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GENES FOR THE BIOSYNTHESIS OF EPOTHILONES

FIELD OF THE INVENTION

The present invention relates generally to polyketides and genes for their synthesis.
In particular, the present invention relates to the isolation and characterization of novel poly-
ketide synthase and nonribosomal peptide synthetase genes from Sorangium cellulosum

that are necessary for the biosynthesis of epothilones A and B.

BACKGROUND OF THE INVENTION

Polyketides are compounds synthesized from two-carbon building blocks, the B-
carbon of which always carries a keto group, thus the name polyketide. These compounds
include many important antibiotics, immunosuppressants, cancer chemotherapeutic agents,
and other compounds possessing a broad range of biological properties. The tremendous
structural diversity derives from the different lengths of the polyketide chain, the different
side-chains introduced (either as part of the two-carbon building blocks or after the poly-
ketide backbone is formed), and the stereochemistry of such groups. The keto groups may
also be reduced to hydroxyls, enoyls, or removed altogether. Each round of two-carbon
addition is carried out by a complex of enzymes called the polyketide synthase (PKS) in a
manner similar to fatty acid biosynthesis.

The biosynthetic genes for an increasing number of polyketides have been isolated
ard sequenced. For example, see U.S. Patent Nos. 5,639,949, 5,693,774, and 5,716,849,
all of which are incorporated herein by reference, which describe genes for the biosynthesis
of soraphen. See also, Schupp et al., FEMS Microbiology Letters 159: 201-207 (1998) and
WO 98/07868, which describe genes for the biosynthesis of rifamycin, and U.S. Patent No.
5,876,991, which describes genes for the biosynthesis of tylactone, all of which are incorpo-
rated herein by reference. The encoded proteins generally fall into two types: type | and
type Il. Type | proteins are polyfunctional, with several catalytic domains carrying out ditfe-
rent enzymatic steps covalently linked together (e.g. PKS for erythromycin, soraphen, rifa-
mycin, and avermectin (MacNeil et al., in Industrial Microorganisms: Basic and Applied Mo-

lecular Genetics, (ed.: Baltz et al.), American Society for Microbiology, Washington D. C.
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pp. 245-256 (1993)); whereas type |l proteins are monofunctional (Hutchinson et al., in .
Industrial Microorganisms: Basic and Applied Molecular Genetics, (ed.: Baltz et al.},
American Society for Microbiology, Washington D. C. pp. 203-216 (1993)).

For the simpler polyketides such as actinorhodin (produced by Streptomyces
coelicolon, the several rounds of two-carbon additions are carried out iteratively on PKS
enzymes encoded by one set of PKS genes. In contrast, synthesis of the more complicated
compounds such as erythromycin and soraphen involves PKS enzymes that are organized
into modules, whereby each module carries out one round of two-carbon addition (for re-
view, see Hopwood et al., in Industrial Microorganisms: Basic and Applied Molecular Gene-
tics, (ed.: Baltz et al.), American Society for Microbiology, Washington D. C., pp. 267-275
(1993)).

Complex polyketides and secondary metabolites in general may contain substructu-
res that are derived from amino acids instead of simple carboxylic acids. Incorporations of
these building blocks are accomplished by non-ribosomal polypeptide synthetases
(NRPSs). NRPSs are multienzymes that are organized in modules. Each module is respon-
sible for the addition (and the additional processing, if required) of one amino acid building
block. NRPSs activate amino acids by forming aminoacyl-adenylates, and capture the acti-
vated amino acids on thiol groups of phophopantheteinyl prosthetic groups on peptidyl car-
rier protein domains. Further, NRPSs modify the amino acids by epimerization, N-methyla-
tion, or cyclization if necessary, and catalyse the formation of peptide bonds between the
enzyme-bound amino acids. NRPSs are responsible for the biosynthesis of peptide secon-
dary metabolites like cyclosporin, could provide polyketide chain terminator units as in rapa-
mycin, or form mixed systems with PKSs as in yersiniabactin biosynthesis.

Epothilones A and B are 16-membered macrocyclic polyketides with an acylcyste-
ine-derived starter unit that are produced by the bacterium Sorangium cellulosum strain So
ce90 (Gerth et al., J. Antibiotics 49: 560-563 (1996), incorporated herein by reference). The
structure of epothilone A and B wherein R signifies hydrogen (epothilone A) or methyl (epo-
thilone B) is:



The epothilones have a narrow antifungal spectrum and especially show a high
cytotoxicity in animal cell cultures (see, Hofle et al., Patent DE 4138042 (1993), incorpo-
rated herein by reference). Of significant importance, epothilones mimic the biological
effects of taxol, both in vivo and in cultured cells (Bollag et al., Cancer Research 55: 2325-
2333 (1995), incorporated herein by reference). Taxol and taxotere, which stabilize cellular
microtubules, are cancer chemotherapeutic agents with significant activity against various
human solid tumors (Rowinsky et al., J. Natl. Cancer Inst. 83: 1778-1781 (1991)). Competi-
tion studies have revealed that epothilones act as competitive inhibitors of taxol binding to
microtubules, consistent with the interpretation that they share the same microtubule-bin-
ding site and possess a similar microtubule affinity as taxol. However, epothilones enjoy a
significant advantage over taxol in that epothilones exhibit a much lower drop in potency
compared to taxol against a multiple drug-resistant cell line (Bollag et al. (1995)). Further-
more, epothilones are considerably less efficiently exported from the cells by P-glycoprotein
than is taxol (Gerth et al. (1996)). In addition, several epothilone analogs have been syn-
thesized that have a superior cytotoxic activity as compared to epothilone A or epothilone B
as demonstrated by their enhanced ability to induce the polymerization and stabilization of
microtubules (WO 98/25929, incorporated herein by reference).

Despite the promise shown by the epothilones as anticancer agents, problems per-
taining to the production of these compounds presently limit their commercial potential. The
compounds are too complex for industrial-scale chemical synthesis and so must be produ-
ced by fermentation. Techniques for the genetic manipulation of myxobacteria such as
Sorangium cellulosum are described in U.S. Patent No. 5,686,295, incorporated herein by
reference. However, Sorangium cellulosum is notoriously ditficult to ferment and production
levels of epothilones are therefore low. Recombinant production of epothilones in hetero-
logous hosts that are more amenable to fermentation could solve current production pro-
blems. However, the genes that encode the polypeptides responsible for epothilone bio-
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synthesis have heretofore not been isolated. Furthermore, the strain that produces epo-
thilones, i.e. So ce90, also produces at least one additional polyketide, spirangien, which
would be expected to greatly complicate the isolation of the genes particularly responsible
for epothilone biosynthesis.

Therefore, in view of the foregoing, one object of the present invention is to isolate
the genes that are involved in the synthesis of epothilones, particularly the genes that are
involved in the synthesis of epothilones A and B in myxobacteria of the Sorangium/-
Polyangium group, i.e., Sorangium cellulosum strain So ce90. A further object of the
invention is to provide a method for the recombinant production of epothilones for

application in anticancer formulations.

SUMMARY OF THE INVENTION

In furtherance of the aforementioned and other objects, the present invention unex-
pectedly overcomes the difficulties set forth above to provide for the first time a nucleic acid
molecule comprising a nucleotide sequence that encodes at least one polypeptide involved
in the biosynthesis of epothilone. In a preferred embodiment, the nucleotide sequence is
isolated from a species belonging to Myxobacteria, most preferably Sorangium cellulosum.

In another preferred embodiment, the present invention provides an isolated nucleic
acid molecule comprising a nucleotide sequence that encodes at least one polypeptide in-
volved in the biosynthesis of an epothilone, wherein said polypeptide comprises an amino
acid sequence substantially similar to an amino acid sequence selected from the group con-
sisting of: SEQ ID NO:2, amino acids 11-437 of SEQ ID NO:2, amino acids 543-864 of SEQ
ID NO:2, amino acids 974-1273 of SEQ ID NO:2, amino acids 1314-1385 of SEQ ID NO:2,
SEQ ID NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids 118-125 of SEQ ID NO:3,
amino acids 199-212 of SEQ ID NO:3, amino acids 353-363 of SEQ ID NO:3, amino acids
549-565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3, amino acids 669-684 of
SEQ ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3,
amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of SEQ ID NO:3, amino acids
1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID NO:3, amino acids 973-
1256 of SEQ ID NO:3, amino acids 1344-1351 of SEQ ID NO:3, SEQ ID NO:4, amino acids
7-432 of SEQ ID NO:4, amino acids 539-859 of SEQ ID NO:4, amino acids 869-1037 of
SEQ ID NO:4, amino acids 1439-1684 of SEQ ID NO:4, amino acids 1722-1792 of SEQID



NO:4, SEQ ID NO:5, amino acids 39-457 of SEQ ID NO:5, amino acids 563-884 of SEQ ID
NQ:5, amino acids 1147-1399 of SEQ ID NO:5, amino acids 1434-1506 of SEQ ID NO:5,
amino acids 1524-1950 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino
acids 2645-2895 of SEQ ID NO:5, amino acids 2932-3005 of SEQ 1D NO:5, amino acids
3024-3449 of SEQ ID NO:5, amino acids 3555-3876 of SEQ ID NO:5, amino acids 3886-
4048 of SEQ ID NO:5, amino acids 4433-4719 of SEQ ID NO:5, amino acids 4729-4974 of
SEQ ID NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID
NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5,
amino acids 6542-6837 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino
acids 7140-7211 of SEQ ID NO:5, SEQ ID NO:6, amino acids 35-454 of SEQ ID NO:6,
amino acids 561-881 of SEQ ID NO:6, amino acids 1143-1393 of SEQ ID NO:6, amino
acids 1430-1503 of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, amino acids
2053-2373 of SEQ ID NO:6, amino acids 2383-2551 of SEQ ID NO:6, amino acids 2671-
3045 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, amino acids 3673-3745 of
SEQ ID NO:6, SEQ ID NO:7, amino acids 32-450 of SEQ ID NO:7, amino acids 556-877 of
SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7, amino acids 1478-1790 of SEQ ID
NO:7, amino acids 1810-2055 of SEQ ID NO:7, amino acids 2093-2164 of SEQ ID NO:7,
amino acids 2165-2439 of SEQ ID NO:7, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:11,
and SEQ ID NO:22.

In a more preferred embodiment, the present invention provides an isolated nucleic
acid molecule comprising a nucleotide sequence that encodes at least one polypeptide in-
volved in the biosynthesis of an epothilone, wherein said polypeptide comprises an amino
acid sequence selected from the group consisting of: SEQ ID NO:2, amino acids 11-437 of
SEQ ID NQO:2, amino acids 543-864 of SEQ ID NO:2, amino acids 974-1273 of SEQID
NO:2, amino acids 1314-1385 of SEQ ID NO:2, SEQ ID NO:3, amino acids 72-81 of SEQ ID
NOQ:3, amino acids 118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino
acids 353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ 1D NO:3, amino acids 588-
603 of SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ
ID NO:3, amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3,
amino acids 918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino
acids 1285-1297 of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, amino acids
1344-1351 of SEQ ID NO:3, SEQ ID NO:4, amino acids 7-432 of SEQ ID NO:4, amino acids
539-859 of SEQ ID NO:4, amino acids 869-1037 of SEQ ID NO:4, amino acids 1439-1684



17LZC 22

of SEQ ID NO:4, amino acids 1722-1792 of SEQ ID NO:4, SEQ ID NO:5, amino acids 39- .
457 of SEQ ID NO:5, amino acids 563-884 of SEQ ID NO:5, amino acids 1147-1399 of
SEQ ID NO:5, amino acids 1434-1506 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID
NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5,
amino acids 2932-3005 of SEQ ID NQO:5, amino acids 3024-3449 of SEQ ID NO:5, amino
acids 3555-3876 of SEQ ID NO:5, amino acids 3886-4048 of SEQ ID NO:5, amino acids
4433-4719 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 5010-
5082 of SEQ ID NO:5, amino acids §103-5525 of SEQ ID NO:5, amino acids 5631-5951 of
SEQ ID NQO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID
NQ:5, amino acids 6857-7101 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5,
SEQ ID NO:6, amino acids 35-454 of SEQ ID NO:6, amino acids 561-881 of SEQ ID NO:8,
amino acids 1143-1393 of SEQ ID NO:6, amino acids 1430-1503 of SEQ ID NO:6, amino
acids 1522-1946 of SEQ ID NO: 6, amino acids 2053-2373 of SEQ ID NO:6, amino acids
2383-2551 of SEQ ID NO:8, amino acids 2671-3045 of SEQ ID NO:6, amino acids 3392-
3636 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, SEQ ID NO:7, amino acids
32-450 of SEQ ID NO:7, amino acids 556-877 of SEQ ID NO:7, amino acids 887-1051 of
SEQ ID NO:7, amino acids 1478-1790 of SEQ ID NO:7, amino acids 1810-2055 of SEQ ID
NO:7, amino acids 2093-2164 of SEQ ID NO:7, amino acids 2165-2439 of SEQ ID NO:7,
SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:22.

In yet another preferred embodiment, the present invention provides an isolated
nucleic acid molecule comprising a nucleotide sequence that encodes at least one polypep-
tide involved in the biosynthesis of an epothilone, wherein said nucleotide sequence is
substantially similar to a nucleotide sequence selected from the group consisting of: the
complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415-5556 of SEQ ID
NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-8920 of SEQ ID NO:1,
nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ ID NO:1,
nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID NO:1,
nucleotides 12085-12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1,
nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID NO:1,
nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID NO:1,
nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1,
nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID NO:1,
nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ 1D NO:1,
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nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID NO:1, .
nucleotides 15901-15924 of SEQ ID NO:1, nucleotides 16251-21749 of SEQ ID NO:1,
nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ 1D NO:1,
nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 20565-21302 of SEQ ID NO:1,
nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID NO:1,
nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1,
nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ 1D NO:1,
nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID NO:1,
nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID NO:1,
nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID NO:1,
nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1,
nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID NO:1,
nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID NO:1,
nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID NO:1,
nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO:1,
nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID NO:1,
nucleotides 45204-46166 of SEQ |ID NO:1, nucleotides 46950-47702 of SEQ ID NO:1,
nucleotides 47811-48032 of SEQ |ID NO:1, nucleotides 48087-49361 of SEQ ID NO:1,
nucleotides 49680-50642 of SEQ {D NO:1, nucleotides 50670-51176 of SEQ ID NO:1,
nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID NO:1,
nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID NO:1,
nucleotides 55028-56284 of SEQ ID NO:1, nucleotides 56600-57565 of SEQ ID NO:1,
nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 53366-60304 of SEQ ID NO:1,
nucleotides 60362-61099 of SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID NO:1,
nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ ID NO:1,
nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:1.

In an especially preferred embodiment, the present invention provides a nucleic acid
molecule comprising a nucleotide sequence that encodes at least one polypeptide involved
in the biosynthesis of an epothilone, wherein said nucleotide sequence is selected from the
group consisting of; the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides
3415-5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-
8920 of SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428
of SEQ ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of



SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ
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ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID

NO:1, nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID
NO:1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID
NO:1, nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID
NO:1, nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID
NO:1, nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID
NO:1, nucleotides 15901-15924 of SEQ ID NO:1, nucleotides 16251-21749 of SEQ ID
NO:1, nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID
NO:1, nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 20565-21302 of SEQ ID
NO:1, nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID
NO:1, nucieotides 21860-23116 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID
NO:1, nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID
NO:1, nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ iD
NO:1, nucleotides 29678-30423 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID
NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID
NO:1, nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID
NO:1, nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID
NO:1, nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID
NQO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID
NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nuclectides 43163-43378 of SEQ ID
NO:1, nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ 1D
NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID
NO:1, nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID
NO:1, nucleotides 49680-50642 of SEQ ID NO:1, nucleotides 50670-51176 of SEQ ID
NO:1, nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID
NO:1, nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID
NO:1, nucleotides 55028-56284 of SEQ ID NO:1, nucleotides 56600-57565 of SEQ ID
NQO:1, nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID
NO:1, nucleotides 60362-61099 ot SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID
NO:1, nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ ID

NO:1, nucleotides 67334-68251 of SEQ 1D NO:1, and nucleotides 1-68750 SEQ ID NO:1.
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In yet another preferred embodiment, the present invention provides an isolated
nucleic acid molecule comprising a nucleotide sequence that encodes at least one
polypeptide involved in the biosynthesis of an epothilone, wherein said nucleotide sequence
comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide
portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 45, or 50
(preferably 20) base pair portion of a nucieotide sequence selected from the group
consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415-
5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-8920 of
SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ
ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID
NO:1, nucleotides 12085-12114 of SEQ 1D NO:1, nucleotides 12223-12246 of SEQ ID
NO:1, nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID
NO:1, nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID
NO:1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID
NO:1, nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID
NO:1, nucleotides 14623-14692 of SEQ 1D NO:1, nucleotides 15673-15683 of SEQ ID
NO:1, nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID
NO:1, nucleotides 15901-15924 of SEQ ID NO:1, nucleotides 16251-21749 of SEQ ID
NO:1, nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID
NO:1, nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 20565-21302 of SEQ ID
NO:1, nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID
NO:1, nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID
NO:1, nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID
NO:1, nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID
NO:1, nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID
NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID
NO:1, nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID
NO:1, nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID
NO:1, nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID
NO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID
NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ 1D
NO:1, nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID
NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID
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NO:1, nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID
NO:1, nucleotides 49680-50642 of SEQ ID NO:1, nucleotides 50670-51176 of SEQ ID
NO:1, nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID
NO:1, nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID
NO:1, nucleotides 55028-56284 of SEQ ID NO:1, nucleotides 56600-57565 of SEQ ID
NO:1, nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID
NO:1, nucleotides 60362-61099 of SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID
NO:1, nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ ID
NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:1.

The present invention also provides a chimeric gene comprising a heterologous pro-
moter sequence operatively linked to a nucleic acid molecule of the invention. Further, the
present invention provides a recombinant vector comprising such a chimeric gene, wherein
the vector is capable of being stably transformed into a host cell. Still further, the present
invention provides a recombinant host cell comprising such a chimeric gene, wherein the
host cell is capable of expressing the nucleotide sequence that encodes at least one poly-
peptide necessary for the biosynthesis of an epothilone. In a preferred embodiment, the
recombinant host cell is a bacterium belonging to the order Actinomycetales, and in a more
preferred embodiment the recombinant host cell is a strain of Streptomyces. In other embo-
diments, the recombinant host cell is any other bacterium amenable to fermentation, such
as a pseudomonad or E. coli. Even further, the present invention provides a Bac clone
comprising a nucleic acid molecule of the invention, preferably Bac clone pEPO15.

in another aspect, the present invention provides an isolated nucleic acid molecule
comprising a nucleotide sequence that encodes an epothilone synthase domain.

According to one embodiment, the epothilone synthase domain is a -ketoacyl-syn-
thase (KS) domain comprising an amino acid sequence substantially similar to an amino
acid sequence selected from the group consisting of: amino acids 11-437 of SEQ ID NO:2,
amino acids 7-432 of SEQ ID NO:4, amino acids 39-457 of SEQ ID NO:5, amino acids
1524-1950 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 5103-
5525 of SEQ ID NO:5, amino acids 35-454 of SEQ ID NO:6, amino acids 1522-1946 of
SEQ ID NO: 6, and amino acids 32-450 of SEQ ID NO:7. According to this embodiment,
said KS domain preferably comprises an amino acid sequence selected from the group
consisting of: amino acids 11-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4,
amino acids 39-457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino acids
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3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454
of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ
ID NO:7. Also, according to this embodiment, said nucleotide sequence preferably is
substantially similar to a nucleotide sequence selected from the group consisting of: nucleo-
tides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1, nucleotides
21860-23116 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NO:1, nucleotides
30815-32092 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1, nucleotides
43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID NO:1, and nucleotides
55028-56284 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40,
45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected from the
group consisting of: nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of
SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ
ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID
NO:1, nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID
NO:1, and nucleotides 55028-56284 of SEQ ID NO:1. In addition, acceording to this embo-
diment, said nucleotide sequence most preferably is selected from the group consisting of:
nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1, nucle-
otides 21860-23116 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NQ:1, nucleo-
tides 30815-32092 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1, nucleotides
43626-44885 of SEQ ID NO:1, nucleotides 48087-43361 of SEQ ID NO:1, and nucleotides
55028-56284 of SEQ ID NO:1.

According to another embodiment, the epothilone synthase domain is an acyltrans-
ferase (AT) domain comprising an amino acid sequence substantially similar to an amino
acid sequence selected from the group consisting of: amino acids 543-864 of SEQ ID NO:2,
amino acids 539-859 of SEQ ID NO:4, amino acids 563-884 of SEQ ID NO:5, amino acids
2056-2377 of SEQ ID NO:5, amino acids 3555-3876 of SEQ ID NO:5, amino acids 5631-
5951 of SEQ ID NO:5, amino acids 561-881 of SEQ ID NO:6, amino acids 2053-2373 of
SEQ ID NO:6, and amino acids 556-877 of SEQ ID NO:7. According to this embodiment,
said AT domain preferably comprises an amino acid sequence selected from the group
consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4,
amino acids 563-884 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino
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acids 3555-3876 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NQO:5, amino acids -
561-881 of SEQ ID NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556-
877 of SEQ ID NO:7. Also, according to this embodiment, said nucleotide sequence pre-
ferably is substantiaily similar to a nucleotide sequence selected from the group consisting
of: nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID NO:1,
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID NO:1,
nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID NO:1,
nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID NQO:1, and
nucleotides 56600-57565 of SEQ ID NO:1. According to this embodiment, said nucleotide
sequence more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably
20) base pair nucleotide portion identical in sequence to a respective consecutive 20, 25,
30, 35, 40, 45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected
from the group consisting of: nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 17865-
18827 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 27911-
28876 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636-
39598 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680-
50642 of SEQ ID NO:1, and nucleotides 56600-57565 of SEQ ID NO:1. In addition, accor-
ding to this embodiment, said nucleotide sequence most preferably is selected from the
group consisting of: nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 17865-18827 of
SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ
ID NO:1, nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID
NO:1, nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID
NO:1, and nucleotides 56600-57565 of SEQ ID NO:1.

According to still another embodiment, the epothilone synthase domain is an enoyl
reductase (ER) domain comprising an amino acid sequence substantially similar to an ami-
no acid sequence selected from the group consisting of: amino acids 974-1273 of SEQ ID
NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5,
and amino acids 1478-1790 of SEQ ID NO:7. According to this embodiment, said ER do-
main preferably comprises an amino acid sequence selected from the group consisting of:
amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino
acids 6542-6837 of SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID NO:7. Also, ac-
cording to this embodiment, said nucleotide sequence preferably is substantially similar to a
nucleotide sequence selected from the group consisting of: nucleotides 10529-11428 of
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SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ,
ID NO:1, and nuclectides 59366-60304 of SEQ ID NO:1. According to this embodiment,
said nucleotide sequence more preferably comprises a consecutive 20, 25, 30, 35, 40, 45,
or 50 (preferably 20) base pair nucleotide portion identical in sequence to a respective
consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair portion of a nucleotide
sequence selected from the group consisting of: nucieotides 10529-11428 of SEQ ID NO:1,
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID NO:1, and
nucleotides 59366-60304 of SEQ ID NO:1. In addition, according to this embodiment, said
nucleotide sequence most preferably is selected from the group consisting of: nucleotides
10529-11428 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1, nucleotides
41369-42256 of SEQ ID NO:1, and nucleotides 59366-60304 of SEQ ID NO:1.

According to another embodiment, the epothilone synthase domain I1s an acyl carrier
protein (ACP) domain, wherein said polypeptide comprises an amino acid sequence
substantially similar to an amino acid sequence selected from the group consisting of:
amino acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino
acids 1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids
5010-5082 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, amino acids 1430-
1503 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093-
2164 of SEQ ID NO:7. According to this embodiment, said ACP domain preferably
comprises an amino acid sequence selected from the group consisting of: amino acids
1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino acids 1434-
1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NO:5, amino acids 5010-5082 of
SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, amino acids 1430-1503 of SEQ ID
NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093-2164 of SEQ ID
NO:7. Also, according to this embodiment, said nucleotide sequence preferably is substan-
tially similar to a nucleotide sequence selected from the group consisting of: nucleotides
11549-11764 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1, nucleotides
26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID NO:1, nucleotides
36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO:1, nucleotides
47811-48032 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID NO:1, and nucleotides
61211-61426 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40,
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45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected from the .
group consisting of: nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 21414-21626 of
SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ
ID NO:1, nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID
NO:1, nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID
NO:1, and nucleotides 61211-61426 of SEQ ID NO:1. In addition, according to this embodi-
ment, said nucleotide sequence most preferably is selected from the group consisting of:
nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1,
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID NO:1,
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO:1,
nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID NO:1, and
nucleotides 61211-61426 of SEQ ID NO:1.

According to another embodiment, the epothilone synthase domain is a dehydratase
(DH) domain comprising an amino acid sequence substantially similar to an amino acid se-
quence selected from the group consisting of: amino acids 869-1037 of SEQ ID NO:4, ami-
no acids 3886-4048 of SEQ ID NQ:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids
2383-2551 of SEQ ID NO:6, and amino acids 887-1051 of SEQ ID NO:7. According to this
embodiment, said DH domain preferably comprises an amino acid sequence selected from
the group consisting of: amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of
SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID
NO:8, and amino acids 887-1051 of SEQ ID NO:7. Also, according to this embodiment, said
nucleotide sequence preferably is substantially similar to a nucleotide sequence selected
from the group consisting of: nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 33401-
33889 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 50670-
51176 of SEQ ID NO:1, and nucleotides 57593-58087 of SEQ ID NO:1. According to this
embodiment, said nucleotide sequence more preterably comprises a consecutive 20, 25,
30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide portion identical in sequence to a
respective consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair portion of a
nucleotide sequence selected from the group consisting of: nucleotides 18855-19361 of
SEQ ID NO:1, nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ
ID NO:1, nucleotides 50670-51176 of SEQ ID NO:1, and nucleotides 57593-58087 of SEQ
ID NO:1. In addition, according to this embodiment, said nucleotide sequence most pre-
ferably is selected from the group consisting of: nucleotides 18855-19361 of SEQ ID NO:1,
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nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 50670-51176 of SEQ ID NO:1, and nucleotides 57593-58087 of SEQ ID NO:1.

According to yet another embodiment, the epothilone synthase domain is a B-keto-
reductase (KR) domain comprising an amino acid sequence substantially similar to an ami-
no acid sequence selected from the group consisting of: amino acids 1439-1684 of SEQ ID
NO:4, amino acids 1147-1399 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5,
amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino
acids 1143-1393 of SEQ ID NQO:6, amino acids 3392-3636 of SEQ ID NO:6, and amino
acids 1810-2055 of SEQ ID NO:7. According to this embodiment, said KR domain pre-
ferably comprises an amino acid sequence selected from the group consisting of: amino
acids 1439-1684 of SEQ ID NO:4, amino acids 1147-1399 of SEQ ID NO:5, amino acids
2645-2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-
7101 of SEQ ID NO:5, amino acids 1143-1393 of SEQ ID NO:6, amino acids 3392-3636 of
SEQ ID NO:6, and amino acids 1810-2055 of SEQ ID NO:7. Also, according to this embo-
diment, said nucleotide sequence preferably is substantially similar to a nucleotide sequen-
ce selected from the group consisting of: nucleotides 20565-21302 of SEQ ID NO:1, nucle-
otides 25184-25942 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1, nucleo-
tides 35930-36667 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides
46950-47702 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ D NO:1, and nucleotides
60362-61099 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40,
45, or 50 (preferably 20) base pair portion of a nucleotide sequence selected from the
group consisting of: nucleotides 20565-21302 of SEQ 1D NO:1, nucleotides 25184-25942 of
SEQ ID NQO:1, nucleotides 29678-30429 of SEQ 1D NO:1, nucleotides 35930-36667 of SEQ
ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID
NO:1, nucleotides 53697-54431 of SEQ ID NO:1, and nucleotides 60362-61099 of SEQ ID
NO:1. In addition, according to this embodiment, said nucleotide sequence most preferably
is selected from the group consisting of: nucleotides 20565-21302 of SEQ 1D NO:1, nucle-
otides 25184-25942 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1, nucleo-
tides 35930-36667 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1, nucleotides
46950-47702 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID NO:1, and nucleotides
60362-61099 of SEQ ID NO:1.
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According to an additional embodiment, the epothilone synthase domain is a
methyltransferase (MT) domain comprising an amino acid sequence substantially similar to
amino acids 2671-3045 of SEQ ID NO:6. According to this embodiment, said MT domain
preferably comprises amino acids 2671-3045 of SEQ ID NQO:6. Also, according to this
embodiment, said nucleotide sequence preferably is substantially similar to nucleotides
51534-52657 of SEQ ID NO:1. According to this embodiment, said nucleotide sequence
more preferably comprises a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base
pair nucleotide portion identical in sequence to a respective consecutive 20, 25, 30, 35, 40,
45, or 50 (preferably 20) base pair portion of nucleotides 51534-52657 of SEQ ID NO:1. In
addition, according to this embodiment, said nucleotide sequence most preferably is nucleo-
tides 51534-52657 of SEQ ID NO:1.

According to another embodiment, the epothilone synthase domain is a thioesterase
(TE) domain comprising an amino acid sequence substantially similar to amino acids 2165-
2439 of SEQ ID NO:7. According to this embodiment, said TE domain preferably comprises
amino acids 2165-2439 of SEQ ID NO:7. Also, according to this embodiment, said nucleo-
tide sequence preferably is substantially similar to nucleotides 61427-62254 of SEQ ID
NO:1. According to this embodiment, said nucleotide sequence more preferably comprises
a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide portion iden-
tical in sequence to a respective consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20)
base pair portion of nucleotides 61427-62254 of SEQ ID NO:1. in addition, according to this
embodiment, said nucleotide sequence most preferably is nucleotides 61427-62254 of SEQ
ID NO:1.

In still another aspect, the present invention provides an isolated nucleic acid mole-
cule comprising a nucleotide sequence that encodes a non-ribosomal peptide synthetase,
wherein said non-ribosomal peptide synthetase comprises an amino acid sequence
substantially similar to an amino acid sequence selected from the group consisting of: SEQ
ID NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids 118-125 of SEQ ID NO:3, amino
acids 199-212 of SEQ ID NO:3, amino acids 353-363 of SEQ ID NO:3, amino acids 549-
565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3, amino acids 669-684 of SEQ
ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3,
amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of SEQ ID NO:3, amino acids
1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID NO:3, amino acids 973-
1256 of SEQ ID NO:3, and amino acids 1344-1351 of SEQ ID NO:3. According to this
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embodiment, said non-ribosomal peptide synthetase preferably comprises an amino acid .
sequence selected from the group consisting of: SEQ ID NO:3, amino acids 72-81 of SEQ
ID NO:3, amino acids 118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NQ:3,
amino acids 353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids
588-603 of SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of
SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3,
amino acids 918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ 1D NO:3, amino
acids 1285-1297 of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, and amino acids
1344-1351 of SEQ ID NO:3. Also, according to this embodiment, said nucleotide sequence
preferably is substantially similar to a nucleotide sequence selected from the group con-
sisting of: nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID
NO:1, nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID
NQO:1, nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID
NO:1, nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID
NO:1, nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQID
NO:1, nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID
NQO:1, nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQID
NO:1, nucleotides 14788-15639 of SEQ ID NO:1, and nucleotides 15901-15924 of SEQ ID
NO:1. According to this embodiment, said nucleotide sequence more preferably comprises
a consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably 20) base pair nucleotide portion
identical in sequence to a respective consecutive 20, 25, 30, 35, 40, 45, or 50 (preferably
20) base pair portion of a nucleotide sequence selected from the group consisting of: nucle-
otides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1, nucleo-
tides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1, nucleotides
12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1, nucleotides
13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID NO:1, nucleotides
14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID NO:1, nucleotides
14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO:1, nucleotides
15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1, nucleotides
14788-15639 of SEQ ID NO:1, and nucleotides 15901-15924 of SEQ ID NO:1. In addition,
according to this embodiment, said nucleotide sequence most preferably is selected from
the group consisting of: nucleotides 11872-16104 of SEQ ID NO:1, nucieotides 12085-
12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-
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12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516- .
13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-

13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-

14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-

14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-

15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID NO:1, and nucleotides 15901-
15924 of SEQ ID NO:1.

The present invention further provides an isolated nucleic acid molecule comprising
a nucleotide sequence that encodes a polypeptide comprising an amino acid sequence
selected from the group consisting of SEQ ID NOs:2-23.

In accordance with another aspect, the present invention also provides methods for
the recombinant production of polyketides such as epothilones in quantities large enough to
enable their purification and use in pharmaceutical formulations such as those for the treat-
ment of cancer. A specific advantage of these production methods is the chirality of the
molecules produced; production in transgenic organisms avoids the generation of popu-
lations of racemic mixtures, within which some enantiomers may have reduced activity. In
particular, the present invention provides a method for heterologous expression of epothi-
lone in a recombinant host, comprising: (a) introducing into a host a chimeric gene compri-
sing a heterologous promoter sequence operatively linked to a nucleic acid molecule of the
invention that comprises a nucleotide sequence that encodes at least one polypeptide in-
volved in the biosynthesis of epothilone; and (b) growing the host in conditions that ailow
biosynthesis of epothilone in the host. The present invention also provides a method for
producing epothilone, comprising: (a) expressing epothilone in a recombinant host by the
aforementioned method; and (b) extracting epothilone from the recombinant host.

According to still another aspect, the present invention provides an isolated polypep-
tide comprising an amino acid sequence that consists of an epothilone synthase domain.

According to one embodiment, the epothilone synthase domain is a B-ketoacyl-
synthase (KS) domain comprising an amino acid sequence substantially similar to an amino
acid sequence selected from the group consisting of: amino acids 11-437 of SEQ ID NO:2,
amino acids 7-432 of SEQ ID NO:4, amino acids 39-457 of SEQ ID NO:5, amino acids
1524-1950 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 5103-
5525 of SEQ ID NO:5, amino acids 35-454 of SEQ ID NO:6, amino acids 1522-1946 of
SEQ ID NO: 6, and amino acids 32-450 of SEQ ID NO:7. According to this embodiment,
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said KS domain preferably comprises an amino acid sequence selected from the group
consisting of: amino acids 11-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID NO:4,
amino acids 39-457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NQO:5, amino acids
3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-454
of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino acids 32-450 of SEQ
ID NO:7.

According to another embodiment, the epothilone synthase domain is an acyltrans-

L4

ferase (AT) domain comprising an amino acid sequence substantially similar to an amino
acid sequence selected from the group consisting of: amino acids 543-864 of SEQ ID NO:2,
amino acids 539-859 of SEQ ID NO:4, amino acids 563-884 of SEQ ID NO:5, amino acids
2056-2377 of SEQ ID NO:5, amino acids 3555-3876 of SEQ |D NO:5, amino acids 5631-
5951 of SEQ ID NO:5, amino acids 561-881 of SEQ ID NO:6, amino acids 2053-2373 of
SEQ ID NO:6, and amino acids 556-877 of SEQ ID NO:7. According to this embodiment,
said AT domain preferably comprises an amino acid sequence selected from the group
consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID NO:4,
amino acids 563-884 of SEQ ID NO:5, amino acids 2056-2377 of SEQ ID NO:5, amino
acids 3555-3876 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids
561-881 of SEQ ID NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids 556-
877 of SEQ ID NO:7.

According to still another embodiment, the epothilone synthase domain is an enoyl
reductase (ER) domain comprising an amino acid sequence substantially similar to an ami-
no acid sequence selected from the group consisting of: amino acids 974-1273 of SEQ ID
NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5,
and amino acids 1478-1790 of SEQ ID NO:7. According to this embodiment, said ER do-
main preferably comprises an amino acid sequence selected from the group consisting of:
amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ ID NO:5, amino
acids 6542-6837 of SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID NO:7.

According to another embodiment, the epothilone synthase domain is an acyl carrier
protein (ACP) domain, wherein said polypeptide comprises an amino acid sequence
substantially similar to an amino acid sequence selected from the group consisting of. ami-
no acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino acids
1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID NQ:5, amino acids 5010-
5082 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, amino acids 1430-1503 of
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SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and amino acids 2093-2164 of
SEQ ID NQ:7. According to this embodiment, said ACP domain preferably comprises an
amino acid sequence selected from the group consisting of: amino acids 1314-1385 of SEQ
ID NO:2, amino acids 1722-1792 of SEQ ID NO:4, amino acids 1434-1506 of SEQ ID NO:5,
amino acids 2932-3005 of SEQ ID NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino
acids 7140-7211 of SEQ ID NO:5, amino acids 1430-1503 of SEQ ID NO:6, amino acids
3673-3745 of SEQ ID NO:6, and amino acids 2093-2164 of SEQ ID NO:7.

According to another embodiment, the epothilone synthase domain is a dehydratase
(DH) domain comprising an amino acid sequence substantially similar to an amino acid se-
quence selected from the group consisting of: amino acids 869-1037 of SEQ ID NO:4, ami-
no acids 3886-4048 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids
2383-2551 of SEQ ID NO:6, and amino acids 887-1051 of SEQ ID NO:7. According to this
embodiment, said DH domain preferably comprises an amino acid sequence selected from
the group consisting of: amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of
SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID
NO:6, and amino acids 887-1051 of SEQ ID NO:7.

