro Ser Trp Gly Tyr Gln Ile Asp Arg Gly Ala Thr Thr Met Trp Glu
915 920 925

Arg Trp Asp Ser Val Arg Pro Asp Gly Gly Phe Gln Asp Ala Gly Met
930 935 940

Asn Ser Phe Asn His Tyr Ala Tyr Gly Ser Val Gly Glu Trp Met Tyr
945 950 955 960

Ala Asn Ile Ala Gly Ile Ala Pro Ala Ala Pro Gly Phe Arg Glu Ile
965 970 975

Arg Val Arg Pro Arg Pro Gly Gly Gly Val His Arg Ala Glu Ala Arg
980 985 990

Phe Asp Ser Leu Tyr Gly Pro Val Thr Thr Arg Trp Thr Ser Asp Gly
995 1000 1005

Gly Gly Phe Ala Leu Arg Val Val Leu Pro Ala Asn Thr Thr Ala
1010 1015 1020

Glu Val Trp Val Pro Gly Gly 2Asp Gly Arg Ser Ser Val Arg Gly
1025 1030 1035

Thr Ala Val Phe Leu Arg Arg Glu Asp Gly Cys Ala Val Phe Ala
1040 1045 1050

Ala Gly Ser Gly Ile His Arg Phe Thr Ala Pro Ala
1055 1060 1065

<210> SEQ ID NO 48

<211> LENGTH: 1170

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 48

atgccggage gtttcactce cactcctgag gacaagttca cgtteggtet gtggaccegtg 60
ggctggegygyg gcaacgaccee gtteggtgag ccgacgegte cggtgetgga cecggtggag 120
teggtegage ggctggegga getceggtgeg cacggggtga cgttecatga cgacgacctg 180
attcegtteg ggteggacga ccgtgagegg gegeggetgyg tegggeggtt cagggaggeg 240

ctggagegta ccgggetcaa ggtgccgatg gegacgacga acctgttcac gcacceggtg 300

ttcaaggacg gcgggttcac cteccaacgac cgtgacgtge ggeggttege getgegcaag 360
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gtgatcegea acatcgatct cgeggtggag cteggegege agacgtatgt ggectgggge 420
gggegtgagyg gcegecgagte cggtgeggcece aaggacgtge ggtceggecct ggaccggatg 480
aaggaggcct tcgacctgcet gggcgactac gtcaccgage agggctacga cctgeggtte 540
gcgatcgage ccaagcccaa cgagecccge ggtgacatce tgctgeccac gatcgggeac 600
gegetggect tcatcgageg cctggagege cccgagetgg teggggtgaa cecggagace 660
gggcacgage agatggccgg gctgaacttce ccccacggca tegegcagge cctgtgggeg 720
ggcaagctcet tccacatcga cctcaacgge cagtccggga tcaagtacga ccaggactte 780
cgetteggeg cceggtgacct gegccaggeg ttetggeteg tggacctect ggagacggece 840
ggctgggacyg gctcacgceca cttegactte aagccggtac geaccgacgg catcgacggg 900
gtgtgggagt ccgcgaagaa ctgcatgcege aactacctca tectcaagga gegegecgece 960
gectteegeyg cecgaccccge cgtcecaggag gecctcacceg cctecegect cgacgaacte 1020
geeegeccea cegecgacga cggectcaag gcactecteg cegaccgecac cgectacgag 1080
gacttcgacyg ccaccgccge cgccgaacgce tcecatggect tegaagecct cgaccagete 1140
gccatggacc acctcectcaa cgteccgetga 1170
<210> SEQ ID NO 49
<211> LENGTH: 1968
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 49
atgacaagcg cgctcagggce gacgcagggt ttgcagtcca cgaaccacce ccgtttgteg 60
gacctcacee gaggagcace gttgagcact gaatcceccce gaagaagttc cegtcectcaga 120
tggagacteg gcceggggceyg ggccaccecegg gecaaggegyg tegegggett caccgeactg 180
ctgctgecege tegecgegat ggtceggectyg gegteccegyg cecaggecge gaccteggeg 240
accgecacct acctcaagaa gtcggactgg ggcagcegget tegagggeca gtggacggtg 300
aagaacaccg gcaccaccgce cctgtectee tggacgateg agtgggactt cccctecgge 360
accgeggteg getecgectyg ggacgectee gtgaccaget ceggcaccca ctggaccgece 420
aagaaccteg gctggaacgg tacggtegece cegggtgeca gcatcagett cggcettcaac 480
ggcaccggat cecggctccee caccggetge aagctgaacyg gtgcctectg tgacggegge 540
ggcacggtee cecggcgacag cgcccegtece aagcccggea cecccaccge gageggcate 600
accgacacct cggtgaagct ctecctggage geagccacceyg acgacaaggyg catcaagaac 660
tacgacgtce tgcgegacgg cgccaaggtce gegacggtea ccacgacgac gtacaccgac 720
accggectca ccaagggcac ggactactcece tactcegtge aggcccgega caccgecgac 780
cagaccggac cggtcagegg cgcggtggece gtgegcacca cgggcgggaa cgacaacccyg 840
ggecccggea ccggcagcaa ggtcaaccte ggctacttca ccaactgggg cgtctacggg 900
cgcaactacce acgtcaagaa cctggtgacce tegggctegyg ccgagaagat cacgcacatce 960
aactacgcct tcggcaacgt ccagggegge aagtgcacca teggcgactce ctacgecgac 1020
tacgacaagg cctacaccgc cgaccagtcg gtcgacggeg tegecgacac gtgggaccag 1080
cegetgegeg gcaacttcaa ccagetgege aagctcaagyg cgaagtacce gcacatcaag 1140
gtgatctggt cgttcggcgg ctggacctgg tccggegget teggtgccge ggcgcagaac 1200
ccggecgegt tegceccagte ctgctacgac ctggtggagg acccccgctg ggccgatgte 1260
ttcgacggca tcgacatcga ctgggagtac cccaacgect gecggcctgac ctgtgacacce 1320
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agcggecceg ccgegetgaa gaacctgtece tecgegetee gegecaagtt cggegegaag 1380
aacctggtca ccgecgegat caccgeggac ggctcggacyg geggcaagat cgacgecgece 1440
gactacgcgg gcgcecgcgca gtecttegac tggtacaacg tgatgacgta cgacttette 1500
ggegectggy aggcgaaggg tccgacggece ccgcactcce cgectgaacge gtacgcecegge 1560
atccegcagg acggcttcaa ctccgecgece gecatcegeca agetgaagge caagggegte 1620
ccggectega agcetgctget cggcatcgge ttectacggece geggctggac gggcgtgacce 1680
caggcggcac cgggeggcac cgccaccgge geggeccegyg gcacgtacga ggcgggcate 1740
gaggactaca aggtcctcaa gaccagctge ccggccaccg gecacgatcge cggcaccgeg 1800
tacgcgcact gcggcaccaa ctggtggage tacgacacce cggcgaccat cacctccaag 1860
atggccetggg cgaacagcca gggcctegge ggtgegttet tectgggagtt cagecggcgac 1920
accgccaacg gcgagctegt gagcgcecatg gacagcggcece tcaactag 1968
<210> SEQ ID NO 50
<211> LENGTH: 591
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 50
atgcggaaaa gggcaagcgce ggccgtcata ggectggega tegecggegt ctcegatgtte 60
gccaccagea gtgccagcag ccacggctac accgattcce ccatcagcag acagaagcetg 120
tgtgccaacyg gcaccgtcac cggctgegge aacatccagt gggagccgca gagegtcgag 180
ggcccgaagyg gcetteccgge ggcaggtecg geggacggca agatctgege cggeggaaac 240
agctectteg ccgegetega cgaccegege gggggcaact ggeccgecac ccaggtcace 300
ggcggecagyg gctacaactt ccgetggcag ttcaccgece gecacgecac gaccgactte 360
cggtactaca tcaccaagga cggctgggac tccaccaage cgctcaccag ggccgecctg 420
gagtcgcage ccttcatgac ggtgecgtac gggaaccage agccccecggce gaccctgace 480
caccagggca ccatccccac ccagaagtcc ggcaagcaca tcatcctgge cgtctggaac 540
gtggctgaca ccgecaacge gttctacgeg tgcteggacyg tgaagttcetg a 591
<210> SEQ ID NO 51
<211> LENGTH: 1671
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 51
gtggcegeee tegeggecegg cgcectgace gtgaceggte tggtceggcac cgcacaggeg 60
geegacatca acgtcgccaa gaacgecggg ttcegagageg gectcagegg ctggacctgt 120
accggeggcea gceggegecac cgtctectee ceegtgcacyg geggctceege cgccectcaag 180
gecaccecga geggecagga caacgcgaag tgcacccaga cegtggecgt gaagcccaac 240
tccacctatg cgctcagttce ctgggtgcag ggcgggtacyg cctacctegyg ggcgagegge 300
accggcacca ccgacgtete cacctggacce ceeggcagea ceggetggac ccagetgege 360
acgagcttca ccaccggecce gtccaccace teggtgcagyg tctacaccca cggetggtac 420
ggccaggegyg cctactacge ggacgacgtce geggtcacceyg gacccgacgg cggeggeggt 480
acggaggagce ccggeccgge gatcceegge geccccgeceg gtetggeegt cggcaccace 540
acgtectect cggtggecct gtegtggaac geggtcteeyg gegecaccegyg ctacaccgte 600
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taccgggacg gcaccaaggc gaccaccacce accggcacct cegegacggt gageggectg 660
geegecgaca ccgegtacca gtteteggtg agegcecacca acgccgecgg tgagtccegte 720
aggtcggcega ccgtgagegg acgtacggec aagaaggacg agaccggecce gggecccteg 780
acctecegtge ccaagcacgce cgtgaccgge tactggcaga acttcaacaa cggcgeggece 840
gteccagaage tcagcgacgt gcccgegaac tacgacatca tegccgtetce cttegeggac 900
geegecggta ceeecgggtge cgtcacctte aacctegact cggegggect gaacggctac 960
accgtegece agttcaaggce cgacatcaag gecaagcagg ccegegggcaa gaacgtcate 1020
atctecegteg geggegagaa gggcaccegte teggtcaaca gegacgcecte ggcgaacgceg 1080
ttecgecggact cgctgtacac gcectgatccag gagtacgget tcaacggcgt cgacatcgac 1140
ctggagaacg gcctcaacte cacctacatg acgaaggccce tgcggtcget gtectcegaag 1200
gtgggcteeg gtectegtcat cacgatggceg ccgcagacga tcgacatgca gtcgacgteg 1260
ggtgagtact tcaagacggc gctcaacatc aaggacatcc tgaccgtegt caacatgcag 1320
tactacaaca gcggttcgat getgggctge gacggcaagg tctactcgca gggcteggtg 1380
gacttccteca ccgegetege ctgcatcecag ttggagggeg gectcegcccce gteccaggte 1440
ggecteggty tgcccgecte caccegegge gegggcageg getacgtege ceegteggte 1500
gtgaacgcgg ccctggactg cctggccaag ggcaccggcet geggttectt caagecgtcece 1560
aggacgtacce cggacatccg tggtgcgatg acctggtega cgaactggga cgccacggceg 1620
ggcaacgcct ggtccaacgce ggteggceccg cacgtceccacg gecttceegta a 1671
<210> SEQ ID NO 52
<211> LENGTH: 888
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 52
gtgatcagac gcgtcatggg cctgetcace gegetggeceyg cggtegtege gacgetegte 60
ttectecceg cegecacgge cteggeggece acctgegece cggectggaa cgectegtece 120
gtgtacacgyg gcggeggcete cgcectegtac aacgggcaca actggtegge gaagtggtgg 180
acgcagaacg agcgtceggg caccteggac gtetgggeceg accagggege ctgeggtteg 240
ggeggeggeyg gcaccgaccee gaaccecteg ggettegteg tcagcgaggce gcagttcaac 300
cagatgttce cgagecggaa ctecttectac acctacageg ggctcaccge cgcegetgage 360
gectacceeyg ccttegecaa caccggcage gacaccgtga agaagcagga ggeggceggeyg 420
ttectegeca acgtcageca tgagaccgge ggectggtece acatcgtgga gcagaacace 480
gccaactace cgcactactg cgacaccagce cagtcctacg getgcceegge cggecaggec 540
gectactacyg gecgeggece catccagetce agcetggaact tcaactacaa ggeggccggt 600
gacgcccteg gecatcgacct gctgggcaac cectggcagg tggagcagaa cgectccegtg 660
gectggaaga ceggectcetyg gtactggaac acccagtcceg gecccggeac catgacgecce 720
cacaacgcca tcgtcaacgg ctccggatte ggtgagacca tcecggtccat caacggcage 780
atcgagtgca acggeggcaa ccccggecag gtcecagagece gegtcaacac ctaccagtceg 840
ttegtecaga tcecteggtac cacgceegge tegaacctga getgetga 888
<210> SEQ ID NO 53
<211> LENGTH: 1524
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
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<400> SEQUENCE: 53
atgagacgct cacgatcegt ccgcegegetg gtgacggegyg cegtcaccac ggtggecgeg 60
gecaggcatygyg ccegtgetggg ctceeggcace geccaggegg cgacccecget geccgaccac 120
gtettegeee cctacttcega gtcecgtggace ggagagagec cggeggecat ggeggcecgag 180
tceggggega aacacctgac catggegtte ctecagacga cggcecaaggyg ctectgcacyg 240
cegtactgga acggegacac cggcectgeceg atcgeccagyg cgtecttegyg cgccgacate 300
gacacgatce aggccggagg cggcgacgtce atccegtegt teggceggeta caccgceggac 360
accaccggca cggagatcgce cgacagetge accgacgteg accagatcge cgceggectac 420
cagaaggtcg tcacgacgta cgacgtcteg cggetcegaca tggacatcga ggtcgactcee 480
ctecgacgaca ccgecgggat cgaccggegg aacaaggcca tcaagaaget ccaggactgg 540
geggacgcega acggecgtga cctggagatce tectacacge ttecgacgac cacccgcegga 600
ctggecteca geggectege cgtgctgege aacgcecgtga ccaacgggge acgggtcgac 660
gtegtgaace tgatgacgtt cgactactac gacaacgcegt cccacgacat ggecgccgac 720
accgagaccg ccgeccaggg cctgtacgac cagetcegega agetgtacce gggcaggace 780
gecacccage tgtggtccat ggteggegte accgagatge ceggegtega cgacttegge 840
cecggecgaga ccttcacget cgccaacgece gecegggtgt acgactggge ggtggecaag 900
ggcatcaaca ccctgtectt ctgggegete cagegegaca acggceggetg ceccggegge 960
ceggecgeceg acgactgete cggcatccag cagaacacct gggacttcac ccgegtette 1020
gegeccttea ccageggcac cacggegecg gacgacgact tcteggtgac ggecacgecce 1080
gectecggga cggtgaccge gggeggtteg gecaccacca cggtgaagac cgecgtgace 1140
aagggcgegg cacagcaggt cggcctcacg gtcagegggyg teceggecegyg tgtcaccgee 1200
tcectecagee cctecteggt gaccgeggge ggccggtcaa cgcetcacccet cgccacgace 1260
caggcegeceg tctegggcac gtaccggate agegtcaceyg gtacgagece gtcegggcage 1320
cacgcgacgg cctacacgct gaccgtcacce ggeggcaceyg gcagcecagtyg cacggegggyg 1380
cegtgggegy gegggacggt ctacaccgge ggecagcagyg tcetegtacaa gggcecacace 1440
tggaaggcca agtggtggac gacgggcegag gagcccggea ccaccggtga gtggggegte 1500
tggcaggacc tgggcgcctg ctga 1524
<210> SEQ ID NO 54
<211> LENGTH: 1452
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 54
gtgacgcagyg gaccgctcac cacggaggcce ggcgcegecgg tagccgacaa ccagaacagt 60
gagaccgcag gccceggtgg accggttete gttcaggace aggcgettet ggagaagetg 120
geecactteca accgggageg catcccggag cgcegtegtge atgecegggg agecggcegeyg 180
tacggcacgt tcacgctgac ccgtgacgte tegcagtgga cgegtgcgaa gttecteteg 240
gaggtcggca aggagaccga gaccttectg cgettetceca cegtegeggg caacctegge 300
teggecgacyg cggegegtga cccgegegge tgggegetga agttctacac cgaagaggge 360
aactacgacc tcgteggcaa caacacccceg gtgttcettea tcaaggacge catcaagtte 420
ccegacttea tccacaccca gaagcgegac cegtacacgg gceteccagga ggcggacaac 480