According to yet another embodiment, the epothilone synthase domain is a B-keto-
reductase (KR) domain comprising an amino acid sequence substantially similar to an ami-
no acid sequence selected from the group consisting of: amino acids 1433-1684 of SEQ ID
NO:4, amino acids 1147-1399 of SEQ ID NQ:5, amino acids 2645-2895 of SEQ |ID NO:5,
amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino
acids 1143-1393 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, and amino
acids 1810-2055 of SEQ ID NO:7. According to this embodiment, said KR domain prefer-
ably comprises an amino acid sequence selected from the group consisting of: amino acids
1439-1684 of SEQ ID NO:4, amino acids 1147-1399 of SEQ ID NO:5, amino acids 2645-
2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 6857-7101 of
SEQ ID NO:5, amino acids 1143-1393 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID
NO:6, and amino acids 1810-2055 of SEQ ID NO:7.

According to an additional embodiment, the epothilone synthase domain is a methyl-
transferase (MT) domain comprising an amino acid sequence substantially similar to amino
acids 2671-3045 of SEQ ID NO:6. According to this embodiment, said MT domain preferab-
ly comprises amino acids 2671-3045 of SEQ ID NO:6.

~
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According to another embodiment, the epothilone synthase domain is a thioesterase
(TE) domain comprising an amino acid sequence substantially similar to amino acids 2165-
2439 of SEQ ID NO:7. According to this embodiment, said TE domain preferably comprises
amino acids 2165-2439 of SEQ ID NO:7.
Other aspects and advantages of the present invention will become apparent to those
skilled in the art from a study of the following description of the invention and non-limiting

examples.

DEFINITIONS

In describing the present invention, the following terms will be employed, and are
intended to be defined as indicated below.

Associated With / Operatively Linked: Refers to two DNA sequences that are related
physically or functionally. For example, a promoter or regulatory DNA sequence is said to
be "associated with" a DNA sequence that codes for an RNA or a protein if the two sequen-
ces are operatively linked, or situated such that the regulator DNA sequence will atfect the
expression level of the coding or structural DNA sequence.

Chimeric Gene: A recombinant DNA sequence in which a promoter or regulatory
DNA sequence is operatively linked to, or associated with, a DNA sequence that codes for
an mRNA or which is expressed as a protein, such that the regulator DNA sequence is able
to regulate transcription or expression of the associated DNA sequence. The regulator
DNA sequence of the chimeric gene is not normally operatively linked to the associated
DNA sequence as found in nature.

Coding DNA Sequence: A DNA sequence that is translated in an organism to pro-
duce a protein.

Domain: That part of a polyketide synthase necessary for a given distinct activity.
Examples include acyl carrier protein (ACP), B-ketosynthase (KS), acyltransferase (AT), B-
ketoreductase (KR), dehydratase (DH), enoylreductase (ER), and thioesterase (TE)
domains.

Epothilones: 16-membered macrocyclic polyketides naturally produced by the bacte-
rium Sorangium cellulosum strain So ce90, which mimic the biological effects of taxol. In
this application, “epothilone” refers to the class of polyketides that includes epothilone A
and epothilone B, as well as analogs thereof such as those described in WO 98/25929,

laal'a [N
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Epothilone Synthase: A polyketide synthase responsible for the biosynthesis of epo-
thilone.

-

Gene: A defined region that is located within a genome and that, besides the afore-
mentioned coding DNA sequence, comprises other, primarily regulatory, DNA sequences
responsible for the control of the expression, that is to say the transcription and translation,
of the coding portion.

Heterologous DNA Sequence: A DNA sequence not naturally associated with a host
cell into which it is introduced, including non-naturally occurring multiple copies of a natu-
rally occurring DNA sequence.

Homologous DNA Sequence: A DNA sequence naturally associated with a host cell
into which it is introduced.

Homologous Recombination: Reciprocal exchange of DNA fragments between
homologous DNA molecules.

Isolated: In the context of the present invention, an isolated nucleic acid molecule or
an isolated enzyme is a nucleic acid molecule or enzyme that, by the hand of man, exists
apart from its native environment and is therefore not a product of nature. An isolated
nucleic acid molecule or enzyme may exist in a purified form or may exist in a non-native
environment such as, for example, a recombinant host cell.

Module: A genetic element encoding all of the distinct activities required in a single
round of polyketide biosynthesis, i.e., one condensation step and all the 3-carbonyl pro-
cessing steps associated therewith. Each module encodes an ACP, a KS, and an AT
activity to accomplish the condensation portion of the biosynthesis, and selected post-
condensation activities to effect the B-carbonyl processing.

NRPS: A non-ribosomal polypeptide synthetase, which is a complex of enzymatic
activities responsible for the incorporation of amino acids into secondary metabolites in-
cluding, for example, amino acid adenylation, epimerization, N-methylation, cyclization,
peptidyl carrier protein, and condensation domains. A functional NRPS is one that cata-
lyzes the incorporation of an amino acid into a secondary metabolite.

NRPS gene: One or more genes encoding NRPSs for producing functional secon-
dary metabolites, e.g., epothilones A and B, when under the direction of one or more com-

patible control elements.

JiLip,
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Nucleic Acid Molecule: A linear segment of single- or double-stranded DNA or RNA .
that can be isolated from any source. In the context of the present invention, the nucleic
acid molecule is preferably a segment of DNA.

ORF: Open Reading Frame.

PKS: A polyketide synthase, which is a complex of enzymatic activities (domains)
responsible for the biosynthesis of polyketides including, for example, ketoreductase, dehy-
dratase, acyl carrier protein, enoylreductase, ketoacyl ACP synthase, and acyltransferase.
A functional PKS is one that catalyzes the synthesis of a polyketide.

PKS Genes: One or more genes encoding various polypeptides required for produ-
cing functional polyketides, e.g., epothilones A and B, when under the direction of one or
more compatible control elements.

Substantially Similar: With respect to nucleic acids, a nucleic acid molecule that has
at least 60 percent sequence identity with a reference nucleic acid molecule. In a preferred )
embodiment, a substantially similar DNA sequence is at least 80% identical to a reference
DNA sequence; in a more preferred embodiment, a substantially similar DNA sequence is at
least 90% identical to a reference DNA sequence; and in a most preferred embodiment, a
substantially similar DNA sequence is at least 95% identical to a reference DNA sequence.
A substantially similar DNA sequence preferably encodes a protein or peptide having
substantially the same activity as the protein or peptide encoded by the reference DNA
sequence. A substantially similar nucleotide sequence typically hybridizes to a reference
nucleic acid molecule, or fragments thereof, under the following conditions: hybridization at
7% sodium dodecyl sulfate (SDS), 0.5 M NaPO, pH 7.0, 1 mM EDTA at 50°C; wash with 2X
SSC, 1% SDS, at 50°C. With respect to proteins or peptides, a substantially similar amino
acid sequence is an amino acid sequence that is at least 90% identical to the amino acid
sequence of a reference protein or peptide and has substantially the same activity as the
reference protein or peptide.

Transformation: A process for introducing heterologous nucleic acid into a host cell
or organism.

Transformed / Transgenic / Recombinant: Refers to a host organism such as a bac-
terium into which a heterologous nucleic acid molecule has been introduced. The nucleic
acid molecule can be stably integrated into the genome of the host or the nucleic acid mo-
lecule can also be present as an extrachromosomal molecule. Such an extrachromosomal

molecule can be auto-replicating. Transformed cells, tissues, or plants are understood to
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encompass not only the end product of a transformation process, but also transgenic pro- -~
geny thereof. A “non-transformed”, “non-transgenic”, or “non-recombinant” host refers to a
wild-type organism, i.e., a bacterium, which does not contain the heterologous nucleic acid
molecule.

Nucleotides are indicated by their bases by the following standard abbreviations:
adenine (A), cytosine (C), thymine (T), and guanine (G). Amino acids are likewise indicated
by the following standard abbreviations: alanine (ala; A), arginine (Arg; R), asparagine (Asn;
N), aspartic acid (Asp; D), cysteine (Cys; C), glutamine (Gln; Q), glutamic acid (Glu; E),
glycine (Gly; G), histidine (His; H), isoleucine (lle; 1), leucine (Leu; L), lysine (lys; K),
methionine (Met; M), phenylalanine (Phe; F), proline (Pro; P), serine (Ser; S), threonine
(Thr; T), tryptophan (Trp; W), tyrosine (Tyr; Y), and valine (Val; V). Furthermore, (Xaa; X)
represents any amino acid.

DESCRIPTION OF THE SEQUENCES IN THE SEQUENCE LISTING

SEQ ID NO:1 is the nucleotide sequence of a 68750 bp contig containing 22 open
reading frames (ORFs), which comprises the epothilone biosynthesis genes.

SEQ ID NO:2 is the protein sequence of a type | polyketide synthase (EPOS A)
encoded by epoA (nucleotides 7610-11875 of SEQ ID NO:1).

SEQ ID NO:3 is the protein sequence of a non-ribosomal peptide synthetase (EPOS
P) encoded by epoP (nucleotides 11872-16104 of SEQ ID NO:1).

SEQ ID NO:4 is the protein sequence of a type | polyketide synthase (EPOS B)
encoded by epoB (nucleotides 16251-21749 of SEQ ID NO:1).

SEQ ID NO:5 is the protein sequence of a type | polyketide synthase (EPOS C)
encoded by epoC (nucleotides 21746-43519 of SEQ ID NO:1).

SEQ ID NO:6 is the protein sequence of a type | polyketide synthase (EPOS D)
encoded by epoD (nucleotides 43524-54920 of SEQ ID NO:1).

SEQ ID NO:7 is the protein sequence of a type | polyketide synthase (EPOS E)
encoded by epoE (nucleotides 54935-62254 of SEQ ID NO:1).

SEQ ID NO:8 is the protein sequence of a cytochrome P450 oxygenase homologue
(EPOS F) encoded by epoF (nuclectides 62369-63628 of SEQ ID NO:1).

SEQ ID NO:9 is a partial protein sequence (partial Orf 1) encoded by orfl (nucleotides
1-1826 of SEQ ID NO:1).
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SEQ ID NO:10 is a protein sequence (Orf 2) encoded by o2 (nucleotides 3171-1900 .
on the reverse complement strand of SEQ ID NO:1).
SEQ ID NO:11 is a protein sequence (Orf 3) encoded by orf3 (nucleotides 3415-5556
of SEQ ID NO:1).
SEQ ID NO:12 is a protein sequence (Orf 4) encoded by orf4 (nucleotides 5992-5612
on the reverse complement strand of SEQ 1D NO:1).
SEQ ID NO:13 is a protein sequence (Orf 5) encoded by orf5 (nucleotides 6226-6675
of SEQ ID NO:1).
SEQ ID NO:14 is a protein sequence (Orf 6) encoded by orf6 (nucleotides 63779-
64333 of SEQ ID NO:1).
SEQ ID NO:15 is a protein sequence (Orf 7) encoded by orf7 (nucleotides 64290-
63853 on the reverse complement strand of SEQ ID NO:1).
SEQ ID NO:16 is a protein sequence (Orf 8) encoded by orf8 (nucleotides 64363-
64920 of SEQ ID NO:1).
SEQ ID NO:17 is a protein sequence (Orf 9) encoded by o (nucleotides 64727-
64287 on the reverse complement strand of SEQ ID NO:1).
SEQ ID NO:18 is a protein sequence (Orf 10) encoded by orf10 (nucleotides 65063-
65767 of SEQ ID NO:1).
SEQ ID NO:19 is a protein sequence (Orf 11) encoded by orfl1 (nucleotides 65874-
65008 on the reverse complement strand of SEQ ID NO:1).
SEQ ID NO:20 is a protein sequence (Orf 12) encoded by orf12 (nucleotides 66338-
65871 on the reverse complement strand of SEQ ID NO:1).
SEQ ID NO:21 is a protein sequence (Orf 13) encoded by 0rf13 (nucleotides 66667-
67137 of SEQ ID NO:1).
SEQ ID NO:22 is a protein sequence (Orf 14) encoded by orf14 (nucleotides 67334-
68251 of SEQ ID NO:1).
SEQ ID NO:23 is a partial protein sequence (partial Orf 15) encoded by orfi5
(nucleotides 68346-68750 of SEQ ID NO:1).
SEQ ID NO:24 is the universal reverse PCR primer sequence.
SEQ ID NO:25 is the universal forward PCR primer sequence.
SEQ ID NO:26 is the NH24 end “B” PCR primer sequence.
SEQ ID NO:27 is the NH2 end “A” PCR primer sequence.
SEQ ID NO:28 is the NH2 end “B” PCR primer sequence.
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SEQ ID NO:29 is the pEPO15-NH6 end “B” PCR primer sequence.
SEQ ID NO:30 is the pEPO15-H2.7 end “A” PCR primer sequence.

DEPOSIT INFORMATION

The following material has been deposited with the Agricultural Research Service,
Patent Culture Collection (NRRL), 1815 North University Street, Peoria, lllinois 61604, under
the Budapest Treaty on the International Recognition of the Deposit of Microorganisms for
the Purposes of Patent Procedure. All restrictions on the availability of the deposited

material wiil be irrevocably removed upon the granting of a patent.

Deposited Material Accession Number Deposit Date
pEPO15 NRRL B-30033 June 11, 1998
pEPO32 NRRL B-30119 April 16, 1999

DETAILED DESCRIPTION OF THE INVENTION

The genes involved in the biosynthesis of epothilones can be isolated using the
techniques according to the present invention. The preferable procedure for the isolation of
epothilone biosynthesis genes requires the isolation of genomic DNA from an organism
identified as producing epothilones A and B, and the transter of the isolated DNA on a
suitable plasmid or vector to a host organism that does not normally produce the polyketide,
followed by the identification of transformed host colonies to which the epothilone-producing
ability has been conferred. Using a technique such as A::Tn5 transposon mutagenesis (de
Bruijn & Lupski, Gene 27: 131-149 (1984)), the exact region of the transforming epothilone-
conferring DNA can be more precisely defined. Alternatively or additionally, the transfor-
ming epothilone-conferring DNA can be cleaved into smaller fragments and the smallest
that maintains the epothilone-conferring ability further characterized. Whereas the host
organism lacking the ability to produce epothilone may be a different species from the orga-
nism from which the polyketide derives, a variation of this technique involves the transfor-
mation of host DNA into the same host that has had its epothilone-producing ability disrup-
ted by mutagenesis. In this method, an epothilone-producing organism is mutated and non-
epothilone-producing mutants are isolated. These are then complemented by genomic
DNA isolated from the epothilone-producing parent strain,
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A further example of a technique that can be used to isolate genes required for epo- -
thilone biosynthesis is the use of transposon mutagenesis to generate mutants of an epothi-
lone-producing organism that, after mutagenesis, fails to produce the polyketide. Thus, the
region of the host genome responsible for epothilone production is tagged by the transpo-
son and can be recovered and used as a probe to isolate the native genes from the parent
strain. PKS genes that are required for the synthesis of polyketides and that are similar to
known PKS genes may be isolated by virtue of their sequence homology to the biosynthetic
genes for which the sequence is known, such as those for the biosynthesis of rifamycin or
soraphen. Techniques suitable for isolation by homology include standard library screening
by DNA hybridization.

Preferred for use as a probe molecule is a DNA fragment that is obtainable from a
gene or another DNA sequence that plays a part in the synthesis of a known polyketide. A
preferred probe molecule comprises a 1.2 kb Smal DNA fragment encoding the ketosyntha-
se domain of the fourth module of the soraphen PKS (U.S. Patent No. 5,716,849), and a
more preferred probe molecule comprises the B-ketoacyl synthase domains from the first
and second modules of the rifamycin PKS (Schupp et al., FEMS Microbiology Letters 159:
201-207 (1998)). These can be used to probe a gene library of an epothilone-producing
microorganism to isolate the PKS genes responsible for epothilone biosynthesis.

Despite the well-known difficulties with PKS gene isolation in general and despite
the difficulties expected to be encountered with the isolation of epothilone biosynthesis
genes in particular, by using the methods described in the instant specification, biosynthetic
genes for epothilones A and B can surprisingly be cloned from a microorganism that produ-
ces that polyketide. Using the methods of gene manipulation and recombinant production
described in this specification, the cloned PKS genes can be modified and expressed in
transgenic host organisms.

The isolated epothilone biosynthetic genes can be expressed in heterologous hosts
to enable the production of the polyketide with greater efficiency than might be possible
from native hosts. Techniques for these genetic manipulations are specific for the different
available hosts and are known in the art. For example, heterologous genes can be expres-
sed in Streptomyces and other actinomycetes using techniques such as those described in
McDaniel et al., Science 262: 1546-1550 (1993) and Kao et al., Science 265: 509-512

(1994), both of which are incorporated herein by reference. See also, Rowe et al., Gene
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216: 215-223 (1998); Holmes et al., EMBO Journal 12(8): 3183-3191 (1993) and Bibb et al., -
Gene 38: 215-226 (1985), all of which are incorporated herein by reference.

Alternately, genes responsible for polyketide biosynthesis, i.e., epothilone biosynthe-
tic genes, can also be expressed in other host organisms such as pseudomonads and E.
coli. Techniques for these genetic manipulations are specific for the different available hosts
and are known in the art. For example, PKS genes have been sucessfully expressed in E.
coli using the pT7-7 vector, which uses the T7 promoter. See, Tabor et al., Proc. Natl.
Acad. Sci. USA 82: 1074-1078 (1985), incorporated herein by reference. In addition, the
expression vectors pKK223-3 and pKK223-2 can be used to express heterologous genes in
E. coli, either in transcriptional or translational fusion, behind the tac or trc promoter. For
the expression of operons encoding multiple ORFs, the simplest procedure is to insert the
operon into a vector such as pKK223-3 in transcriptional fusion, allowing the cognate ribo-
some binding site of the heterologous genes to be used. Techniques for overexpression in
gram-positive species such as Bacillus are also known in the art and can be used in the
context of this invention (Quax et al., in: Industrial Microorganisms: Basic and Applied Mo-
lecular Genetics, Eds. Baltz et al., American Society for Microbiology, Washington (1993)).

Other expression systems that may be used with the epothilone biosynthetic genes
of the invention include yeast and baculovirus expression systems. See, for example, “The
Expression of Recombinant Proteins in Yeasts,” Sudbery, P. E., Curr. Opin. Biotechnol.
7(5): 517-524 (1996); “Methods for Expressing Recombinant Proteins in Yeast,” Mackay, et
al., Editor(s): Carey, Paul R., Protein Eng. Des. 105-153, Publisher: Academic, San Diego,
Calif (1996); “Expression of heterologous gene products in yeast,” Pichuantes, et al.,
Editor(s): Cleland, J. L., Craik, C. S., Protein Eng. 129-161, Publisher: Wiley-Liss, New
York, N. Y (1996); WO 98/27203; Kealey et al., Proc. Natl. Acad. Sci. USA 95: 505-509
(1998); “Insect Cell Culture: Recent Advances, Bioengineering Challenges And Implications
In Protein Production,” Palomares, et al., Editor(s): Galindo, Enrique; Ramirez, Octavio T.,
Adv. Bioprocess Eng. Vol. ll, Invited Pap. Int. Symp., 2nd (1998) 25-52, Publisher: Kluwer,
Dordrecht, Neth; “Baculovirus Expression Vectors,” Jarvis, Donald L., Editor(s): Miller, Lois
K., Baculoviruses 389-431, Publisher: Plenum, New York, N. Y. (1997); “Production Of He-
terologous Proteins Using The Baculovirus/Insect Expression System,” Grittiths, et al., Me-
thods Mol. Biol. (Totowa, N. J.) 75 (Basic Cell Culture Protocols (2nd Edition)) 427-440
(1997); and “Insect Cell Expression Technology,” Luckow, Veme A., Protein Eng. 183-218,
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Publisher: Wiley-Liss, New York, N. Y. (1996); all of which are incorporated herein by refe- -
rence.

Another consideration for expression of PKS genes in heterologous hosts is the re-
quirement of enzymes for posttranslational modification of PKS enzymes by phosphopante-
theinylation before they can synthesize polyketides. However, the enzymes responsible for
this modification of type | PKS enzymes, phosphopantetheinyl (P-pant) transferases are not
normally present in many hosts such as E. coli. This problem can be solved by coexpres-
sion of a P-pant transferase with the PKS genes in the heterologous host, as described by
Kealey et al., Proc. Natl. Acad. Sci. USA 95: 505-509 (1998), incorporated herein by re-
ference.

Therefore, tor the purposes of polyketide production, the significant criteria in the
choice of host organism are its ease of manipulation, rapidity of growth (i.e. fermentation),
possession or the proper molecular machinery for processes such as posttranslational
modification, and its lack of susceptibility to the polyketide being overproduced. Most
preferred host organisms are actinomycetes such as strains of Streptomyces. QOther pre-
ferred host organisms are pseudomonads and E. coli. The above-described methods of
polyketide production have significant advantages over the technology currently used in the
preparation of the compounds. These advantages include the cheaper cost of production,
the ability to produce greater quantities of the compounds, and the ability to produce com-
pounds of a preferred biological enantiomer, as opposed to racemic mixtures inevitably ge-
nerated by organic synthesis. Compounds produced by heterologous hosts can be used in
medical (e.g. cancer treatment in the case of epothilones) as well as agricultural applica-

tions.
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EXPERIMENTAL ’

The invention will be further described by reference to the following detailed
examples. These examples are provided for purposes of illustration only, and are not inten-
ded to be limiting unless otherwise specified. Standard recombinant DNA and molecular
cloning techniques used here are well known in the art and are described by Ausubel (ed.),
Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1994); T. Maniatis, E. F.
Fritsch and J. Sambrook, Molecular Cloning: A Laboratory Manual, Cold Spring Harbor
laboratory, Cold Spring Harbor, NY (1989); and by T.J. Silhavy, M.L. Berman, and L.W.
Enquist, Experiments with Gene Fusions, Cold Spring Harbor Laboratory, Cold Spring
Harbor, NY (1984).

Example 1: Cultivation of an Epothilone-Producing Strain of Sorangium cellulosum

Sorangium cellulosum strain 90 (DSM 6773, Deutsche Sammlung von Mikroorganis-
men und Zellkulturen, Braunschweig) is streaked out and grown (30°C) on an agar plate of
SolE medium (0.35% glucose, 0.05% tryptone, 0.15% MgSO, x 7H,0, 0.05% ammonium
suifate, 0.1% CaCl,, 0.006% K;HPQ,, 0.01% sodium dithionite, 0.0008% Fe-EDTA, 1.2%
HEPES, 3.5% [vol/vol] supernatant of sterilized stationary S. cellulosum culture) pH ad. 7.4.
Cells from about 1 square cm are picked and inoculated into 5 mis of G51t liquid medium
(0.2% glucose, 0.5% starch, 0.2% tryptone, 0.1% probion S, 0.05% CaCl;x2H20, 0.05%
MgS0,x7H:0, 1.2% HEPES, pH ad. 7.4) and incubated at 30°C with shaking at 225 rpm.
After 4 days, the culture is transferred into 50 mis of G51t and incubated as above for 5
days. This culture is used to inoculate 500 mis of G51t and incubated as above for 6 days.
The culture is centrifuged for 10 minutes at 4000 rpm and the cell peliet is resuspended in
50 mis of G511t.

Example 2: Generation of a Bacterial Artificial Chromosome (Bac) Library

To generate a Bac library, S. cellulosum cells cultivated as described in Example 1
above are embedded into agarose blocks, lysed, and the liberated genomic DNA is partially
digested by the restriction enzyme Hindlll. The digested DNA is separated on an agarose
gel by pulsed-field electrophoresis. Large (approximately 90-150 kb) DNA fragments are
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isolated from the agarose gel and ligated into the vector pBelobacll. pBelobacll containsa .
gene encoding chloramphenicol resistance, a multiple cloning site in the /acZ gene provi-

ding for blue/white selection on appropriate medium, as well as the genes required for the
replication and maintenance of the plasmid at one or two copies per cell. The ligation mix-

ture is used to transform Escherichia coli DH10B electrocompetent cells using standard
electroporation techniques. Chloramphenicol-resistant recombinant (white, /acZ mutant)
colonies are transferred to a positively charged nylon membrane filter in 384 3X3 grid for-

mat. The clones are lysed and the DNA is cross-linked to the filters. The same clones are

also preserved as liquid cultures at -80°C.

Example 3: Screening the Bac Library of Sorangium cellulosum 90 for the Presence of Type

| Polyketide Synthase-Related Sequences

The Bac library filters are probed by standard Southern hybridization procedures.
The DNA probes used encode B-ketoacyl synthase domains from the first and second
modules of the rifamycin polyketide synthase (Schupp et al., FEMS Microbiology Letters
159: 201-207 (1998)). The probe DNAs are generated by PCR with primers flanking each
ketosynthase domain using the plasmid pNES5 as the template (PNES5 equals cosmid 2
described in Schupp et al. (1998)). 25 ng of PCR-amplified DNA is isolated from a 0.5%
agarose gel and labeled with **P-dCTP using a random primer labeling kit (Gibco-BRL,
Bethesda MD, USA) according to the manufacturer's instructions. Hybridization is at 65°C
for 36 hours and membranes are washed at high stringency (3 times with 0.1x SSC and
0.5% SDS for 20 min at 65°C). The labeled blot is exposed on a phosphorescent screen
and the signals are detected on a Phospholmager 445S| (screen and 445SI from Molecular
Dynamics). This results in strong hybridization of certain Bac clones to the probes. These
clones are selected and cultured overnight in 5 mis of Luria broth (LB) at 37°C. Bac DNA
from the Bac clones of interest is isolated by a typical miniprep procedure. The cells are
resuspended in 200 pl lysozyme solution (50mM glucose, 10 mM EDTA, 25 mM Tris-HCl,
5mg/mi lysozyme), lysed in 400 pl lysis solution (0.2 N NaOH and 2% SDS), the proteins
are precipitated (3.0 M potassium acetate, adjusted to pH5.2 with acetic acid), and the Bac
DNA is precipitated with isopropanol. The DNA is resuspended in 20yl of nuclease-free
distilled water, restricted with BamHI (New England Biolabs, Inc.) and separated on a 0.7%
agarose gel. The gel is blotted by Southern hybridization as described above and probed
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under conditions described above, with a 1.2 kb Smal DNA fragment encoding the ketosyn- .
thase domain of the fourth module of the soraphen polyketide synthase as the probe (see,

U.S. Patent No. 5,716,849). Five different hybridization patterns are observed. One clone
representing each of the five patterns is selected and named pEPO15, pEPO20, pEPO30,
pEPO31, and pEPOS3, respectively.

Example 4: Subcloning of BamHi Fragments from pEPO15, pEPO20, pEPO30, pEPO31,
and pEPO33

The DNA of the five selected Bac clones is digested with BamHI and random frag-
ments are subcloned into pBluescript Il SK+ (Stratagene) at the BamH| site. Subclones car-
rying inserts between 2 and 10 kb in size are selected for sequencing of the flanking ends
of the insents and also probed with the 1.2 Smal probe as described above. Subclones that
show a high degree of sequence homology to known polyketide synthases and/or strong
hybridization to the soraphen ketosynthase domain are used for gene disruption experi-

ments.

Example 5: Preparation of Streptomycin-Resistant Spontaneous Mutants of Sorangium

cellulosum strain So ce90

0.1 ml of a three day old culture of Sorangium cellulosum strain So ce90, which is
raised in liquid medium G52-H (0.2% yeast extract, 0.2% soyameal defatted, 0.8% potato
starch, 0.2% glucose, 0.1% MgS04 x7H20, 0.1% CaCl2 x2H20, 0.008% Fe-EDTA, pH ad
7.4 with KOH), is plated out on agar plates with SolE medium supplemented with 100 pg/ml
streptomycin. The plates are incubated at 30°C for 2 weeks. The colonies growing on this
medium are streptomycin-resistant mutants, which are streaked out and cuitivated once
more on the same agar medium with streptomycin for purification. One of these strepto-
mycin-resistant mutants is selected and is called BCE28/2.
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Example 6: Gene Disruptions in Sorangium cellulosum BCE28/2 Using the Subcloned .

BamHI Fragments

The BamHl inserts of the subclones generated from the five selected Bac clones as
described above are isolated and ligated into the unique BamH| site of plasmid pCIB132
(see, U.S. Patent No. 5,716,849). The pClB132 derivatives carrying the inserts are trans-
formed into Escherichia coli ED8767 containing the helper plasmid pUZ8 (Hedges and
Matthew, Plasmid 2: 269-278 (1979). The transformants are used as donors in conjugation
experiments with Sorangium cellulosum BCE28/2 as recipient. For the conjugation, 5-10 x
10° cells of Sorangium cellulosum BCE28/2 from an early stationary phase culture (reaching
about 5 x 10° cells/ml) grown at 30°C in liquid medium G51b (G51b equals medium G51t
with tryptone replaced by peptone) are mixed in a 1:1 cellular ratio with a late-log phase
culture (in LB liguid medium) of E. coli ED8767 containing pCIiB132 derivatives carrying the
subcloned BamHI fragments and the helper plasmid pUZ8. The mixed cells are then centri-
fuged at 4000 rpm for 10 minutes and resuspended in 0.5 mi G51b medium. This cell sus-
pension is then plated as a drop in the center of a plate with So1E agar containg 50 mg/l
kanamycin. The cells obtained after incubation for 24 hours at 30°C are harvested and res-
uspended in 0.8 ml of G51b medium, and 0.1 to 0.3 ml of this suspension is plated out on a
selective So1E solid medium containing phleomycin (30 mg/l), streptomycin (300 mg/1), and
kanamycin (50 mg/l). The counterselection of the donor Escherichia coli strain takes place
with the aid of streptomycin. The colonies that grow on this selective medium after an in-
cubation time of 8-12 days at a temperature of 30°C are isolated with a plastic loop and
streaked out and cuitivated on the same agar medium for a second round of selection and
purification. The colony-derived cultures that grow on this selective agar medium after 7
days at a temperature of 30°C are transconjugants of Sorangium cellulosum BCE28/2 that
have acquired phleomycin resistance by conjugative transfer of the pClB132 derivatives
carrying the subcloned BamHI fragments.

Integration of the pCiB132-derived plasmids into the chromosome of Sorangium
cellulosum BCE28/2 by homologous recombination is verified by Southern hybridization.
For this experiment, complete DNA from 5-10 tranconjugants per transferred BamHl frag-
ment is isolated (from 10 mi cultures grown in medium G52-H for three days) applying the
method described by Pospiech and Neumann, Trends Genet. 11: 217 (1995). For the
Southern blot, the DNA isolated as described above is cleaved either with the restriction
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enzymes Bgll, Clal, or Notl, and the respective BamH|I inserts or pCIB132 are used as 32P
labelled probes.

Example 7: Analysis of the Effect of the Integrated BamHI Fragments on Epothilone

Production by Sorangium cellulosum After Gene Disruption

Transconjugant cells grown on about 1 square cm surface of the selective So1E
plates of the second round of selection (see Example 6) are transferred by a sterile plastic
loop into 10 ml of medium G52-H in an 50 ml Erlenmeyer flask. After incubation at 30°C
and 180 rpm for 3 days, the culture is transfered into 50 mil of medium G52-H in an 200 m|
Erlenmeyer flask. After incubation at 30°C and 180 rpm for 4-5 days, 10 ml of this culture is
transfered into 50 ml of medium 23B3 (0.2 % glucose, 2 % potato starch, 1.6 % soya meal
defatted, 0.0008 % Fe-EDTA Sodium salt, 0.5 % HEPES (4-(2-hydroxyethyl)-piperazine-1-
ethane-sulfonic-acid), 2 % vol/vol polysterole resin XAD16 (Rohm & Haas), pH adjusted to
7.8 with NaOH) in an 200 ml Erlenmeyer flask.

Quantitative determination of the epothilone produced takes place after incubation
of the cultures at 30°C and 180 rpm for 7 days. The complete culture broth is filtered by
suction through a 150 um nylon filter. The resin remaining on the filter is then resuspended
in 10 ml isopropanol and extracted by shaking the suspension at 180 rpm for 1 hour. 1 ml
is removed from this suspension and centrifuged at 12,000 rpm in an Eppendorff Microfuge.
The amount of epothilones A and B therein is determined by means of an HPLC and
detection at 250 nm with a UV_DAD detector (HPLC with Waters -Symetry C18 column and
a gradient of 0.02 % phosphoric acid 60%-0% and acetonitril 40%-100%).

Transconjugants with three different integrated BamH! fragments subcloned from
pEPO15, namely transconjugants with the BamHI fragment of plasmid pEPO15-21, trans-
conjugants with the BamHI fragment of plasmid pEPO15-4-5, and transconjugants with the
BamHI fragment of plasmid pEPO15-4-1, are tested in the manner described above. HPLC
analysis reveals that all transconjugants no longer produce epothilone A or B. By contrast,
epothilone A and B are detectable in a concentration of 2-4 mg/l in transconjugants with
BamHI fragments integrated that are derived from pEPO20, pEPO30, pEPO31, pEPO33,
and in the parental strain BCE28/2.
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Example 8: Nucleotide Sequence Determination of the Cloned Fragments and .

Construction of Contigs

A. BamH| Insert of Plasmid pEPO15-21

Plasmid DNA is isolated from the strain Escherichia coliDH10B [pEPO15-21], and
the nucleotide sequence of the 2.3-kb BamHl insert in pEPO15-21 is determined. Automa-
ted DNA sequencing is done on the double-stranded DNA template by the dideoxynucleo-
tide chain termination method, using Applied Biosystems model 377 sequencers. The pri-
mers used are the universal reverse primer (5' GGA AAC AGC TAT GAC CAT G 3 (SEQID
NO:24)) and the universal forward primer (5’ GTA AAA CGA CGG CCAGT 3’ (SEQID
NO:25)). In subsequent rounds of sequencing reactions, custom-synthesized oligonucle-
otides, designed for the 3’ ends of the previously determined sequences, are used to
extend and join contigs. Both strands are entirely sequenced, and every nucleotide is se-
quenced at least two times. The nucleotide sequence is compiled using the program
Sequencher vers. 3.0 (Gene Codes Corporation), and analyzed using the University of
Wisconsin Genetics Computer Group programs. The nucleotide sequence of the 2213-bp
insert corresponds to nucleotides 20779-22991 of SEQ ID NO:1.

B. BamHl| Insert of Plasmid pEPO15-4-1

Plasmid DNA is isolated from the strain Escherichia coliDH10B [pEPO15-4-1}, and
the nucleotide sequence of the 3.9-kb BamH| insert in pEPO15-4-1 is determined as descri-
bed in (A) above. The nucleotide sequence of the 3909-bp insert corresponds to nucleo-
tides 16876-20784 of SEQ ID NO:1.

C. BamHI Insert of Plasmid pEPO15-4-5

Plasmid DNA is isolated from the strain Escherichia coliDH10B [pEPO15-4-5], and
the nucleotide sequence of the 2.3-kb BamHl insert in pEPO15-4-5 is determined as
described in (A) above. The nucleotide sequence of the 2233-bp insert corresponds to
nucleotides 42528-44760 of SEQ ID NO:1.
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Example 9: Subcloning and Ordering of DNA Fragments from pEPO15 Containing

v

Epothilone Biosynthesis Genes

pEPO15 is digested to completion with the restriction enzyme Hindlll and the resul-
ting fragments are subcloned into pBluescript Il SK- or pNEB193 (New England Biolabs)
that has been cut with Hindlll and dephosphorylated with calf intestinal alkaline phospha-
tase. Six different clones are generated and named pEPO15-NH1, pEPO15-NH2,
pEPO15-NH6, pEPO15-NH24 (all based on pNEB193), and pEPO15-H2.7 and pEPO15-
H3.0 (both based on pBluescript Il SK-).

The BamHl insert of pEPO15-21 is isolated and DiG-labeled (Non-radioactive DNA
labeling and detection system, Boehringer Mannheim), and used as a probe in DNA hybri-
dization experiments at high stringency against pEPO15-NH1, pEPO15-NH2, pEPO15-
NH6, pEPO15-NH24, pEPO15-H2.7 and pEPO15-H3.0. Strong hybridization signal is de-
tected for pEPO15-NH24, indicating that pEPO15-21 is contained within pEPO15-NH24.

The BamHl insert of pEPO15-4-1 is isolated and DIG-labeled as above, and used as
a probe in DNA hybridization experiments at high stringency against pEPO15-NH1,
pEPO15-NH2, pEPO15-NH6, pEPO15-NH24, pEPO15-H2.7 and pEPO15-H3.0. Strong
hybridization signals are detected for pEPO15-NH24 and pEPO15-H2.7. Nucleotide se-
quence data generated from one end each of pEPO15-NH24 and pEPO15-H2.7 are also in
complete agreement with the previously determined sequence of the BamHI insert of
pEPO15-4-1. These experiments demonstrate that pEP0O15-4-1 (which contains one inter-
nal Hindlli site) overlaps pEPO15-H2.7 and pEPO15-NH24, and that pEPO15-H2.7 and
pEPO15-NH24, in this order, are contiguous.

The BamHI insert of pEPO15-4-5 is isolated and DIG-labeled as above, and used as
a probe in DNA hybridization experiments at high stringency against pEPO15-NH1,
pEPO15-NH2, pEPO15-NH6, pEPO15-NH24, pEPO15-H2.7 and pEPO15-H3.0. Strong
hybridization signal is detected for pEPO15-NH2, indicating that pEPO15-21 is contained
within pEPO15-NH2.

Nucleotide sequence data is generated from both ends of pEPO15-NH2 and from
the end of pEPO15-NH24 that does not overlap with pEPO15-4-1. PCR primers NH24 end
“B": GTGACTGGCGCCTGGAATCTGCATGAGC (SEQ ID NO:26), NH2 end "A™
AGCGGGAGCTTGCTAGACATTCTGTTTC (SEQ ID NO:27), and NH2 end “B™
GACGCGCCTCGGGCAGCGCCCCAA (SEQ ID NO:28), pointing towards the Hindlll sites,
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are designed based on these sequences and used in amplification reactions with pEPO15 -
and, in separate experiments, with Sorangium cellulosum So ce90 genomic DNA as the
templates. Specific amplification is found with primer pair NH24 end “B” and NH2 end “A”
with both templates. The amplimers are cloned into pBluescript II SK- and completely se-
quenced. The sequences of the amplimers are identical, and also agree completely with
the end sequences of pEPO15-NH24 and pEPO15-NH2, fused at the Hindlli site, estab-
lishing that the Hindlll fragments of pEPO15-NH2 and pEPO15-NH24 are, in this order,
contiguous.

The Hindlll insert of pEPO15-H2.7 is isolated and DIG-labeled as above, and used as
a probe in a DNA hybridization experiment at high stringency against pEPO15 digested by
Notl. A Noti fragment of about 9 kb in size shows a strong a hybridization, and is further
subcloned into pBluescript || SK- that has been digested with Notl and dephosphorylated
with calf intestinal alkaline phosphatase, to yield pEPO15-N9-16. The Nofl insert of
pEPO15-N9-16 is isolated and DIG-labeled as above, and used as a probe in DNA hybri-
dization experiments at high stringency against pEPO15-NH1, pEPO15-NH2, pEPO15-
NH6, pEPO15-NH24, pEPO15-H2.7 and pEPO15-H3.0. Strong hybridization signals are
detected for pEPO15-NH86, and also for the expected clones pEPO15-H2.7 and pEPO15-
NH24. Nucleotide sequence data is generated from both ends of pEPO15-NH6 and from
the end of pEPO15-H2.7 that does not overlap with pEPO15-4-1. PCR primers are de-
signed pointing towards the Hindlll sites and used in amplification reactions with pEPO15
and, in separate experiments, with Sorangium cellulosum So ce930 genomic DNA as the
templates. Specific amplification is found with primer pair pEPO15-NH6 end "B”:
CACCGAAGCGTCGATCTGGTCCATC (SEQ ID NO:28) and pEPO15-H2.7 end “A”™:
CGGTCAGATCGACGACGGGCTTTCC (SEQ ID NO:30) with both templates. The ampli-
mers are cloned into pBluescript Il SK- and completely sequenced. The sequences of the
amplimers are identical, and also agree completely with the end sequences of pEPO15-
NH6 and pEPO15-H2.7, fused at the Hindlll site, establishing that the Hindlll fragments of
pEPO15-NH6 and pEPO15-H2.7 are, in this order, contiguous.

All of these experiments, taken together, establish a contig of Hindlll fragments
covering a region of about 55 kb and consisting of the Hindlll inserts of pEPO15-NH§6,
pEPO15-H2.7, pEPO15-NH24, and pEPO15-NH2, in this order. The inserts of the re-
maining two Hindlll subclones, namely pEPO15-NH1 and pEPO15-H3.0, are not found to
be parts of this contig.
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Example 10: Further Extension of the Subclone Contig Covering the Epothilone
Biosynthesis Genes

An approximately 2.2 kb BamHI — Hindlll fragment derived from the downstream end
of the insert of pEPO15-NH2 and thus representing the downstream end of the subclone
contig described in Example 9 is isolated, DiG-labeled, and used in Southern hybridization
experiments against pEPO15 and pEPO15-NH2 DNAs digested with several enzymes. The
strongly hybridizing bands are always found to be the same in size between the two target
DNAs indicating that the Sorangium cellulosum So ce90 genomic DNA fragment cloned into
pEPO15 ends with the Hindlll site at the downstream end of pEPO15-NH2.

A cosmid DNA library of Sorangium cellulosum So ce80 is generated, using establi-
shed procedures, in pScosTriplex-ll (Ji, et al., Genomics 31: 185-192 (1996)). Briefly, high-
molecular weight genomic DNA of Sorangium cellulosum So ce90 is partially digested with
the restriction enzyme SauBAl to provide fragments with average sizes of about 40 kb, and
ligated to BamH! and Xbal digested pScosTriplex-Il. The ligation mix is packaged with
Gigapack Il XL (Stratagene) and used to transfect £. coli XL.1 Blue MR cells.

The cosmid library is screened with the approximately 2.2 kb BamHI1 — Hindlll frag-
ment, derived from the downstream end of the insert of pEPO15-NH2, used as a probe in
colony hybridization. A strongly hybridizing clone, named pEPO4E7 is selected.

pEPO4E7 DNA is isolated, digested with several restriction endonucleases, and
probed in Southern hybridization experiments with the 2.2 kb BamHl — Hindlll fragment. A
strongly hybridizing Notl fragment of approximately 9 kb in size is selected and subcloned
into pBluescript Il SK- to yield pEPO4E7-N9-8. Further Southern hybridization experiments
reveal that the approximately 9 kb Nofl insert of pEPO4E7-N9-8 overlaps pEPO15-NH2
over 6 kb in a Nofl - Hindlll fragment, while the remaining approximately 3 kb Hindlll — Notl
fragment would extend the subclone contig described in Example 9. End sequencing re-
veals, however, that the downstream end of the insert of pEPO4E7-N9-8 contains the
BamHI ~ Notl polylinker of pScosTriplex-ll, thereby indicating that the genomic DNA insert
of pEPO4E7 ends at a Sau3Al site within the extending Hindlll — Notl fragment and that the
Noti site is derived from pScosTriplex-Il.

An approximately 1.6 kb Pstl — Sall fragment derived from the approximately 3 kb
extending Hindill - Notl subfragment of pEPO4E7-N9-8, containing only Sorangium
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cellulosum So ce90—derived sequences free of vector, is used as a probe against the
bacterial artificial chromosome library described in Example 2. Besides the previously-
isolated EPO15, a Bac clone, named EPO32, is found to strongly hybridize to the probe.
pEPO32 is isolated, digested with several restriction endonucleases, and hybridized with
the approximately 1.6 kb Pstl — Sall probe. A Hindlll - EcoRV fragment of about 13 kb in
size is found to strongly hybridize to the probe, and is subcloned into pBluescript Il SK-
digested with Hindlll and Hincll to yield pEPO32-HEV15.

Oligonucleotide primers are designed based on the downstream end sequence of
pEPO15-NH2 and on the upstream (Hindlll) end sequence derived from pEPO32-HEV15,
and used in sequencing reactions with pEPO4E7-N9-8 as the template. The sequences
reveal the existence of a small Hindlll fragment (EPO4E7-H0.02) of 24 bp, undetectable in
standard restriction analysis, separating the Hindlll site at the downstream end of pEPO15-
NH2 from the Hindlll site at the upstream end of pEPO32-HEV15.

Thus, the subclone contig described in Example 9 is extended to include the Hindlll
fragment EPO4E7-H0.02 and the insert of pEPO32-HEV15, and constitutes the inserts of:
pEPO15-NH6, pEPO15-H2.7, pEPO15-NH24, pEPO15-NH2, EPO4E7-H0.02 and pEPO32-
HEV15, in this order.

Example 11: Nucleotide Sequence Determination of the Subclone Contig Covering the

Epothilone Biosynthesis Genes

The nucleotide sequence of the subclone contig described in Example 10 is
determined as follows.

pEPO15-H2.7. Plasmid DNA is isolated from the strain Escherichia coli DH10B
[PEPO15-H2.7], and the nucleotide sequence of the 2.7-kb BamHlI insert in pEPO15-H2.7 is
determined. Automated DNA sequencing is done on the double-stranded DNA template by
the dideoxynucleotide chain termination method, using Applied Biosystems model 377
sequencers. The primers used are the universal reverse primer (6' GGA AAC AGC TAT
GAC CAT G 3 (SEQ ID NO:24)) and the universal forward primer (5° GTA AAA CGA CGG
CCA GT 3' (SEQ ID NO:25)). In subsequent rounds of sequencing reactions, custom-
synthesized oligonucleotides, designed for the 3' ends of the previously determined

sequences, are used to extend and join contigs.

i,
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pEPO15-NH6, pEPO15-NH24 and pEPO15-NH2. The Hindlll inserts of these plas- .
mids are isolated, and subjected to random fragmentation using a Hydroshear apparatus
(Genomic Instrumentation Services, Inc.) to yield an average fragment size of 1-2 kb. The
fragments are end-repaired using T4 DNA Polymerase and Klenow DNA Polymerase en-
zymes in the presence of desoxynucleotide triphosphates, and phosphorylated with T4 DNA
Kinase in the presence of ribo-ATP. Fragments in the size range of 1.5-2.2 kb are isolated
from agarose gels, and ligated into pBluescript Il SK- that has been cut with EcoRV and de-
phosphorylated. Random subclones are sequenced using the universal reverse and the
universal forward primers.

pEPO32-HEV15. pEPO32-HEV15 is digested with Hindlll and Sspl, the approxima-
tely 13.3 kb fragment containing the ~13 kb Hindlll — EcoRV insert from So. cellulosum So
ce90 and a 0.3 kb Hincll — Sspl fragment from pBluescript Il SK- is isolated, and partially
digested with Haelll to yield fragments with an average size of 1-2 kb. Fragments in the size
range of 1.5-2.2 kb are isolated from agarose gels, and ligated into pBluescript Il SK- that
has been cut with EcoRV and dephosphorylated. Random subclones are sequenced using
the universal reverse and the universal forward primers.

The chromatograms are analyzed and assembled into contigs with the Phred, Phrap
and Consed programs (Ewing, et al, Genome Res. 8(3): 175-185 (1998); Ewing, et al.,
Genome Res. 8(3): 186-194 (1998); Gordon, et al., Genome Res. 8(3): 195-202 (1998)).
Contig gaps are filled, sequence discrepancies are resolved, and low-quality regions are
resequenced using custom-designed oligonucleotide primers for sequencing on either the
original subclones or selected clones from the random subclone libraries. Both strands are
completely sequenced, and every basepair is covered with at least a minimum aggregated
Phred score of 40 (confidence level of 99.99%).

The nucleotide sequence of the 68750 bp contig is shown as SEQ ID NO:1.
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Example 12: Nucleotide Sequence Analysis of the Epothilone Biosynthesis Genes .

SEQ ID NO:1 is found to contain 22 ORFs as detaiied below in Table 1:

Table 1
ORF Start codon | Stop codon | Homology of deduced protein Proposed function of deduced protein
orfl outside of 1826
sequenced
range
orf2 * 3171 1900 Hypothetical protein SP: Q11037,
DD-peptidase SP:P15555
orf3 3415 5556 Na/H antiporter PID: D1017724 | Transport
orf4 * | 5992 5612
orf5 6226 6675
epoA 7610 11875 Type 1 polyketide synthase Epothilone synthase: Thiazole ring
formation
epoP 11872 16104 Non-ribosomal peptide synthetase | Epothilone synthase: Thiazole nng
formation
epoB 16251 21749 Type 1 polyketide synthase Epothilone synthase: Polyketide
backbone formation
epoC 21746 43519 Type I polyketide synthase Epothilone synthase: Polyketide
backbone formation
epoD 43524 54920 Type I polyketide synthase Epothitone synthase: Polyketide
backbone formation
epoE 54935 62254 Type I polyketide synthase Epothilone synthase: Polykenide
backbone formation
epoF 62369 63628 Cytochrome P450 Epothilone macrolactone oxidase
orfé 63779 64333
orfl * | 64290 63853
orf8 64363 64920
orQ* | 64727 64287
orf10 65063 65767
orfll * | 65874 65008
orfl2 * | 66338 65871
orfl3 66667 67137
orfl4 67334 68251 Hypothetical protein G1:3293544; | Transport
Cation efflux system protein
GI:2623026
orfl5 68346 outside of
sequenced
range

* On the reverse complementer strand. Numbering according to SEQ ID NO:1.

epoA (nucleotides 7610-11875 of SEQ ID NO:1) codes for EPOS A (SEQ ID NO:2), a

type | polyketide synthase consisting of a single module, and harboring the following do-
mains: B-ketoacyl-synthase (KS) (nucleotides 7643-8920 of SEQ ID NO:1, amino acids 11-
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437 of SEQ ID NO:2); acyltransterase (AT) (nuclectides 9236-10201 of SEQ ID NO:1, .
amino acids 543-864 of SEQ ID NO:2); enoyl reductase (ER) (nucleotides 10529-11428 of
SEQ ID NO:1, amino acids 974-1273 of SEQ ID NO:2); and acyl carrier protein homologous
domain (ACP) (nucleotides 11549-11764 of SEQ ID NO:1, amino acids 1314-1385 of SEQ

ID NO:2). Sequence comparisons and motif analysis (Haydock, et al. FEBS Lett. 374; 246-

248 (1995); Tang, et al., Gene 216: 255-265 (1998)) reveal that the AT encoded by EPOS

A is specific for malonyl-CoA. EPOS A should be involved in the initiation of epothilone bio-

synthesis by loading the acetate unit to the multienzyme complex that will eventually form

part of the 2-methylthiazole ring (C26 and C20).

epoP (nucleotides 11872-16104 of SEQ ID NO:1) codes for EPOS P (SEQ ID NO:3),

a non-ribosomal peptide synthetase containing one module. EPOS P harbors the following

domains:

. peptide bond formation domain, as delineated by motif K (amino acids 72-81
[FPLTDIQESY] of SEQ ID NO:3, corresponding to nucleotide positions 12085-12114 of
SEQ ID NO:1); matif L (amino acids 118-125 [VVARHDML] of SEQ ID NO:3, correspon-
ding to nucleotide positions 12223-12246 of SEQ ID NO:1); motif M (amino acids 199-
212 [SIDLINVDLGSLSI] of SEQ ID NO:3, corresponding to nucleotide positions 12466-
12507 of SEQ ID NO:1); and motif O (amino acids 353-363 [GDFTSMVLLDI] of SEQID
NO:3, corresponding to nucleotide positions 12928-12960 of SEQ ID NO:1);

. aminoacyl adenylate formation domain, as delineated by motif A (amino acids 549-
565 [LTYEELSRRSRRLGARL] of SEQ ID NO:3, corresponding to nucleotide positions
13516-13566 of SEQ ID NO:1); motif B (amino acids 588-603 [VAVLAVLESGAAYVPI] of
SEQ ID NO:3, corresponding to nucleotide positions 13633-13680 of SEQ ID NO:1);
motif C (amino acids 669-684 [AYVIYTSGSTGLPKGV] of SEQ ID NO:3, corresponding
to nucleotide positions 13876-13923 of SEQ ID NO:1); motif D (amino acids 815-821
[SLGGATE] of SEQ ID NO:3, corresponding to nucleotide positions 14313-14334 of
SEQ ID NO:1); motif E (amino acids 868-892 [GQLYIGGVGLALGYWRDEEKTRKSF] of
SEQ ID NO:3, corresponding to nucleotide positions 14473-14547 of SEQ ID NO:1);
motif F (amino acids 903-912 [YKTGDLGRYL] of SEQ ID NO:3, corresponding to nucle-
otide positions 14578-14607 of SEQ ID NO:1); motif G (amino acids 918-940
[EFMGREDNQIKLRGYRVELGEIE] of SEQ ID NO:3, corresponding to nucleotide
positions 14623-14692 of SEQ ID NO:1); motif H (amino acids 1268-1274 [LPEYMVP] of
SEQ ID NO:3, corresponding to nucleotide positions 15673-15693 of SEQ ID NO:1); and
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motif | (amino acids 1285-1297 [LTSNGKVDRKALR] of SEQ ID NO:3, correspondingto -
nucleotide positions 15724-15762 of SEQ ID NO:1);

. an unknown domain, inserted between motifs G and H of the aminoacy! adenylate
formation domain (amino acids 973-1256 of SEQ ID NO:3, corresponding to nucleotide
positions 14788-15639 of SEQ ID NO:1); and

. a peptidyl carrier protein homologous domain (PCP), delineated by motif J (amino
acids 1344-1351 [GATSIHIV] of SEQ ID NO:3, corresponding to nucleotide positions
15901-15924 of SEQ ID NO:1).

It is proposed that EPOS P is involved in the activation of a cysteine by adenylation, binding

the activated cysteine as an aminoacyl-S-PCP, forming a peptide bond between the en-

zyme-bound cysteine and the acetyl-S-ACP supplied by EPOS A, and the formation of the

initial thiazoline ring by intramolecular heterocyclization. The unknown domain of EPOS P

displays very weak homologies to NAD(P)H oxidases and reductases from Bacillus species.

Thus, this unknown domain and/or the ER domain of EPOS A may be involved in the oxida-

tion of the initial 2-methylthiazoline ring to a 2-methylthiazole.

epoB (nucleotides 16251-21749 of SEQ ID NO:1) codes for EPOS B (SEQ ID NO:4),

a type | polyketide synthase consisting of a single module, and harboring the following do-

mains: KS (nucleotides 16269-17546 of SEQ ID NO:1, amino acids 7-432 of SEQ ID NO:4);

AT (nucleotides 17865-18827 of SEQ ID NO:1, amino acids 539-859 of SEQ ID NO:4);

dehydratase (DH) (nucleotides 18855-19361 of SEQ ID NO:1, amino acids 869-1037 of

SEQ ID NO:4); B-ketoreductase (KR) (nucleotides 20565-21302 of SEQ ID NO:1, amino

acids 1439-1684 of SEQ ID NO:4); and ACP (nucleotides 21414-21626 of SEQ ID NO:1,

amino acids 1722-1792 of SEQ ID NO:4). Sequence comparisons and motif analysis reveal
that the AT encoded by EPOS B is specific for methylmalonyl-CoA. EPOS A should be in-
volved in the first polyketide chain extension by catalysing the Claisen-like condensation of
the 2-methyl-4-thiazolecarboxy!-S-PCP starter group with the methylmalonyl-S-ACP, and
the concomitant reduction of the b-keto group of C17 to an enoyl.

epoC (nucleotides 21746-43519 of SEQ ID NO:1) codes for EPOS C (SEQ ID NO:5),

a type | polyketide synthase consisting of 4 modules. The first module harbors a KS (nucle-

otides 21860-23116 of SEQ ID NO:1, amino acids 39-457 of SEQ ID NO:5); a malonyl CoA-

specific AT (nucleotides 23431-24397 of SEQ ID NO:1, amino acids 5663-884 of SEQ ID

NO:5); a KR (nucleotides 25184-25942 of SEQ ID NO:1, amino acids 1147-1399 of SEQ ID

NO:5); and an ACP (nucleotides 26045-26263 of SEQ ID NO:1, amino acids 1434-1506 of
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SEQ ID NO:5). This module incorporates an acetate extender unit (C14-C13) and reduces
the B-keto group at C15 to the hydroxyl group that takes part in the final lactonization of the
epothilone macrolactone ring. The second module of EPOS C harbors a KS (nucleotides
26318-27595 of SEQ ID NO:1, amino acids 1524-1950 of SEQ ID NO:5); a malony! CoA-
specific AT (nucleotides 27911-28876 of SEQ ID NO:1, amino acids 2056-2377 of SEQ ID
NO:5); a KR (nucleotides 29678-30429 of SEQ ID NO:1, amino acids 2645-2895 of SEQ ID
NO:5); and an ACP (nucleotides 30539-30759 of SEQ ID NO:1, amino acids 2932-3005 of
SEQ ID NO:5). This module incorporates an acetate extender unit (C12-C11) and reduces
the B-keto group at C13 to a hydroxyl group. Thus, the nascent polyketide chain of epothi-
lone corresponds to epothilone A, and the incorporation of the methyl side chain at C12 in
epothilone B would require a post-PKS C-methyltransferase activity. The formation of the
epoxi ring at C13-C12 would also require a post-PKS oxidation step. The third module of
EPOS C harbors a KS (nucleotides 30815-32092 of SEQ ID NO:1, amino acids 3024-3449
of SEQ ID NO:5); a malonyl CoA-specific AT (nucleotides 32408-33373 of SEQ ID NO:1,
amino acids 3555-3876 of SEQ ID NO:5); a DH (nucleotides 33401-33889 of SEQ ID NO:1,
amino acids 3886-4048 of SEQ ID NO:5); an ER (nucleotides 35042-35902 of SEQ ID
NO:1, amino acids 4433-4719 of SEQ ID NO:5); a KR (nucleotides 35930-36667 of SEQ ID
NO:1, amino acids 4729-4974 of SEQ ID NO:;5); and an ACP (nucleotides 36773-36991 of
SEQ ID NO:1, amino acids 5010-5082 of SEQ ID NO:5). This module incorporates an ace-
tate extender unit (C10-C9) and fully reduces the p-keto group at C11. The fourth module
of EPOS C harbors a KS (nucleotides 37052-38320 of SEQ ID NO:1, amino acids 5103-
5525 of SEQ ID NO:5); a methylmalonyl CoA-specific AT (nucleotides 38636-39598 of SEQ
ID NO:1, amino acids 5631-5951 of SEQ ID NO:5); a DH (nucleotides 39635-40141 of SEQ
ID NO:1, amino acids 5964-6132 of SEQ ID NO:5); an ER (nucleotides 41369-42256 of
SEQ ID NO:1, amino acids 6542-6837 of SEQ ID NO:5); a KR (nucleotides 42314-43048 of
SEQ ID NO:1, amino acids 6857-7101 of SEQ ID NO:5); and an ACP (nucleotides 43163-
43378 of SEQ ID NO:1, amino acids 7140-7211 of SEQ ID NO:5). This module incorporates
a propionate extender unit (C24 and C8-C7) and fully reduces the B-keto group at C9.
epoD (nucleotides 43524-54920 of SEQ ID NO:1) codes for EPOS D (SEQ ID NO:6),
a type | polyketide synthase consisting of 2 modules. The first module harbors a KS
(nucleotides 43626-44885 of SEQ ID NO:1, amino acids 35-454 of SEQ ID NO:6); a
methylmalonyl CoA-specific AT (nucleotides 45204-46166 of SEQ ID NO:1, amino acids
561-881 of SEQ ID NO:6); a KR (nucleotides 46950-47702 of SEQ ID NQ:1, amino acids

02
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1143-1393 of SEQ ID NO:6); and an ACP (nucleotides 47811-48032 of SEQ ID NO:1, ami- -
no acids 1430-1503 of SEQ ID NO:6). This module incorporates a propionate extender unit
(C23 and C6-C5) and reduces the f-keto group at C7 to a hydoxy! group. The second mo-
dule harbors a KS (nucleotides 48087-49361 of SEQ ID NO:1, amino acids 1522-1946 of
SEQ ID NO: 6); a methylmalonyl CoA-specific AT (nucleotides 49680-50642 of SEQ ID
NO:1, amino acids 2053-2373 of SEQ ID NO:6); a DH (nucleotides 50670-51176 of SEQ ID
NO:1, amino acids 2383-2551 of SEQ ID NO:6); a methyltransferase (MT, nucleotides
51534-52657 of SEQ ID NO:1, amino acids 2671-3045 of SEQ ID NO:6); a KR (nucleotides
53697-54431 of SEQ ID NO:1, amino acids 3392-3636 of SEQ ID NO:6); and an ACP
(nucleotides 54540-54758 of SEQ ID NO:1, amino acids 3673-3745 of SEQ ID NO:6). This
module incorporates a propionate extender unit (C21 or C22 and C4-C3) and reduces the
B-keto group at C5 to a hydoxyl group. This reduction is somewhat unexpected, since epo-
thilones contain a keto group at C5. Discrepancies of this kind between the deduced reduc-
tive capabilities of PKS modules and the redox state of the corresponding positions in the
final polyketide products have been, however, reported in the literature (see, for example,
Schwecke, et al., Proc. Natl. Acad. Sci. USA 92: 7839-7843 (1995) and Schupp, et al.,
FEMS Microbiology Letters 159: 201-207 (1998)). An important feature of epothilones is
the presence of gem-methyl side groups at C4 (C21 and C22). The second module of
EPOS D is predicted to incorporate a propionate unit into the growing polyketide chain,
providing one methyl side chain at C4. This module also contains a methyltransferase do-
main integrated into the PKS between the DH and the KR domains, in an arrangement simi-
lar to the one seen in the HMWP1 yersiniabactin synthase (Gehring, A.M., DeMoll, E.,
Fetherston, J.D., Mori, |., Mayhew, G.F., Blattner, F.R., Walsh, C.T., and Perry, R.D.: Iron
acquisition in plague: modular logic in enzymatic biogenesis of yersiniabactin by Yersinia
pestis. Chem. Biol. 5, 573-586, 1998). This MT domain in EPOS D is proposed to be
responsible for the incorporation of the second methyl side group (C21 or C22) at C4.

epoE (nucleotides 54935-62254 of SEQ ID NO:1) codes for EPOS E (SEQ ID NO:7),
a type | polyketide synthase consisting of one module, harboring a KS (nucleotides 55028-
56284 of SEQ ID NO:1, amino acids 32-450 of SEQ ID NO:7); a malonyl CoA-specific AT
(nucleotides 56600-57565 of SEQ ID NO:1, amino acids 556-877 of SEQ ID NO:7); a DH
(nucleotides 57593-58087 of SEQ ID NO:1, amino acids 887-1051 of SEQ ID NO:7); a pro-
bably nonfunctional ER (nucleotides 59366-60304 of SEQ ID NO:1, amino acids 1478-1790
of SEQ ID NO:7); a KR (nucleotides 60362-61099 of SEQ ID NO:1, amino acids 1810-2055
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of SEQ ID NO:7); an ACP (nuclectides 61211-61426 of SEQ ID NO:1, amino acids 2093-
2164 of SEQ ID NO:7); and a thioesterase (TE) (nucleotides 61427-62254 of SEQ ID NO:1,
amino acids 2165-2439 of SEQ ID NO:7). The ER domain in this module harbors an active

site motif with some highly unusual amino acid substitutions that probably render this do-

4

main inactive. The module incorporates an acetate extender unit (C2-C1), and reduces the
B-keto at C3 to an enoyl group. Epothilones contain a hydroxyl group at C3, so this reduc-
tion also appears to be excessive as discussed for the second module of EFOS D. The TE
domain of EPOS E takes part in the release and cyclization of the grown polyketide chain
via lactonization between the carboxyl group of C1 and the hydroxyl group of C15.

Five ORFs are detected upstream of epoA in the sequenced region. The partially se-
quenced orft has no homologues in the sequence databanks. The deduced protein pro-
duct (Orf 2, SEQ ID NO:10) of orf2 (nucleotides 3171-1900 on the reverse complement
strand of SEQ ID NO:1) shows strong similarities to hypothetical ORFs from Mycobacterium
and Streptomyces coelicolor, and more distant similarities to carboxypeptidases and DD-
peptidases of different bacteria. The deduced protein product of orf3 (nucleotides 3415-
5556 of SEQ ID NO:1), Orf 3 (SEQ ID NO:11), shows homologies to Na/H antiporters of
different bacteria. Orf 3 might take part in the export of epothilones from the producer
strain. orf4 and orf5 have no homologues in the sequence databanks.

Eleven ORFs are found downstream of epoE in the sequenced region. epoF (nucle-
otides 62369-63628 of SEQ ID NO:1) codes for EPOS F (SEQ ID NO:8), a deduced protein
with strong sequence similarities to cytochrome P450 oxygenases. EPOS F may take part
in the adjustment of the redox state of the carbons C12, C5, and/or C3. The deduced pro-
tein product of orf14 (nucleotides 67334-68251 of SEQ ID NO:1), Orf 14 (SEQ ID NO:22)
shows strong similarities to GI1:3293544, a hypothetic protein with no proposed function from
Streptomyces coelicolor, and also to GI:2654559, the human embrionic lung protein. Itis
also more distantly related to cation efflux system proteins like GI:2623026 from Methano-
bacterium thermoautotrophicum, so it might also take part in the export of epothilones from
the producing cells. The remaining ORFs (orf6-0rf13 and orf15) show no homologies to

entries in the sequence databanks.

Example 13: Recombinant Expression of Epothilone Biosynthesis Genes
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Epothilone synthase genes according to the present invention are expressed in hete-
rologous organisms for the purposes of epothilone production at greater quantities than can
be accomplished by fermentation of Sorangium cellulosum. A preferable host for hetero-
logous expression is Streptomyces, e.g. Streptomyces coelicolor, which natively produces
the polyketide actinorhodin. Techniques for recombinant PKS gene expression in this host
are described in McDaniel et al., Science 262: 1546-1550 (1993) and Kao et al., Science
265: 509-512 (1994). See also, Holmes et al.,, EMBO Journal 12(8): 3183-3191 (1993) and
Bibb et al.,, Gene 38: 215-226 (1985), as well as U.S. Patent Nos. 5,521,077, 5,672,491,
and 5,712,146, which are incorporated herein by reference.

According to one method, the heterologous host strain is engineered to contain a
chromosomal deletion of the actinorhodin (act) gene cluster. Expression plasmids contai-
ning the epothilone synthase genes of the invention are constructed by transferring DNA
from a temperature-sensitive donor plasmid to a recipient shuttle vector in £. coli (McDaniel
et al. (1993) and Kao et al. (1994)), such that the synthase genes are built-up by homolo-
gous recombination within the vector. Alternatively, the epothilone synthase gene cluster is
introduced into the vector by restriction fragment ligation. Following selection, e.g. as
described in Kao et al. (1994), DNA from the vector is introduced into the act-minus
Streptomyces coelicolor strain according to protocols set forth in Hopwood et al., Genetic
Manipulation of Streptomyces. A Laboratory Manual (John Innes Foundation, Norwich,
United Kingdom, 1985), incorporated herein by reference. The recombinant Streptomyces
strain is grown on R2YE medium (Hopwood et al. (1985)) and produces epothilones.
Alternatively, the epothilone synthase genes according to the present invention are ex-
pressed in other host organisms such as pseudomonads, Bacillus, yeast, insect cells and/or
E. coli. PKS and NRPS genes are preferably expressed in E. coli using the pT7-7 vector,
which uses the T7 promoter. See, Tabor et al., Proc. Natl. Acad. Sci. USA 82: 1074-1078
(1985). In another embodiment, the expression vectors pKK223-3 and pKK223-2 are used
to express PKS and NRPS genes in E. colj, either in transcriptional or translational fusion,
behind the tac or trc promoter. Expression of PKS and NRPS genes in heterologous hosts,
which do not naturaily have the phosphopantetheinyl (P-pant) transferases needed for post-
translational modification of PKS enzymes, requires the coexpression in the host of a P-
pant transferase, as described by Kealey et al., Proc. Natl. Acad. Sci. USA 95: 505-509
(1998).
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Example 14: Isolation of Epothilones from Producing Strains

Examples of cultivation, fermentation, and extraction procedures for polyketide isola-
tion, which are useful for extracting epothilones from both native and recombinant hosts ac-
cording to the present invention, are given in WO 93/10121, incorporated herein by referen-
ce, in Example 57 of U.S. Patent No. 5,639,949, in Gerth et al., J. Antibiotics 49: 560-563
(1996), and in Swiss patent application no. 396/98, tiled February 19, 1998, and U.S. patent
application no. 09/248,910 (that discloses also preferred mutant strains of Sorangium
cellulosum), both of which are incorporated herein by reference. The following are pro-
cedures that are useful for isolating epothilones from cultured Sorangium cellulosum strains
such as So ce90, and may also be used for the isolation of epothilone from recombinant

hosts.

A: Cultivation of epothilone-producing strains:

Strain; Sorangium cellulosum Soce-90 or a recombinant host strain

according to the present invention.

Preservation of the strain: In liquid N,.

Media: Precultures and intermediate cultures; G52
Main culture: 1B12
G52 Medium;
yeast extract, low in salt (BioSpringer, Maison Alfort, France) 2 g/l
MgSQ, (7 H;0) 1 g/
CaCl; (2 H0) 19/
soya meal defatted Soyamine 50T (Lucas Meyer, Hamburg,
Germany) 29/
potato starch Noredux A-150 (Blattmann, Waedenswil,
Switzerland) 8 g/l
glucose anhydrous 29/

EDTA-Fe(lil)-Na salt (8 g/l) 1 miA
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pH 7.4, corrected with KOH -
Sterilisation: 20 mins. 120 °C

1B12 Medium;

potato starch Noredux A-150 (Blattmann, Waedenswil,
Switzerland) 20 g/l
soya meal defatted Soyamine 50T (Lucas Meyer, Hamburg,
Germany) 11 g/l
EDTA-Fe(lll)-Na salt 8 mg/l

pH 7.8, corrected with KOH
Sterilisation: 20 mins. 120 °C

Addition of cyclodextrins and cyclodextrin derivatives:

Cyclodextrins (Fluka, Buchs, Switzerland, or Wacker Chemie,
Munich, Germany) in different concentrations are sterilised

separately and added to the 1B12 medium prior to seeding.

Cultivation: 1 ml of the suspension of Sorangium cellulosum Soce-90 from a liquid N, am-
poule is transferred to 10 ml of G52 medium (in a 50 mi Erlenmeyer flask) and incubated for
3 days at 180 rpm in an agitator at 30°C, 25 mm displacement. 5 ml of this culture is added
to 45 ml of G52 medium (in a 200 mi Erlenmeyer flask) and incubated for 3 days at 180 rpm
in an agitator at 30°C, 25 mm displacement. 50 ml of this culture is then added to 450 ml of
G52 medium (in a 2 litre Erlenmeyer flask) and incubated for 3 days at 180 rpm in an agi-
tator at 30°C, 50 mm displacement.

Maintenance culture: The culture is overseeded every 3-4 days, by adding 50 ml of culture

to 450 ml of G52 medium (in a 2 litre Erlenmeyer flask). All experiments and fermentations

are carried out by starting with this maintenance culture.

Tests in a flask:

() Preculture in an agitating flask:
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Starting with the 500 ml of maintenance culture, 1 x 450 ml of G52 medium are seeded with .
50 ml of the maintenance culture and incubated for 4 days at 180 rpm in an agitator at
30°C, 50 mm displacement.

(i) Main culture in the agitating flask:

40 ml of 1B12 medium plus 5 g/l 4-morpholine-propane-sulfonic acid (= MOPS) powder (in a
200 m! Erlenmeyer flask) are mixed with 5 mi of a 10x concentrated cyclodextrin solution,
seeded with 10 mi of precuiture and incubated for 5 days at 180 rpm in an agitator at 30°C,

50 mm displacement.

Fermentation: Fermentations are carried out on a scale of 10 litres, 100 litres and 500 litres.
20 litre and 100 litre fermentations serve as an intermediate culture step. Whereas the pre-
cultures and intermediate cultures are seeded as the maintenance culture 10% (v/v), the
main cultures are seeded with 20% (v/v) of the intermediate culture. Important: In contrast to
the agitating cultures, the ingredients of the media for the fermentation are calculated on
the final culture volume including the inoculum. If, for example, 18 litres of medium + 2 litres
of inoculum are combined, then substances for 20 litres are weighed in, but are only mixed
with 18 litres.

Preculture in an agitating flask:

Starting with the 500 ml maintenance culture, 4 x 450 ml of G52 medium (in a 2 litre Erlen-
meyer flask) are each seeded with 50 ml thereof, and incubated for 4 days at 180 rpm in an

agitator at 30°C, 50 mm displacement.

intermediate culture, 20 litres or 100 litres:

20 litres: 18 litres of G52 medium in a fermenter having a total volume of 30 litres are
seeded with 2 litres of the preculture. Cultivation lasts for 3-4 days, and the conditions are:
30°C, 250 rpm, 0.5 litres of air per litre liquid per min, 0.5 bars excess pressure, no pH
control.

100 litres: 90 litres of G52 medium in a fermenter having a total volume of 150 litres are
seeded with 10 litres of the 20 litre intermediate culture. Cultivation lasts for 3-4 days, and
the conditions are: 30°C, 150 rpm, 0.5 litres of air per litre liquid per min, 0.5 bars excess

pressure, no pH control.
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Main culture, 10 litres, 100 litres or 500 litres: .

10 litres: The media substances for 10 litres of 1B12 medium are sterilised in 7 litres of
water, then 1 litre of a sterile 10% 2-(hydroxypropyl) -B-cyclodextrin solution are added, and
seeded with 2 litres of a 20 litre intermediate cuiture. The duration of the main culture is 6-
7 days, and the conditions are: 30°C, 250 rpm, 0.5 litres of air per litre of liquid per min,
0.5 bars excess pressure, pH control with H,SO#/KOH to pH 7.6 +/- 0.5 (i.e. no control
between pH 7.1 and 8.1).

100 litres: The media substances for 100 litres of 1B12 medium are sterilised in 70 litres of
water, then 10 litres of a sterile 10% 2-(hydroxypropyl) -B-cyclodextrin solution are added,
and seeded with 20 litres of a 20 litre intermediate culture. The duration of the main culture
is 6-7 days, and the conditions are: 30°C, 200 rpm, 0.5 litres air per litre liquid per min.,

0.5 bars excess pressure, pH control with H,SO,/KOH to pH 7.6 +/- 0.5. The chain of

seeding for a 100 litre fermentation is shown schematically as follows:

maintenance culture (500mi)

G52 medium
intermediate
3 0,
<{_ |precultures 0% | culture (e.g. 20 1)
|_1_0_—T°_ (4 x 500 mi) G52 medium
G52 medium

20 %

maintenance culture
(500 ml) G52 medium main culture
(e.g. 100 1)

medium + HP-B-CD

500 litres: The media substances for 500 litres of 1B12 medium are sterilised in 350 litres of
water, then 50 litres of a sterile 10% 2-(hydroxypropyl) -B-cyclodextrin solution are added,
and seeded with 100 litres of a 100 litre intermediate culture. The duration of the main
culture is 6-7 days, and the conditions are: 30°C, 120 rpm, 0.5 litres air per litre liquid per
min., 0.5 bars excess pressure, pH control with H.SO~/KOH to pH 7.6 +/- 0.5.