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gtetgggact tetggggect gtcgecggaa tcecacccace aggtgacctg getetteggt 540
gaccgeggea tccecggecte gttecgtcac atgaacgget acggctegca cacgttccag 600
tggaacaacg aggccggcga ggtcttetgg gtcaagtace acttcaagac cgaccagggce 660
atcaagaacc tcaccaccga ggaggccgte cgectceteeg gegtegacce ggacagcecac 720
cagcgegate tgcgtgagtce catcgagege ggtgacttece cgacctggac ggtgcaggte 780
cagatcatgce cggceggecga ggcggcecacg taccgcttea acccegttega cctgaccaag 840
gtgtggeege acgaggacta cccgecgatce gagatcggca agctggaget caaccgcaac 900
ccggagaaca tcttegecga ggtcgagecag tcegatcttea geccggegea cttegtacce 960
ggcatcggee cgtecccgga caagatgete cagggecgec tgttcegegta cggegacgece 1020
caccgetace gegteggcat caacgecgac cacctgeegyg tgaaccgtece gcacgecace 1080
gaggcgegta ccaacagcecg tgacggctac ctgtacgacg gecggcacaa gggcacgaag 1140
aactacgagc cgaacagcett cggcggecceg gtecagaceg acaggccget ctggcagece 1200
gtecteegtea ceggeggtac gggcaaccac gaggcecgecg tcecacgegga ggacaacgac 1260
ttecgtgcagg ccggcaatcet ctaccggcectg atgtcggagg acgagaaggg ccggctgatce 1320
gacaacctygyg ccgggttcat cgcgaaggtg tcgegegacg acatcgecga tegegcgatce 1380
aacaacttce gtcaggccga cgcggactte ggcaagcegge tggaggtege ggtccaggece 1440
ctgcgeggcet ga 1452
<210> SEQ ID NO 55
<211> LENGTH: 2781
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 55
gtgtatgcca tgccctccac cgccectgeg geggtecagt cecggagagga cgcteccegtyg 60
cgttcaagee ccagaccctt cgeccgecctyg ctggeggege tegecctgac cgcagggttyg 120
tcactcateg gaaccectge cgtggegege tecgacgagg cacctgcetge gacagaagca 180
tcggatgtgt ccatageccge ggacacctac acctggaaga acgcccggat cgacggegge 240
ggcttegtee cegggatcegt cttcaaccgg tecgagaaga acctcegecta cgeccggace 300
gacatcggeyg gegectaceg ctgggaccag tcecggcaage agtggaagec cctgetggac 360
tgggtggact gggaccgetyg gggctggacyg ggegtggtga gectegecte cgacacggte 420
gaccccgaca acgtgtacge cgcegtgggg acgtacacca acagctggga cccgaccgac 480
ggegeggtee tgegetecte ggaccgggge gectectgga aggcggecac ccteccegtte 540
aagctecggeg gcaacatgcce cggacgegge atgggggage ggcetegeggt cgacccgaac 600
aagaactcceg tgctctacct gggcgegecce ageggcaacyg gectetggeyg gtcecaccgac 660
gegggagtcea getggtcecga ggtgacggece ttccccaace cecgggaacta cgegcaggac 720
cegteggaca ccageggcta cggcaacgac aaccagggca tegtetgggt gaccttcegac 780
gagegtteeyg gcagegeggg cagcegcecace caggacatcet acgtceggggt cgecgacaag 840
gagaacaccyg tctaccgcte cacggacggce ggcgcecacct ggtcegeggat cecgggecag 900
cccaccgget acctegegca caagggegta ctegacteeg cgaccggeca cctctatcetg 960
acgctgageg acacgggegg cccctacgac ggcggcaagyg gcecggatctyg geggtacgac 1020
acggegteceg gegectggca ggacgtcage ceggtggegyg aggccgacge ctactacgge 1080
ttcageggge tcteegtgga ccggcagaag cecggcaccece tgatggcecac cgcectacage 1140
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tecetggtgge ccgacaccca gatcttecge tecacggaca geggtgccac ctggacccag 1200
gectgggact acaccggcta cccgaaccge tccaaccget acacgcetgga cgtctcectec 1260
gtgcegtgge tcetectgggg cgcttecccee gecaccgecceyg agaccgecce gaagetggge 1320
tggatgacgg aggcgctgga gatcgacccg ttcgactegg accggatgat gtacggcacce 1380
ggagcgacgyg tctacggcac cgaggacctce acgtcectggg actcceggegg cacgttcagyg 1440
atcaccccca tggtgaaggg gatcgaggag acggccgtea acgacctgge cagcccgecce 1500
tceggggcac cgttgctgag cgcacteggt gacatcgggg gcectteccggca caccgaccte 1560
gacgcegtyge cggacctgat gtacacctcece ccgaaccteg actcgaccac cagectggac 1620
ttegeggaga gctegeccgg cacggtegte cgggteggea actcecgacge cgcgecccac 1680
atcggcettet ccaccgacaa cggggccaac tggttccagg gectcecggagece ttegggegte 1740
accggeggeg gcacggtege ggcggeggeg gacggcageg gcettegtgtyg gageccggag 1800
ggegegggeyg tcecaccacac caccggette ggcacctect ggaccgectce caccggcatce 1860
ceggecggty ccacggtega gtccgaccgg aagaaccceceg agaagttceta cggattcgag 1920
gegggcaccet tctacgtcte gaccgacgge ggggcgacct tcaccgecga ggecaccggyg 1980
ctgcecgeeyg agggcaacgt ccgcttecag geactgceceg ggacggaggyg cgacatcetgg 2040
ctegegggeg getecgacac cggggegtac ggtetgtgge getcecaccga ctceeggggeyg 2100
acgttcacga agtccgecgg cgtcgagecag geggacageyg tgggettegyg caaggecgece 2160
cegggegect cgtaccggac ggtgttegte agegcegaaga teggeggggt gegeggcate 2220
tteeggteca ccgacgecgg ggcgagetgg accaggatca acgacgacge ccaccagtgg 2280
ggctggaceyg gegecgcegat cacgggcgac cccagggtet acgggegegt ctacgtctec 2340
accaacgggce gcgggatcca ggtgggegag acctccgaca geggeggegyg aggcacggac 2400
cceggeaceg atcecggcac cgatceegge accgatceeg gtecggagea gceccgeggac 2460
geegectgtyg cggtgacgta cgcggtcace aaccagtgge cgggceggett ccaggccgat 2520
gtgacggtca ccaacacggg tgacgccgceg tacaacggcet ggaagctcecgg ctggtcegtte 2580
cceggeggge agcagatcag ccagatctgg aacgectege accggcagga cggggtgaag 2640
gtcaccgteca cggacgccgg ctggaacgge acggtggege ceggcetegte ggegggette 2700
ggcttcaceyg gcagttggge ggggagcaac gccgaaccgg cegecttcac cctggacgge 2760
caggcctgca ccgtgggcectg a 2781
<210> SEQ ID NO 56
<211> LENGTH: 1632
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 56
atgcgeggtyg ccaagagcgce caagtgggte gegggagegyg caatcatcege cctggecgeg 60
accgectgtyg gtggeggega cagcgacage gacaacggtyg ccaagggege cgtcgacgeg 120
gacggcatat tctcegtcega ggteggtgag ccgcagaacce cgectgcagec ggcecaacacyg 180
atggagtcga acggcagcat cgtcaccgac gecatcttet cgcagctegt cgactacgac 240
ccegacggea agcetcgagat gatcaacgece gagtccegteg agacgaccga cagcaagcetg 300
tggacggtca agctcaagaa ggactggaag ttccacgacyg gcaccccegt caccgecgac 360
tcctacgtca aggectggaa ctgggecgeg aacatcgaga acgcgcagac gaacgectcece 420
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tggttegeeg acatcaaggg ctacgccgac gtccacceeyg acggcgaggyg cgccaagcecg 480
aagtccgacg ccatgtccgg cctgaagaag gtggacgact acaccttcac catcgagcete 540
aactcggeceg tccegtactt ctegtacaag cteggctaca cggtettete gecgetgece 600
gagtccttet acgecggacce gaaggecgcece ggtgagaage cggtceggcaa cggegegtac 660
aagttcgtca gctgggacca caagaagcag atcaaggteg tcecgcaacga cgactacaag 720
ggccccgaca aggcgaagaa cggtggtgtg atcttcaaga actacaccac cctcgagacce 780
gectacgagyg acctcaagte cggcaacgtce gacgtgetce gecagatcgg cccgaaggac 840
cteceggtet accgtgecga cctcgaggac cgegecgtgg acaaggcecta ctceegeggtt 900
cagacgcteg gtgtegecat gtacaccgac cagtggaaga acacggaccce gaaggtecte 960
cagggectgt cgatggecat cgaccgggac acgatcacca agacggtget ccagggcace 1020
cgegagecgg ccacgggetyg ggtcgecaag ggegtecteg gttaccagga gaacgtcgece 1080
ggtgacgtca ccaagtacga cccggcgaag gccaaggcecce tcatcaagga gggtggeggt 1140
gttcegggca acgagatctt catccagttc aacgccgacg gcggccacaa ggagtggatce 1200
gaggcggtet gcaacagcat cacgcaggcc accggegtca agtgcaccgg cgactcgaag 1260
geegacttece aggecgacct gaacgeccge gacgccaage aggtgaagtce gttctacege 1320
agtggctggg tcctcgacta cccggtcaac gccaacttca tcagcgacct gttecgcacce 1380
ggtgceggeeyg gcaacaacgg cttettetece aacaaggacce tcgacgcgaa gatcaaggec 1440
geggacteeyg cegegagect cgacgattceg gtcaaggect accaggagat cgagaaggag 1500
ctggtcaact acatgcccag catcccgcte tggtactaca aggtcaacgce cggctactcg 1560
gagaacgtca agaacgtgga ctacgcgcag gacggcgacce cgatcctgac cgaagtccag 1620
gtcatcaagt aa 1632
<210> SEQ ID NO 57
<211> LENGTH: 480
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 57
atgcagggceg accccgaggt cctcegagtte ctgaacgaac agctgaccge cgaattgact 60
gccatcaate agtacttcct gcacgcgaag atgcaggatce accgeggetg gaccaagcetce 120
gccaaacaca cccgggcecga gtcegttcegac gagatgaage acgcggagat cctgaccgac 180
cggatectge tgctggacgg cctgcccaac tatcagegge tgttecacgt gegggtggge 240
cagaccgtca cggagatgtt ccaggccgac cggcaggteg aggtcgagge gatcgaccga 300
ctgeggegeg gtgtegatcet gatgcgegee aagagcgaca tcacgtccege caacatctte 360
gaacggatce tggaggacga ggagcaccac atcgactatc tcgacaccca getggagetg 420
atcgagaagce tcggggagcece getctaccte geccaggtea tcegagcaggt cgagetctga 480
<210> SEQ ID NO 58
<211> LENGTH: 894
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 58
atgagcccegt acaccgecac gecgcecggace ttectcaceyg gegecctgge cgcecgecace 60
ggagtcgtee teggtggtac gcecegeccte gecgeccceg cgagagtect ggggacccag 120
gactggatgyg gggccctcege cgactccace ccgcetgegac gectcacgat ceccggcace 180
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cacaacgcgg gggceccgeta cggcggaccee tggaccgagt gcecagaacac cacggtggece 240
gagcagcteg gcageggcat ccgettectg gacgtgeget gecggatcac cggcgacgeg 300
ttegegatee accacggege ctcgtaccag aacctgatgt teggggacgt cctcatcgee 360
tgccgggact tcctggecge gecaccegtee gagacggtge tgatgegggt caagcaggag 420
tactcggagg agagcgacgce cgcgttecgg cagatctteg acctgtacct cgacggcaag 480
ggctggegee cgetetteeg cctegacccee accctgecgg accteggegg cgeccegggge 540
aaggtecgtge tcctegegga caacggegge ctgecegggyg tecggtacge cgacceggeg 600
gtettegaca tccaggacga ctacatggcece gagccctteg gcaagtaccce caagatcgag 660
gegeagttee gcaaggccge ccagcagecce ggcaagetcet tcatgaacta cgtgtccacce 720
getgecctyge tgecgecgeg ctcgaacgcece gaccggetca acccgcaggt ccacacgtte 780
ctegacgget ccgaggegge gggctggacce ggectceggaa tegtecceget ggactatccg 840
gegaccegee ceggectggt cgagtegetg atcaggcaca accceggtgge ctga 894
<210> SEQ ID NO 59
<211> LENGTH: 1299
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 59
gtgagcgage acaccaacaa cgctgtagta ctgcggtacyg gegatgacga gtacacctac 60
cecggtgateg acagcaccgt cggcgacaag ggcttcegaca tegggaaget ccgggecaat 120
acgggectgg tcacgcetgga cagcggatac ggcaacaccyg ccgectataa atccgecate 180
acctatcteg acggegaaca gggcatectg cgetaccgeg gctacccgat cgagcagcete 240
gecggagaget cgacgttect cgaggtcgece tacacgetga tcaacggcega cctteccaag 300
gtecgacgage tgtcggcectt caagaacgag atcacccage acacgctget gcacgaggac 360
gtcaageget tettegacgg ctteccgege gacgcccace cgatggecat getgtcecteg 420
gtegtcageyg cgetgtccac gttctaccag gacagcecaca acccgttega cgaggagcag 480
cgtcacctet cgacgatcceg getgetggee aagetceccga cgatcgecge gtacgegtac 540
aagaagtcga tcggtcacce gttcegtctac cegegcaacyg accteggtta cgtcgagaac 600
ttecctgegea tgaccttete ggtcceggece caggagtacyg tgccggacce gatcgtegte 660
teggegeteg agaagetget catcctgeac geggaccacyg agcagaactyg ttcgacctee 720
accgtgegte tggteggete ctegcaggece aacatgtteg cctecatcte cgecggeate 780
teggegetgt ggggeccget gcacggtgge gecaaccagt cggtgctgga gatgetggaa 840
ggcatccagyg ccaacggcgg cgacgtcgac tecttcatce agaaggtcaa gaacaaggag 900
gacggcegtee gectgatggg ctteggecac cgggtgtaca agtcecttega cecgegegece 960
aagatcatca aggccgegge ccacgacgte ctetectege teggcaagte cgacgagetg 1020
ctggacatcg cgctcaagcet ggaggagcac gcgctctecg acgactactt cgtcectcegege 1080
aacctctacc ccaacgtgga cttctacacg ggcctgatcect accgggccat gggcttececcg 1140
accgagatgt tcaccgtgcet cttegegcecte ggecgectece cecggctggat cgctcagtgg 1200
cacgagatga tcaaggagcc gggttcecege ateggcecgece cgegecagat ctacaccgge 1260
gaggtcctge gecgacttcegt ccecegtegag agcecgcetga 1299