Product analysis:
Preparation of the sample:
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50 mi samples are mixed with 2 ml of polystyrene resin Amberlite XAD16 (Rohm + Haas, p
Frankfurt, Germany) and shaken at 180 rpm for one hour at 30°C. The resin is

subsequently filtered using a 150 ym nylon sieve, washed with a little water and then added
together with the filter to a 15 ml Nunc tube.

Elution of the product from the resin:

10 ml of isopropanol (>99%) are added to the tube with the filter and the resin. Afterwards,

the sealed tube is shaken for 30 minutes at room temperature on a Rota-Mixer (Labinco BV,
Netherlands). Then, 2 ml of the liquid are centrifuged off and the supernatant is added

using a pipette to HPLC tubes.

HPLC analysis:

Column: Waters-Symetry C18, 100 x 4 mm, 3.5 um
WAT066220 + preliminary column 3.9 x 20 mm
WAT054225 )

Solvents: A:  0.02 % phosphoric acid
B:  Acetonitrile (HPLC-Quality)

Gradient: 41% B from O to 7 min.

100% B from 7.2 to 7.8 min.
41% B from 8 to 12 min.

Oven temp.: 30°C

Detection: 250 nm, UV-DAD detection

Injection vol.: 10 pl

Retention time: Epo A: 4.30 min Epo B: 5.38 min

B: Effect of the addition of cyclodextrin and cyclodextrin derivatives to the epothilone

concentrations attained.

Cyclodextrins are cyclic (a-1,4)-linked oligosaccharides of a-D-glucopyranose with a
relatively hydrophobic central cavity and a hydrophilic external surface area.

The following are distinguished in particular (the figures in parenthesis give the
number of glucose units per molecule): a-cyclodextrin (6), B-cyclodextrin (7), y- cyclodextrin
(8), 8-cyclodextrin (9), e- cyclodextrin (10), {-cyclodextrin (11), n-cyclodextrin (12), and 6-
cyclodextrin (13). Especially preferred are -cyclodextrin and in particular o-cyclodextrin, p-

cyclodextrin or y-cyclodextrin, or mixtures thereof.
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Cyclodextrin derivatives are primarily derivatives of the above-mentioned cyclodex- -
trins, especially of a-cyclodextrin, B-cyclodextrin or y-cyclodextrin, primarily those in which
one or more up to all of the hydroxy groups (3 per glucose radical) are etherified or este-
rified. Ethers are primarily alkyl ethers, especially lower alkyl, such as methyl or ethyl ether,
also propyl or butyl ether, the aryl-hydroxyalky! ethers, such as phenyl-hydroxy-lower-alkyl,
especially phenyl-hydroxyethyl ether; the hydroxyalky! ethers, in particular hydroxy-lower-
alkyl ethers, especially 2-hydroxyethyl, hydroxypropy! such as 2-hydroxypropy! or hydroxy-
butyl such as 2-hydroxybuty! ether; the carboxyalkyl ethers, in particular carboxy-lower-alkyl
ethers, especially carboxymethyl or carboxyethyl ether; derivatised carboxyalkyl ethers, in
particular derivatised carboxy-lower-alkyl ether in which the derivatised carboxy is etherified
or amidated carboxy (primarily aminocarbonyl, mono- or di-lower-alkyl-aminocarbonyl, mor-
pholino-, piperidino-, pyrrolidino- or piperazino-carbonyl, or alkyloxycarbonyl), in particular
lower alkoxycarbonyl-lower-alkyl ether, for example methyloxycarbonylpropyl ether or
ethyloxycarbonylpropyl ether; the sulfoalkyl ethers, in particular sulfo-lower-alkyl ethers,

especially sulfobutyl! ether; cyclodextrins in which one or more OH groups are etherified with
a radical of formula

-O-[alk-O-],-H
wherein alk is alkyl, especially lower alkyl, and n is a whole number from 2 to 12, especially
2 to 5, in particular 2 or 3; cyclodextrins in which one or more OH groups are etherified with

a radical of formula

Rl

| O
(Alk-0) Ak —X
7 Y

wherein R’ is hydrogen, hydroxy, -O-(alk-O),-H, -O-(alk(-R)-O-),-H or
-O-(alk(-R)-0-)s-alk-CO-Y; alk in all cases is alkyl, especially lower alkyl; m, n, p, q and z are
a whole number from 1 to 12, preferably 1 to 5, in particular 1 to 3; and Y is OR; or NR:R;,
wherein R,, R; and R; independently of one another, are hydrogen or lower alkyl, or R; and
Rj combined together with the linking nitrogen signify morpholino, piperidino, pyrrolidino or
piperazino;

or branched cyciodextrins, in which etherifications or acetals with other sugar molecules are
present, especially glucosyl-, diglucosyl- (Go-B-cyclodextrin), maltosyl- or dimaltosyl-
cyclodextrin, or N-acetylglucosaminyl-, glucosaminyl-, N-acetylgalactosaminyl- or
galactosaminyl-cyclodextrin.
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Esters are primarily alkanoy! esters, in particular lower alkanoyl esters, such as acetyl -
esters of cyclodextrins.

It is also possible to have cyclodextrins in which two or more different said ether and
ester groups are present at the same time.

Mixtures of two or more of the said cyclodextrins and/or cyclodextrin derivatives may
also exist.

Preference is given in particular to a-, - or y-cyclodextrins or the lower alkyl ethers
thereof, such as methyl-B-cyclddextrin or in particular 2,6-di-O-methyl-B-cyclodextrin, or in
particular the hydroxy lower alkyl ethers thereof, such as 2-hydroxypropyl-a-, 2-hydroxy-
propyl-B- or 2-hydroxypropyl-y-cyclodextrin.

The cyclodextrins or cyclodextrin derivatives are added to the culture medium
preferably in a concentration of 0.02 to 10, preferably 0.05 to 5, especially 0.1 to 4, for .
example 0.1 to 2 percent by weight (w/v).

Cyclodextrins or cyclodextrin derivatives are known or may be produced by known
processes (see for example US 3,459,731; US 4,383,992; US 4,535,152; US 4,659,696; EP
0094 157; EP 0 149 197; EP 0 197 571; EP 0 300 526; EP 0 320 032; EP 0 499 322; EP 0O
503 710; EP 0 818 469; WO 90/12035; WO 91/11200; WO 93/19061; WO 95/08993; WO
96/14090; GB 2,189,245; DE 3,118,218; DE 3,317,064 and the references mentioned the-
rein, which also refer to the synthesis of cyclodextrins or cyclodextrin derivatives, or also: T.
Loftsson and M.E. Brewster (1996): Pharmaceutical Applications of Cyclodextrins: Drug
Solubilization and Stabilisation: Journal of Pharmaceutical Science 85 (10):1017-1025; R.A.
Rajewski and V.J. Stella(1996): Pharmaceutical Applications of Cyclodextrins: In Vivo Drug
Delivery: Journal of Pharmaceutical Science 85 (11): 1142-1169).

All the cyclodextrin derivatives tested here are obtainable from the company Fluka,
Buchs, CH. The tests are carried out in 200 mi agitating flasks with 50 mi culture volume. As
controls, flasks with adsorber resin Amberlite XAD-16 (Rohm & Haas, Frankfurt, Germany)
and without any adsorber addition are used. After incubation for 5 days, the following
epothilone titres can be determined by HPLC:

Table 2:

Addition order Conc |Epo A[mg/]| Epo B [mg/l]
No. [%ewiv)'

Amberlite XAD-16 (v/v) 2.0 (%Viv) 9.2 3.8
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2-hydroxypropyl-p-cyclodextrin 56332 0.1 2.7 1.7
2-hydroxypropyl-p-cyclodextrin “ 0.5 4.7 3.3
2-hydroxypropyl-f-cyciodextrin " 1.0 4.7 3.4
2-hydroxypropyl-B-cyclodextrin “ 2.0 4.7 4.1
2-hydroxypropyl-B-cyclodextrin “ 5.0 1.7 0.5
2-hydroxypropyl- a-cyclodextrin 56330 0.5 1.2 1.2
2-hydroxypropyl- a-cyclodextrin “ 1.0 1.2 1.2
2-hydroxypropyl- a-cyclodextrin * 5.0 2.5 2.3
B-cyclodextrin 28707 0.1 1.6 1.3

B-cyclodextrin : 0.5 3.6 2.5 )
B-cyclodextrin “ 1.0 4.8 3.7
B-cyclodextrin “ 2.0 4.8 29
B-cyclodextrin “ 5.0 1.1 0.4
methyl-B-cyclodextrin 66292 0.5 0.8 <0.3
methyl-B-cyclodextrin “ 1.0 <0.3 <0.3
methyl-B-cyclodextrin “ 2.0 <0.3 <0.3
2,6 di-o-methyl-B-cyclodextrin 39915 1.0 <0.3 <0.3
2-hydroxypropyl-y-cyclodextrin 56334 0.1 0.3 <0.3
2-hydroxypropyl-y-cyclodextrin “ 0.5 0.9 0.8
2-hydroxypropyl-y-cyclodextrin “ 1.0 1.1 0.7
2-hydroxypropyl-y-cyclodextrin “ 2.0 2.6 0.7
2-hydroxypropyl-y-cyclodextrin “ 5.0 5.0 1.1
no addition 0.5 0.5

') Apart from Amberlite (%v/v), all percentages are by weight (Yow/v).

Few of the cyclodextrins tested (2,6-di-o-methyl-B-cyclodextrin, methyl-B-cyclodextrin)

display no effect or a negative effect on epothilone production at the concentrations used.

1-2% 2-hydroxy-propyl-B-cyclodextrin and B-cyclodextrin increase epothilone production in

the examples by 6 to 8 times compared with production using no cyclodextrins.
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C: 10 litre fermentation with 1% 2-(hydroxypropyl)-8-cyclodextrin):

Fermentation is carried out in a 15 litre glass fermenter. The medium contains 10 g/l of

2-(hydroxypropyl)-B-cyclodextrin from Wacker Chemie, Munich, Germany. The progress of

fermentation is illustrated in Table 3. Fermentation is ended after 6 days and working up

takes place.
Table 3: Progress of a 10 litre fermentation
duration of culture [d] |Epothilone A [mg/l] [Epothilone B [mg/l]
0 0] 0
1 0] 0
2 0.5 0.3 -
3 1.8 2.5
4 3.0 5.1
5 3.7 5.9
6 3.6 5.7

D: 100 litre fermentation with 1% 2-(hydroxypropyl)-B-cyclodextrin):

Fermentation is carried out in a 150 litre fermenter. The medium contains 10 g/l of 2-
(Hydroxypropyl)-B-cyclodextrin. The progress of fermentation is illustrated in Table 4. The
fermentation is harvested after 7 days and worked up.

Table 4: Progress of a 100 litre fermentation

duration of Epothilone A Epothilone B
culture [d] [mg/1] [mg/l]

0 0 0

1 0 0

2 0.3 0
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3 0.9 1.1
4 1.5 2.3
5 1.6 3.3
6 1.8 3.7
7 1.8 3.5

E: 500 litre fermentation with 1% 2-(hydroxypropvyl)-B-cyclodextrin):

17 CeC 2002

Fermentation is carried out in a 750 litre fermenter. The medium contains 10 g/l of 2-

(Hydroxypropyl)-B-cyclodextrin. The progress of fermentation is illustrated in Table 5. The

fermentation is harvested after 7 days and worked up.

Table 5: Progress of a 500 litre fermentation

duration of culture [d] | Epothilone A | Epothilone B [mg/l}
[mag/1]
0 0 0
1 0 0
2 0 0
3 0.6 0.6
4 1.7 2.2
5 3.1 45
6 3.1 5.1

F: Comparison example 10 litre fermentation without adding an adsorber:

Fermentation is carried out in a 15 litre glass fermenter. The medium does not contain

any cyclodextrin or other adsorber. The progress of fermentation is illustrated in Table 6.

The fermentation is not harvested and worked up.

Table 6; Progress of a 10 litre fermentation without adsorber.



17 DEC 2002

-58 -
duration of culture [d] Epothilone A Epothilone B ’
img/) [ma/]
0 0 0
1 0 0
2 0 0
3 0 0
4 0.7 0.7
5 0.7 1.0
6 0.8 1.3

G: Working up of the epothilones: Isolation from a 500 litre main culture:

The volume of harvest from the 500 litre main culture of example 2D is 450 litres and
is separated using a Westfalia clarifying separator Type SA-20-06 (rpm = 6500) into the
liquid phase (centrifugate + rinsing water = 650 litres) and solid phase (cells = ca. 15 kg).
The main part of the epothilones are found in the centrifugate, The centrifuged cell pulp
contains < 15% of the determined epothilone portion and is not further processed. The 650
litre centrifugate is then placed in a 4000 litre stirring vessel, mixed with 10 litres of
Amberlite XAD-16 (centrifugate:resin volume = 65:1) and stirred. After a period of contact of
ca. 2 hours, the resin is centrifuged away in a Heine overflow centrifuge (basket content
40 litres; rpm = 2800). The resin is discharged from the centrifuge and washed with
10-15 litres of deionised water. Desorption is effected by stirring the resin twice, each time
in portions with 30 litres of isopropanol in 30 litre glass stirring vessels tor 30 minutes.
Separation of the isopropanol phase from the resin takes place using a suction filter. The
isopropanol is then removed from the combined isopropanol phases by adding 15-20 litres
of water in a vacuum-operated circulating evaporator (Schmid-Verdampfer) and the
resulting water phase of ca. 10 litres is extracted 3x each time with 10 litres of ethyl acetate.
Extraction is effected in 30 litre glass stirring vessels. The ethyl acetate extract is
concentrated to 3-5 litres in a vacuum-operated circulating evaporator (Schmid-Verdampfer)
and afterwards concentrated to dryness in a rotary evaporator (Blchi type) under vacuum.
The result is an ethyl acetate extract of 50.2 g. The ethyl acetate extract is dissolved in
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500 mi of methanol, the insoluble portions filtered off using a folded filter, and the solution -
added to a 10 kg Sephadex LH 20 column (Pharmacia, Uppsala, Sweden) (column
diameter 20 cm, filling level ca. 1.2 m). Elution is effected with methanol as eluant.
Epothilone A and B is present predominantly in fractions 21-23 (at a fraction size of 1 litre).
These fractions are concentrated to dryness in a vacuum on a rotary evaporator (total
weight 9.0 g). These Sephadex peak fractions (9.0 g) are thereafter dissolved in 92 mi of
acetonitrile:-water:-methylene chloride = 50:40:2, the solution filtered through a folded filter
and added to a RP column (equipment Prepbar 200, Merck; 2. 0 kg LiChrospher RP-18
Merck, grain size 12um, column diameter 10 cm, filling level 42 cm; Merck, Darmstadt,
Germany). Elution is effected with acetonitrile:water = 3:7 (flow rate = 500 ml/min.; retention
time of epothilone A = ca. 51-59 mins.; retention time of epothilone B = ca. 60-69 mins.).
Fractionation is monitored with a UV detector at 250 nm. The fractions are concentrated to
dryness under vacuum on a Blchi-Rotavapor rotary evaporator. The weight of the
epothilone A peak fraction is 700 mg, and according to HPLC (external standard) it has a
content of 75.1%. That of the epothilone B peak fraction is 1980 mg, and the content
according to HPLC (external standard) is 86.6%. Finally, the epbthilone A fraction (700 mg)
is crystallised from 5§ ml of ethyl acetate:toluene = 2:3, and yields 170 mg of epothilone A
pure crystallisate [content according to HLPC (% of area) = 94.3%]. Crystallisation of the
epothilone B fraction (1980 mg) is effected from 18 ml of methanol and yields 1440 mg of
epothilone B pure crystallisate [content according to HPLC (% of area) = 99.2%)]. m.p.
(Epothilone B): e.g. 124-125 °C; 'H-NMR data for Epothilone B:

500 MHz-NMR, solvent: DMSO-d6. Chemical displacement & in ppm relative to TMS. s =
singlet; d = doublet; m = multiplet

S (Multiplicity) Integral (number of H)
7.34 (s) 1
6.50 (s) 1
5.28 (d) 1
5.08 (d) 1
4.46 (d) 1

4.08 (m) 1
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3.47 (m) 1 ’
3.11 (m) 1
2.83 (dd) 1
2.64 (s) 3
2.36 (m) 2
2.09 (s) 3
2.04 (m) 1
1.83 (m) 1
1.61 (m) 1
1.47-1.24 (m) 4 )
1.18 (s) 6
1.13 (m) 2
1.06 (d) 3
0.89 (d + s, overlapping) 6

Example 15: Medical Uses of Recombinantly Produced Epothilones

Pharmaceutical preparations or compositions comprising epothilones are used for
example in the treatment of cancerous diseases, such as various human solid tumors.
Such anticancer formulations comprise, for example, an active amount of an epothilone
together with one or more organic or inorganic, liquid or solid, pharmaceutically suitable
carrier materials. Such formulations are delivered, for example, enterally, nasally, rectally,
orally, or parenterally, particularly intramuscularly or intravenously. The dosage of the
active ingredient is dependent upon the weight, age, and physical and pharmacokinetical
condition of the patient and is further dependent upon the method of delivery. Because
epothilones mimic the biological effects of taxol, epothilones may be substituted for taxoi in
compositions and methods utilizing taxol in the treatment of cancer. See, for example, U.S.
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Patent Nos. 5,496,804, 5,565,478, and 5,641,803, all of which are incorporated herein by .
reference.

For example, for treatments, epothilone B is supplied in individual 2 mi glass vials
formulated as 1 mg/1 ml of clear, colorless intravenous concentrate. The substance is
formulated in polyethylene glycol 300 (PEG 300) and diluted with 50 or 100 ml 0.9%

Sodium Chloride Injection, USP, to achieve the desired final concentration of the drug for
infusion. It is administered as a single 30-minute intravenous infusion every 21 days
(treatment three-weekly) for six cycles, or as a single 30-minute intravenous infusion every
7 days (weekly treatment).

Preterably, for weekly treatment, the dose is between about 0.1 and about 6,
preferably about 0.1 and about 5 mg/m?, more preferably about 0.1 and about 3 mg/m?,
even more preferably 0.1 and 1.7 mg/m?, most preferably about 0.3 and about 1 mg/m?; for
three-weekly treatment (treatment every three weeks or every third week) the dose is ]
between about 0.3 and about 18 mg/m?, preferably about 0.3 and about 15 mg/m?, more
preferably about 0.3 and about 12 mg/m?, even more preferably about 0.3 and about 7.5
mg/m?, still more preferably about 0.3 and about 5 mg/m?, most preferably about 1.0 and
about 3.0 mg/m®. This dose is preferably administered to the human by intravenous (i.v.)
administration during 2 to 180 min, preferably 2 to 120 min, more preferably during about 5

to about 30 min, most preferably during about 10 to about 30 min, e.g. during about 30 min.

While the present invention has been described with reference to specific
embodiments thereof, it will be appreciated that numerous variations, modifications, and
embodiments are possible, and accordingly, all such variations, modifications and
embodiments are to be regarded as being within the spirit and scope of the present

invention.
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What is claimed is:

1. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes
at least one polypeptide involved in the biosynthesis of epothilone, wherein the complement
of said nucleotide sequence hybridizes to a nucleotide sequence selected from the group
consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415-
5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-8920 of
SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ
ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID
NO:1, nucleotides 12085-12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1,
nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID NO:1,
nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID NO:1,
nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1,
nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID NO:1,
nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID NO:1,
nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID NO:1,
nucleotides 15901-15924 of SEQ ID NO:1, nucleotides 16251-21749 of SEQ 1D NO:1,
nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 17865-18827 of SEQ ID NO:1,
nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 20565-21302 of SEQ ID NO:1,
nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID NO:1,
nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1,
nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID NO:1,
nucleotides 26318-27595 of SEQ |D NO:1, nucleotides 27911-28876 of SEQ ID NO:1,
nucleotides 29678-30429 of SEQ |D NO:1, nucleotides 30539-30759 of SEQ ID NO:1,
nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID NO:1,
nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1,
nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID NO:1,
nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID NO:1,
nucleotides 39635-40141 of SEQ ID NO:1, nuclectides 41369-42256 of SEQ ID NO:1,
nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO:1,
nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID NO:1,
nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID NO:1,
nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID NO:1,
nucleotides 49680-50642 of SEQ ID NO:1, nucleotides 50670-51176 of SEQ ID NO:1,
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nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID NO:1, -
nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID NO:1,
nucleotides 55028-56284 of SEQ ID NO:1, nuclecotides 56600-57565 of SEQ ID NO:1,
nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID NO:1,
nucleotides 60362-61099 of SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID NO:1,
nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ 1D NO:1,
nucleotides 67334-68251 of SEQ ID NO:1, and nucleotides 1-68750 SEQ ID NO:1,

under conditions of hybridization at 7% sodium dodecyl sulfate (SDS), 0.5 M NaPQ, pH 7.0,

1 mM EDTA at 50°C and washing with 2X SSC, 1% SDS at 50°C.

2. An isolated nucleic acid molecule according to claim 1 comprising a nucleotide
sequence whose complement hybridizes to a nucleotide sequence selected from the group
consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1, nucleotides 3415-
5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1, nucleotides 7643-8920 of
SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1, nucleotides 10529-11428 of SEQ
ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1, nucleotides 11872-16104 of SEQ ID
NO:1, nucleotides 12085-12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1,
nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID NO:1,
nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID NO:1,
nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1,
nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID NO:1,
nucleotides 14623-14692 of SEQ ID NO:1, nucleotides 15673-15693 of SEQ ID NO:1,
nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID NO:1,
nucleotides 15901-15924 of SEQ ID NO:1, nucleotides 16251-21749 of SEQ ID NO:1,
nucleotides 16269-17546 of SEQ ID NO:1, nuclectides 17865-18827 of SEQ ID NO:1,
nucleotides 18855-19361 of SEQ ID NO:1, nucleotides 20565-21302 of SEQ ID NO:1,
nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 21746-43519 of SEQ ID NO:1,
nucleotides 21860-23116 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1,
nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID NO:1,
nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 27911-28876 of SEQ ID NO:1,
nucleotides 29678-30429 of SEQ ID NO:1, nucleotides 30539-30759 of SEQ ID NO:1,
nucleotides 30815-32092 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID NO:1,
nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 35042-35902 of SEQ ID NO:1,
nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID NO:1,
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nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 38636-39598 of SEQ ID NO:1,
nucleotides 39635-40141 of SEQ ID NO:1, nucleotides 41369-42256 of SEQ ID NO:1,
nucleotides 42314-43048 of SEQ ID NO:1, nucleotides 43163-43378 of SEQ ID NO:1,
nucleotides 43524-54920 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID NO:1,
nucleotides 45204-46166 of SEQ ID NO:1, nucleotides 46950-47702 of SEQ ID NO:1,
nucleotides 47811-48032 of SEQ ID NO:1, nucleotides 48087-49361 of SEQ ID NO:1,
nucleotides 49680-50642 of SEQ ID NO:1, nucleotides 50670-51176 of SEQ ID NO:1,
nucleotides 51534-52657 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID NO:1,
nucleotides 54540-54758 of SEQ ID NO:1, nucleotides 54935-62254 of SEQ ID NO:1,
nucleotides 55028-56284 of SEQ ID NO:1, nucleotides 56600-57565 of SEQ ID NO:1,
nucleotides 57593-58087 of SEQ ID NO:1, nucleotides 59366-60304 of SEQ ID NO:1,
nucleotides 60362-61099 of SEQ ID NO:1, nucleotides 61211-61426 of SEQ ID NO:1,
nucleotides 61427-62254 of SEQ ID NO:1, nucleotides 62369-63628 of SEQ 1D NO:1,
nucleotides 67334-68251 of SEQ ID NQO:1, and nucleotides 1-68750 SEQ ID NO:1,
under conditions of hybridization at 65°C for 36 hours and washing 3 times at high
stringency with 0.1X SSC and 0.5% SDS for 20 minutes at 65°C.

3. An isolated nucleic acid molecule comprising a nucleotide sequence that encodes
at least one polypeptide involved in the biosynthesis of epothilone, wherein said nucleotide
sequence has at least 60 percent sequence identity with a nucleotide sequence selected
from the group consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1,
nucleotides 3415-5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1,
nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1,
nucleotides 10529-11428 of SEQ ID NO:1, nucleotides 11549-11764 of SEQ |D NO:1,
nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1,
nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1,
nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1,
nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID NO:1,
nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID NO:1,
nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO:1,
nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1,
nucleotides 14788-15639 of SEQ ID NO:1, nucleotides 15901-15924 of SEQ ID NO:1,
nucleotides 16251-21749 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ 1D NO:1,
nucleotides 17865-18827 of SEQ ID NO:1, nucleotides 18855-19361 of SEQ ID NO:1,
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nucleotides 20565-21302 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1,
nucleotides 21746-43519 of SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1,
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 25184-25942 of SEQ ID NO:1,
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NO:1,
nucleotides 27911-28876 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1,
nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1,
nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 33401-33889 of SEQ |ID NO:1,
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ ID NO:1,
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1,
nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 41369-42256 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1,
nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 43524-54920 of SEQ ID NO:1,
nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1,
nucleotides 46950-47702 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ ID NO:1,
nucleotides 48087-49361 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID NO:1,
nucleotides 50670-51176 of SEQ ID NO:1, nucleotides 51534-52657 of SEQ ID NO:1,
nucleotides 53697-54431 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ 1D NO:1,
nucleotides 54935-62254 of SEQ ID NO:1, nucleotides 55028-56284 of SEQ ID NO:1,
nucleotides 56600-57565 of SEQ ID NO:1, nucleotides 57593-58087 of SEQ ID NO:1,
nucleotides 59366-60304 of SEQ ID NO:1, nucleotides 60362-61099 of SEQ ID NO:1,
nucleotides 61211-61426 of SEQ ID NO:1, nucleotides 61427-62254 of SEQ ID NO:1,
nucleotides 62369-63628 of SEQ ID NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and
nucleotides 1-68750 SEQ ID NO:1.

4. Anisolated nucleic acid molecule according to claim 3 comprising a nucleotide
sequence that has at least 80 percent sequence identity with a nucleotide sequence selected
from the group consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1,
nucleotides 3415-5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1,
nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1,
nucleotides 10529-11428 of SEQ ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1,
nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1,
nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1,
nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1,
nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID NO:1,
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nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID NO:1,
nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO:1,
nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1,
nucleotides 14788-15639 of SEQ ID NO:1, nucleotides 15901-15924 of SEQ ID NO:1,
nucleotides 16251-21749 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1,
nucleotides 17865-18827 of SEQ ID NO:1, nucleotides 18855-19361 of SEQ ID NO:1,
nucleotides 20565-21302 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1,
nucleotides 21746-43519 of SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1,
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 25184-25942 of SEQ ID NO:1,
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NO:1,
nucleotides 27911-28876 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1,
nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1,
nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 33401-33889 of SEQ ID NO:1,
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ |D NO:1,
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1,
nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 41369-42256 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1,
nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 43524-54920 of SEQ ID NO:1,
nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1,
nucleotides 46950-47702 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ |D NO:1,
nucleotides 48087-49361 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID NO:1,
nucleotides 50670-51176 of SEQ ID NO:1, nucleotides 51534-52657 of SEQ ID NO:1,
nucleotides 53697-54431 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ |D NO:1,
nucleotides 54935-62254 of SEQ ID NO:1, nucleotides 55028-56284 of SEQ ID NO:1,
nucleotides 56600-57565 of SEQ |D NO:1, nucleotides 57593-58087 of SEQ |D NO:1,
nucleotides 59366-60304 of SEQ |D NO:1, nucleotides 60362-61099 of SEQ ID NO:1,
nucleotides 61211-61426 of SEQ ID NO:1, nucleotides 61427-62254 of SEQ ID NO:1,
nucleotides 62369-63628 of SEQ ID NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and
nucleotides 1-68750 SEQ ID NO:1.

5. An isolated nucleic acid molecule according to claim 4 comprising a nucleotide
sequence that has at least 90 percent sequence identity with a nucleotide sequence selected
from the group consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1,
nucleotides 3415-5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1,
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nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 9236-10201 of SEQ ID NO:1,

nucleotides 10529-11428 of SEQ ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1,
nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1,
nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ |D NO:1,
hucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1,
nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID NO:1,
nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID NO:1,
nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO:1,
nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1,
nucleotides 14788-15639 of SEQ ID NO:1, nucleotides 15901-15924 of SEQ ID NO:1,
nucleotides 16251-21749 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1,
nucleotides 17865-18827 of SEQ ID NO:1, nucleotides 18855-19361 of SEQ ID NO:1,
nucleotides 20565-21302 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ |D NO:1,
nucleotides 21746-43519 of SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1,
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 25184-25942 of SEQ ID NO:1,
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NO:1,
nucleotides 27911-28876 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1,
nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1,
nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 33401-33889 of SEQ ID NO:1,
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ I|D NO:1,
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1,
nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 41369-42256 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1,
nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 43524-54920 of SEQ ID NO:1,
nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1,
hucleotides 46950-47702 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ ID NO:1,
nucleotides 48087-49361 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID NO:1,
nucleotides 50670-51176 of SEQ ID NO:1, nucleotides 51534-52657 of SEQ ID NO:1,
nucleotides 53697-54431 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID NO:1,
nucleotides 54935-62254 of SEQ ID NO:1, nucleotides 55028-56284 of SEQ ID NO:1,
nucleotides 56600-57565 of SEQ ID NO:1, nucleotides 57593-58087 of SEQ ID NO:1,
nucleotides 59366-60304 of SEQ ID NO:1, nucleotides 60362-61099 of SEQ ID NO:1,
nucleotides 61211-61426 of SEQ ID NO:1, nucleotides 61427-62254 of SEQ |D NO:1,
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nucleotides 62369-63628 of SEQ ID NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and
nhucleotides 1-68750 SEQ ID NO:1.

6. An isolated nucleic acid molecule according to claim 5 comprising a nucleotide
sequence that has at least 95 percent sequence identity with a nucleotide sequence selected
from the group consisting of: the complement of nucleotides 1900-3171 of SEQ ID NO:1,
nucleotides 3415-5556 of SEQ ID NO:1, nucleotides 7610-11875 of SEQ ID NO:1,
nucleotides 7643-8920 of SEQ |D NO:1, nucleotides 9236-10201 of SEQ ID NO:1,
nucleotides 10529-11428 of SEQ ID NO:1, nucleotides 11549-11764 of SEQ ID NO:1,
nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID NO:1,
nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1,
nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1,
nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID NO:1,
nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID NO:1,
nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO:1,
nuclectides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1,
nucleotides 14788-15639 of SEQ ID NO:1, nucleotides 15901-15924 of SEQ ID NO:1,
nucleotides 16251-21749 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1,
nucleotides 17865-18827 of SEQ ID NO:1, nucleotides 18855-19361 of SEQ ID NO:1,
nucleotides 20565-21302 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1,
nucleotides 21746-43519 of SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1,
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 25184-25942 of SEQ ID NO:1,
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NO:1,
nucleotides 27911-28876 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1,
nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1,
nucleotides 32408-33373 of SEQ ID NO:1, nucleotides 33401-33889 of SEQ ID NO:1,
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ ID NO:1,
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1,
nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 41369-42256 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ 1D NO:1,
nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 43524-54920 of SEQ ID NO:1,
nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1,
nucleotides 46950-47702 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ ID NO:1,
nucleotides 48087-49361 of SEQ ID NO:1, nuclecotides 49680-50642 of SEQ ID NO:1,
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nucleotides 50670-51176 of SEQ ID NO:1, nucleotides 51534-52657 of SEQ ID NO:1,
nucleotides 53697-54431 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID NO:1,
nucleotides 54935-62254 of SEQ ID NO:1, nucleotides 55028-56284 of SEQ ID NO:1,
nucleotides 56600-57565 of SEQ ID NO:1, nucleotides 57593-58087 of SEQ ID NO:1,
nucleotides 59366-60304 of SEQ ID NO:1, nucleotides 60362-61099 of SEQ ID NO:1,
nucleotides 61211-61426 of SEQ ID NO:1, nucleotides 61427-62254 of SEQ ID NO:1,
nucleotides 62369-63628 of SEQ ID NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and
nucleotides 1-68750 SEQ ID NO:1.

7. An isolated nucleic acid molecule according to claim 1 or 3 comprising a
nucleotide sequence that encodes a polypeptide which comprises an amino acid sequence
selected from the group consisting of: SEQ ID NO:2, amino acids 11-437 of SEQ ID NO:2,
amino acids 543-864 of SEQ ID NO:2, amino acids 974-1273 of SEQ ID NO:2, amino acids
1314-1385 of SEQ ID NO:2, SEQ ID NO:3, amino acids 72-81 of SEQ ID NO:3, amino acids
118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino acids 353-363 of
SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3,
amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids
868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of
SEQ iD NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID
NO:3, amino acids 973-1256 of SEQ ID NO:3, amino acids 1344-1351 of SEQ ID NO:3,
SEQ ID NO:4, amino acids 7-432 of SEQ ID NO:4, amino acids 539-859 of SEQ ID NO:4,
amino acids 869-1037 of SEQ ID NO:4, amino acids 1439-1684 of SEQ ID NO:4, amino
acids 1722-1792 of SEQ |D NO:4, SEQ ID NO:5, amino acids 39-457 of SEQ ID NO:5,
amino acids 563-884 of SEQ ID NO:5, amino acids 1147-1399 of SEQ ID NO:5, amino acids
1434-1506 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino acids 2056-
2377 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, amino acids 2932-3005 of
SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 3555-3876 of SEQ ID
NQ:5, amino acids 3886-4048 of SEQ ID NO:5, amino acids 4433-4719 of SEQ ID NO:5,
amino acids 4729-4974 of SEQ ID NO:5, amino acids 5010-5082 of SEQ |D NO:5, amino
acids 5103-5525 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino acids
5964-6132 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5, amino acids 6857-
7101 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, SEQ ID NO:6, amino acids
35-454 of SEQ 1D NO:6, amino acids 561-881 of SEQ ID NO:6, amino acids 1143-1393 of
SEQ ID NO:6, amino acids 1430-1503 of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID



17 CEC 0

-70 -

NO: 6, amino acids 2053-2373 of SEQ ID NO:6, amino acids 2383-2551 of SEQ ID NO:6,
amino acids 2671-3045 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, amino
acids 3673-3745 of SEQ ID NO:6, SEQ ID NO:7, amino acids 32-450 of SEQ ID NO:7,
amino acids 556-877 of SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7, amino acids
1478-1790 of SEQ ID NO:7, amino acids 1810-2055 of SEQ ID NO:7, amino acids 2093-
2164 of SEQ ID NO:7, amino acids 2165-2439 of SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:10, SEQ ID NO:11, and SEQ ID NO:22.

8. An isolated nucleic acid molecule according to claim 1 or 3 comprising a
nucleotide sequence selected from the group consisting of: the complement of nucleotides
1900-3171 of SEQ ID NO:1, nucleotides 3415-5556 of SEQ ID NO:1, nucleotides 7610-
11875 of SEQ ID NO:1, nucleotides 7643-8920 of SEQ ID NO:1, nucleotides 9236-10201 of
SEQ ID NO:1, nucleotides 10529-11428 of SEQ ID NO:1, nucleotides 11549-11764 of SEQ
ID NO:1, nucleotides 11872-16104 of SEQ ID NO:1, nucleotides 12085-12114 of SEQ ID
NO:1, nucleotides 12223-12246 of SEQ ID NO:1, nucleotides 12466-12507 of SEQ ID NO:1,
nucleotides 12928-12960 of SEQ ID NO:1, nucleotides 13516-13566 of SEQ ID NO:1,
nucleotides 13633-13680 of SEQ ID NO:1, nucleotides 13876-13923 of SEQ ID NO:1,
nucleotides 14313-14334 of SEQ ID NO:1, nucleotides 14473-14547 of SEQ ID NO:1,
nucleotides 14578-14607 of SEQ ID NO:1, nucleotides 14623-14692 of SEQ ID NO:1,
nucleotides 15673-15693 of SEQ ID NO:1, nucleotides 15724-15762 of SEQ ID NO:1,
nucleotides 14788-15639 of SEQ ID NO:1, nucleotides 15901-15924 of SEQ ID NO:1,
nucleotides 16251-21749 of SEQ ID NO:1, nucleotides 16269-17546 of SEQ ID NO:1,
nucleotides 17865-18827 of SEQ ID NO:1, nucleotides 18855-19361 of SEQ ID NO:1,
nucleotides 20565-21302 of SEQ ID NO:1, nucleotides 21414-21626 of SEQ ID NO:1,
nucleotides 21746-43519 of SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1,
nucleotides 23431-24397 of SEQ ID NO:1, nucleotides 25184-25942 of SEQ ID NO:1,
nucleotides 26045-26263 of SEQ ID NO:1, nucleotides 26318-27595 of SEQ ID NO:1,
nucleotides 27911-28876 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1,
nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1,
nucleotides 32408-33373 of SEQ 1D NO:1, nucleotides 33401-33889 of SEQ ID NO:1,
nucleotides 35042-35902 of SEQ ID NO:1, nucleotides 35930-36667 of SEQ ID NO:1,
nucleotides 36773-36991 of SEQ ID NO:1, nucleotides 37052-38320 of SEQ ID NO:1,
nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 41369-42256 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1,
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nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 43524-54920 of SEQ ID NO:1,
nucleotides 43626-44885 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1,
nucleotides 46950-47702 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ ID NO:1,
nucleotides 48087-49361 of SEQ ID NO:1, nucleotides 49680-50642 of SEQ ID NO:1,
nucleotides 50670-51176 of SEQ ID NO:1, nucleotides 51534-52657 of SEQ ID NO:1,
nucleotides 53697-54431 of SEQ ID NO:1, nucleotides 54540-54758 of SEQ ID NO:1,
nucleotides 54935-62254 of SEQ ID NO:1, nuclectides 55028-56284 of SEQ ID NO:1,
nucleotides 56600-57565 of SEQ ID NO:1, nucleotides 57593-58087 of SEQ ID NO:1,
nucleotides 59366-60304 of SEQ ID NO:1, nucleotides 60362-61099 of SEQ |D NO:1,
nucleotides 61211-61426 of SEQ ID NO:1, nucleotides 61427-62254 of SEQ ID NO:1,
nucleotides 62369-63628 of SEQ ID NO:1, nucleotides 67334-68251 of SEQ ID NO:1, and
nucleotides 1-68750 SEQ ID NO:1.

9. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises a 3-ketoacyl-synthase domain comprising an amino acid sequence
selected from the group consisting of: amino acids 11-437 of SEQ ID NO:2, amino acids 7-
432 of SEQ ID NO:4, amino acids 39-457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ
ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5,
amino acids 35-454 of SEQ ID NO:6, amino acids 1522-1946 of SEQ ID NO: 6, and amino
acids 32-450 of SEQ ID NO:7.

10. An isolated nucleic acid molecule according to claim 9, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 7643-8920 of SEQ ID NO:1,
nucleotides 16269-17546 of SEQ ID NO:1, nucleotides 21860-23116 of SEQ ID NO:1,
nucleotides 26318-27595 of SEQ ID NO:1, nucleotides 30815-32092 of SEQ ID NO:1,
nucleotides 37052-38320 of SEQ ID NO:1, nucleotides 43626-44885 of SEQ ID NO:1,
nucleotides 48087-49361 of SEQ ID NO:1, and nucleotides 55028-56284 of SEQ ID NO:1.

11. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises an acyltransferase domain comprising an amino acid sequence
selected from the group consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids
539-859 of SEQ ID NO:4, amino acids 563-884 of SEQ ID NO:5, amino acids 2056-2377 of
SEQ ID NO:5, amino acids 3555-3876 of SEQ ID NO:5, amino acids 5631-5951 of SEQ |ID
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NO:5, amino acids 561-881 of SEQ ID NO:6, amino acids 2053-2373 of SEQ ID NO:6, and ~
amino acids 556-877 of SEQ ID NO:7.

12. An isolated nucleic acid molecule according to claim 11, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 9236-10201 of SEQ ID NO:1,
nucleotides 17865-18827 of SEQ ID NO:1, nucleotides 23431-24397 of SEQ ID NO:1,
nucleotides 27911-28876 of SEQ ID NO:1, nucleotides 32408-33373 of SEQ ID NO:1,
nucleotides 38636-39598 of SEQ ID NO:1, nucleotides 45204-46166 of SEQ ID NO:1,
nucleotides 49680-50642 of SEQ ID NO:1, and nucleotides 56600-57565 of SEQ ID NO:1.

13. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises an enoyl reductase domain comprising an amino acid sequence
selected from the group consisting of: amino acids 974-1273 of SEQ |D NO:2, amino acids
4433-4719 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5, and amino acids
1478-1790 of SEQ ID NO:7.

14. An isolated nucleic acid molecule according to claim 13, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 10529-11428 of SEQ |D
NO:1, nucleotides 35042-35902 of SEQ 1D NO:1, nucleotides 41369-42256 of SEQ ID NO:1,
and nucleotides 59366-60304 of SEQ ID NO:1.

15. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises an acyl carrier protein domain comprising an amino acid sequence
selected from the group consisting of: amino acids 1314-1385 of SEQ ID NO:2, amino acids
1722-1792 of SEQ ID NO:4, amino acids 1434-1506 of SEQ ID NO:5, amino acids 2932-
3005 of SEQ ID NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino acids 7140-7211 of
SEQ ID NO:5, amino acids 1430-1503 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID
NO:6, and amino acids 2093-2164 of SEQ ID NO:7.

16. An isolated nucleic acid molecule according to claim 15, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 11549-11764 of SEQ ID
NO:1, nucleotides 21414-21626 of SEQ ID NO:1, nucleotides 26045-26263 of SEQ ID NO:1,
nucleotides 30539-30759 of SEQ ID NO:1, nucleotides 36773-36991 of SEQ ID NO:1,
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nucleotides 43163-43378 of SEQ ID NO:1, nucleotides 47811-48032 of SEQ ID NO:1, i’
nucleotides 54540-54758 of SEQ ID NO:1, and nucleotides 61211-61426 of SEQ ID NO:1.

17. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises a dehydratase domain comprising an amino acid sequence selected
from the group consisting of: amino acids 862-1037 of SEQ ID NO:4, amino acids 3886-
4048 of SEQ ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of
SEQ ID NO:6, and amino acids 887-1051 of SEQ ID NO:7.

18. An isolated nucleic acid molecule according to claim 17, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 18855-19361 of SEQ ID
NO:1, nucleotides 33401-33889 of SEQ ID NO:1, nucleotides 39635-40141 of SEQ ID NO:1,
nucleotides 50670-51176 of SEQ ID NO:1, and nucleotides 57593-58087 of SEQ ID NO:1.

19. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises a -ketoreductase domain comprising an amino acid sequence
selected from the group consisting of: amino acids 1439-1684 of SEQ |ID NO:4, amino acids
1147-1399 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, amino acids 4729-
4974 of SEQ ID NO:5, amino acids 6857-7101 of SEQ ID NO:5, amino acids 1143-1393 of
SEQ ID NO:6, amino acids 3392-3636 of SEQ ID NO:6, and amino acids 1810-2055 of SEQ
ID NO:7.

20. Anisolated nucleic acid molecule according to claim 19, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 20565-21302 of SEQ ID
NO:1, nucleotides 25184-25942 of SEQ ID NO:1, nucleotides 29678-30429 of SEQ ID NO:1,
nucleotides 35930-36667 of SEQ ID NO:1, nucleotides 42314-43048 of SEQ ID NO:1,
nucleotides 46950-47702 of SEQ ID NO:1, nucleotides 53697-54431 of SEQ ID NO:1, and
nucleotides 60362-61099 of SEQ ID NO:1.

21. Anisolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises a methyltransferase domain comprising amino acids 2671-3045 of
SEQ ID NO:6.
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22. An isolated nucleic acid molecule according to claim 21, wherein said nucleotide ~
sequence is nucleotides 51534-52657 of SEQ ID NO:1.

23. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises a thioesterase domain comprising amino acids 2165-2439 of SEQ ID
NO:7.

24. An isolated nucleic acid molecule according to claim 23, wherein said nucleotide
sequence is nucleotides 61427-62254 of SEQ ID NO:1.

25. An isolated nucleic acid molecule according to claim 1 or 3, wherein said
polypeptide comprises a non-ribosomal peptide synthetase comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:3, amino acids 72-81 of SEQ
ID NO:3, amino acids 118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3,
amino acids 353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids
588-603 of SEQ ID NQO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of
SEQ ID NO:3, amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3,
amino acids 918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino acids
1285-1297 of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, and amino acids 1344-
1351 of SEQ ID NO:3.

26. An isolated nucleic acid molecule according to claim 25, wherein said nucleotide
sequence is selected from the group consisting of: nucleotides 11872-16104 of SEQ ID
NO:1, nucleotides 12085-12114 of SEQ ID NO:1, nucleotides 12223-12246 of SEQ ID NO:1,
nucleotides 12466-12507 of SEQ ID NO:1, nucleotides 12928-12960 of SEQ ID NO:1,
nucleotides 13516-13566 of SEQ ID NO:1, nucleotides 13633-13680 of SEQ ID NO:1,
nucleotides 13876-13923 of SEQ ID NO:1, nucleotides 14313-14334 of SEQ ID NO:1,
nucleotides 14473-14547 of SEQ ID NO:1, nucleotides 14578-14607 of SEQ ID NO:1,
nucleotides 14623-14692 of SEQ ID NO:1, nuclectides 15673-15693 of SEQ ID NO:1,
nucleotides 15724-15762 of SEQ ID NO:1, nucleotides 14788-15639 of SEQ ID NO:1, and
nucleotides 15901-15924 of SEQ ID NO:1.

27. An isolated nucleic acid molecule according to any one of claims 1 to 26,

wherein said nucleotide sequence is isolated from a myxobacterium.
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An isolated nucleic acid molecule according to claim 27, wherein said

myxobacterium is Sorangium cellulosum.

29.

A chimeric gene comprising a heterologous promoter sequence operatively

linked to a nucleic acid molecule according to any one of claims 1 to 28.

30.

31.

32.

33.

34.

35.

to 28.

36.

37.
comprising:

A recombinant vector comprising a chimeric gene according to claim 29.

A recombinant host cell comprising a chimeric gene according to claim 29.

The recombinant host cell of claim 31, which is a bacteria.

The recombinant host cell of claim 32, which is an Actinomycete.

The recombinant host cell of claim 33, which is Streptomyces.

A Bac clone comprising a nucleic acid molecule according to any one of claims 1

The Bac clone of claim 35, which is pEPO15.

A method for heterologous expression of epothilone in a recombinant host,

(a) introducing a chimeric gene according to claim 29 into a host; and

(b) growing the host in conditions that allow biosynthesis of epcthilone in the host.

38.

A method for producing epothilone, comprising:

(a) expressing epothilone in a recombinant host by the method of claim 37; and

(b) extracting epothilone from the recombinant host.

39. An isolated polypeptide involved in the biosynthesis of epothilone, wherein said

polypeptide comprises an amino acid sequence that is at least 90% identical to an amino

acid sequence selected from the group consisting of: SEQ ID NO:2, amino acids 11-437 of
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SEQ ID NO:2, amino acids 543-864 of SEQ ID NO:2, amino acids 974-1273 of SEQ ID ’
NO:2, amino acids 1314-1385 of SEQ ID NO:2, SEQ ID NO:3, amino acids 72-81 of SEQ ID
NO:3, amino acids 118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino
acids 353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids 588-603
of SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ ID
NO:3, amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3, amino
acids 918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino acids 1285-
1297 of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, amino acids 1344-1351 of
SEQ ID NO:3, SEQ ID NO:4, amino acids 7-432 of SEQ ID NO:4, amino acids 539-859 of
SEQ ID NO:4, amino acids 869-1037 of SEQ ID NO:4, amino acids 1439-1684 of SEQ ID
NO:4, amino acids 1722-1792 of SEQ ID NO:4, SEQ ID NO:5, amino acids 39-457 of SEQ
ID NO:5, amino acids 563-884 of SEQ ID NO:5, amino acids 1147-1399 of SEQ ID NO:5,
amino acids 1434-1506 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino
acids 2056-2377 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, amino acids
2932-3005 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 3555-
3876 of SEQ ID NO:5, amino acids 3886-4048 of SEQ ID NO:5, amino acids 4433-4719 of
SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 5010-5082 of SEQ ID
NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5,
amino acids 5964-6132 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5, amino
acids 6857-7101 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, SEQ ID NO:6,
amino acids 35-454 of SEQ ID NO:6, amino acids 561-881 of SEQ ID NO:6, amino acids
1143-1393 of SEQ ID NO:6, amino acids 1430-1503 of SEQ D NQO:6, amino acids 1522-
1946 of SEQ ID NO: 6, amino acids 2053-2373 of SEQ ID NO:6, amino acids 2383-2551 of
SEQ ID NO:6, amino acids 2671-3045 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID
NO:6, amino acids 3673-3745 of SEQ 1D NO:6, SEQ ID NO:7, amino acids 32-450 of SEQ
ID NO:7, amino acids 556-877 of SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7,
amino acids 1478-1790 of SEQ ID NO:7, amino acids 1810-2055 of SEQ ID NO:7, amino
acids 2093-2164 of SEQ ID NO:7, amino acids 2165-2439 of SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:22.

40. An isolated polypeptide according to claim 39 comprising an amino acid
sequence selected from the group consisting of: SEQ ID NO:2, amino acids 11-437 of SEQ
ID NQO:2, amino acids 543-864 of SEQ 1D NO:2, amino acids 974-1273 of SEQ ID NO:2,
amino acids 1314-1385 of SEQ ID NO:2, SEQ ID NO:3, amino acids 72-81 of SEQ |D NO:3,
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amino acids 118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino acids
353-363 of SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids 588-603 of
SEQ ID NO:3, amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ |ID NO:3,
amino acids 868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3, amino acids
918-940 of SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino acids 1285-1297
of SEQ ID NO:3, amino acids 973-1256 of SEQ ID NO:3, amino acids 1344-1351 of SEQ ID
NO:3, SEQ ID NO:4, amino acids 7-432 of SEQ ID NO:4, amino acids 539-859 of SEQ ID
NO:4, amino acids 869-1037 of SEQ ID NO:4, amino acids 1439-1684 of SEQ ID NO:4,
amino acids 1722-1792 of SEQ ID NO:4, SEQ ID NO:5, amino acids 39-457 of SEQ ID
NO:5, amino acids 563-884 of SEQ ID NO:5, amino acids 1147-1399 of SEQ ID NO:5,
amino acids 1434-1506 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino
acids 2056-2377 of SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, amino acids
2932-3005 of SEQ ID NO:5, amino acids 3024-3449 of SEQ ID NO:5, amino acids 3555-
3876 of SEQ ID NO:5, amino acids 3886-4048 of SEQ ID NO:5, amino acids 4433-4719 of
SEQ ID NO:5, amino acids 4729-4974 of SEQ ID NO:5, amino acids 5010-5082 of SEQ ID
NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5,
amino acids 5964-6132 of SEQ ID NO:5, amino acids 6542-6837 of SEQ ID NO:5, amino
acids 6857-7101 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5, SEQ ID NO:6,
amino acids 35-454 of SEQ ID NO:6, amino acids 561-881 of SEQ ID NO:6, amino acids
1143-1393 of SEQ ID NO:86, amino acids 1430-1503 of SEQ ID NO:6, amino acids 1522-
1946 of SEQ ID NO: 6, amino acids 2053-2373 of SEQ ID NO:6, amino acids 2383-2551 of
SEQ ID NO:6, amino acids 2671-3045 of SEQ ID NO:6, amino acids 3392-3636 of SEQ ID
NO:6, amino acids 3673-3745 of SEQ ID NO:6, SEQ ID NO:7, amino acids 32-450 of SEQ
ID NO:7, amino acids 556-877 of SEQ ID NO:7, amino acids 887-1051 of SEQ ID NO:7,
amino acids 1478-1790 of SEQ ID NO:7, amino acids 1810-2055 of SEQ ID NO:7, amino
acids 2093-2164 of SEQ ID NO:7, amino acids 2165-2439 of SEQ ID NO:7, SEQ ID NO:8,
SEQ ID NO:10, SEQ ID NO:11, and SEQ ID NO:22.

41. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises a B-ketoacyl-synthase domain comprising an amino acid sequence selected from
the group consisting of: amino acids 11-437 of SEQ ID NO:2, amino acids 7-432 of SEQ ID
NO:4, amino acids 39-457 of SEQ ID NO:5, amino acids 1524-1950 of SEQ ID NO:5, amino
acids 3024-3449 of SEQ ID NO:5, amino acids 5103-5525 of SEQ ID NO:5, amino acids 35-
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454 of SEQ ID NO:6, amino acids 1522-1946 of SEQ 1D NO: 6, and amino acids 32-450 of
SEQ ID NO:7.

42. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises an acyltransferase domain comprising an amino acid sequence selected from the
group consisting of: amino acids 543-864 of SEQ ID NO:2, amino acids 539-859 of SEQ ID
NO:4, amino acids 563-884 of SEQ ID NQO:5, amino acids 2056-2377 of SEQ ID NQO:5,
amino acids 3555-3876 of SEQ ID NO:5, amino acids 5631-5951 of SEQ ID NO:5, amino
acids 561-881 of SEQ ID NO:6, amino acids 2053-2373 of SEQ ID NO:6, and amino acids
556-877 of SEQ ID NO:7.

43. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises an enoyl reductase domain comprising an amino acid sequence selected from the
group consisting of: amino acids 974-1273 of SEQ ID NO:2, amino acids 4433-4719 of SEQ
ID NO:5, amino acids 6542-6837 of SEQ ID NO:5, and amino acids 1478-1790 of SEQ ID
NO:7.

44. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises an acyl carrier protein domain comprising an amino acid sequence selected from
the group consisting of: amino acids 1314-1385 of SEQ ID NO:2, amino acids 1722-1792 of
SEQ ID NO:4, amino acids 1434-1506 of SEQ ID NO:5, amino acids 2932-3005 of SEQ ID
NO:5, amino acids 5010-5082 of SEQ ID NO:5, amino acids 7140-7211 of SEQ ID NO:5,
amino acids 1430-1503 of SEQ ID NO:6, amino acids 3673-3745 of SEQ ID NO:6, and
amino acids 2093-2164 of SEQ ID NO:7.

45. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises a dehydratase domain comprising an amino acid sequence selected from the
group consisting of: amino acids 869-1037 of SEQ ID NO:4, amino acids 3886-4048 of SEQ
ID NO:5, amino acids 5964-6132 of SEQ ID NO:5, amino acids 2383-2551 of SEQ ID NO:6,
and amino acids 887-1051 of SEQ ID NO:.7.

46. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises a B-ketoreductase domain comprising an amino acid sequence selected from the
group consisting of: amino acids 1439-1684 of SEQ ID NO:4, amino acids 1147-1399 of
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SEQ ID NO:5, amino acids 2645-2895 of SEQ ID NO:5, amino acids 4729-4974 of SEQ ID
NQ:5, amino acids 6857-7101 of SEQ ID NO:5, amino acids 1143-1393 of SEQ ID NO:86,
amino acids 3392-3636 of SEQ ID NO:6, and amino acids 1810-2055 of SEQ ID NO:7.

47. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises a methyltransferase domain comprising amino acids 2671-3045 of SEQ ID NO:6.

48. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises a thioesterase domain comprising amino acids 2165-2439 of SEQ ID NO:7.

49. An isolated polypeptide according to claim 39, wherein said polypeptide
comprises a non-ribosomal peptide synthetase comprising an amino acid sequence selected
from the group consisting of: SEQ ID NO:3, amino acids 72-81 of SEQ |D NO:3, amino acids
118-125 of SEQ ID NO:3, amino acids 199-212 of SEQ ID NO:3, amino acids 353-363 of
SEQ ID NO:3, amino acids 549-565 of SEQ ID NO:3, amino acids 588-603 of SEQ ID NO:3,
amino acids 669-684 of SEQ ID NO:3, amino acids 815-821 of SEQ ID NO:3, amino acids
868-892 of SEQ ID NO:3, amino acids 903-912 of SEQ ID NO:3, amino acids 918-940 of
SEQ ID NO:3, amino acids 1268-1274 of SEQ ID NO:3, amino acids 1285-1297 of SEQ ID
NO:3, amino acids 973-1256 of SEQ ID NO:3, and amino acids 1344-1351 of SEQ ID NO:3.

50. A recombinant host cell comprising a recombinantly expressed polypeptide

according to any one of claims 39 to 49.

51. The recombinant host cell of claim 50, which is a bacteria.

52. The recombinant host cell of claim 51, which is an Actinomycete.

53. The recombinant host cell of claim 52, which is Streptomyces.



<110>
<120>
<130>

<140>
<141>

<160> 30

<170>

<210> 1
<211>
<212>
<213>

DNA

<400> 1

aagcttcgcet
acggecgggce
cccteccgaga
gcgacctgac
atgcccgecag
cgctecgtecg
agcgcgagceg
cctgecttecge
cgatgtcgce
agctcgectg
atcccgecta
tcgeccgegge
tcgeetectg
tgtgggagcg
tcgagegege
tcgecggedgyay
tegtgaccga
ccggeccggat
cgcececteag
tgacggaagy
tccacgeteg
gcgcgeecctt
gtctccacga
ggtgcgagct
ccccgagecyg
tcaccctcaa
tcgacaagceg
acgtcgtgte
ggcacgtcga
tatgggaccg
gcatcctgac
ccggaccgag
gtagacgctg
catcacgatc
gtecccaccca
cccataacce
ggccggcegtyg
gcectegtge
cgacacgagc
ccecgtegega
cgcgaaccga
cgcgaggatg
caccecectge
cggcagcegte
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cgacgeccctce
cacggagcgg
gcacctcecgc
ggtggagctc
cctgaggeac
gtggctcgee
agcccgaacce
gccecgatetg
tgaagtcgcc
tgccgcgetg
cgagatgctg
ctcecgegecec
ggaggtcgta
gctccggacyg
cgaggcgatc
cgccggectg
cggagacgeca
ctecgeeggtce
ccagatgctc
cagccececte
cgggttcatg
cgtcgtecag
gcececgecgge
ttcggctgygc
cttcgegtac
tgcgacccac
caccggcgta
cgaggaccgg
gcacatccge
ccctgacatg
gctcgcccge
ctggcgaccee
cgccagaaac
ccgatcagect
tagcgececgg
cagccgtgceg
aggtgatcgg
acaccgecgt
ccggcggege
tccatgecgcg
gcgagcttgt
cgctcgegea
accaggcetcc
ccgagecgcece
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ttcgececgeg
catgtgctcg
atccaggaag
ctcgcgcacg
cccgactgga
gcgcgceggeg
gcgcaggagg
ccecegetteg
gaggccgagc
ctcgcecectgge
ccagagaatc
ggcacatcgg
tcgagcaaga
atcgtccgeg
gcggcggagg
gcggtegetg
ttgtactccg
gtgctgcteg
ttcgtcgecge
atcgtgatgg
gecgtgggtca
cgctcgacceca
agcgcectttet
cggctcgage
ctcggegage
gtgetgtggg
gagcccatcg
gacatctteg
tccggecgect
gtgctcaatc
agctgacatc
gcecgetggcyg
gctcgagage
cgcggcccegyg
gcaccteccga
tctcgaagaa
ccgtcatcte
tcatgagcat
ccgaagggaa
tcttcteece
ccgecgggac
cgaacgcatc
ccgtgttgta
ggatccactce

ccacctctge
ccgaggegeg
gggggccgtce
accagcccct
cctcggacgce
cgccgggtece
cgaggcgcct
aggacgacgc
ggcgecteccg
tcgggacggg
tgctecctcgg
aggccgcetct
agagccagct
cgatgggcaa
tgcgeecgect
gggtctcctc
gcgacggcaa
ccggaaccga
acgccaacgce
caagaaacca
accaggccat
tcatggaatt
ccctegectg
tatggcgcca
accccattgce
ccgaccctga
tcectecgecgga
cgcttaccgg
ccaccgtegt
ggcgcggect
gctcgacgece
ggccgcagcet
ccccgagaac
atcattgatc
gaccgecgtcece
gcecgggaaa
gcgcaccgag
gcgecgegaac
cgccggeggyg
cgtctgectceg
gtgaaagtcg
gaagcccetgg
catccactgc
gtctggcceg

GENES FOR THE BIOSYNTHESIS OF EPOTHILONES

ccgtgtgcetce
cgggatcgag
ctttcactgce
cgcgtceeatce
gatgctegte
cctcecgegag
gtggctcgeyg
caacgggctg
cgcctcecgtac
cgecgggtccec
gtttggecctc
ccgcggcgea
cggcaacatc
tgccgacaac
gcgcgcacag
gagcggcecgg
cgacatcgtc
tceccttette
gggcaccatc
ggcgcgacceyg
ggtgcccgac
cgagcacecece
cgacgaggag
cccgeaceac
ggcgacctgg
tcgcagggcec
gacgcgccat
acagcccgac
ggccgactac
cttcttcacg
gggccgcteca
catgccgatt
aggaagccgg
caggacgtce
ggcgecgtga
aacgaggacyg
gcggegetcea
aggaggtagt
ctggcatagg
tcggtgaagt
gtgtccecgea
tcggecgege
gcceceggcet
tgcggegtea

gatgatggcce
gacctccgceg
atgtgcctcg
agcttccacc
gacggccecceg
tacgaagaggd
gccgegecgce
ccgctecggec
gcgactecctg
tggtccggat
ccgaccgcga
gcgecggetgt
cccgaagcce
ctctctcget
ccggegecct
ctctcgggcc
atgttccaac
gagctcgcac
tccaaggtcc
atgagcctcg
cccgageggyg
acgcctcgtt
cacctctact
cgcecccggeg
tacccetege
atcctcgggg
cccececggegce
tceccgegact
cagcgccagce
acgaacgacc
tcgagggege
cggtggcgac
cggattgtgt
cgaacccgece
ccacggecat
ccgecttetg
agagccgcecg
cgtccaccgt
cgetetegge
aaccgcagcee
tceccgagegyg
gccccacgag
gatgcatgag
tcggcaccgg

1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
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ctgcgegttg
cgagattccg
gggcaccgtc
cggcaaccat
caccgecgtce
catgggcgcg
gcgegegacce
ctcgcgegceyg
ggccccaccec
ccttctcatg
actgeccecgeg
gccecggecge
gcacgccgct
ggcctcaccg
gcgecgegect
ttcggcgged
gccctcttce
ctcectectge
cgceecgggyg
ttectcggege
tcggtgacgg
agctatgegce
gtcgcgatga
ctcctggcecga
gcgatgcget
gtcctcacgt
gcgttcgege
ggcgtgcaga
cgcgtcgacyg
gcgaccgcga
aggggcagceg
atcgtcgega
gcecgtegtcg
agggecgectc
gcgtacatcc
ttcgccacgg
gacatcacgg
gcgagecyggyg
cgcgagctgce
gtgatcggcg
gcgatcgtcee
gagcgcgecet
gcecgcecgate
agcgcgcaga
gcggrggcge
gtctecgtege
cgecgeceegt
tacctcggca
gtcgcgeatyg
ggaagcgagce
tgagcagcgc
cgtccgatte
gatcgttgaa
cggggtcegeg
tcaacaggca
ggatgtagce
cctcetgget
gacgcgcetcg
ccgagegecg
gacagtgggt
agcgggeccgac
ctcgeegget
gccgatgege
gacgtcgttc
tggcagcgtc

acgagcecga
aagcccatcg
tcgtcgatcg
cggtcgacgg
gcggtgaccyg
ctgccgeecga
agccagaccyg
ggcgccagceyg
aacgcgcace
accgtcgatg
cccgaaaaaa
ccgetcggge
tgccatgtcece
agcggecaggt
ccggcgagcet
tcgtgctggyg
aggagccgge
tgctgatggce
cgctctecggce
tcgtgctcga
cggtcagcgt
aggtgacgct
cgtcgtcgag
gcggattctt
gggtggccga
tcctggecge
tcggegtget
cgctegtgge
tgtcgcagct
cggcggcgaa
aggcggeget
tcgteocggegt
cgctggtcac
cgacgcagga
ccggggtcega
acatcgtgga
agctctccgt
ggctcgegag
gcggetcgat
cgcgatcgee
agcgggecoga
ccgcgcggeg
tcgcggecca
ccgatcecggg
ggagcgtegt
gcgtgcacgt
acgatctget
gcacggtega
gagggactcg
gcccggetet
gttctccgece
gatcacgctyg
ccggacgtgce
gtcgectgaag
ggcegtetea
ctctgcgatt
cctetttgge
gggatccatg
acgggctttg
ccgcecgtgaa
gattcggecyg
gcggcggtec
gcgtcaccege
acctctegece
cgagccccga

gctecgtcgat
tgaacgtcat
gaccatcgat
gggagtcgag
ccttegtcat
gcteggteac
ctcececggeat
cgccggecece
ccggegecege
cctctecgag
tcatcggtgc
gcececgeccect
ggcctgeacce
cctgctcecteg
cgcgcggcegg
ccectecgte
ggtcggggte
gggcatcgag
gctcggegey
teggeccett
gatcgcgaag
cgcggegyggyg
ctacggcgcg
gctgttcatg
cgcgacgege
ggcgctgacg
gctcaacagc
gggcctecttc
gcgcacgecg
ggtcgtcccece
cgtggcggtg
cgagctcggyg
ggtgaccgcc
ggagtcgget
gcggatccte
gagcatcgtce
ggagcagcag
gctcggeged
ccaggcgatce
ggcgcgegeg
gtccaacgtg
gatcctcgte
cgtggegetyg
cgecggtegtce
cgacgaggcg
gggcgcgcac
cgtgctcgga
gtcggtggtyg
agagcaggtg
gccgacgatc
tgacgcgagt
gcatagtccg
cgggtgcgec
taaacggtga
tggctcgtca
gcacagcgcg
agcctcecte
gctgaggatc
aaagcgcgcg
gcagagagge
ccggataggg
gagcgagaaa
cgacgtcgac
gceccgagegg
gtcecccgtgg

ggccegetgyg
caggtcgege
gcgegecage
gtcgagecttg
cgaggegatc
gcccaccgeg
ctgccecgec
cgcgtectge
cacgctgatce
€gggggcgcec
cccgtecacga
ggacgagcaa
cacaccgagyg
ctcgtceaccce
ctgcgecagce
gtcggegege
gtgctectegg
gtcgacgtgg
atcgcgcecce
ccgageggee
gtgctgateg
gtggtcagcg
tcgeeecgege
gtgctegteg
gtctccaagg
cagcggcetcyg
gctcctcgea
gcgectgtgt
gcggcgtggayg
gcecgegeteg
ggcctgaaca
ctcctcteca
tcaccecgegce
cgcctcgage
gtcccgateg
gcctccaage
gcgecccggec
cgectecgeg
ctgcgegect
cgeggaatgt
ctcgtegtgg
ccgatcatcg
gcgtgggacg
tggcgcgate
gtctteceggg
ccgagcgacg
tgctacgacc
gtccggagee
aggtgaggcect
gtcactecccyg
cgagecgggt
tatcgecgegyg
tcgctggaac
tggcgacctg
tetgeggete
tccgeecgat
tgctgtccag
ctcgecgage
accggeccagce
gatcgaggtg
cacacgctcg
accgtgcagg
cccgacgcecy
ctcgaggcecg
cgacgggtcg

atcggcgacg
accgtgatceg
accttcecggt
ccttectega
cggaagatcg
tccacgtgca
gccaccteceg
cctggectgee
aaagctccca
tgccecetgee
tcgececgeecgg
agctcgcccyg
agccacccac
tcgegetcat
ccgaggtgct
tcgegecegg
gcatctcctg
gcatcectgeg
cgctcgegge
tcttectegyg
agcgcgagtc
aggtcgctgce
tggcggtcge
ggcggcggct
gacaggtgtc
gcctgcacce
ccaaccgcec
tcttegtect
ggacggtcge
gcgcgecgget
tgaagggcgg
acgaggctta
tcctcatetg
gcgaggaggc
tggcgcacgce
gaaagctcgg
catcgcgcge
tcggcatctg
cgcgggatca
cgttecggtceg
tgggcgaccce
gcctcgagta
ccgagctegt
gcgagceccate
ggcgecgget
agataacgcg
atgggcecceget
gggtgccggt
tccaccgege
gtcecgtgtag
atgctgcacg
gatcggctcg
ggtcaccegg
cgcgteccgg
aggtccgttg
cggcttgtcece
gagcgatggce
gctecetgece
ccggacgcgg
gtgagatgaa
gtcttctege
gcacgcggct
cgaccacgeg
gcagcgageg
gagtgctcga

atgcgtcgaa
gccgcecteecge
tcgegagetce
cgagcatcat
tgtcecgecg
cgtcgtcgece
ccgcecatcac
cctcctecte
taaactcccyg
gagagcactg
gcgtggctcece
cccgcegcetea
cctgatgcac
cctecgtgacce
cggggagctc
gttccatcga
gataggcgcg
Caaggaggcg
gggcgecgee
gatcgtgctc
gatgcgecegce
ctgggtgctc
ccggagegcey
cacccacctce
gctcgtectce
gctgctcggce
tctecctcgac
cgcgggcatyg
gttgctgctyg
cggcgggctce
cacggacctc
tacgatgtac
gctcgagaaa
cgcgaggcgce
cctgceceggyg
cgagacggtc
cgcgggggag
gcggcaaagg
cgatctgctc
cctgcaggac
tceggeggeg
ctcecttcgece
gctgctcage
ccgggtgege
cggcgtgege
ggagctcgeg
cggcecggete
cgegttgete
tcgecegtga
gcgatcgtge
acgatggggg
ggttcggtca
taaggcccgyg
tccgacgecat
ctccecgectg
atgtgtccte
ctcttegete
gaccggcgcyg
gcccgagagyg
acacgtcgac
gagcatggcg
cgcgeceegge
gectggeggtyg
gttcgtegte
ctacaatgct

2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
35490
3600
3660
3720
3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
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gacagccgaa
atcaccgecg
acgtctgtcg
cctgectcecga
acggccgegt
cctggegegyg
cgcgatctett
cgecgtgacce
ctctacgaca
cccacgcetge
cgcggcaacg
aacgtcgtceg
ggggctggcec
aaaatttgtce
ctcgagcgag
ctcaggaagc
gggattagat
aggacgatcg
tcecatcgag
cggtggcgtg
cgggcgagte
cccggggaayg
ctcecttette
gctggaggtg
tacggaaacg
agcgacggcyg
agcgggcecga
ctattcgtcc
ctccacggce
ctcgaagacc
tgggttcgga
cgcggacggce
gagcagecggt
ggcggacgca
gacgcttggt
tgtcgecacy
gtcggggatc
gcacctccac
cacgcgcegec
gttcggcatg
cacaccgecg
agccctggat
tctgggcgat
ggtggcggcg
gacgtcgecee
cttcaccgga
cgegtteege
gctccgegag
agcctteace
gtggggtgta
cgtggcgggc
gatgcaggcg
ggctgetgeg
ccaggtggtc
gcgeggggcyg
cccgatgetg
cgtectggte
ttgggtgcge
ggceggtgeg
tgcctgeatg
gcecggegace
ggccggecte
cgagcgctac
gggagcgggt
cgctecggetc

gaggcaagct
agaagcagag
ggtgacatcg
tggccttceec
ccaagcaacc
cctgecgeatce
gttgccatcg
ggcagctcgg
acctcaagag
tggctctgte
agaagggccg
taaccgeccca
ggggtcgacg
atagatcgta
ttctctcgga
ctgatcggga
cgagtgagac
acgtccgcga
cgcgcagecg
atcgatctga
cccgecgaac
acgcceccgtta
ggcatctcge
tgctgggagg
ggagtgttca
tccgcagaga
atctcgtatg
tcgetggtgg
ctggctggtg
cgggcgetgg
cgaggcgaag
gatcggatat
ctgaccgtgce
ggctgcgccyg
gaccccatcg
ccgetgetga
actgggetgce
gcgcaggcege
cggacaccgt
agcgggacca
gcgcecggage
gcacaggcgayg
gtggcgttca
acgtcgaggg
ggtgcggtgce
cagggggcgc
gaggcgttcg
gtgatgtggyg
cageeggegce
gagccggagt
gtgttctcge
ctgccggecy
gtggcgeege
atcgcgggceg
cgaaccaagg
gaggcgttcg
agcaatctga
cacgcgcgag
ggcacctteg
ccggacgece
gtgctcgagg
ttccectecag
tggatcgaca
cacgacgagg
gaccatcege

ggccgagacg
cagccctcag
cgctatcagc
catcacccct
gccgtgeegg
gctggaagga
cagccaacgt
cgaggegttt
cgcegtegtce
ggcgcattac
cgtccagecge
gcaatgtcat
atatcgcgcg
agctgtgata
taactttcaa
cgagctaatt
agttcttttg
gcgggtcage
aagatccgat
gcgggtteeg
gctgggatgce
cgecgegeate
ctcgcgaage
cgctggagaa
tcgggatcgg
tcgacgcteca
ccctecggget
ccgttcatcet
gggtatcgct
ccagggacgg
ggtgcgcecegt
tggcggtgat
cgaacgggag
cgtcttcggt
aaatccaagc
tcgggtcggt
tgaaggtcgt
tgaacccceg
ggccggactg
acgcgcacgt
gaccggcaga
cgcggetgcg
gtctggcgac
aggggctgcg
gcagtatcge
agacgctggg
acctgtgcegt
ccgaaccggce
tgttcacctt
tggtcgecgg
ttgaggacgc
gcggggcgat
acgcagcgte
ccgggcaacc
cgcteccacgt
ggcgtgtgge
gcgggaaggce
aggtggtgcg
tcgaggtcegg
ggceggeget
cgecteggegg
gggggcggcy
cgaaagccga
tcgaggaggg
cgccecgagad

accgtgccgt
tcgeccategt
agcgctgagce
gcgcactcct
cgcggcectcca
tcggeggage
ggcgatcgeg
gccgactteg
gagcgccacg
cgecttecgage
gccatcacgg
gggaatggcc
atctcceegt
gtggtctgte
tttttccgag
cccatccatt
cagtgcgecga
cgctgaggat
tgcgatecgte
gacgctecctc
agcagcgtgg
tttectgage
gectgcggatg
cgeccgcgatce
ccegtecgaa
tggcgggetyg
gcgagggccg
ggcctgtcag
gatgttgtcg
tcgctgcaag
cgtggteccte
tcgaggatcce
ctcccaagaa
gggttatgtc
tctgaatgcg
gaagaccaac
cttgtcectt
gatctcatgg
gaatacgccg
ggtgctggaa
gctgctggtyg
cgaccatctg
gacgcgcagc
ggcagccctg
cgattccteca
catgggccgt
gaggctgttc
cagcgtcgac
cgaatatgcg
ccatagcatc
ggtgttcctg
ggtgtcgatc
ggtgtcgatc
cgtgcatgcg
ctcgcatgeg
cgagtcggtg
ttgcacagac
cttecgecggat
tcecgaaateg
gctcgecateg
gctctgggee
ggtgccgetg
cgacgcggeg
gggcgeggtg
cggacgccgg

atgccaactt
ctgccgeegt
ccgccageag
ccagcgacgyg
cgcgcecgegac
atggatagag
gcggtcaagt
gcggegtece
gcgacgcgat
cgcgeccegt
cgtggacgac
ccttgaaatyg
caattcccga
ttacgttgcg
gggggcttgy
tttttgaggce
agaacctggg
gtgccegtceg
ggagcgagtt
gagggctcgce
tttgatcecg
gacgtagcct
gaccctgcac
gctccatcgg
tatgaggccg
gggacgatgce
tgtgtcgegg
agecttgcegcet
ccgagcaccce
gcattttegg
aagcggctca
gcgatcaatc
atcgtgctga
gaggcacacg
gtatacggcce
cttggeccate
cagcacgggc
ggtgatcttc
cgacgggcgg
gaggcgccgg
ctgtcggcaa
gagacctacc
gcgatggage
gacgctgcgg
cgcggcaage
gggctgtacg
aaccaggagc
gcecgegcetge
ctcgeegege
ggtgagctgg
gtggetgege
gaggcgcecgg
gcecgecggtca
atcgeggegg
ttccactcac
agctaccgge
gaggtgagcee
ggagtgaagg
acgetgecteg
tcgegegetg
gtcggtggcece
cccacgtacce
cgtggcgacc
cgcggeggcd
gagaaggtcg

cgagctgctce
catcgggcceg
gceecagggce
ccgcgeageg
aggcgagcegt
aatcgaggat
tcatecgeccge
gcgegtgetg
ccggttccac
cgecegtegece
atggcgcgga
gccececttgag
tggtaaaaga
tcttececgcac
tctctggtte
tctgctcaaa
cctcgacegg
tggcggatcg
gcegrtcetgece
gcgacaccgt
accccecgatge
gcttcgacge
atcgactctt
cgctcgtegg
cgctgccgea
ccagcgtcgg
tggatacggc
ccggggaatg
tcgtgtgget
cggaggccga
gtggagcecyg
acgacggtgce
aacgggccct
gcacgggcac
tcgggcgaga
ctgagtatgce
agattcctge
ggctgaccgt
gggtgagctce
cggcgacgtg
ggaccgcgtc
cttcgcagtg
acecggcetege
cgcagggaca
tcgecectttct
atgtatggtc
tcgaccggece
tcgaccagac
tgtggcggte
tggctgectg
gcgggcgect
aggccgatgt
acgctccgga
cgatggeccge
cgctcatggce
ggccgtcgat
cgecgggeta
cgctgcacgce
gcctggtgee
ggcgtgacga
tggtctectg
cttggcageg
gccgtgetcee
accggcgcag
aggccgecgg