<210> SEQ ID NO 60
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<211> LENGTH: 1584
<212> TYPE: DNA
<213> ORGANISM: Streptomyces sp. ACTE
<400> SEQUENCE: 60
atgacgaaac gtgcaggcat tctggtegea gteggcegeca cggtegeegyg gcetggtcace 60
geggtteegt cegecgegte caccgegece ggggeccctyg gggecgecge gecgetgaag 120
tggaccgett gcgggacgaa ggcgtatcceg acccagcagt gegcaaccgt tcgegeccca 180
ctggaccatg acaggccgtce aggacggcag gtcacgcteg cectegeceyg gatcccgcac 240
acggcgaaga cctegecaggg tcecgetgetg gtcaacceeg geggeccegyg cggcageggyg 300
ctetegatgg cceggettegt ggegtecteg ctgecggega agetegecge ccagtacgac 360

gtgatcgget tcgaccegeg cggggtegge aggagcagece cggegetgga ctgegtaceg 420

aagcacttcg acccggtacg ccccgacace gtgeccgget cecegeggga cgageggace 480
aaccgggaac gcgecgegte cttegecgac gegtgeggeg agaagcacgg ggacctgetg 540
cegtteatgg acacggtcag caccgegaag gacctggacg tgatcegecg ggecctegge 600
gcacggcaga tcaactactt cggctactce tacggcacct acctgggege cgtctacgec 660
aagctgttee cggagegegt geggegectyg gtgctegact cgatcgtega cccggacgge 720
gtctggtacyg aggacaacct cggccaggac tacgectteg acgcccgtca caaggegtte 780
gecgectggyg tggcgaagaa cgacgccacce taccggceteg geaccgacce ggcgaaggte 840

gaagccgect ggtaccggat gcgggecgeg gtgaagaage accccgeggce gggcaaggtce 900
ggcccgageyg agetggagga caccttectg cceggegget actacaacgg ctactggecg 960
caactggceg aggegttege cgcgtacgtg aacgacaagg acgaggacgce gctggecacyg 1020
gegtacgacyg acttecgcegge ggtcgacgeg agcggggaca acggctactce cgtctacacy 1080
geegtecagt gecgegacac gggctggecg aagtcectgga ccacctggeg caacgacacce 1140
tggcaggcege accgcaaggce gecgttcatg tectggaaca acacctggta caacgcgcce 1200
tgcgecacct ggccegtege accgetgegg ceggtgeggyg tcaccaaccyg cgagatcccg 1260
ceggegetee tettecagge caccgacgac geggcgaccee cgtacgaggyg cggectgage 1320
atgcaccgca agctcaaggg ctcgcgectg gtegtcegagyg agggcggegyg caaccacggce 1380
atcagcctga gcggcaacga ctgcctegac gegcacctga tegectacct caccgacgge 1440
accctgecce geteeggegg cagceggegece gacgeggtet gegacgeget ccccgagecyg 1500
gaggcggegyg cgaccgcgaa ggcgaaggcece gctacgggec agaagggcag caccctgeac 1560
agcctgeteg gettecgggg ctga 1584
<210> SEQ ID NO 61

<211> LENGTH: 669

<212> TYPE: DNA

<213> ORGANISM: Streptomyces sp. ACTE

<400> SEQUENCE: 61

atgaattgtc atgatcgecat caacttacge ggetggacga cacggetgag cggtcetgtte 60
gtcgeegeeyg tgetetgtet getecegtgyg acgggcacgg ccgaggecca cggeteggte 120
gtcgacceeg cgtcccgcaa ctacggetge tggetceget ggggcagcega cttecagaac 180
ccegecatgg cgcaggaaga ccccatgtge tggcaggeat ggcaggecga cccgaacgece 240
atgtggaact ggaacggcct gtaccgcaac gagtecgeeg gecaacttece ggcagtgate 300

ccecgacggge agetgtgeag cggeggeegg accgagggeg gecggtacaa cgegetggac 360
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accgtgggcg
caggccagec
actgctcage
cccagtacga
tacacgatct

ttcggetga

cctggeagge
acggcgecga
cecctgacetyg
gctacgagat

ggcaggecte

<210> SEQ ID NO 62
<211> LENGTH: 3198

<212> TYPE:

DNA

cacggacatc

ctacttecegyg

gggegeacte

ccecegtgagt

gcacatggac

<213> ORGANISM: Streptomyces sp.

<400> SEQUENCE: 62

gtgatcagca

tectegeceyg

accgggecga

ctgagetgge

gtcgecacct

tcececcgacgt

cactggtegyg

tggtgggaga

geegegetga

gatccggecyg

gagggcgtca

gacggtgtce

gtggtggtgg

accaacgegg

ggtgcggtca

gactgggcgt

tggggttccg

acggaattcc

ggcctgtacy

tggaccgact

tceggeggea

tggtteggac

ttcaccgacy

ccegteaceyg

ggctggagcc

gtcacggecyg

gececgegagy

gtgggcacgg

geegaggtge

gaagacgact

cegecagage

cegtggagta

cecctegecte

cgceggaceyg

cggtgctggt

tgcgegtgtyg

cegggetect

cctectecace

tgggcgetec

cecegegecceyg

aggtggcccg

acgtgacgge

tggacggecc

cactcgecac

ceggeggeta

gCCCCtgggg

ggctgggecyg

aggtgttecct

accgcaageg

acgctetegy

cgcaccagta

ggtcgatcga

ccaccgacct

gegecggatt

tgceggtege

tgaccgaacc

tacggctect

tgaacccgga

gctecagcace

cgecegeceayg

cgtacgeege

ggaccacccyg

cctggecege

ccegtacgeg

ggaccaggac

ggacgaggcc

ctcectggag

ggcggecace

cctggteatg

taccgagecc

gecacctetee

ggCngtCtg

gggaaccgga

cgacgacacc

cgaggtacgg

caagcgegte

gaacggcgca

cgtccagtac

ggtcacccte

cggcgaacgt

gegggtgetyg

catggcagge

cgacgegteg

cgcggtggac

cgagcccggyg

tgtCthggg

cggcacccte

acggacgact

gtgtacgtca

gacctggtgg

anthgggt

cagacgtact

ACTE

accgeegeca

gecgacacceyg

cegeteggec

gaccacggcce

cccgacgtet

ggcccggcegce

ggacgegtet

gactggtcgg

geggectect

cggtggttec

accgccgacyg

gacggccecyg

cceggetece

CthgggCgC

tggcgggcca

ggCtggCCCg

geggeectet

gcgcgggcecc

cgtgtcggeg

cagacgtacg

gegecggggt

ceggecgtac

tcgggcaceyg

gaggagtacg

gggtggcteg

ggggCCthC

gtctacgtgt

ccggcegggca

tacacggcca

tcaccgtgag gctggaggac
ccgagecaggg cttegacccee
cggagaccegg acgttacggt
acaccggecg ccatgtegte