6600
6660
6720
6780
6840
€900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7580
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
90060
9060
9120
9180
9240
9300
9360
9420
9480
9540
9600
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
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cgaccgtecg
ggtcacggag
gctcagecttce
gcccaaccct
gggcgtgaac
tacccacgtce
cgaggcggcce
ccgecttcag
cgcggtgcag
gaaacgcgcec
gttcgtcgec
gctctcggygc
ggagctcgge
caatctctce
ccgtgegcectce
catcgcgacyg
gcatcttggg
ccacgcaggc
tgcgceggcece
gctgcgcacg
ctcgctcatg
gacgacgttc
tctcgccaca
aaacgacttc
aatcagcttce
ctccagatac
cacaaaagca
gcceccagecg
ggccggacag
acggatctcg
atgcttcggg
gacatcgaga
tcgttgcgag
gtcgtegeeg
aacgttgacc
cccgagacct
tctcgcaaga
gagctcccac
cgctteccgge
gtcggggagce
gggcgetgga
gtccatccge
gacaccactc
gaagcgatgg
ctggggatcc
gtcgttggtg
cctcagectge
gacatcgtcg
gtttttctee
cctgcecage
acgctgcacg
tcggecgcegea
cggcrgcegeg
tgggagcagg
gatgccgacce
gtgctgacge
ctcgtgagceg
acaccttegg
gtgatgatcg
atagggcecg
gatgtgttcg
cgcgatccgg
gtgcecggege
aggtctctge
ctccaggcca

ttccggcteg
cggecgcgecc
aatgatgtcc
ccgectgetge
ggcctegtgg
accacgtegg
gccatgeccg
ccgggggagc
tgggcgcage
tacctggagt
gacgtgcgcg
gagctgatcg
aagcgcgact
ttctcgetgg
ttggaggagc
ctceccgatecg
aagctcgtac
gcecggeecgt
gcgcgcgcgg
cccgaaatca
gecgtggage
ctgtccacgt
gctctcteet
gtctcatcgg
tgaacgagct
aggcccccaa
cgatcctgac
agcggcacgc
gagcgtttac
acgtgccgag
cccacacget
tcatcgatct
atgcgatgtce
ttcggctgga
taggcagcct
ctctecectgt
agtctgaggce
ctccgecgac
acacggagca
gcgggcetgac
gcgcgagece
gcgtgaacga
gcgacaagag
atcactgcga
aacgaggcgc
tcacctcgtt
tgctggatca
acggagtgtt
ggcggctcac
tagaagcgcg
gcctgttege
agacgctcac
agcagggggc
ttgtcgecggt
taccggcgga
agccatggct
aggccggegt
atctcgegta
atcatcgggg
gagacagggt
ggatcctgge
cgcattgggc
tgatgcggat
ggctttcget
tcaggcccegyg

agatcgatga
ctggtctggyg
agctcgcgcet
tcggaggcga
tgggccaacc
ctgcgctggt
tcgecgtacct
gggtgctgat
acgtgggagc
cgctgggegt
cgtggacggyg
acaagagttt
gttacgcgga
tggatctccg
rccteggect
ccecgtgtege
tcacgctggyg
ccaccgggga
cggegcectgga
aggtcggege
tgecgcaatcg
cccceccaatat
tggagcgggt
gcgcagatca
cgagcaccag
gaacgcccetyg
gatgctcegt
tccgtttect
ggtccccage
gctgagccgce
gcccgacatg
gcgcgggcetc
gcaccgcatc
cgagcggcaa
gtccatcatc
cctggagcetce
gcatcaacga
gcttccgatg
atggctgeeg
cccgacggge
ccggtttacg
tatcaccggg
cttcgaacag
cgtaagcggt
attgttecccc
gcagaggctc
tcagctctac
ccegeccgac
tgaggaacca
ggcgagcgcea
ggcgcgggte
gtacgaagag
acgcccgaac
tctcgeggtyg
gcgtatceccac
ggatggcaaa
cgaaggcgac
tgtcatctac
tgcegtcaac
gctggegete
ggcgggeggt
agagttgatc
gctcgtegag
getgagegge
cgtgteggtg

gccaggegtg
cgaggtcgag
gggcatggtg
gtgcgeceggg
ggtcatcgcce
gctgecectegg
gacggcatgg
ccatgcggceg
cgaggtccat
gcggrtatgtg
cggcgaggga
caatctcctg
taaccagctc
ggggatgatg
gatcgcggca
cgatgcgttc
tgacccggag
tcgggacctg
ggcgttcctce
ggaggcgetyg
tatcgaggeg
cgeettgttg
ggcggcggag
agactgggaa
ggtatcaagc
aacccgaacce
cagagactcc
ctcacagaca
gggatccacg
gcctttcgga
atgcaggtga
gaccggagcea
tatgacaccg
acccgtcteg
ttcaaggact
tcgtaccgeg
tcgatggatt
aaggccgatc
tcggacteet
gtcatcctgyg
ctcaacataa
gacttcacgt
cgcgctaagce
atcgaggtcc
gtggtgctca
ggaactccgg
gagcacgatg
cttctggacg
tggggtgaac
aacgcgacca
gagcagctgce
cttetcgegece
acattggtcg
ctcgagtcag
tacctecctecg
ctgtcatggce
ggcgaccage
acctegggat
accatcctgg
tcectegetga
acgatcgtgg
gaacgagaga
cattttgagg
gactggatce
atcagcctgg

cttgatcacc
atcgceccgteg
cccgacgace
cgcatcgtceg
ctttcggegyg
cctcaggege
tacgcgetceyg
accggcgggyg
gcgacggcecyg
agcgattcce
gtagacgtceg
cgatcgcacyg
gggctgegge
ctcgagegge
ggcgtgttca
cggagcatgg
gtccagatcc
ctcgacaggce
cgtacgcagg
ttcacccgcece
agcctcaage
gcccaaaace
aacctacggg
atcattgcce
tggcggccga
tgctcgeteg
ccgcagaatce
tccaagaatc
cctatcecgega
aagtcgtcge
tcgagcctaa
cacgggaagce
agcgeectcec
tgctcagtat
ggctcagett
attatgtact
actggaagcg
catctaccct
ggggtcgatt
ctgcatttte
cgectcttcaa
cgatggtect
gtattcaaga
agcgagaggc
cgagcgecgct
tgtacaccag
gggacctcgt
acatgctcga
aggtgcgcetg
acgcgetget
ccatgcagcet
gttcgeggcg
cggtggtgat
gcgeggecta
atcatggtga
cgccggggat
ctccgatgat
ccacagggtt
acatcaacga
gcttcgatet
tgccggacge
aggtgacggt
gtcgcececga
cggtgggecet
gcggggecac

tcgtgcttcg
acgcggcggyg
tgccgggaaa
ccgtgggcga
gagcgtttgc
tctcggcgat
acagaatagc
tcggtctege
gcacgcecga
gctcggaccyg
tgctcaactc
gccggtttgt
cgttcctgeg
cggcgcgggt
ccecteeecece
cgcaggcgea
gtattccaac
tcgegtcage
tctcgcaggt
tcggcatgga
tgaagctgtce
tgttggatgce
caggcgtgca
tatgacgatce
tggggagcgce
aatctccgag
catcgtgcec
ctactggctg
atacgactgt
gcggcacgac
agtcgacgcce
gaggctcgtg
gctctatcac
cgatctcatt
ctacgaagat
cgcgctggag
gcgcatcgece
gaaggagatc
gaagcggcgt
cgaggtgatc
ccggeteecce
cctggacatc
gcagectgtgg
cgccegggtce
taaccagcaa
cacgcagact
cctecgegtgg
agcgtacgte
ttcgetteecg
gagcgagcat
cgcegtggtyg
acttggcgcg
ggagaaaggc
cgtgccgate
ggtaaagctc
ccagcggctyg
gcccattcag
gcccaagggg
gcgettcgaa
ctcggtctat
gtccaagcetg
gtggaactcg
ttcgecteget
gcctggcgag
cgaagegtcg

10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
113940
12¢€00
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500
13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
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atctggtcca
ggcegtecge
gtctgggttce
gatgaagaga
aagaccggcg
gacaaccaaa
aagtcgcatc
aagctccttce
gcgagcctca
agcgacggcg
ggaaagcccyg
gcgegtegec
cgattcctga
tatccatcgg
atcgagggcyg
ctctcecgatce
gaagcggcegt
tcgtegtege
caggcgectt
cggccggtte
gtagacccge
acgacgcgcg
ttgaggacca
ccgctgacgt
tcgeccgegge
gtcgtacggg
ggtgcgacat
gagatcgccea
cgccgagact
cgcaagggeca
gccgcaagcec
gggtgtgcgce
aagagtcctc
tggacgaatt
aggagctcgce
cgggcagegt
gcgaggcaga
tggagaacgc
ccaacatgag
ccggctggte
acaggctgaa
tggcggttca
gcgggattac
tctctececga
acggctgcgg
tccgegegge
ctgcgceccag
tcgaggecceg
ccatcgagac
gcgcgatcegg
gtttgatcaa
agtctcctaa
aggattggaa
gcaccaacgc
cggcgcgete
cggcggcacg
ccttcagect
cgcgcgagge
ccgtgegtgg
agggctctca
cggegettee
agctcgecege
tgttcgeect
tcgtgatcgg
tcgaggatgce

tcgggtaccce
tgcgcaacca
cggggcaact
agacgcgcaa
atctgggccg
tcaagcttcg
cgaacgtacg
tagcctatgt
agaccgagcg
agagggtgca
tcgtcgatct
gtagcgtccg
gctgcttgag
cgggcagecac
tggacgaggg
acgggatcga
tcaacctccet
gagaattttg
cctgcaacat
tcgacctgcyg
ggcagttcca
gcgcceecctcec
aactacccga
ccaacggcaa
attcggggca
aggtgctcgg
cgattcacat
tcaccgagtt
cgagagatct
ggagacgtag
cgcctgegtce
gttgagccgt
cgctatcgceca
ctggaggaac
ggcgtcecgga
gctggaagac
gctcatggat
cggatacgac
ctcgtacttg
tcagacgttg
tctgagaggg
cttggcgtgce
cgteccggatce
cggccattgc
cgttgtccte
tatccttggg
tgaggtgggc
gtccatccaa
ggcggcgetg
ctccgtgaag
gacggtcttg
cccatcgatc
taccggctcg
ccatgtecgtg
tgccgagete
gctacgagat
ggcgacgacg
gttgcgagag
ccgetgetcece
gtgggtcgge
ggcgtgcgac
cgacgaaggg
cgcggtggea
ccacagcatg
ggtggcgatce

cgtgaggaac
gacgttccac
ctacattggc
gagcttcctce
ctacctgccc
cggataccgc
cgacgcggtg
ggtcccggag
gatcgacgcyg
gttcaagctc
gaccgggcag
aacgttcctt
cagcgtggag
gtacccggtg
cttctattat
gcgcggageg
gttcgtgggce
cctgctggag
cggecgtcetgt
acattcggac
ggtctgtacg
cggccgcgag
gtacatggtg
ggtcgatcgt
cacggcgcca
gctggaggtg
cgttcgcatg
gttccagtac
agatcagcgg
ctaagagcgc
accctgggac
gttgttcgaa
gtcatcggca
cttcgagacg
gtcgacceceg
gtcgaccggt
ccgcagcace
ccgacggctt
acgtcgaacc
atcggcaacg
ccgagcatct
atgagcctcee
ccccatcgag
cgggcctteg
ctgaagccgce
tctgccacaa
caggcgcaag
tacatcgaga
cggcgggtgt
accggeatcg
gcgctggage
gatttcgcga
actcecgcggce
ctggaggaag
ttcgtegtcet
catctgcagyg
cgcageccea
gggctcgacg
ccaggcaacg
atgggccggc
cgggcecatee
tcctececage
tttgcggege
ggcgaggtag
atctgccggc

gtcgacctat
gtgctcgatg
ggggtcgggce
gtgcaccccg
gatggaaaca
gttgagctcg
attgtgcccg
ggcacacgga
agagcacacg
gctcgacacg
gatccgeggyg
gaggccccga
cccgacggceg
caaacctacg
taccacccgt
cacgttcggce
aggatcgacg
gccggatata
ccggtgggge
gtttacgtgc
ctcggtcagg
cagcacttcg
cctacagtct
aaggccctge
cgggacgcct
gtcgggctce
aggagcctgt
ccgaacctcg
ccgaacatge
cgaacaaaac
tcatctgatc
cgctgaggaa
tgtcgggceeg
gcacggaggce
cgctggtgct
tecgacgetge
ggatcttcat
acgagggctce
tccacgageca
acaaggatta
ccgttcaaac
tggaccgcga
ccggctatgt
acgccaaggc
tggaccgggc
acaacgacgg
cgatcatgga
cccacgggac
tcggtegcga
gacacctcga
accggcagcet
gcagccegtt
gggccggegt
cgccececgegge
cggccaagag
cgcaccaggg
tggagcaccg
cagcggcgcyg
tgccgaaggt
agctectgge
aggccgaage
tcgagegeat
tgtggcggte
ccgecgegea
gcagccgget

cgtgggcgag
aggecgctega
tggcactggg
agaccgggga
tcgagttcat
gggaaatcga
tcgggaacga
gacgcgctge
ccgccgaage
gactccggag
aggcggggcet
ttcegtttgt
cgacccttcece
cgtatgtcaa
tcgagcaccyg
aaaacttcga
ccatcgagtce
tggcgcaget
aattcaattt
acggcatgct
attcctcacc
ccgatatgcect
tcgtggagct
gcgagcggaa
tggaggagat
agcagagctt
tgcagaagag
gctcgetgge
aggaccgaget
caggccgagce
tgatcgcggg
cggtgagctc
tcecrecgggg
cgtgcagcgce
ggacccgagc
tttcttegge
ggaatgcgcce
tatcggegtg
cccagcgatg
cctcgegace
tgcctgetec
gtgcgacatg
atatgctgag
gaacggcacg
gctctccgat
agcgaggaag
ggcgctggceg
cggcacgctg
cgcttceggee
atcggecggcet
gcecgeecage
ctacgtcaat
cagctcgttce
gaagcttcca
cgcagcggeg
gatttcgttg
gctcgcgatg
aggccagacc
ggtcttcgte
tgaggaaccc
tggttggtcg
cgacgtggty
gtggggtgtc
tgtggccgdd
gcteceggege

catcccctac
accgcgcccg
ctactggecgce
gcgcctctac
ggggcgtgag
ggaaacgectc
cgcggcgaac
cgagcaggac
ggacggcttg
ggacctggac
ggacgtctac
tgagtttggt
caaattccgt
atccggececgce
tttgctgaag
cgtgttcgat
gctgtatgga
cctgatggag
tgaacaggtt
gggcgggcgg
gaggcgcgcec
tcgcgactte
cgatgegttg
ggatacctcg
cctegtegeg
cgtcgatett
gctggatagg
gtcecggtttg
ggaggttcgg
gggccgatga
tacgcgtcge
atggaagaac
gcgcgggatc
ttctcecgage
tacgtceggg
atcagcccge
tgggaggcgce
tacgccggcg
atgcggtggc
cacgtctcecet
acctcgetcg
gcgetggecg
gggggcatct
atcatgggca
ggtgatcccg
atcgggttca
ctggcagggg
ctcggagacg
cggaggtctt
ggcatcgecg
ctgaacttcg
acctctcetta
gggatcggcg
gccgeggege
ctggatgccg
ggcgacgtcg
gcggegeegt
ccgecgggcyg
tttceeggece
gtcttccacg
ctgctcgegg
cagecggtge
gcgeccgacg
gegctgtege
atcageggte

14400
14460
14520
14580
14640
14700
14760
14820
14880
14940
15000
15060
15120
15180
15240
15300
15360
15420
15480
15540
15600
15660
15720
15780
15840
15900
15960
16020
16080
16140
16200
16260
16320
16380
16440
16500
16560
16620
16680
16740
16800
16860
16920
16980
17040
17100
17160
17220
17280
17340
17400
17460
17520
17580
17640
17700
17760
17820
17880
17940
18000
18060
18120
18180
18240
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agggcgagat
acgaggatcg
agccggcagce
gggtgaaggt
tggcagccect
cgggcgccat
agccagtgcg
tggagatgag
agcgggcggyg
tggaggcgct
ccgcggggygy
tcgaagcgcec
cgcteectegg
cgctggatct
ttcecgggege
gccctttgea
cggtgttggt
cgagccgggce
tccgagtgga
tccaggceccag
acggececctge
gggtacgcct
tggacgcgtg
gggtgcccgt
gccatgegeg
gggtggtcga
ttcecgggagg
ccgcagceggt
gtgggctcgg
cggcagagaa
gccaggctce
cagggctcgg
ccctecgatcce
ccggcatggg
tcggcgccegg
ccatggagca
gggagctcge
tgcgecggtgg
gggggaggat
ttgtgaccgyg
gcgctggtca
ccgtecgegge
atcgggegea
gcgtegtceca
ggtttcgtaa
gcgaagecgcc
cgggccaggg
gggcgcaggg
cggeccgegea
ccgacgaggg
tgatgececggt
tgttgtcgeg
acctgctceceg
tcctecgege
cceegetcac
aggccatgcect
cgctgagcegg
ccaccgccga
tcgcagcaaa
gctgaaacaa
ggcggagetg
cggtgcggac
gccgetcgac
ggcggggctyg
tcgggaggcey

ggcggtgacc
ggtgagcgtg
gatcggcgag
ggatgtcgcc
gggcgggctc
ggtagcgggce
cttcgcecgag
ccecgcateeg
cgcagcggtg
gggcacgctg
gcggcegggta
ggccaagagc
tgaaatgcag
caagcggctg
ggcgtacctg
gataactgac
ccaggtggtg
gcegggeget
gcgcaccgag
catacccgec
cttccagggg
gccecgacgceg
cttccagatc
ggagttgggc
cgtecgtgaac
cagctcgggt
ggtgcgccgg
cggcacagcce
cgcegegetg
caacacgagc
gacggcggtg
ggcgcaaggce
ggcgctggta
ctttcgagac
cgacgtctcecc
cgcggatctg
tgcectgetyg
cgagcgatgc
cgagagctgce
cggtctgggt
cctggtgcectg
gctcgaggece
gctcgagegyg
tgcggccggce
ggtgatggcg
gctttecctte
caactacgcc
gctgccagcyg
ggaagatcgce
gctgtceget
gaacccgegg
cctggtgacg
ccgectegece
gcagatctcg
gagcctggge
gggcatcacce
gcatctggceg
ctctgcegte
attcaaggcg
gcggcecatcea
gaacggacceg
gctccggaag
atgcgctggg
ctcaccgage
cgatcgctcg

gagctgtcge
gececgtgagea
gtgctgtcgt
agccacagcc
cggcecgggtyg
ccggagetceg
gtagtccagg
atcctaacga
ggctcgctgce
tgggcgcagg
ccgctgceccga
gccgcegggcy
accctgtcaa
ccgtggctceg
gagatggcga
gtggtgctcg
acgacggagc
ggccacgegt
gtccecggetg
gcggccacct
attgctgagce
gccggetegyg
gtcggcagcece
tcgetgecggce
catgggcacc
gcagtggtcyg
cgcgaagaag
aaggtcaacg
cgcgecgatge
gctgeceggeg
gtgcacctcg
gcattggacg
cgtggctgcg
gcceccgcegat
gtgacacagg
cgctgcgcecte
gccgagcetge
gtcgctcecgga
gttccgaccg
gggctcggte
gtgggccget
cgcggcgege
atcctecgeg
atcttggacg
cccaaggtcce
ttcgtgctgt
gcggccaaca
ttgagcgtcg
ggcgcegcgge
ctggcacggc
ctgtgggtgg
gcgecatcgeg
gctgccgage
caggtgctge
atgaactcgce
gtaccggcaa
cgggaggcat
gagatcgagyg
cttacatgac
tcattcageg
agccgatege
cgttttggga
cgctggtggag
cgatagattyg
acccgcagcea

tggcegagge
acagcccgceg
ccctgaacge
cgcaggtcga
cggctgeggt
gagcgaatta
cgcagctcca
cttcggtcga
ggcgggggca
gctaccctgt
cctatcectyg
atcgccgegg
cccagacgag
gcgaccaccyg
tttcgtecggg
ccgaggegcet
agccgtceggg
cctteecgggt
ggcttacget
acgcggagcet
tatggcgggg
cagcggagta
tcttegeccyg
tcttgcageg
aaaccccecega
ccgaagtttg
acgattggtt
cgggccggtyg
tggaggccgyg
tacgcgceget
gcagcectcga
cgcecccggag
acagcgtgct
tgtggctttt
caccgctget
gggtcgacct
tggccgacga
tcgtecgeceg
acgtcaccat
tgagcgtggce
ccggegegge
gcgtcaccgt
aggttaccac
acgggctgct
agggggcecctt
acgcttecggg
cgttectega
actggggcct
tggtcteceg
tgctcgaaag
agctctaccce
cgagcgcecgg
cgagcgcgcyg
gcectececga
tgatggggct
cgctgttgtyg
gcgaageccge
agatgtcgca
tactcgecggt
gctggaggag
catcgtcggt
gctgctcgac
tgtcgetece
cttcgatget
tcgtctgttg

cgaggcggcg
ctcgacggtyg
gaagggggtg
cccgetgcege
gcecgatgege
ctggatgaac
aggcggccac
ggagatgcgg
ggacgagcgce
accctggggg
gcagcgcgag
cgtgcgtgceg
cacgcggetg
ggtgcaggga
ggccgaggcet
ggccttcgeg
gcggctgecag
ccacgctcge
ttecgetgtg
gaccgagatg
tgaaggcgag
tcggttgecat
cagtggcgag
gcecttcgggg
tcggcagggc
cgggctcgtg
cctggagetce
gctgctecte
cggceccatgece
cctggcaaag
tgggggtggc
cgccgacgetee
ctggaccgtg
gacccgcgge
ggggctggge
cgatccagce
cgccgaagcg
gcagcccgag
ccgcgcggac
cggatggctg
gagcgtggag
ggcgaaggcg
gtcggggatg
gatgcagcag
gcacctgcac
agtagggctc
cgctectggeyg
gttcgcggag
cggaatgcgg
cggccgcget
cgcggegygcy
cgggccagee
gagcgcgcte
gggcaagatc
cgagctgcge
gacctatecce
tcetgtggag
ggacgatctg
cctacggecac
cggctcgetyg
atcggectgcee
gcggagcgcyg
gtcgaggcecg
gcgttettcyg
ctggaggtcg

ctccgaggcet
ctctcgggceg
ttctgecegte
gaggacctct
tcgacggtga
aacctcaggc
ggtctgttcg
cgcgeggecce
ccggcgatge
cggctgtttc
cggtactgga
ggcggtcacc
tgggagacga
gcggtcegtgt
ttgggcgatg
ggcgacgcgg
ttccagatcg
ggcgegttge
cgcgcgcgge
gggctgcagt
gcgetgggac
cecrgegetge
gcgacgecgt
gagctgtggt
gccgacttte
gcgcageggce
gagtgggaac
ggcggcggcyg
gtcgtgcatg
gcctttgacyg
gagctcgacc
agtcccgatg
caggccctgg
gcacaggccg
cgcgtcatceg
cggcccgagyg
gaagtcgecgt
acccggcccece
agcacctacc
gccgagcgeyg
caacgggcag
gatgtcgceg
ccgetgegygg
actcccgcge
gcgttgacge
ttgggctcgce
caccaccgga
gtgggcatgg
agcctcaccce
caggtggggy
tcttcgecgaa
ggggacgggg
ctggagccge
gaggtggacg
aaccgcatcg
acggtggcgg
tcaccgecaca
acgcagttga
agcagaatcc
ggctcgcaca
gcttcecetgg
acgcggtcca
tgccgcactg
gcatctegcee
cttgggaggg

18300
18360
18420
18480
18540
18600
18660
18720
18780
18840
18900
18960
19020
19080
19140
19200
19260
19320
19380
19440
19500
19560
19620
19680
19740
19800
19860
19920
19980
20040
20100
20160
20220
20280
20340
20400
20460
20520
20580
20640
20700
20760
20820
20880
20940
21000
21060
21120
21180
21240
21300
21360
21420
21480
21540
21600
21660
21720
21780
21840
21900
21960
22020
22080
22140
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gctcgaggac
cggecgertte
cgcgtacagc
ggggttgcag
tcacctecgece
cagcgegcetce
cgatggtcgt
tggcctggtc
gctgatccgg
cgtgctggect
ggccgtcgat
cgaggcgetg
cgcggtgaag
ggcagcgett
tcecgecggatce
gcgcacggac
gcatgtggtg
ggcggagctt
gctgcgcgag
ggcgacgacg
gctgctggceg
catcgcgagce
gccgggeatg
gtgcgtggcg
ggcggggagc
cgcggtggag
ggttgggcat
agatggggtg
cgcgatggtg
ggcgtcggtyg
gcaagcggtyg
gcatgtctcg
ggtggcggcyg
gaaggtggtc
ggtgcgettc
agtgggccecg
gacgctgcetg
gggcaggctg
gcggcgggtyg
ggccgaaggg
ctggceccgag
ggtgctggec
atgttcgtgce
ccaggcecectce
cgtcgtggag
gceggtgcete
cgtgacccga
gctgtggggt
ggacctggat
gceggacgece
ggccgecececa
ggtgacgggt
ggcggggceac
agatcagcceg
cgcgegggtce
ggcggeegtce
gctgetggece
ggcatgggtg
cteggegteg
tttggacgcg
gggcetgtgg
gggaatctgg
gcgcgegacyg
cgacgcgagce
ctecggeecgtyg

gccggtatece
acggcggace
gccaccggceca
ggaccttgcce
tgccgcagec
ctctececcg
tgccggacct
gtcctcaaac
ggctcggeca
caggagacgyg
tacgtcgaga
cgggcgacgg
accaacatcg
tcgctgacge
cggctcgagg
cgcecegeget
ctggaagagg
ttggtgctgt
cacctggaca
cgcagcgega
gcgectctegg
tcctecgegeg
ggccggggac
ctgttcgacc
gccgagtegt
tacgcgctga
agcatcgggg
aggctcgtgg
tcgectcggag
tcgatcgegg
caggcgatcyg
cacgcgttcc
tcggtgacgt
acggacgagc
gcggacgggg
aagecgacgce
gcgtcgttge
tgggccgecg
ccgctgecega
ctcggagcca
atgccteget
gaccggggtg
gccgtgctec
ggtggccgea
gcgggggeat
gcgcrtgattce
ggggcctgea
atgggceggag
ccggaggaga
gaggatcagce
ccggagggaa
gggctgggcyg
cttgtgctga
ccagaggtgc
accgtggcgg
gagccgecge
caccaggacg
ctgcacacce
ggcgtetteg
ctggcggace
gcggagyggagag
gcgatgccga
cagcgegtgg
cgaggccget
ccagctgtgg

cgccccggte
acgcgegceac
acatgctcag
tgaccgtcga
tgcgcgcagyg
acatgatgga
tcgatgette
ggctctcecga
tcaaccatga
tcttgcgcga
cccacggaac
tggggcegge
gccatctcga
acgagcgeat
gcagcgcgct
tcgecgggggt
cgccggeggt
cgggcaagag
tgcacccgga
tgagccaccg
ccgtggcgca
gcaagctggc
tttgcgecggce
gggagctgga
tgttgctcga
cggegcetgtyg
agctggtggc
cggcgcgcgy
cgccggaggc
cggtcaatgg
cggcggggtt
actcgccgcet
accggcggcece
tgagcgegec
tgaaggcgct
tgctcggget
gcgcecgggceg
gcggcteggt
cctatcecgtg
cggccgecga
catccgtgga
gagtcgggga
atgcgcececgce
acgactggca
cggccgaaga
aggcgercgg
cggtgggcgg
tcgecggcget
gcccgacgga
tggcattcecg
acgcagcgce
ccecttggect
tcagccggea
gcgegegeat
cggtcgacgt
tgcggggggt
ctggtcgget
ttaccegega
gctcgatcgg
tccgecgaac
ggatgggctc
cgagtcgggc
tcatccagat
tctgggatcg
agcgctggcg

catcgacggg
ggtcgctcgg
catcgcecgec
cacggcgtge
agagagcgat
agccgcggeg
ggccaacggg
cgcgcaacgg
tggccggtcg
ggcgctgegyg
agggacctcg
gcgctccgac
ggccgcggea
cccgagaaac
cgcgttggeg
gagctcgtte
ggagctgtgg
cgagggggcg
gctegggetce
gctcgeggtg
ggggcagacyg
gttecctgtte
gtggccagcg
ccgecegetg
ccagacggcyg
gcggtcgtgg
ggcgtgcgtyg
gcggctgatg
ggaggtggcg
gccggagcag
cgcggcgcege
gatggaaccg
aagcgtttcg
ggggtaccgg
gcacgaagcce
gttgccagcc
cgaggaggct
cagctggccg
gcagcggcag
tgcgctggeg
ttcgcggcga
ggcggccgeg
cgaggcectce
gggggtgctg
ggtcgccaaa
cacggggccg
cgagcctgac
agagcatccec
ggtcgaggcec
ccaggggecge
ggtgtcgetg
cctegttgeyg
cggattgecce
tgcggcgatce
ggecgatgec
agtgcacgcc
cgccegggtyg
gcageegetg
ccagggcage
gcaggggcte
gcaggcgcag
cctggcggeg
ggattgggcce
gctggtaact
caacgecgtct

agccgecaccg
ctgcecgcgeg
ggacggctgt
tcgtcatege
ctcgegttgg
cgcacgcaag
ttegteegtyg
gatggcgacc
accgggttga
agcgcccacyg
ctgggcgatc
ggcacacgct
ggcgtagegg
ctcaacttcec
accgagccgg
gggatgagcg
cctgeegege
ctcgatgcgce
ggggacgtgg
gcggtgacgt
ccggcggggyg
accggacagyg
ttccgggagy
cgcgaggtga
ttcacccage
ggcgtagagc
gcgggggtgt
caggggctct
gcggeggtgg
gtggtgatcg
ggcgcgcgea
atgctggagg
ctggtgagca
gtgcggcacg
ggcgcgggga
tgcctgcegg
gcgggggtge
ggcgtettce
cggtactgga
cagtggttct
gceccggtecg
gcggegette
gcggttgecg
tacctgtggg
gtcacccate
cgctcaccece
gctgeceect
ggctecetggg
ctggtggecyg
cggcgcgeag
tctgcggagg
cggtggttgg
gaccgcgagg
gaggcgctgg
gaaggcatgg
gcgggtectge
ttgecgecceca
gacctcttcg
tacgcggcag
gccgeectga
cgccgggaac
atggaatgge
catgcgggag
gccacgaaag
gttgtggaga

gtgtgttecgt
aggagcgaga
cgtacacgct
tggtggcgat
cgggaggggt
cgctgtcgece
gcgagggcetg
gcatctgggce
ccgecgceccaa
tcgaagctgg
ccatcgaggt
gcgtgetggyg
gcctgatcaa
gcacgctcaa
tgcegtggece
gaacgaacgc
cggagecgcetc
aggcggcgeyg
cgttcagect
cgcgcgaggyg
cggcgegetg
gcgecgcagac
cgttcgaccyg
tgtgggcgga
ccgegctcett
cggagctcct
tctcgctgga
cggcegggcgyg
cgccgceacge
cgggcgtgga
ccaagcggcet
agttcgggcg
acctgagcgg
tgcgggaggc
cgttcgtega
aggcggagcc
tcgaggecgcet
ccacggctgg
tcgaggegece
accgggtgga
gcgggtgget
cgtcgcaggg
agcaggtgac
gtctggacgce
ttgccgegge
ggctctggat
gtcaggcgge
gcgggcetegt
agctgctttc
cgeggetegt
ggagttactt
tggagcgegg
aatggggccg
aggcgcaggg
cggcgetctt
tcgacgacgg
aggtggaggyg
tactgtttte
gcaatgcctt
gcatcgectg
acgaggcatc
tgctcggtac
cggcgecgceg
aggcctcecte
ccecgetegge