tcectgtgeag tgacgtgaac

cegecgeect cgeegeggte

cggeeggteyg geteegegte

tcgacgtete cegecccegyg

agtccgecta ccaggtgegyg

gggacagcgg caaggtcgtg

tggtctceeyg tacgegctac

cggectggag cgagecgtec

cggggtggat cggcgcgcecc

ggatctggtt cceggaggge

geggeegggt ggagatccecece

acggcttcac cgcectggte

cggagaactyg gecgtegtece

gggtegtege cgtgacggece

tggagctgac caccgccgac

ccgaccggga gccggacggyg

cecgecageggt cctegecceceg

ccececgecac ccagetgege

ggctgtacte gaccgegete

aggaccgget cgegeccegge

acgtgacgge actgcttegyg

ggtacgcegg gaacatcgece

tggcccagtt ggaggtcace

gCtgggCCgC cgcgaccggyg

acgccegget ggagaccgac

cggcagaagc ggtggaaggyg

gtgtcgageg cgagcetgacg

tcgacctegyg acagaacatg

cgacggtgeyg getgegecac

acctgegecac cgcacgggec

420

480

540

600

660

669

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740
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accgacacct acacgctcag gggcggegga ccggagacgt acgagcccceyg cttcacctte 1800
cacggtttce gectacgtecga ggtgacggge tttecgggece gecccgggee ggacgceggtg 1860
gtgggccggyg tcatccacac cteggcgecg ttcaccatgg ccttcetecgac cgacgteccce 1920
atgctcgacce ggctccacag caacatcacce tgggggcagce gcggcaactt cctctecgte 1980
ccgaccgaca cgcccgegeg cgacgaacge cteggcetgga ceggcgacat caacgtette 2040
gegeccaceyg cegegtacac gatggagtceg geccegettee teggcaagtg getccaggac 2100
ctgcgegacyg accagetgge cgacggegece tteccgaacyg tegecccgga ccteccggge 2160
gteggcageyg gggeggcecgg ctggggcgac gecggggtga cggtcecegtg ggecctgtac 2220
caggcgtacg gggacgtgceg ggtgctggag cagtcctggt cgtcgatggt ggcctggetg 2280
gagtacctee aggcgcacag cgacggtete ctgceggecgg ccgatgggta cggggactgg 2340
ctcaacatcg aggacgagac acccaaggac gtcatcggea cggegtactt cgcccacage 2400
geegacctea cggeccggac cgccgaggtg ctgggcaagg accccgggec ctaccgcacyg 2460
ctgtecggee gggtgegega cgegttecgg geggegtacy tgggcgacgyg cgggegggtyg 2520
aagggcgaca cgcagaccgce gtacgtectg gecctgtega tggacctget ggagecggge 2580
gaccgegeac cggetgcegga caggetggte gegcetgateg aggcgaagga ctggcacctg 2640
tcgacggggt tccteggcac accgegectyg ctgecggtge tgaccgacac cgggcacacyg 2700
gacgtcgect accggetget gacgeggegg acgtteccga getgggggta ccagatcgac 2760
cggggtgeca ccacgatgtyg ggagcegetgg gactcegtge ggecggacgyg cggtttecag 2820
gacgccggga tgaactcctt caaccactac gecctacgggt cggtgggcga gtggatgtac 2880
gcgaacateyg cgggcatcge cccggeggeg cccggettee gegagatceg ggtgegtecyg 2940
cgteeggggy goggggtgca ccgggecgag geccggtteg actecctgta cgggecggte 3000
accacccget ggacctegga cgggggegge ttegegette gggtggtect geccgecaac 3060
acgacggceceg aggtgtgggt gecgggeggt gacgggagga gceteegtecyg gggcaccgece 3120
gtgttcctge ggcgggagga cgggtgcegeg gtcecttegegyg cceggcecteggg catccaccge 3180
ttcaccgege cggcctga 3198
<210> SEQ ID NO 63
<211> LENGTH: 1872
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CelLcc_CBM3a DNA
<400> SEQUENCE: 63
atgggacatc accatcatca ccatcaccat gcatccgaaa acctgtactt ccaggcgate 60
gccatggate cgaacaatga cgactggetg catgttgaag gtaacaaaat agtggacatg 120
tacggtaatc aggtctggcet gaccggetge aactggtttyg gattcaatac cggtaccaat 180
gtgtttgacyg gagtatggag ctgcaatatg agagaagccc tcaagggtat ggcggacaga 240
ggaataaatt ttttgagaat acctatttca acagaattgc tgtatcaatg gtctcaagga 300
atatatccca aagcaaatgt taatgatttt gtaaatcecgg agctgaaagyg aaagaacagce 360
cttgagettt ttgactttge cgttcagtge tgcaaagaat tcggaataaa gataatggtg 420
gatatacaca gtccggcaac agatgccatg gggcatatgt atcctttatg gtatgacggt 480
caatttacaa cagagatatg gatttcaact ttggagtggt tgacggaaag atataaaaat 540
gatgacacaa ttcttgcact ggaccttaaa aatgagectce acggcacccc gggcagcgaa 600
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ttaatggcca aatgggatgg ttccacggat ttgaacaact ggaagcatgce tgctgaaaca 660
tgcgcaaaga gaatccttgce aataaatccg aatattctta ttgtggtaga aggagtggaa 720
gtttatccaa agectggcta tgattatacce gcagtggacyg aatggggaaa agagagtaaa 780
tatttctata actggtgggg aggaaattta agaggagtca gggattatcce cattgacctt 840
ggcaagcatc agaagcagct tgtatactca cctcacgatt acggtccect cgtacataaa 900
caaccttggt tctatgaagg ctttaacaaa gaaactttgt ataatgattg ctggagagat 960
aactgggcat acatacacga ggaaaacatc gctcctctga tagtgggtga atggggaggt 1020
ttcatggacc gcggagacaa cgagaaatgg atgaaagcgc tgagagatta tatgattgag 1080
aataaaatat cccacacttt ttggtgctat aatgcaaatt ccggtgatac cggaggactt 1140
gtatactatg attttattac ctgggacgaa gaaaaatatg ctcttctgaa gcctgcatta 1200
tggcagacag aggacggaaa dgtttataggc cttgaccatc agatacctct tggttcaaat 1260
ggaggtttaa acgcgactce cactaaaggt gccactccta ccaatacggce gactccgact 1320
aagtcggcaa cggcaacgcc cactcgeccee agegtaccga ccaatactcece gactaatace 1380
ccggcgaaca ccccagtaag cggtaacctg aaggttgaat tttataactc caacccaagc 1440
gacacaacga atagcatcaa tccgcagttc aaagtcacga acactggcag ttcagctatce 1500
gatctgtcga aactgaccct tcgttactac tatacggttyg atggccaaaa agatcagacce 1560
ttttggtgcg accatgcagce aatcatcggt agcaatggtt cttataacgg cattacttct 1620
aatgtaaaag gcacctttgt gaagatgtca agtagcacca acaatgctga tacctacctg 1680
gaaattagct tcacgggtgg cacacttgaa ccaggagccc acgtccagat ccagggecgt 1740
tttgcgaaaa acgattggag caactatacg caatcaaacg attatagttt caaaagcgcg 1800
tctcaattcg tagaatggga tcaggtgacc gcatatttga acggagtgct ggtttggggg 1860
aaagaaccag ga 1872
<210> SEQ ID NO 64
<211> LENGTH: 624
<212> TYPE: PRT
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: CelLcc CBM3a Amino acids

<400> SEQUENCE: 64

Met Gly His
1

Phe Gln Ala

Glu Gly Asn
35

Gly Cys Asn
50

Val Trp Ser
65

Gly Ile Asn

Trp Ser Gln

Pro Glu Leu
115

His His His His His

Ile Ala Met Asp Pro

Lys Ile Val Asp Met

40

Trp Phe Gly Phe Asn

55

Cys Asn Met Arg Glu

70

Phe Leu Arg Ile Pro

85

Gly Ile Tyr Pro Lys

100

Lys Gly Lys Asn Ser

120

His

Asn

25

Tyr

Thr

Ala

Ile

Ala
105

Leu

His

10

Asn

Gly

Gly

Leu

Ser
90

Asn

Glu

Ala

Asp

Asn

Thr

Lys

75

Thr

Val

Leu

Ser Glu Asn
Asp Trp Leu
30

Gln Val Trp
45

Asn Val Phe
60

Gly Met Ala

Glu Leu Leu

Asn Asp Phe
110

Phe Asp Phe
125

Leu Tyr

15

His Val

Leu Thr

Asp Gly

Asp Arg

80

Tyr Gln

Val Asn

Ala Val
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-continued

186

Gln

Pro

145

Gln

Arg

Pro

Thr

Ile
225

Tyr

Tyr

305

Asn

Glu

Ala

Cys

Phe

385

Trp

Leu

Pro

Arg

Pro

465

Asp

Ser

Ile

Thr

Cys

130

Ala

Phe

Tyr

His

Asp

210

Leu

Tyr

Glu

Arg

Ser

290

Glu

Trp

Trp

Leu

Tyr

370

Ile

Gln

Gly

Thr

Pro

450

Val

Thr

Ser

Asp

Gly

530

Phe

Cys

Thr

Thr

Lys

Gly

195

Leu

Ala

Pro

Ser

Asp

275

Pro

Gly

Ala

Gly

Arg

355

Asn

Thr

Thr

Ser

Asn

435

Ser

Ser

Thr

Ala

Gly
515

Ser

Val

Lys

Asp

Thr

Asn

180

Thr

Asn

Ile

Lys

Lys

260

Tyr

His

Phe

Tyr

Gly

340

Asp

Ala

Trp

Glu

Asn

420

Thr

Val

Gly

Asn

Ile
500
Gln

Asn

Lys

Glu

Ala

Glu

165

Asp

Pro

Asn

Asn

Pro

245

Tyr

Pro

Asp

Asn

Ile

325

Phe

Tyr

Asn

Asp

Asp

405

Gly

Ala

Pro

Asn

Ser

485

Asp

Lys

Gly

Met

Phe

Met

150

Ile

Asp

Gly

Trp

Pro

230

Gly

Phe

Ile

Tyr

Lys

310

His

Met

Met

Ser

Glu

390

Gly

Gly

Thr

Thr

Leu

470

Ile

Leu

Asp

Ser

Ser

Gly

135

Gly

Trp

Thr

Ser

Lys

215

Asn

Tyr

Tyr

Asp

Gly

295

Glu

Glu

Asp

Ile

Gly

375

Glu

Lys

Leu

Pro

Asn

455

Lys

Asn

Ser

Gln

Tyr
535

Ser

Ile

His

Ile

Ile

Glu

200

His

Ile

Asp

Asn

Leu

280

Pro

Thr

Glu

Arg

Glu

360

Asp

Lys

Phe

Asn

Thr

440

Thr

Val

Pro

Lys

Thr
520

Asn

Ser

Lys

Met

Ser

Leu

185

Leu

Ala

Leu

Tyr

Trp

265

Gly

Leu

Leu

Asn

Gly

345

Asn

Thr

Tyr

Ile

Ala

425

Lys

Pro

Glu

Gln

Leu
505
Phe

Gly

Thr

Ile

Tyr

Thr

170

Ala

Met

Ala

Ile

Thr

250

Trp

Lys

Val

Tyr

Ile

330

Asp

Lys

Gly

Ala

Gly

410

Thr

Ser

Thr

Phe

Phe

490

Thr

Trp

Ile

Asn

Met

Pro

155

Leu

Leu

Ala

Glu

Val

235

Ala

Gly

His

His

Asn

315

Ala

Asn

Ile

Gly

Leu

395

Leu

Pro

Ala

Asn

Tyr

475

Lys

Leu

Cys

Thr

Asn

Val

140

Leu

Glu

Asp

Lys

Thr

220

Val

Val

Gly

Gln

Lys

300

Asp

Pro

Glu

Ser

Leu

380

Leu

Asp

Thr

Thr

Thr

460

Asn

Val

Arg

Asp

Ser
540

Ala

Asp

Trp

Trp

Leu

Trp

205

Cys

Glu

Asp

Asn

Lys

285

Gln

Cys

Leu

Lys

His

365

Val

Lys

His

Lys

Ala

445

Pro

Ser

Thr

Tyr

His

525

Asn

Asp

Ile

Tyr

Leu

Lys

190

Asp

Ala

Gly

Glu

Leu

270

Gln

Pro

Trp

Ile

Trp

350

Thr

Tyr

Pro

Gln

Gly

430

Thr

Ala

Asn

Asn

Tyr
510
Ala

Val

Thr

His

Asp

Thr

175

Asn

Gly

Lys

Val

Trp

255

Arg

Leu

Trp

Arg

Val

335

Met

Phe

Tyr

Ala

Ile

415

Ala

Pro

Asn

Pro

Thr

495

Tyr

Ala

Lys

Tyr

Ser

Gly

160

Glu

Glu

Ser

Arg

Glu

240

Gly

Gly

Val

Phe

Asp

320

Gly

Lys

Trp

Asp

Leu

400

Pro

Thr

Thr

Thr

Ser

480

Gly

Thr

Ile

Gly

Leu
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-continued
545 550 555 560
Glu Ile Ser Phe Thr Gly Gly Thr Leu Glu Pro Gly Ala His Val Gln
565 570 575
Ile Gln Gly Arg Phe Ala Lys Asn Asp Trp Ser Asn Tyr Thr Gln Ser
580 585 590
Asn Asp Tyr Ser Phe Lys Ser Ala Ser Gln Phe Val Glu Trp Asp Gln
595 600 605
Val Thr Ala Tyr Leu Asn Gly Val Leu Val Trp Gly Lys Glu Pro Gly
610 615 620
<210> SEQ ID NO 65
<211> LENGTH: 14
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: synthetic - 14 bp palindromic promoter segeunce
<400> SEQUENCE: 65

tgggagcget ccca

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 66

LENGTH: 13

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: synthetic

<400> SEQUENCE: 66

gggagcgete cca

14

13

We claim:

1. Amicrobial host cell comprising at least one exogenous
nucleic acid molecule encoding a Streptomyces sp ActE
(SActE) enzyme, wherein said enzyme is selected from the
group consisting of:

SActE_0237 (GH6),

SActE_0236 (GHA48),

SActE_3159 (CMB33),

SActE_0482 (GHS),

SActE_0265 (GH10),

SActE_2347 (GHS),

SActE_0357 (CE4),

SActE_0358 (GHI11),

SActE_1310 (PL3),

SActE_3717 (GH9),

SActE_4638,

SActE_4738 (GH16),

SActE_4755 (GH64),

SActE_5457 (GHA46),

SActE_5647 (GH87), and

SActE_5978 (PL1),

and wherein the enzyme is expressed in the microbial host

cell.
2. The microbial host cell of claim 1, wherein enzyme:
SActE_0237 (GH6) comprises the amino acid sequence
SEQ ID NO: 1,

SActE_0236 (GH48) comprises the amino acid sequence
SEQ ID NO: 2,

SActE_3159 (CBM33) comprises
sequence SEQ 1D NO: 3,

SActE_0482 (GHS) comprises the amino acid sequence
SEQ ID NO: 4,

the amino acid

35

40

45

50

55

60

65

SActE_0265 (GH10) comprises the amino acid sequence

SEQ ID NO: 5,

SActE_2347 (GHS) comprises the amino acid sequence
SEQ ID NO: 6,

SActE_0357 (CE4) comprises the amino acid sequence
SEQ ID NO: 7,

SActE_0358 (GH11) comprises the amino acid sequence
SEQ ID NO: §,

SActE_1310 (PL3) comprises the amino acid sequence
SEQ ID NO: 9,

SActE_3717 (GH9) comprises the amino acid sequence
SEQ ID NO: 10,

SActE_4638 comprises the amino acid sequence SEQ ID
NO: 11,

SActE_4738 (GH16) comprises the amino acid sequence
SEQ ID NO: 12,

SActE_4755 (GH64) comprises the amino acid sequence
SEQ ID NO: 13,

SActE_5457 (GH46) comprises the amino acid sequence
SEQ ID NO: 14,

SActE_5647 (GH87) comprises the amino acid sequence
SEQ ID NO: 15, and

SActE_5978 (PL1) comprises the amino acid sequence
SEQ ID NO: 16.

3. The microbial host cell of claim 1, wherein enzymes
SActE_0237 (GH6), SActE_0236 (GHA48), SActE_3159
(CBM33), SActE_0482 (GHS), and SActE_3717 (GH9) are
expressed in the microbial host cell from the at least one
exogenous nucleic acid molecule.

4. The microbial host cell of claim 1, wherein enzymes
SActE_0265 (GH10), SActE_0357 (CE4), SActE_0358
(GH11), and SActE_5978 (PL1) are expressed in the micro-
bial host cell from the at least one exogenous nucleic acid
molecule.
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5. The microbial host cell of claim 4, said microbial host
cell further comprising an exogenous nucleic acid molecule
encoding xylose isomerase SActE_5230.

6. The microbial host cell of claim 1, wherein enzyme
SActE_2347 (GHS) is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

7. The microbial host cell of claim 1, wherein enzyme
SActE_1310 (PL3) is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

8. The microbial host cell of claim 1, wherein chondroitin/
alginate lyase SActE_4638 is expressed in the microbial
host cell from the at least one exogenous nucleic acid
molecule.

9. The microbial host cell of claim 1, wherein enzyme
SActE_5647 (GH87) is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

10. The microbial host cell of claim 1, wherein enzymes
SActE_4738 (GH16) and SActE_4755 (GH64) are
expressed in the microbial host cell from the at least one
exogenous nucleic acid molecule.

11. The microbial host cell of claim 1, wherein enzymes
SActE_0237 (GH6), SActE_0236 (GHA48), SActE_3159
(CBM33), SActE_0482 (GHS), SActE_0265 (GH10),
SActE_2347 (GHS), SActE_0358 (GH11), SActE_1310
(PL3), and SActE_3717 (GH9) are expressed in the micro-
bial host cell from the at least one exogenous nucleic acid
molecule.

12. The microbial host cell of claim 1, wherein said
microbial host cell is selected from the group consisting of
Streptomyces lividans, Trichoderma reesei, Saccharomyces
cerevisiae, and Escherichia coli.