22200
22260
22320
22380
22440
22500
22560
22620
22680
22740
22800
22860
22920
22980
23040
23100
23160
23220
23280
23340
23400
23460
23520
23580
23640
23700
23760
23820
23880
23940
24000
24060
24120
24180
24240
24300
24360
24420
24480
24540
24600
24660
24720
24780
24840
24300
24960
25020
25080
25140
25200
25260
25320
25380
25440
25500
25560
25620
25680
25740
25800
25860
25920
25980
26040
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gctctacgag
gctcgacgtg
ccgcaaacgyg
tccgacegtg
caccgacgtg
cgecectgeege
gggcgtggtyg
cceceggeteg
ggtggagacg
cccgcaacag
cccgteggeg
tgccgagegg
catgctcage
ggctgtggat
gcgacggggc
gaccttecgeg
ctcggccgac
gctcteecgac
caatcatgat
gttacgccag
ccacgggacc
cgggcaagcc
gcacatggag
agagcaaata
gctgecggeg
cgcgggggtyg
gccggeggtyg
gggcaagagc
gcacccggag
gaaccacecgg
cgtggcgcag
caagctggceg
ttgcgeggeg
ggagctggac
gttgetegac
ggcgctgtgg
gctggtggeg
ggcgcgeggg
gccggaggeg
ggtcaatggg
ggcggggttce
ctcgecgetg
ccggcggeca
gagcgcgccyg
gaaggcgctg
gctcgggctyg
cgcegggege
cggcteggte
ctatccgtgg
agccgcggat
cctccagaaa
agtcggcgag
tgcgecggea
cgattggcag
gatcgatgag
gtttctgagce
cgttggcgac
ggcggegetce
cccgecccaa
gaccgaggat
cccgecacag
gggaggcctc
gcacttggtg
gccgectgag
ggtgaccgtg

cttgtgcgcg
cgacgaggct
cttcagggtg
gagcggctgg
cggagcgttc
ttccegggcyg
gtcagcaccg
ggagaggcac
ttcgatgcgg
cggectgectgce
ctgcgcgaga
gtgcaggaac
gttgcggcgg
acggcgtgct
gagtgcgacc
ctgctctcac
gcggacggcet
gcgcagcgceg
ggcccgagca
gcgctggege
gggacggcgc
cgeccectgegg
cccgeggcgyg
ccagcccagce
gcggtggecee
agctcgtteg
gagctgtggc
gagggggegce
ctcgggctcg
ctcgeggtgg
gggcagacgc
ttccetgtteca
tggccagcgt
cgccegetge
cagacggcgt
cggtcgtggg
gecgtgegtgg
cggectgatge
gaggtggcgg
ccggagcagyg
gcggcgcgceg
atggaaccga
agcgtttege
gggtactggg
cacgaagccg
ttgccagect
gaggaggctg
agctggecgg
cagcggcagc
ccgacccaag
tcagaggagg
gcggtegetg
gagacatccg
gtagtgctct
atcggcgacg
accgtgtett
gagcctgcga
gagcatcccg
gccagceccga
cagctcgect
gggcaagcgyg
ggtgggcetgyg
ctgaccagcec
atccgegege
gcagcggtgg

gcgtggtege
tcgccgagea
agctgggtat
tggaatactt
ggttgccgge
gggtcgagga
aggtgccggce
agagacagac
cgttcttceca
tggaagtgag
gccccacggg
tcgccgatga
gacggctatc
cctcgtceget
aagccctggt
ggatgcacgc
acgcgegggc
accgcgaccce
gcgggctgac
acgcaggggt
tgggcgaccc
accgaccgcet
gcectggeegg
cggagctggg
gcgcageggt
ggatgagcgg
ctgccgegece
tcgatgcgeca
gggacgtggc
cggtgacgtc
cgccgggggc
ccggacaggyg
tccgggaggce
gcgaggtgat
tcacccagcee
gcgtagagcec
cgggggtgtt
aggggctctce
cggcggtgge
tggtgatcge
gcgcgcegcac
tgctggagga
tggtgagcaa
tgcggcacgt
gtgcgggcac
gcctgccgga
cgggggtgcet
gcgtettece
ggtactggcc
gctggttcta
cgagccgcgyg
cagcgctgtc
cgaccgecga
acctgtgggg
cgacccgtcg
gttcgccecg
tcgeecececttg
gggcectgggg
tcgacggcga
tccgeecatgg
caccggtgtc
gcectgatcgt
ggcgegggtt
ggatcgcage
acgtggccga

cggggtgatg
gggcctcgac
gcegetgteg
gctgagccag
gacagaggac
cctggagtec
cgaccggtgg
ctacgtgccee
catctcgect
ctgggaggcg
cgtgttcgtg
ggcggcgggyg
atttttectg
ggtggcgetyg
tggcggggtce
actttegecce
cgagggectgce
catcctggcg
agtgcccagce
ggttccggcc
gatcgaggtg
gatcctggga
cttgctcaag
cgagctcaac
gcecgtggecg
aacgaacgcyg
ggagcgcteg
ggcggcgcegyg
gttcagccectg
gcgcgagggyg
ggcgecgetgce
cgcgcagacg
gttcgaccgg
gtgggcggag
cgecgetette
ggagctggtg
ctcgctggaa
ggcgggcggc
gccgcacgeg
gggcgtggag
caagcggctg
gttcgggcgyg
cctgagcggg
gcgggaggcg
gttcgtcgaa
ggcggagccg
cgaggcgctg
cacggetggg
cgacatcgag
tcgecgtggac
gagctggetyg
gacacgtgga
gctggtgacc
tctggacgcec
tgctaccgeg
actctgggte
tcaggcggcyg
cgggctcegtg
gatgctcgtce
gcgecggcac
gctgtctgeg
ggcccagtygg
gcccgaccgg
ggtcgaggcg
cgtcgaaccg

ggctttaccg
tcectgatgg
gcgacgctag
gcgctggagce
ccgatcgecca
tactggcagc
aatggggcag
aggggtgget
cgggaggcga
atcgagcgcg
ggcgcggygcc
ctctacagcg
ggcctgcacg
cacctcggcet
aacatgctgce
ggcgggcggt
gccgtggtgg
gtgatccggg
ggccctgece
gacgtcgatt
cgtgcgetga
gccgccaagyg
gcggtgctcg
ccgetettge
cgcacggace
catgtggtgce
gcggagettt
ctgcgcgagce
gcgacgacge
ctgctggcgg
atcgcgagcet
ccgggcatgg
tgcgtggcege
ccggggagcg
acggtggagt
gctgggcata
gatggggtga
gcgatggtgt
gcgtecggtgt
caagcggtgce
catgtctcge
gtggcggegt
aaggtggtcg
gtgcgetteg
gtgggcccga
acgctgctgyg
ggcaggctgt
cggcgggtgc
cctgacagce
tggccggaga
gtattggcgg
cttccatgceg
gaggctgeeg
gtcgteggtg
ccggtgcteg
gtgacccggg
ttatggggca
gacctggatc
accgagctat
gcggcacgge
gaggcgaget
ctggtggagc
caggcgtggt
ctggaggcge
atgacagcge

accagggcac
ccgtggagat
cgttcgacca
tgcaggaccg
tcgtgggtge
tgttgaccga
acgggcgegt
ttctgcgega
tgagcctgga
cgggccagga
ccaacgaata
gcaccggcaa
ggccgaccct
gccagagctt
tctcgecgaa
gcaagacgtt
tgctcaagcg
gtacggcgat
aggaggcgcet
tcgtggaatg
gcgacgtgta
ccaaccttgg
cgctggggca
cgtgggaggce
gccecgegetr
tggaagaggc
tggtgctgtc
acctggacat
gcagcgcgat
cgctctcggc
cgtcgcgcegg
gccggggget
tgttcgaccg
ccgagtcgtt
acgcgctgac
gcgccgggga
ggctcgtgge
cgctcggagc
cgatcgcggc
aggcgatcgc
acgcgtccceca
cggtgacgta
cggacgagct
cggacggggt
agccgacgct
cgtcgttgcg
gggccgcecgg
cgctgecgac
gtcgccacgc
tacctcgcag
ataagggtgg
tcgtgctcca
gcggtcgaag
cggaggcgtce
gcttggcteg
gggcatgcat
tgggccgggt
cccgagegag
tgtcgcagga
tggtggccge
acctggtgac
tgggagcgcg
gcgagcagea
ggggtgcacyg
tggtttegte

26100
26160
26220
26280
26340
26400
26460
26520
26580
26640
26700
26760
26820
26880
26940
27000
27060
27120
27180
27240
27300
27360
27420
27480
27540
27600
27660
27720
27780
27840
27500
27960
28020
28080
28140
28200
28260
28320
28380
28440
28500
28560
28620
28680
28740
28800
28860
28920
28580
29040
29100
29160
29220
29280
29340
29400
29460
29520
29580
29640
29700
29760
29820
29880
29940
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ggtcgagecce
ggcggagacg
gctgetgeac
cgcagcggty
cgggercgeg
gtgggccgag
tctgceccatg
ggctcagcgce
agggcgtcgc
tccggeggea
gcacgagatc
cgatcectggyg
caacctcectt
gacggtacag
cgacacccag
ctgecegettce
cgtggtggtc
tgatccggag
gagattggat
gcagcggttyg
tacgctgcga
gcagcggcetg
gctcagecgtt
catggatacg
actgggcgag
cttegtgetg
ggccgacgcg
gcgcgatgcg
ccacgacggce
gcgccaggcyg
cgggacaggg
tccagggegce
tctggaggcy
gcagatccceyg
gceggtggeg
cggcgtgage
ggaggtggag
caagagcgceg
ccecggagetg
gcaccggctc
ggcgcagcaa
gctggcttte
cgaaacgtgg
gatcgaccag
gctcgatcag
cctgtggegt
ggtcgccgee
gcgcgggcgg
cgaggccgag
caacggtcct
gacgttcgeg
gccgetecatg
cgecgeccagac
cacgecccgag
ggcgttgeat
cgggetgttg
ggaccgectcg
tgcgctegac
tccatggeag
gatcgcaggt
ccacgtgctc
caaggtggtg
ctggceccgag
gcgcgaceag
cctgttcgag

ccgetgegag
gacgagaccce
cggctgctge
tggggtagec
catcttcgge
ggaggcatgg
tcgacgtcgg
acggtgaccc
aacctgcttt
gcaacccgga
gtccatgggg
atggggttca
caggctgagc
cggctggtgg
catgttcggt
ccgggcgggyg
agcgccgagg
atcccaggcec
gcgaccttet
ctcctggagg
gatagcccca
cgaggcttca
acggctggac
gcgtgectegt
tgcgatcaag
ctctcacgga
gacggctacg
cagcgcgecg
ccgagcagceg
ctttcgcaag
acggcgcetgg
tccggggace
gcatctggcet
gceccagecgg
gtgccacgta
gcgttcegggt
ccggcgcececg
gcggegeegg
agcctcggceg
gccatcgega
aagacgccgc
ctgttcaccg
cctgegttec
cctctgcgeg
accgcgtacg
tcgtggggcyg
tgegtggcgg
ctgatgcagg
gtggccgcect
gacgccgteg
gcgcgtggga
gatccgatgce
cgceccggtgyg
tattgggtcc
gcecgegggtyg
ccagcgtgcec
gaatgcgagg
tggaagggeyg
cgtgagcgec
cgctggecge
tcgatcggac
gtgcecggeg
cgggcgatceg
gaggtcgagc
ctggcgacce

gggtggtgca
tgctcgagtce
acggccggcce
atagccaggg
gttcgcaatc
cggacgcgga
cagcgttgtce
ggatggactg
cggcgctggt
actggcgtgg
ccgtegeteg
atgagcaggg
tggacgtgcg
agcatctgct
cgttggegtc
tggaggacct
tgccggecga
ggacttacgt
tcecgecatcete
taagctggga
ccggggtgtt
ccgacggage
ggctgtcgtt
catccctggt
cgctggttgg
tgcgecgeget
cgcggggcega
gcgactccat
ggctgaccgt
caggcgtgtc
gcgacccgat
gaccgctggt
tggccagect
agctggggga
aggcggtgece
tgagcggaac
cggcgcecgge
acgccgcegge
acgtggcegtet
cgacctcgceg
agggcgeggt
gacagggcgce
gggaggcgtt
aggtgatgtg
cgcagccgge
tggagccgca
gcgtgttcte
cgctacccgce
ccgtggegec
tgatcgecgg
tacgcacgaa
tggaagactt
tgtcgaatgt
ggcatgtgceg
ccgecacgtt
tcggggaagce
tggtecctege
tgttececcga
attggatgga
tggctggtgt
cacgccatca
cctttcatgt
agctgacagg
tccacgccgt
tggcggegcec

cgccgetgge
ggtgctcecgt
tctcgacctg
tgcgtacgeg
gctgcctgeg
ggctcatgeca
ggcgctccag
ggcgcgcttce
cgcagggcgc
cctgtcegtt
ggtgctgggc
cctecgacteg
gctttcgacyg
cgtcgatgta
agacgagccc
ggagtcctac
ccggtgggat
gaccaaaggc
gccteogecgag
agcgctcgag
cgtgggtgcg
ggcagggttg
tttcctgggt
cgcgctgcac
cggggtcaac
ttcgececgac
ggggtgcgec
cctggcgcetyg
acccaacgga
tccggtegac
cgaggtgcag
gctgggggcec
gctcaaggcc
gctcaacccyg
gtgggggcgce
caacgtgcat
gcgaccggtg
ggcacggctc
cagcctggeg
cgaggcccetyg
gcgceggcaag
gcaaatgcceg
cgaccggtgce
ggctgcgcceg
tctetttgeyg
cgtactgctce
gctcgaagat
cggceggtgcce
ccacgccgcee
cgccgaggta
gaggctcgee
ccagcgggtce
caccggeccac
aagcgcecgtg
cgtcgaggtt
ggacgcggte
ggcgetcggyg
tggcgegege
cctecacceeg
cgggctctge
gceetteete
cgcggtgate
cgtggagttc
gctcaccece
ggagaccgaa

gtcagcgtca
cccaaggtgg
ttcgtgectgt
gcggccaacyg
ttgagcgtcg
cgtctgagcg
cgcetggtgg
gcgeeggegte
gacatcatcg
gcggaageccc
ttcctecgacce
ttgatggcgg
acgctggcct
ctgaagctgg
atcgccatcyg
tggcagctat
gcggcggace
gccttecetge
gcgatgagcce
agcgcgggta
gggcccaatg
tacggecggcea
ctgcacggcce
ctcgecctgcece
gtgctgectecg
gggcggtgca
gtggtggtgc
atccggggaa
cccgceccage
gttgattttg
gcgctgagceg
gccaaggeca
gtgcttgcge
cacttgccgt
ggcgcacgcec
gtcgtgetgyg
gagctggtcg
tcggecgecacce
acgacgcgca
cgaggcgcgc
gcecgtgtect
ggcatgggcec
gtggcgctct
ggcctcgetce
ctggagtacg
ggtcatagca
gcggtgaggt
atggtagcca
acggtgtcga
caggtgcteg
gtctcecatg
gctgcgacga
gtcgcaggcc
cgcttecggceg
ggcccgaagce
ctcgtgecgt
gcttggtatg
cgecgtggete
cgaagcgccg
atgcecggcg
ggtgatcacc
ctcagcatcg
ctgaaggcca
gaagcecgecyg
cgccgatgga

tgcgtccact
ccgggageryg
tctegteggyg
ctttcctega
cgtggggtct
acatcggggt
agaccggcgc
acaccgctcg
cgccttceece
gcgtggetct
cgagcgcegcet
tggagatccg
ttgatcatcc
aggatcgcag
tgggagccge
tggcecgaggyg
ggtacgaccc
gcgatttgca
tcgaccecgcea
tcgctceccgga
agtactacac
ccgggaacat
cgacgctggc
agagcctgcg
cgccggagac
agacgttctce
tcaagcggct
gcgcggtgaa
aagcattgct
tggagtgtca
aggtgtatgg
acgtcgcgea
tgcggcacga
ggaacacgct
cgcgrtcggge
aggaggcacc
tgctatecgge
tgtccgcgea
gceccgatgga
tggacgccgce
cacgcggtaa
gtgggctgta
tcgatcggga
aggcggcgceg
cgctggctge
tcggcgaget
tggtggccge
tcgecagegtce
tcgcecgeggt
ccectcggege
cgttccacte
tcgcgtacceg
ccgagatcge
acggggcaaa
cggtectget
cgctacgcge
cctggggggy
tgceccatgta
cgcecctgcagg
ctgtgttgca
tcgtgtttgg
ccgecgageg
tcgecgatgga
gggatggcta
cgaccecacge

30000
30060
30120
30180
30240
30300
30360
30420
30480
30540
30600
30660
30720
30780
30840
30900
30960

31020

31080
31140
31200
31260
31320
31380
31440
31500
31560
31820
31580
31740
31800
31860
31920
31980
32040
32100
32160
32220
32280
32340
32400
32460
32520
32580
32640
32700
32760
32820
32880
32940
33000
33060
33120
33180
33240
33300
33360
33420
33480
33540
33600
33660
33720
33780
33840
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ccgeggtegg
ggaggaccgc
gcggatcegge
ctegettgee
gatcctgctg
cgacgggacyg
tggaagggtg
gctggtcgac
gccgcgagag
cgactggccc
cgtggtggca
cgtectegece
gatctgectce
gaccgagggc
gaccatgggc
atggggcctc
tttggageccyg
cgctgacgac
caaagcgacyg
tgggcagaag
cccgggcgag
tgtgctggga
cacggcggtg
gacgttgcat
gactcccgeg
cgacctygggg
gggcatggcc
ccegtceccaag
gcggacgcetg
ggtgctcaac
cgggeggrec
gcatceccggt
agagatcctc
gcatgcgttc
tcagggcaag
cgtactgctyg
gcagggcgtyg
caaagccgtce
cgcecgatcecgg
gggcgtgatc
ccgettcteg
ggcgggcaac
ggccgggeag
gcgggccgaa
ggcagcgggg
gtecgeegget
cggggcgatg
tgtgtggcege
attggecgeg
cgtgcaggcce
tcggecgetyg
cggccagcgg
cgcgctcacg
cgcaaagtcg
ccgttteeeca
cgatgccgte
tccggatgtyg
gttcgatccyg
gcggctgetce
gctgatgggc
cgcecggcgge
ctecgggcagy
gtgcteccteg
ttcggtggceg
cagccggctyg

gtgcagccga
gcgatccagce
tggggteccgce
accctcgtge
gacaacggct
ccceegetge
cggtgtggceg
gaaactggecg
gtgttcetge
gaagcgecect
gcacctggct
gaacccaaag
tgggaggctg
ctctecggtgg
gcagtggccg
ggccggacag
gaggccgatg
gagacacagg
acccccgaag
ggcacattgg
gtcgagatca
atgtatccgg
ggccaggggyg
cgattcgtca
caggcagcta
aatctgcggce
gcggtgcaaa
tgggcagcgg
gagtttgctg
gcgctggeccg
ctcgagatgg
gttcgctatc
gagcgcgtgg
gcgatcacca
gtcgtgctge
accggtggge
ccgecacatgg
gcggagatcg
aatgcgctgg
catgcagceg
cgggtgctgg
gatctecgett
tccaactatg
ggcctggegg
ctcagcgcegg
cagggcaccg
tcgectcgacg
gcgttggtge
cgtcttgggg
gagatcgege
tcggacttgg
gtgggtgcga
cgectggetge
tcgecgcagg
ggcggcgtgg
gtcgaggtgce
cgcggcaaga
geecttctteg
ctggagacga
agcgataccg
atcgaggegt
atctcttatg
tcgetggteg
ctggccggeg
cgaggcctgg

cagacggcgce
ccctcgactt
tttggecgatg
cgacctatcc
ttgcggtgag
cgttcgeegt
gcgtgeccgeg
aggtggtcgce
ggcaggagtc
tgceccgatge
cggagatggc
gcctcgaggce
gagcccacga
tgcaggcgct
tcgaggccegg
tgatgcagga
cagcgcgcte
tggctttecg
ggctcctggt
accagctccg
aggtaaccgce
gcgacgccgg
tgcgeccacgt
cggtcgacgce
cggtgccggt
gcggcgageyg
tcgeccgatyg
ttcaggccat
agacgttccg
gcgagttcgt
gcaagaccga
gggtattcga
tcgagggett
aggeccgaggc
tgccggegee
tgggagcgtt
tgctcacagg
aagcgctegg
aggctgtgcet
gagcgctcga
caccgaaggt
tcttegtget
cggcggccaa
cgcagagcct
cgetgecagge
cgctgctcgg
tgcgtgecgge
gcgcggaggce
cgctgeccga
gcgtgettte
gcctegacte
cgctgecgge
tcgataaggt
tcgeecctcga
ccgatccgga
cgcatgagcg
tgacgacacg
gcatctcgee
getgggaggac
gcgtgttcegt
tcgatggcta
tgctcgggct
cggtgcacct
gcgtggeget
ctccecgacgyg

-10 -

gcccggcgeg
cgceggatte
gctgcaggac
gaacgcccac
cctgctgtea
ggaacgggtyg
gtcgcaggea
cgaggtggag
gggcgegtcg
gcctgcggaa
cgcggegetce
ggccctegeg
ggaagctccg
cagggaccge
tgagcgggtg
gcgcccggag
agctgacgtt
ttccggaaag
ccectgacgea
cctecgecgeceg
ctcggggctce
gccgatggge
cgcggtegge
gcggetggtyg
cgcgttectg
ggtgctgatc
gataggggcec
gggcgtgceceg
gcaggtcacc
ggacgcgagc
catacgggat
catcctggag
tgctgcggga
agcgtttecgg
ctcecgeageg
ggggcteccac
tcggcgggge
cgctcgggtyg
ccaggccatt
tgatggtgtg
gactggcgcece
gttctectece
caccttccecte
cgegtggggce
gcggcectcget
gcaggcgcetg
aagccaagct
gcgccatacg
ggcgegtege
atggagcgee
gctcacggceyg
gacgctggca
cctggcegtg
cgagcccatt
gtcgttttgg
atgggacatc
ctttggcgge
gcgcgaagceg
gttcgagege
ggggctctec
tctaggeacc
aaaggggcecg
ggcctgccag
gatgctcacg
acggtgcaag

ttgccgegece
ctcgacaggt
gggcgcgtceg
gacgtggcgce
acccggagceyg
cggtggtgge
ttcggtgtct
ggatttgtte
actgcagcct
cggatcgagg
gcaacacggc
ggggtgtcte
gcggceggcege
gecggtgegec
caggtcgcca
ctcagctgca
ctgttgcggg
cgcegegtag
gagtcctatc
gcacagcgcce
aacttccgga
ggagattgtg
gatgctgtca
gtccggecagce
acggcctggc
catgctgcgg
gaggtgttcg
cgcacgcaca
ggcggccggg
ctgtccetge
cgagccgcgg
ctcgctcegg
catctgcgeg
ttcatggcge
ccettggege
gtggcccgct
ctggatacgc
acgatcgcgg
ccggecggagt
cttgatgagc
tggaatctgc
atgtcggggce
gacgcgectgg
ccatggtcgg
cggcatggga
gctcggecgg
tcgggagegg
gcggetgggg
gccgacgagg
gcgagcgecg
gtggagctge
ttcgatcacce
gccgageega
gccatcatcg
cggectgecteg
gacgcgttct
ttcctgtccg
acgaccatgg
gccgggattt
Caccaggagt
ggcaccacgg
agcctgacgyg
gcgetgegge
ccggcgacgt
agcttctcegg

tcgaggtgct
tatcggcggt
gcgacgaggce
ccttgcaccce
agccggagga
gggcgecggt
cgagcttcegt
gccgcecgggc
tgtaccgect
agagctgggt
tcaaccgctg
ccgcaggtgt
agecgtgtggce
tgtggtgggt
cagcgccggt
ctctggtgga
agctcggtcg
cgcggetgge
gactggaggc
gggcacctgg
ccgtectege
ccggtgtege
tgacgctggg
ctgcagggct
tcgctctgea
ccggcggtgt
ccacggcgag
tcgccagete
gcgtggacgt
tgtcgacggg
tcgcggeggce
atcgaactceg
cattgcecggt
aagcgcggca
cgacgggecac
ggctcgecca
cgggcgetge
cgtcggatgt
ggcecgttaca
agaccaccga
atgagctcac
tcttgggete
ccgcgcateg
acggaggecat
tgggagctcet
aaacgcagct
cagtgcegece
cgcagggggc
tgcgcaaggt
tgcccgtcga
gcaacgtget
cgacggtcga
gcgtategte
gcatcggctg
aagagggcag
atgatccgga
atatcgaccg
atccgcagca
tgcccgageg
acgctgeget
ccagcgtege
tggacaccge
ggggcgagtyg
tcgtggagtt
ccgcagecega

33900
33960
34020
34080
34140
34200
34260
34320
34380
34440
34500
34560
34620
34680
34740
34800
34860
34920
34980
35040
35100
35160
35220
35280
35340
35400
35460
35520
35580
35640
35700
35760
35820
35880
35940
36000
36060
36120
36180
36240
36300
36360
36420
36480
36540
36600
36660
36720
36780
316840
36900
36960
37020
37080
37140
37200
37260
37320
37380
37440
37500
37560
37620
37680
37740
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cggcgtgggg
gcgcgatggg
cagcaacdggg
ggagcaggeg
gacgttgggc
ctcggaccgg
ggcgggcgtyg
gagcctgeat
ggccgecaaa
gtttggcgte
cgcgcecegedg
gctggacgeg
cggcgacctg
ggcggcegacce
gcecgeecgea
ctttectgge
cgtecttcecge
getgetegee
gcagccggcyg
cgagccggat
cgecectgteg
gatcagcgge
gctcctggge
getggegggc
gttctgccgt
cgacgagcta
ctcgacggtg
caacgttcga
tgggctgtte
acgggcgacg
cctgtccatg
gcggcetgerc
gcagcgcgag
tgctcatgeg
cacgcgcgtg
ggtgcagggyg
ggccgaggcce
ggccttcgeg
ccgectgcaa
ccatgeccege
ggcecgegcett
ggccgagatg
ggagggcgag
ccggetceceac
cggcgagygcg
gtcgggggag
gcggagtacce
gctcgtggeg
ggagccggcet
gctcatcggce
ccattccgtce
gacggcgtcec
gcgtggcgtg
gcgeggetge
tccteecgegyg
tgtggcgcaa
gcgctgegcet
tgeccgagetg
cgtggcecegg
ggaaggccgyg
ccgagecacyg
ggggctcaac
tccggttgcg
gagccttegt
caccatcgac

tggagcgaag
gatccgatcce
ctgacggcgce
gggctggctc
gaccccatcg
ccgctcgtga
gcecggtgtea
ttcgacgcgc
cccgtcecgaat
agcgggacca
gcggcgegte
caggcggcegc
gcgttcagce
tcgcgcgagg
gcggetcgceg
cagggctccc
gacgcgctcet
gagctcgcegg
ctgttcgecga
gcagtggtag
ctcgaggatg
caaggcgaga
tacgaagacc
gagccggcag
cgagtcaagg
ttggcagcat
acgagcacga
cageccggtge
gtggagatga
aagcgggagyg
ttggaggcgc
tccgegggeg
cggtactggg
ggcagtcacc
tgggagacga
gcggtcgtgt
ttgggtgacg
gatgatacgc
ttccacgttg
ggggtgctgc
cgtgcccggce
gggctcgagt
gcgectgggac
cccgegetet
acgccatggg
ctgtggtgtc
gacttctggg
cagcggctceg
tgggaaccga
tcgggcggcg
gtccacgcga
ttcgacggcece
ctcgacgegg
gacagcgtgc
ttgtggectcg
gcgecgetece
cggatcgacc
ttggeecgacg
ctcgtccgaa
ccgttcegge
gagcggcegec
tttctcgacg
ctgggcgeeg
atcggeccagg
gcceggatge

gctgcgecat
tggcggtgat
ccaacgggtc
cggcggacgt
aagtgcaggc
tcgggtcggt
tcaaggtggc
ccaatccgea
ggacgagaaa
acgcgcacgt
cagcggagcet
ggctttcggce
tggcgacgac
cgctgtectge
gccacgctte
agtggctggg
cggcgtgtga
ccgatgagac
tcgaggtegce
gccacagcat
ctgtagcgat
tggcggtecgt
ggctcagegt
cgctcgcaga
tggacgtcge
tgggcgagct
tcatggcggyg
gcttecgecga
gcccgecatcc
gagtcgeggt
tgggagcgcet
gcgecgggcect
tcgatgcgece
cgctcctggg
cgctggatct
tcecegggege
gtccgctceeca
cggcggceggt
cgagccgggt
gccagatcecga
ttcaggccag
acggcccagce
gtgtgcggct
tggatgecgtg
tacccgtgga
atgcgcggag
tggtcgacag
cgggaggtgt
ccgeggtece
ggctcggcege
cagggcgcgyg
aggccccgac
atgcceccecett
tctggaccgt
tgacacgcgg
tggggctggyg
tcgatccagce
acgccgagga
ggctgceega
tggagatcga
ctcctggece
tgatgagggc
agtgctccgg
acgtcgtggc
tcgcaccteg
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gctectgete
ccgecggeace
gtcgcagcaa
cagctacgtc
cctgggecgee
gaagtccaat
gctggegete
cattccgtgg
cggegtgecg
ggtgctggag
tttcgtgetyg
gcacgtegtt
ccgecagcececg
cgcgctegac
cacaggcagce
catgggccaa
ccgagcgatt
cacctcgcag
gctgteggey
gggcgaagtg
catctgccgg
cgagctttce
ggcggtgage
ggtgctggcy
cagccacagc
cgagccgega
cccggagete
agcggtgcaa
gatcctgacg
gggctcegttg
ctgggtacac
ccgtegegtyg
gaccggcggc
tgaaatgcag
caaacggctg
ggcgtacctg
ggtcagcgat
gcaggtcatg
gcecgggcecac
gcgcgecgag
cgcacecget
gttccagggg
cceccgaggece
ctteccacgtg
aatcggcetceg
tgtgagccac
cacgggcgcg
acgceggege
cggatccgag
tgegetcecac
cacgagcgcce
gtcggtggtg
cgacgccgat
gcaggcegtg
cgctcaggcece
ccgcgttate
gcggegegac
ggaagtcgeg
gaccgactgce
tgggtcegge
gggcgaggte
catggggatc
ccgaattgte
cgtegegece
ccecgeggeg

aaaccgctte
gcggtgaacce
gaggtgatcc
gagtgccacg
gtgctggcac
atcggacata
gagcgcgggce
tcggagctcg
cgacgagccg
gaggcgccag
tcggcgaaga
gcgcaccegg
atgacgtacc
acagecggcege
gccccaaagg
aagctcctet
caggccgaag
ctcggcegea
ctgtaggcggt
gcggccgege
cgcagecctge
ctggccgagg
aacagcccgc
atccttgcgg
ccacagatcg
caagcgaccg
gtggcgagcet
tcgttgatgg
acatcggtcg
cggcgtggac
ggccaggcgg
ccgcetgecga
gcggcgggcyg
accctgtcecga
ccgtggctcg
gagatggcgce
gtggtgctcg
gcgaccgagg
ggcggtgetyg
gtcceggega
gcggcetacct
cttgtcgage
gccggctcecec
agcagcgect
ctgecggtggt
ggaaagccaa
atcgtcgecg
gaagaagacyg
gtcatggcgg
tcggegctga
gcegggttgce
cacctcggea
gcgettgagg
gccggggcgg
atcggcgecyg
gcecttggage
ggagaagtcg
tttecgeggeg
cgagagaaaa
gtgctcgacyg
gagatcgccg
tacecctgggc
gcgatgggcyg
ttcagtttcg
ctgacggccyg

gcgatgcgca
aggatgggcg
gtcgggcect
gcaccggeac
aggggcgacc
cgcaggctge
ttatcccgag
ccgtgcaggt
gggtgagctc
cggcggeget
gcgccgegge
agctcggect
ggctcgeggt
aggggcaggc
tggttttcgt
cggaggagcc
ccggctggte
tcgacgtggt
cgtggggcegt
acgtcgcegg
tgctgcggeg
ccgaggcage
gctcgacggt
Caaagggggt
acccgctgeg
tgtcgatgcg
actgggcgga
aagacggtca
aggagatccg
aggacgagcg
tgggctggga
cctatccetg
gcagccgett
cccagaggag
gcgatcaccg
tttcgtcegg
ccgaggcgcet
agcgaccagg
cctttcgaag
ggctggatct
atgcggegcet
tgtggcgggg
cagccgegtg
tcgctgaccyg
tccagecggece
cacccgaccg
agatctcecgg
actggttcat
gccggtgget
cggaagcetgg
aggcactctt
gcctcgatga
agtcgectggt
gcttccgaga
gcgacgtetce
acgccgaget
atgagctgct
gtgagcggeg
tecgagececege
acctggtgct
tcgaggcgge
ccggggacgyg
aaggtgtcga
gcacccacgt
cgcaggecagce

37800
37860
37920
37980
38040
38100
38160
38220
38280
38340
38400
38460
38520
38580
38640
38700
38760
38820
38880
38940
39000
39060
39120
39180
39240
39300
39360
39420
39480
39540
39600
39660
39720
39780
39840
39900
39960
40020
40080
40140
40200
40260
40320
40380
40440
40500
40560
40620
40680
40740
40800
40860
40920
40980
41040
41100
41160
41220
41280
41340
41400
41460
41520
41580
41640
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cgcgetgcecece
ggccggcgag
gatcgcccge
gtggctgcge
gcaagtgctg
cgccgegatce
caagacggac
ctacagcgcce
gctggcggag
cttccceecte
gaagctcgtg
cgtcgccatc
gagcgtgget
cggcgeggtyg
tgtcacggta
ggttaccgceg
cgggctgctg
aggggccttg
cgcttcggga
gttcctcgac
ctggggccetg
ggtcacccge
gctcgacggce
gttctacccg
ggcttccggt
gggcgcgcegyg
cctctccgaa
gatggggcta
cctgctgtgg
ctctacgggyg
ccacgaagtc
gcgcgeggga
gtgaggttac
agaccgagcee
cggaggcgtt
gctgggcget
ccgaggccat
cgctcgacce
gcatcccgcece
cggagtacct
ccaccggcaa
gaccttgect
gccgcecagcect
tctccececcga
gccagacctt
tgctcaagcg
gatcggccat
agggggcget
acatcgagac
gcgetgtggt
ccaacctcgg
cgctacatca
ggatcgaggg
ggacgcgcectt
tggaggaggc
tcgtecectgtce
acctggagaa
gcagcgcgat
cgctttegge
gcggcagegce
tgggccgaaa
gggccatcga
cctecgecaget
tttctgeget
gcgaggttgce

gtcgcattca
cgcgtgetca
cacctcggeg
gagcagggga
gccgecgacga
gacgcgagcc
atctatgcag
gtcgatcttg
gtggtggacc
tcgegggecg
ctecgegetgg
cgcgcggacyg
ggatggctgg
agcgeggagce
gcgagggcag
tcggggatgc
atgcagcaaa
cacctgcatg
gcagggctct
gcactggcac
ctcgcggacg
gggacgcgga
gatcgcaccc
gcggeggeat
cggectcgecg
gcagggatgce
ggcaagctcg
gagctgcgca
acctacccca
gatggggaat
gcttcgectcg
aagaggtgat
tctggccctt
gatcgccatc
ctgggagctg
cgtaggtgtc
cgacggcttc
gcagcatcgce
caggtccctce
ccacgccgcec
catgctcagce
gaccgtcgat
gcgecgctcega
cacgatgcga
cgacgecgtcg
attgagcgac
caatcaggac
cttgcgcgag
ccacggggcyg
ggggccggceg
ccacctggag
cgagcgeatc
gaccgegetce
cgcgggagtyg
gceggeggtg
ggcgaagagce
gcacgtcgag
ggagcaccgg
cgcagcgcag
gccgaaggtyg
gctcatggece
ggcggaagcg
cgggcgcate
gtggcggtcg
ggcggcgcac

tgacggcctg
tccactcgge
cggagatatt
tcgecgeacgt
agggcgaggyg
tttcgaccct
atcgcrtceget
cgggcttgge
tgctcgeacyg
cggacgegtt
aggacccgga
gcgcecctacct
ccgagcaggg
agcagacggce
acgtcgecga
cgctcecgegg
cceccgegeg
cgttgacacg
tgggctcgece
accaccggag
tgggtttggc
gcectcaccee
aggccggggt
cttecgecggag
gggatcggga
tgcaggaggt
acgtggatgc
accgcatcga
cggtggcagc
ccgcgcgece
acgaagacgg
tgcgtgacag
cgcaagacgc
gtggggatcg
ctcgacgacg
gacccaggcg
gacgccgegt
ctgctgetgg
gtcgggagcece
gtcgcgeacce
atcgcecgecg
acggcgtget
gagagcgatce
gctctggecge
gccaacgggt
gcgcggcggg
ggceccggtega
gcgctgcegga
gcaacctcge
cgagccgacg
ggcgctgecg
ccgaggaacc
gcgttggcga
agctegtteg
gagcctgagg
gcggcggcgce
cttggccteg
ctggcggtag
gggcacacgc
gtcttecgtgt
gaagagccgyd
ggctggtege
gacgtggttce
tggggagtgg
gtggccggcyg
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gtacggtctc
gacggggggc
tgcgaccgct
gatggactcg
ggtcgacgtce
cgtgcecggac
ggggctcget
cgtgcgtegyg
gggagcgcetg
ccggaaaatg
cgtgcggate
cgtgaccggce
ggctgggceat
tgtcgcegeg
tcgggcgeag
cgtcgttecat
gttccgegeg
cgaagcgecyg
gggccaggge
ggcgcagggg
cgccgggeayg
cgacgaaggg
catgccgttc
gttgtcgegg
cctgctcgaa
cgtgcgcgeg
gccgctcacg
ggccgtgctce
gctgagtgcg
gccggataca
gttgttcgeg
accgagaagg
tgaacgagcg
gctgeegett
ggcgcgacge
acgacgtacc
tcttcggtat
aggtcgectg
gcaccggcgt
agccgcgcga
gacggctatc
cgtcatcgcect
tcgegetgge
gcacccaggce
tcgtccgtgg
atggggaccg
cggggttgac
acgccggegt
tgggcgacce
gagcgegetg
gcgtggeggayg
tcaactttcg
ccgaaccggt
ggatgagcgg
ccgcggeccece
tggatgcgca
gcgatgtggce
ccgecgagetce
cgccgggage
ttcccggtea
tctteecggge
tgctcgggga
agccggtget
agccggaage
cgectgteget

gtccatctgg
accgggctcg
ggtacaccgg
cggtcgcetgg
gtgttgaact
ggcecgettea
cacttcagga
cccgagegeg
cagccgcette
gcgcaagcge
cgcgttcegg
ggtctggggg
ctggtgctgg
ctcgaggcge
atggagcgga
gcggccggaa
gtcatggcgc
ctctecttct
aactacgccg
ctgccagcat
caaaatcgcg
ctgtgggcgce
gacgtgcggc
ctcatgacgg
cggctcgecea
caggtctcge
agcctgggaa
ggcatcacca
catctggcett
gggagcgtgg
ttgattgatg
ccagctcctg
cgataccctg
cccecggegga
gatccggeeg
gcgetgggeg
cgcceccecgg
ggaggggttc
gttcgtcgge
agagcgggac
gtacacgctg
ggtggccatt
gggaggggtc
gctgtcgece
ggagggctgce
gatctgggcg
ggcgcccaac
cgaggccegag
catcgagatce
cgtgctggge
cctgatcaag
tacgctcaat
gccctggeeg
gaccaacgcg
cgagcgcgca
ggcagccegyg
gttcagcetg
gcgcgaggeg
cgtgcgtggg
gggctcgcag
ggcgctggag
gctctcegece
cttegecatg
ggtggtgggc
cgaggacgcyd

ggaggctceg
ctgctgtgceca
agaagcgggc
acttcgccga
cgctgtetgg
tcgagctegg
agagcctgtce
tcgcagegcet
cggtagagat
agcatctcgg
gcgaatccgg
ggctcggtct
tgggcegetce
acggcgcgceg
tccteegega
tcctggacga
ccaaggtccg
tcgtgectgta
cggccaacac
tgagcatcga
gcgcacggcet
tcgagcgect
agtgggtgga
cacggcgege
ccgcecgaggce
aggtgctgcg
tggactcgct
tgccggegac
ctcatgtcgt
ctccaacgac
agtcactcgce
gagecgcttge
gagctcgaga
gcgggcacte
ctcgaggagc
gggctgectca
gaggcacggt
gaagacgccg
gtctgcgeca
gcgtacagca
gggctgcagg
cacctcgect
aacatgcttc
aatggccgtt
ggtctgatcg
ctgatccgag
gtgctcgeec
gccatecggtt
gaagcgcetge
gcggtgaaga
gcgacgettt
ccgcggatec
cggacgggcc
catgtggtgt
gcggagctgt
ctgcgggacce
gcgacgacge
ctgcgagggyg
cgggcectegy
tgggtgggca
ggttgcgace
gacgaggccg
gaagtagcgce
cacagcatgg
gtggcgatca