13. A Streptomyces sp. ActE strain host cell comprising at
least one exogenous nucleic acid molecule encoding a
Streptomyces sp ActE (SActE) enzyme, wherein said
enzyme is selected from the group consisting of:

SActE_0237 (GH6),

SActE_0236 (GHA48),

SActE_3159 (CMB33),

SActE_0482 (GHS),

SActE_0265 (GH10),

SActE_2347 (GHS),

SActE_0357 (CE4),

SActE_0358 (GHI11),

SActE_1310 (PL3),

SActE_3717 (GH9),

SActE_4638,

SActE_4738 (GH16),

SActE_4755 (GH64),

SActE_5457 (GHA46),

SActE_5647 (GH87), and

SActE_5978 (PL1),

and wherein the enzyme is expressed in the Strepromyces

sp. ActE strain host cell.
14. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzyme:
SActE_0237 (GH6) comprises the amino acid sequence
SEQ ID NO: 1,

SActE_0236 (GH48) comprises the amino acid sequence
SEQ ID NO: 2,

SActE_3159 (CBM33) comprises
sequence SEQ 1D NO: 3,

SActE_0482 (GHS) comprises the amino acid sequence
SEQ ID NO: 4,

SActE_0265 (GH10) comprises the amino acid sequence
SEQ ID NO: 5,

SActE_2347 (GHS) comprises the amino acid sequence
SEQ ID NO: 6,

the amino acid

20

30

35

40

45

50

55

65

190

SActE_0357 (CE4) comprises the amino acid sequence
SEQ ID NO: 7,

SActE_0358 (GH11) comprises the amino acid sequence
SEQ ID NO: §,

SActE_1310 (PL3) comprises the amino acid sequence
SEQ ID NO: 9,

SActE_3717 (GH9) comprises the amino acid sequence
SEQ ID NO: 10,

SActE_4638 comprises the amino acid sequence SEQ ID
NO: 11,

SActE_4738 (GH16) comprises the amino acid sequence
SEQ ID NO: 12,

SActE_4755 (GH64) comprises the amino acid sequence
SEQ ID NO: 13,

SActE_5457 (GH46) comprises the amino acid sequence
SEQ ID NO: 14,

SActE_5647 (GH87) comprises the amino acid sequence
SEQ ID NO: 15, and

SActE_5978 (PL1) comprises the amino acid sequence
SEQ ID NO: 16.

15. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzymes SActE_0237 (GH6), SActE_0236
(GH48), SActE_3159 (CBM33), SActE_0482 (GHS5), and
SActE_3717 (GH9) are expressed in the Streptomyces sp.
ActE strain host cell from the at least one exogenous nucleic
acid molecule.

16. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzymes SActE_0265 (GH10), SActE_0357 (CE4),
SActE_0358 (GH11), and SAclE_5978 (PL1) are expressed
in the Streptomyces sp. ActE strain host cell from the at least
one exogenous nucleic acid molecule.

17. The Streptomyces sp. ActE strain host cell of claim 16,
said Streptomyces sp. ActE strain host cell further compris-
ing an exogenous nucleic acid molecule encoding xylose
isomerase SActE_5230.

18. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzyme SActE_2347 (GHS) is expressed in the
Streptomyces sp. ActE strain host cell from the at least one
exogenous nucleic acid molecule.

19. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzyme SActE_1310 (PL3) is expressed in the
Streptomyces sp. ActE strain host cell from the at least one
exogenous nucleic acid molecule.

20. The Streptomyces sp. ActE strain host cell of claim 13,
wherein  chondroitin/alginate lyase SActE_4638 s
expressed in the Streptomyces sp. ActE strain host cell from
the at least one exogenous nucleic acid molecule.

21. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzyme SActE_5647 (GH87) is expressed in the
Streptomyces sp. ActE strain host cell from the at least one
exogenous nucleic acid molecule.

22. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzymes SActE_4738 (GH16) and SActE_4755
(GH64) are expressed in the Strepromyces sp. ActE strain
host cell from the at least one exogenous nucleic acid
molecule.

23. The Streptomyces sp. ActE strain host cell of claim 13,
wherein enzymes SActE_0237 (GH6), SActE_0236
(GH48), SActE_3159 (CBM33), SActE_0482 (GHS),
SActE_0265 (GH10), SActE_2347 (GHS), SActE_0358
(GH11), SActE_1310 (PL3), and SActE_3717 (GH9) are
expressed in the Streptomyces sp. ActE strain host cell from
the at least one exogenous nucleic acid molecule.

24. An animal feed comprising the microbial host cell of
claim 1.

25. An animal feed comprising the Streptomyces sp. ActE
strain host cell of claim 13.
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26. A method for digesting a lignocellulosic material, said
method comprising exposing the lignocellulosic material to
the microbial host cell of claim 1, wherein the exposed
lignocellulosic material is at least partially digested by the
microbial host cell.

27. The method of claim 26, wherein enzymes
SActE_0237 (GH6), SActE_0236 (GHA48), SActE_3159
(CBM33), SActE_0482 (GHS5), and SActE_3717 (GH9) are
expressed in the microbial host cell from the at least one
exogenous nucleic acid molecule.

28. The method of claim 26, wherein enzymes
SActE_0265 (GH10), SActE_0357 (CE4), SActE_0358
(GHI11), and SActE_5978 (PL1) are expressed in the micro-
bial host cell from the at least one exogenous nucleic acid
molecule.

29. The method of claim 28, wherein said microbial host
cell further comprises an exogenous nucleic acid molecule
encoding xylose isomerase SActE_5230.

30. The method of claim 26, wherein enzyme
SActE_2347 (GHS) is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

31. The method of claim 26, wherein enzyme
SActE_1310 (PL3) is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

32. The method of claim 26, wherein chondroitin/alginate
lyase SActE_4638 is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

33. The method of claim 26, wherein enzyme
SActE_5647 (GH87) is expressed in the microbial host cell
from the at least one exogenous nucleic acid molecule.

34. The method of claim 26, wherein enzymes
SActE_4738 (GHI16) and SActE_4755 (GH64) are
expressed in the microbial host cell from the at least one
exogenous nucleic acid molecule.

35. The method of claim 26, wherein enzymes
SActE_0237 (GH6), SActE_0236 (GHA48), SActE_3159
(CBM33), SActE_0482 (GHS), SActE_0265 (GH10),
SActE_2347 (GHS5), SActE_0358 (GHI1), SActE_1310
(PL3), and SActE_3717 (GH9) are expressed in the micro-
bial host cell from the at least one exogenous nucleic acid
molecule.

36. A method for digesting a lignocellulosic material, said
method comprising exposing the lignocellulosic material to
the Streptomyces sp. ActE strain host cell of claim 13,
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wherein the exposed lignocellulosic material is at least
partially digested by the microbial host cell.

37. The method of claim 36, wherein enzymes
SActE_0237 (GH6), SActE_0236 (GHA48), SActE_3159
(CBM33), SActE_0482 (GHS), and SActE_3717 (GH9) are
expressed in the Streptomyces sp. ActE strain host cell from
the at least one exogenous nucleic acid molecule.

38. The method of claim 36, wherein enzymes
SActE_0265 (GH10), SActE_0357 (CE4), SActE_0358
(GH11), and SActE_5978 (PL1) are expressed in the Strep-
tomyces sp. ActE strain host cell from the at least one
exogenous nucleic acid molecule.

39. The method of claim 38, wherein said Streptomyces
sp. ActE strain host cell further comprises an exogenous
nucleic acid molecule encoding xylose isomerase
SActE_5230.

40. The method of claim 36, wherein enzyme
SActE_2347 (GHS) is expressed in the Streptomyces sp.
ActE strain host cell from the at least one exogenous nucleic
acid molecule.

41. The method of claim 36, wherein enzyme
SActE_1310 (PL3) is expressed in the Streptomyces sp.
ActE strain host cell from the at least one exogenous nucleic
acid molecule.

42. The method of claim 36, wherein chondroitin/alginate
lyase SActE_4638 is expressed in the Streptomyces sp. ActE
strain host cell from the at least one exogenous nucleic acid
molecule.

43. The method of claim 36, wherein enzyme
SActE_5647 (GHR7) is expressed in the Strepromyces sp.
ActE strain host cell from the at least one exogenous nucleic
acid molecule.

44. The method of claim 36, wherein enzymes
SActE_4738 (GHI16) and SActE_4755 (GH64) are
expressed in the Streptomyces sp. ActE strain host cell from
the at least one exogenous nucleic acid molecule.

45. The method of claim 36, wherein enzymes
SActE_0237 (GH6), SActE_0236 (GHA48), SActE_3159
(CBM33), SActE_0482 (GHS), SActE_0265 (GH10),
SActE_2347 (GHS5), SActE_0358 (GHI1), SActE_1310
(PL3), and SActE_3717 (GH9) are expressed in the Strep-
tomyces sp. ActE strain host cell from the at least one
exogenous nucleic acid molecule.

#* #* #* #* #*