41700
41760
41820
41880
41940
42000
42060
42120
42180
42240
42300
42360
42420
42480
42540
42600
42660
42720
42780
42840
42900
42360
43020
43080
43140
43200
43260
43320
43380
43440
43500
43560
43620
43680
43740
43800
43860
43920
43980
44040
44100
44160
44220
44280
44340
44400
44460
44520
44580
44640
44700
44760
44820
44880
44940
45000
45060
45120
45180
45240
45300
45360
45420
45480
45540
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tctgccggcg
agctgtcget
cggtgagcaa
tgctggeggce
gccatagccc
ggccgcgagce
cggagctcgg
cggcgcaage
tcctggtgcec
gctcgectgeg
gggcgteccgg
cgctgeecgac
gccgectegce
tgcececegege
ggggtggggt
tgcttcatge
gccgaaacga
gggcatcggc
tggttcgatt
catgcacggt
cgcgegtcecge
agaagagccc
atcaactggc
agggcgacgt
tgggtggect
tgctcaccag
aggccecgege
tggcagcggt
ccecegttgeg
cggacgaggc
accggctget
tgtggggtag
cgcaccatcg
agggaggcat
tggccacggg
gttcggtcac
gcaacttgct
cggcaaaceyg
tcgttcgegg
gccgaggcett
ttcagcgecga
agcggctggt
ggcacatccg
tceccaggtgg
tcagcaccga
aggttccggyg
atgcggcgtt
tgttgectgga
gcgagagcgce
agggcctcga
ccgctggacg
cctgectegtce
gcgaccaggce
cgtcgcgceat
acggctttge
agcgcgacceg
cgagcagegg
tggcgcaage
cagcgetggg
ccgeggageg
cggcgggett
ctcaaccgga
ttgteccgeag
ctttcggeet
ctgtggccge

cagccggcetg
ggaggaggcce
cagcccgegce
gctgacggcc
gcaggtcgac
ggctgcggtg
tgcgagctac
gctgctggag
gcececcetggac
gcgagggcag
ctatccggtg
ctatccctgg
cgcagccgac
cgceccecgaaa
cggtgaggcg
gtcggctgac
ctggcaggga
cgacgaagtc
cctgagcegcet
gggcggcgag
ggcgctggag
gacggagatc
gttccgecage
cgcaccgata
tggtctgctc
ccggcacggyg
gcgcatcgca
ggatgtcgcce
cggggtggtyg
cctgctggag
gcgcgaccgyg
caaaggccaa
ccgegegeac
ggttgatgca
gccggecttyg
acggatggac
ttcggectetyg
gatctggcgce
catcgtecgcec
cgccgagecag
gctgggcgaa
ggcgcatcte
gtcggtggeg
ggatgagggc
ggtgccagcee
ccggacctat
cttcgeccatt
ggtgagctgg
cacgggcgtg
cgacgacgcg
gctgtcgttce
gtcgctggtyg
cctggeccgge
gcgtttgectt
gcgggecgag
cgacccceate
gctcacggtg
gggcgtggcg
tgacccgatce
gccgctetgg
ggceggegtyg
gctcgacgag
ggcggtcccee
gagcgggace
ggcceccgag

ctgcggegga
gaggcggcege
tcgaccgtge
aagggggtgt
ccgctgegeg
ccgatgecgcet
tgggcggaca
ggtggccccg
gagatccaga
gacgagcgcg
agctgggctce
cagcacgage
cccaccaagyg
tcggagacag
gtcgctgcag
gcctccaccyg
gtcctctacce
agcgaggcta
gcgccccatce
ccagaggcct
caccccgetg
gagcccctgg
ggtcgcaggce
tcgectgtecg
gtggctcggt
ctgccagagc
gcggtcgagyg
gaggccgatc
cacgccgcecyg
tcggtgctcce
cctctcgacc
ggcgcatacg
tcgctgccgg
aaggctcatg
tcggegetgg
tgggcgeget
gtcgcggagg
ggcctgteeg
cgggtgctgg
gggctcgact
cggctgtegg
ctcaccgacg
gcggatgacg
ctggagacat
gaccggtggce
gtggccaagg
tcceectegtyg
gaggcgatcg
ttcgtgggca
gcgttgctgt
ttcctgggte
gcgttgcacce
gggtccagceyg
tcgccagatg
ggctgcgecg
ctggcggtgg
cccageggte
ccggccgagg
gaggtgcagg
ctgggecgetg
ctcaaggtge
ctcaaccege
tggccgegeg
aacgcgcatg
cgcgcagegg
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tcagcggtca
tgcgtggcca
tcgcecggega
tctggcggca
aagagctgat
cgacggtgac
accttcggca
cgctgttcat
cggcggccga
cgacgctgct
ggctgttecce
ggtgctggat
actggttcta
ctcatgggag
cgctgtegac
tcgcegagea
tgtggggcect
cccgeegtge
ctecctegett
ctctttgeca
cctggggtgg
tggccgagcet
acgcagcacg
cggaggggag
ggctggtgga
gacaggcgtc
ggctggaagc
ccatgacggc
gcgtcettcce
gtcccaaggt
tgttegtget
ccgcggcecaa
cgttgagcect
cacgtctgag
agcgcctggt
tcgcgeeggt
acgagcgcgc
ttgcggagag
gcttctcecga
ccctgatggce
cgactctggce
tgctgaagct
acatcgccat
actggcggca
gcgceggcgga
gtgcecttect
aggcgatgag
agcgegcetgg
tgatcgggag
acggcaccac
tgcacggccce
tcgcctgeca
tgcttttgte
ggcggtgcaa
tggtggtgct
tcaggagcac
ctgceccagea
tcgatttcegt
cgctgggcge
tcaaggccaa
tcttggeget
acatcccgtyg
gcgecgcgece
tggtgttgga
agctgttegt

gggggagatg
tgagggtcgg
geecggeggcg
ggtgaaggtg
cgcggcgetg
gggcggggtyg
gccggtgege
cgagatgagc
gcaaggggygc
ggaggcgcetyg
cgcgggcggce
cgaggtcgag
ccgaacggac
ctggetgetg
gcgcggactt
ggtatccgaa
cgacgccgtce
caccgcaccce
ctgggtggtg
agcggegteg
cctcgtggac
getttegeecyg
ccttgtagcce
ctacctggtg
gcggggagcet
gggcggagag
gcagggcgcyg
gctgctggcee
cgtgcgtcac
ggccgggage
gttctcgtcg
tgcgttectce
cgcetgggge
cgacatcggg
gaacaccagc
ctatgccgcg
tgcgtctecce
ccgctcagcec
cccgggcgeg
tctggagatc
cttcgaccac
ggaggaccgg
cgtcggtgcee
tctggccgag
ctggtacgac
ccgcgatgtg
cctggacccg
ccaggacccyg
cgagcacgcce
cggcaacctg
gacgatgacg
gagcctgcga
gccgceggtca
gacgttcteg
caagcggetce
ggcgatcaac
ggcgttgcta
ggagtgcecac
ggtgtacggg
ccteggecac
ggagcacgag
ggcagagctyg
gcgtegtgea
ggaggcgceceg
cctgteggeg

gcgctggtcg
ctgagcgtgg
ctctcggagg
gacgtcgcca
ggagcgatcc
atcgcgggtce
ttcgctgecgg
ccgecacccga
gctgeggtgg
gggacgctgt
aggcgggtece
cctgacgccce
tggccecgagyg
ttggccgaca
tcctgcaccg
gctgccagtc
gtcgatgctg
gtcecttggge
acccgcgggg
tggggccteg
ctggatcctc
gacgccgagyg
gcceccgeegg
acgggcgggc
cgacatctgg
cagcegeegg
cgggtgaccyg
gccatcgagce
ctggcggaga
tggctgctgce
ggcgcggcgyg
gacgggctcg
ttatgggccg
gtcctgcceca
gctgtccagce
cgagggcggc
ccggtgecga
ctctacgagc
ctcgacgtcg
cgtaaccgece
ccgacggtgg
agcgacaccce
gcctgeeggt
ggcatggtgg
ccecgatecgg
cgcagcttgg
caacagcgge
atggcgctge
gagcgggtge
ctcagcgtcg
gtggacaccg
ttgggcgaget
ttcgtegegyg
gccgetgeag
cgtgacgcge
cacgatggce
cgccaggege
gggacgggga
cggggeegee
ctggaggccyg
cagattccgg
ccagtggccg
ggcgtgageyg
gcggtggagc
aagagcgcgy

45600
45660
45720
45780
45840
45500
45960
46020
46080
46140
46200
46260
46320
46380
46440
46500
46560
46620
46680
46740
46800
46860
46920
46980
47040
47100
47160
47220
47280
47340
47400
47460
47520
47580
47640
47700
47760
47820
47880
47940
48000
48060
48120
48180
48240
48300
48360
48420
48480
48540
48600
48660
48720
48780
48840
48900
48960
49020
49080
49140
49200
49260
49320
49380
494490
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cggcgctgga
gcctcggega
cggtggccgce
acacgccgcec
tcgtgtttece
agccggtett
ggtcgctget
tggttcagcc
gagtggagcc
ccggegeget
ggcggatcag
cggegetgeg
cecgtgectcge
gggtgttctg
tgcgcgaaga
tgcgctcgac
cggacaacct
gcceccgeget
tccagacggce
agcgcgegac
gggcrcgget
acgagcggta
agcttcgcaa
gacccggagce
aacatagggt
ccgecggegt
gagccctcge
gtcccggtceg
ggcacgccac
ctcecgtggga
tgctcaacga
tcggcacggg
gcgectaceg
tcaccacgce
tccegeggtce
cgctggacgg
tccatgcgaa
gcatatggaa
ggcttcaaat
cgatcggcat
ctgatttggc
ttgagtggtyg
cgctcgagat
cgcccatecgce
tggtagcacc
ccgcecgecegt
ctccgetectt
gcattctgga
tcatcgtcge
tcectgtegtt
tctggttcga
gtatcgacca
ttgcggacge
tgatcctcetce
cgaccgaatc
tcgtceccatcg
gggtccacgg
tgctcectgtt
agctcgaggce
aatggcagcg
gggcttggct
aagggcgagyg
cggggctgta
cattcggcga
cagcaggggda

tgcgcaggca
tgtggcgttc
gagctcgegce
gggagccgtg
cggccaggge
cCgggeggcyg
cggggagcetc
ggtgctgttc
ggaagcggtg
gtcgctcgag
cggtcagggg
tggccatgag
cggcgagcceyg
gcggcaggtg
gctgatcgceg
ggtgacgggc
tcggcagcecg
gttcatcgag
ggccgagcaa
gctgctggag
gttccecegeg
ctggatcgag
cggcgccacyg
tcacttgtgg
ccatggcgaa
agatctctat
cgtgcecctcece
ggcctcattc
ggggcacgtg
gattcaacgg
gcacgeccctce
ggaggtgctc
gattcatccc
ggaatccatc
cagggctccg
tggacggcgce
gtgggaggtc
cgtcttctge
ctctgtcgtc
ccttgtaggg
ggcggtgetce
caagtttgcc
cctctteect
ccgttactcg
gtcgggaatg
cctcecggtg
ccttgectege
tgtcgaccag
ggccaatgtce
gctcgcgcecc
tatcaccacg
tccgetectg
cgtgagtctg
gcgcgcgcecyg
gccggccgcg
gatggcgttyg
tcgattgegt
cgaagacacc
cttctgecttte
caaagaccct
cgtgctgatg
cgaggecgtgce
tcaagtcgat
ggaccggatt
gagggcgaca

gcccggetge
agcctggega
gaggcgctge
cgtgggcggg
tcgcagtggg
ctggagggtt
tccgecgacg
gccatggaag
gtgggccaca
gacgcggtgg
gagatggcgc
ggtcggctga
gcggecgetct
aaggtggacg
gcgctgggag
ggggtgatcg
gtgcgettcg
atgagcccge
gggggcgcetg
gcgctgggga
ggcggcaggc
gacagcgtgce
gaccatccge
gagcaagcge
gcecgtgttge
ggcacggcga
gaaggcggac
caggtatcga
tgtagcggcece
cgatgtccga
gactatggtc
ggccgggtac
gccttgttgg
gagattcgga
gtgaatcaag
cagagcgcga
atggagcgcce
gctgctggag
tacaggaagyg
gacggagagc
gaggaggccg
ggggaacggc
ggtggctcgt
aacggcatcg
ttcagcatct
ttgctgcecctg
gcggagcaaa
gagccagctg
atccatgecga
ggaggccttc
ggattgattg
cctgctcgga
ccaggcgacg
ggcatagcag
cgtgcagtac
gagaggatgt
accggtggag
gggcaggtcg
gcgccgeggyg
ataccagagg
gaccagggcyg
gtgcgcgtca
ccggcegceage
tgtcgcgcgg
gcggagtcgce
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gggaccacct
cgacgcgcag
gaggggcgcet
cctcgggcegg
tgggcatggg
gcgaccggge
aggccgectce
tagcgecttece
gcatgggcga
cgatcatctg
tggtcgagcet
gcgtggecggt
cggaggtgct
tcgccagceca
cgatccggcec
cgggtccgga
ctgcggeggce
acccgatect
cggtgggctce
cgctgtggge
gggttcecget
atgggtcgaa
tgctcggggc
tgagcgacga
ccagcgeggce
cgctggtget
gcatcgtgca
gtcgtgagga
agagctcagc
gcgteetgte
cctgctteca
gcttgecagg
atgcatgttt
ggcggctgac
cggtgagtga
gcgtgecegt
tcgcgcaggce
agcgtcacac
tcatcaagcg
attttgtgag
ggagggtgtt
tcgcggacgt
tcgatatgge
tgcgcggtgt
tggagatcgg
accggacgga
gatttcgaga
gccagggata
ccecgegatat
tggtgctggt
aggggtggca
cctggtgtga
gatctccgge
gagccgettg
ggcaggaatg
acttccaccg
gcgcgttcac
tggcagaggt
acccgcecggga
ctceggeage
ggacaggcgce
tcgegggtac
cagatggctt
tagtgcatat
ttcaggeccga

ggagaagcat
cgcgatggag
ttcggecgea
cagcgcgecyg
ccgaaagctce
catcgaggcg
gcagctcggg
tgcgetgtgg
ggttgcggeg
ccggcgeagce
gtcgctggag
gagcaacagc
ggcggcgetg
tagceccgecag
gcgagcgget
gctcggtgeg
gcaagcgctg
ggtgccgcecce
gctgcggega
gtccggcetat
gccgacctat
gccctcgetg
tccattgetce
gaggctatcc
gtatgtagag
ggagcagctg
agtggcccte
ggcaggtagg
ggtgggagcyg
gtcggaggcg
gggcgtggag
agacatggca
tcaggtgctg
ggatctccac
cacctggctg
cgacctggtyg
gtacatcatc
gatagacgag
atggatggaa
ctctcagecg
cgecgaccte
attgaccggt
ggagcgaatc
cgtcgagtcg
agcagggacg
gtaccattte
ttatccatte
cgcacatcag
aagagccacg
cgagggcaca
gaagtacgaa
cgtcectgege
ggggatcctc
tgacagctce
ggccgatgge
ccggecgggce
gaaggcgcte
tcaggggetc
agagtggttg
cgcgtettct
tgcgctegta
ggcatacgcec
tcataccctg
gtggagcectt
tcaactecctg

gtcgagcecttg
caccggctgg
gcgcaggggce
aaggtggtct
atggccgaag
gaagcgggcet
cgcatcgacg
cggtcgtggag
gcgcacgtgg
cggctgetge
gaggccgagyg
ccgcgctega
acggccaagg
gtcgacccgce
gcggtgccga
agctactggg
ctggagggtg
ctggacgaga
gggcaggacg
ccggtgagcet
ccctggecagce
cggcttcegge
gtctcggcegce
tacctttegg
atggecgctcg
gcgctcgagce
agcgaagaag
agctgggtgce
ttgaaggaag
ctctatccge
caggtgtggce
tcctcaagtyg
acagecgetgce
gaaccggatce
tgggacgccg
ctcggecagcet
ggcactctcce
ttgctcgtca
caccttgtcg
ctgcecggage
ccagtcctat
aagacgctcg
tatcgagatt
gcggcgegydyg
ggcgcgacca
accgatgttt
ctgaagtatg
aggtttgacg
gcgaagegtce
gggcatccga
gatgatcttc
cgggtaggcet
ggacagcacyg
ggtgagtcgg
tcegetgacg
cggcaggttt
gctggagatc
cgceectgecge
tacgctttgg
tcectecgegg
tegetgetgg
tgcctegege
ctccgegatg
gatgcgacggd
gggagcctga

49500
49560
49620
49680
49740
49800
49860
49920
49980
50040
50100
50160
50220
50280
50340
50400
50460
50520
50580
50640
50700
50760
50820
50880
50540
51000
51060
51120
51180
51240
51300
51360
51420
51480
51540
51600
51660
51720
51780
51840
51900
51960
52020
52080
52140
52200
52260
52320
52380
52440
52500
52560
52620
52680
52740
52800
52860
52920
52980
53040
53100
53160
53220
53280
53340




gcgegettte
ggctcttgac
aggcgecggt
cgctegtgga
tcggggcgag
gcetegtgeg
gcagctatgt
tgatgcaggg
gggatgeccct
tggctcggcg
ttcgggggat
atgcccgteg
cgctgaccag
tgggcttgce
atcaccggtg
catcatcgcc
gcectecacget
aggtaggggt
gattggcgcet
acgcgtcgaa
tggagaagca
agcggcacgt
accgcatcga
acgtagcagc
acgcteccgge
tgcggggcat
cgcagatcgt
tgagcatgcc
gcggaccgag
tccggaggca
gcgctgggceyg
caccgaggcg
gtcgctcgat
cggcatcgca
cagcgactac
caccggcaat
accctgeetg
ccgcagectg
ttcgtccaag
ccggacattc
gctcaaacgg
ttcggccatg
ggaggecgcetc
tgtcgagacc
tgcecgtgttg
aaacctcggce
tctgcaccac
gatcgagggg
accgegcettce
ggaggaggcg
ggtgctgtcg
catcegecgeg
tagceccgatg
gctggaggtt
ctcgeeegge
ccgtgggttg
cttcgacecgg
caggtcgtcg
cgcgetggec
cctcggcgag
cttggtggtc
gatcgccgeg
gatcgcggca
gcagatcgcg
cgcgttccac

tctggtgcag
ccgegecgtyg
gtggggccte
cgtgaacccg
cgacagagag
gagecteette
gatcaccgat
ggcccgcecat
ccggtccatg
cgacgatgtc
cgtgtacgtg
cttcaaggag
ggatagatcg
aggacagggg
caaggtgggc
ggcgaccceeyg
ggagcaggga
gatgcggcetg
gtgggcggag
cctgcgegag
cttgagcgag
gccgtteage
ggccgegcetce
tctgagcggg
caccgagcgg
gacggacgag
tggtgagtaa
cttctgctca
ccgatcgeca
ttctgggagc
ctggtcggcg
gtggacggct
cctcagcaac
ccccagtecce
tcgcataccg
acgctcageg
accgtcgaca
cgcgectegeg
acgatgataa
gacgcctcecgg
ctctcecgacyg
aatcaggatg
ttgcgcgagg
cacggaacgg
gggccggege
cacctggagg
gaactgatcc
accgcgceteg
gcgggggtga
ccggccacgg
gcgaagagcyg
tacccggage
gagcaccgge
gcggegcagg
aagctcgcect
tgggaggcgt
gagctccatc
ttgctggacc
gcgcetettee
ctggtggecg
gcgcgcggec
ccggaggcecg
gtcaatgggce
gcggegttcg
tcgecgetea

gcgetggtge
catgcggtgg
ggtcggacgce
gcgecgtetce
gaccaggteg
teccggcaagc
ggcatgggga
gtggtgctcg
gccgaggetg
gctcggctcece
gacgggacct
tggatgtatc
ctggacttct
agccgcgeceg
cttacagcga
aacgacggcg
gcggcggegce
aatctgcgece
ctgctgaaggd
gcgctgcaga
ctgttggggc
aatctcggca
ggcatcaccg
agcttgctag
gagaagagct
cagaaggacg
gggaccgagyg
tggacaagct
tcgtaggcat
tgctcgactce
tccatcccag
tcgacgccgce
gectgetget
tcgacggcag
ttgcgcaaca
tcgccgecgg
cggectgetce
agagcgatct
tgctggggceg
ccaacgggtt
cccagcgaca
gcecggtcgac
cgctgcagag
ggacctecget
gggccgatgg
gcgctgcagg
cgcgaaacct
cgctggcgac
gcgecgttegg
tgctecgeace
ccgecgeget
agggtctcgg
tcgcggtgge
ggcagacccce
tcctgttege
ggccggegtt
agcegetetg
agacggcegtt
ggtcgtgggg
cctgegtgge
ggttgatgca
acgtggctge
cggagcaggt
cggcgeggygyg
tggatccgat
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gcecggaggtyg
gcgcggagga
tcgcgcetega
cagaggacgce
cattgcgctce
ctgctacgga
gagtggggct
tggatcgcgg
gcgeggaggt
tctcgaagat
tccagggcga
ccaaggtgct
tcgtectgta
ccggtgacgce
tgagcatcaa
gagcacggct
tcgggegete
agtggttgga
agcgtgaccg
gcgccaggcee
gggggctgeg
tggactcgct
tgccggcecgac
acattcrgtt
tcgagaacga
cgttgctege
gagtatggcg
tgcgaaaaag
tggctgececge
aggccgagac
cgaggaggtg
gttctttgge
ggaggtcacc
ccgecaccggg
gcggcgegag
acggttgtct
gtcgtegete
cgcgetggeg
catccaggcg
cgtccgtggg
cggcgatcgg
agggttgatg
cgctcgegtce
cggecgacecg
gagcegetge
cgtggcgggt
ccatttccac
ggagccggtg
cctcagecgge
ggcgacgceceg
ggacgcacag
agacgtcgceg
ggcgacctceg
ggcaggcgceyg
cgggcagggc
ccgegagace
cgaggtgatg
cacccagcceg
cgtggageceg
gggtgtgtte
ggcgcetgeeg
cgcggtggceg
ggtgatcgeg
ggcdgcgaace
gctggaggeg

gcgcaacatg
cgcagcggcec
gcatccagag
agccgcactg
ggatggccgc
ttgcggcatce
ctcggtcgeg
cggcgcttee
gcagatcgtyg
cgaaccgtcg
ctcctcgatg
cggagcgtgg
ttcecteggge
cttcttggac
ctggggattg
cgaataccgyg
gctcgcacga
gttctatccc
cgccgaccga
cgaagatcgt
ccttecegecyg
gataggecctg
cctgctatgg
tccgaatgec
tgccgeagat
cgaaaagctg
accacgaatg
aacgcgtctt
ttccceggeg
gcggtccage
ccgegetggg
acctcgecctce
tgggaagggc
gtgttcetgg
gagcaggacg
tatacgctag
gtggccatcc
ggaggcgtca
ctgtcgceccg
gagggctgcg
atctgggctce
gcacccaatg
gacgccgggg
atcgaggtcg
gtgctgggcyg
ttgatcaagg
acgctcaatc
ccgtggecege
accaacgtcc
gggcgctcag
gcggcgcegge
ttcagcctgg
cgcgaggcgce
gcgcegceggea
gcgcaggtgce
ttecgaccggt
tgggccgagc
gcgctcetttyg
gagctcgtcyg
tccectcecgagg
geccggeggced
ccgecacgceag
ggcgccgaga
aaaccgctgce
ttccggegad

ccgcecggettte
tcggtggcgce
ctgcggtgeca
gcggtggagc
tacgtggcgce
cgggcggacg
caatggatgg
gaggcatccc
gaggccgacg
atgccgeccge
ctggagctgg
aacctgcacg
acctcgcectte
gccatcgcge
ctctccgaag
gggatggaag
ccecagggcegce
aacgcggccce
ggcgcgtcga
cagttgattc
gagaggatcg
gagctccgea
acctacccta
ggcgcgacce
ctcgaggctce
gcgcagcetcg
ccgggaagcet
tggagcaaga
gagcggacac
cgctcgaccg
ccggactgct
gggaggcgcg
tcgaggacgce
gcgcatgcag
catacgacat
ggctgcaggyg
accttgcectg
acatgctcct
atggccactg
gtatggtcgt
tgatccgggyg
tgctcgcectcea
ccatcggtta
aggcgctgceg
cagtgaagac
cggcgertgge
cgeggatccyg
gggcgggcecyg
atgtcgtgcet
cggagctttt
tctcagecgeca
tatcgacgcg
tgcgaagcge
gggccgcette
cgggcatggg
gcgtcacget
cgggcagcag
cgctggagta
ctggccatag
acgccgtgeg
cgatggtatc
cgttggtgte
aattcgtgea
atgtctecgea
tgactgagtc

53400
53460
53520
53580
53640
53700
53760
53820
53880
53540
54000
54050
54120
54180
54240
54300
54360
54420
54480
54540
54600
54660
54720
54780
54840
54900
54960
55020
55080
55140
55200
55260
55320
55380
55440
55500
55560
55620
55680
55740
55800
55860
55920
55980
56040
56100
56160
56220
56280
56340
56400
56460
56520
56580
56640
56700
56760
56820
56880
56940
57000
57060
57120
57180
57240
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ggtgacgtac
cgatgaggtg
ggacggagtg
gccgacgctg
agcgtcgege
ggtcgteggt
gctgccaacc
ggcggacggc
cgtgtcgacc
gtggctcggce
gatggcgctg
ggtgctcatc
gaccgaggag
tcgecgegecc
cccggegagg
ggctatctat
cgccgagetg
cggctecgeg
tgttggcgcyg
ggtgcggcetg
tggtcaacag
ggtggtcgec
cgacgcagac
gatcacagcc
ctcggegetg
tgcaggaatg
gcacctcagce
gctcgacgceg
tggttgcgac
gccgeggetg
ggtgcaagcg
ctgtatcagce
cgagctactt
tgcgecggcetce
tgacaggccg
agccacgggg
gctcgactce
agaaatcgag
gggcgtgaac
tacccatgtc
cgaggcggcc
ccacctgcag
cgcggtgcga
gaaccgtgcce
gttcgtcaca
gctttcggge
gaagctgggce
gaatttttcece
ccgtgegecte
gtcggggtty
tcgecgecagece
cacgctggac
cgcggacggce
atggctggcce
cgcagagcag
gaaagcggac
ggggatgceceg
gcagcagact
cttgcacacyg
tgggctttte
cctttcgeat
cacggaggtg
gatgcggggc
tcgegtgcag
aacagcggcc

cggcggcectt
agcgcgecegyg
aaggcgctgce
ctcggecttg
gccgggegtg
ggatcggtca
tatccctgge
accggcecgtg
catgceggte
gagcaccggg
tcgtcggagg
gagacgctga
cgaccgggac
ttccggatce
tcgaaccteg
ggtgcgcteg
tggcggggtyg
acagcctacc
ttcgccgatce
ttccagcggt
gcctccagcec
gagatctcce
gactggttcc
ggccggtggc
aaggccgeceg
cgcgegetec
agcctcgacg
ccccggagec
agcgtgctct
tggctcttga
ccgctgttgg
gtcgacctcg
gcagatgatg
gtccaccggce
tteccggctag
cggcgegcte
atcgacatcc
ccgttggtge
ggccttgtgyg
accacgtcgg
gcgatgccee
gcgggggage
tgggcgcagce
tacctggagt
gacgtgcatg
gagcgcatceg
aggcgcgacyg
ttctcgecagg
ctcgacgagce
cgcgttggcg
gaggcattce
gacccggagg
acctaccttg
gagcggggcg
cgageccgcecg
gtcgecgate
ctgcggggtyg
ccggegeggt
ctgacacgcg
ggctcgccag
caccgaaggg
gggatggccg
atcaccececg
acgggggtga
tcacggaggt

cgatcgecgcet
gttactgggt
acgcggccgg
tgccggectg
acgaggctgc
cctggteggg
agcgcgagcyg
ctcgggcggd
tgcgecectgtg
cgcaggggga
ccgagatctt
ccttcgeggyg
ggctgcgger
acgcccgcgg
ccgeccctgeg
ccgagatggg
agggcgaggc
agctgcatcc
gcgatgaggc
ctcectgggga
ggtggagcgc
ggctggtggt
tggagctgga
tgctgectcgg
gcecatgtegt
tggccaacgc
ggggcggcca
cagatgtcga
ccctggtgea
cccgcggggce
ggctgggccg
atccagccga
ccgaggagga
tgcccgacgc
agatcgatga
ctggtccggg
agctggegtt
tcggaagcga
tgggccagcc
ccacgctggt
tcgegtatte
gggtgctgat
gegtgggcgce
cgctgggegt
catggacgga
acaagagcct
actgcgccga
tggacttgecg
tgttcgggtt
gatccctcac
ggaggatggc
tgcggatceg
tgaccggcgg
cggggcaact
tggcggcget
ggtcacagat
tcgtgcatge
tccgcacggt
aagcgcectct
gccagggcaa
cgcagggcct
ttgcgcaaga
atgagggtct
taccgatcac
tgtcgegget
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ggtgagcaac
gcgtcacgceg
tgcgggcctce
cctgececggat
gagcgcgeta
tgtcttecect
ttactggatc
gggccacece
ggagacgacg
ggtcgtgttt
gggcgatgga
cgatacggcg
ccaggtagcyg
cgtgctgegce
cgecceggett
gcttcaatac
gctgggcagyg
ggtgctgectg
gacgccgtgg
gctatggtge
cgactttgag
ggagcggcett
ttgggagccc
cgagggtggt
cgtccacgcece
gttcgacggce
gctcggececg
tgccgatgee
agcgctggte
tcaggcggec
caccatcgce
gcctgaaggyg
ggtcgcgcetyg
tcagcgcegy
acccggegeg
cgaggtcgag
gggcgttgcet
gtgcgccgdg
ggtgatcgcce
gttgcctcgyg
gacggcctgy
ccatgcggag
cgaggtgtat
gcggtacgtg
cggcgagggt
catggtcctyg
cacgcagcct
gggaatgatg
ggtcgecagec
gccaccgecyg
gcaaggacag
cgcteeggee
tctgggtgge
ggtgctggtg
ggaggcccac
cgagcgggtc
ggcaggtcte
gatgggacct
ttccttetee
ctatgcecgea
gccggegetyg
aaaccgtggce
gtcagctctg
tcecgeggeag
ggtgaccacg

ctgagcggga
cgagaggcgyg
ttcgtcgagg
gccaggcegg
gaggcgcetgg
tcgggcggac
gaagcgccgyg
cttctgggtg
ctggaccgaa
cctggcgeceg
ccgatccagyg
gtaccggtce
agtcgggagce
cggatcgggc
catgccgeceg
ggcccggegt
gtgagactgc
gacgcgtgcg
gcgeceggtgg
catgcgegceg
ttgatggacg
gcgagcggtg
gcggcgeteg
gggctcggge
gcgggggacyg
caggcceccga
gggctegggy
ctcgaatcgg
ggcatggacc
gccgcecggeyg
ttggagcacyg
gaagccgatg
cgcggtggeg
gagaaggtcg
ctggaccaac
atctecgteg
cccaatgatc
cgcatcgtcg
cttgcggcgyg
cctectggggce
tacgccceteg
gceggtggetyg
gcgaccgceceg
agcgattccc
gtggacgtceg
cgcgectgtg
gggctgccge
ctcgatcaac
ggtgccatca
gtcgagacct
catctcggga
gaatccagcg
ctcggtectge
ggccgctecg
ggcgcgegceg
ctccgcgagyg
gtggatgacg
aaggtccagg
gtgectgtacg
gccaacgcegt
agcatcgact
gcgcggceaga
gcgegettge
tgggtggagt
cagcgegcegg

agccctgeac
tgcgcttcge
tggggccgaa
tgctgcteccce
gtgggttctg
ggcgggtacc
tcgatcgtga
aagtcttttce
agcggctgcece
ggtacctgga
tcacggatgt
aggtggtgac
cgggggaacyg
gcgtcgagac
tgcccgetge
tgcgggggct
ctgaggccgce
tccaaatgazt
aggtgggcrc
tcgtgagcga
gtacgggcgce
tacgccggcg
gtgggcccaa
gctegttgtyg
acacgagcac
cggcegtggt
cgcagggcgce
cgctgatgcg
tccgaaacge
atgtctccgt
ccgagctgceg
ctttgctggce
accggctcgt
agcccgeegg
tggtgctceg
aagcggcggyg
tgcctggaga
ctgtgggcga
gagtatttgce
tctecggegac
acaaggtcgce
tcggtectttg
acacgeccga
gctcgggecg
tgctcgactce
gtcgccttgt
cgctcectacg
cggcgaggat
gcccactggg
tcecegatcte
agctcgtget
tcgecgtecyg
gcgtggecgg
gtgcggcgag
tcacggtggc
ttaccgegte
ggctgctgat
gggccttgca
cttctgcage
tcetegacge
ggggcatgtt
tctctecgegg
tcgagggtga
tctacecgge
tcgectgateg

57300
57360
57420
57480
57540
57600
57660
57720
57780
57840
575800
57960
58020
58080
58140
58200
58260
58320
58380
58440
58500
58560
58620
58680
58740
58800
58860
58920
58980
59040
59100
59160
59220
59280
59340
59400
59460
59520
59580
59640
59700
59760
59820
59880
59940
60000
60060
60120
60180
60240
60300
60360
60420
60480
60540
60600
60660
60720
60780
60840
60900
60960
61020
61080
61140
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gaccgccggg
ggggctgctg
caagatcgag
gctgecgcaac
gtacccaacg
tggcggcgag
ccgetttegt
ctcgccecgag
ggccatgtgg
agaggcggcce
cctgggtgtc
ggctccgetg
ggagatggag
atccacccaa
ggctceggec
catcgcecggce
caccacggag
agggcgcgag
gacgtcgtca
tggttgggag
cctggacgtet
gaagcctgct
gatcgagcgce
cctcaccecga
agaagagtgg
gaagtacgga
ccegtegtte
ccagctgctce
gggaatcccg
gttcecgtege
cgatgaggag
cgtcctcgat
ggccgaggcec
tatcgectget
gcggtecgecce
cgatgaggtg
ggacctggag
gagcgeectg
cacgggcgcg
tcgecctcgag
gaaagaaact
catcttgaag
cctcatgata
caagcccatet
gacgtcggaa
gcacgeccegcet
cggecectcacce
cgcgcgegece
cttcggegge
agtcctcttce
gctcgtectg
gcgecccggg
gctggtgcag
tgcgcaagcc
gacatccggce
gaggccgacg
cggtgggcgg
cggctgggea
atcgccggea
ttccgegegg
gececggecegt
gcggegegec
ctgcgecgead
gcctetceteg
c€ggagccgceg

gatcgggacc
caggacgtcg
gtggatgccc
cgcatcgagg
gtagcagcga
tcggacacgg
cctgtegtea
ggcttecegtt
cacgatcgea
tcgctgatte
cggttegteca
gccgtettca
accgatataa
caagtccagg
cccggggact
tcggacgatg
cgcttctata
atcatgcaca
ggccecgegt
cagcgtgggce
tgcagtatag
ttcgacttca
ctgagagagg
taccacgacg
gaatcgagcg
ttgttcgggce
acgtcacgcg
gatgctcgcect
atgcgcgcga
ttcggctegg
accaagaccc
gagcggcgca
gacggcagca
ggcaccgata
gaggcgctcg
ctcecgetteyg
tactgcgggg
agagatggga
agcctegegt
gcggagatcg
cccgtgtttyg
ccctccaaag
cagctcgecge
gtcagcgcgce
gaagtgccgg
cgtcatgtcce
gagcggcagyg
ttcggcgagce
gtggtgctgg
caggatccgg
ctgctcatgg
gcgetctegg
cgcatgcagg
tgagcctegg
cgeeccgecge
aggcgctecyg
aggcggegea
aggcgctcega
gactccagaa
cgacggagca
accgecggatce
ttcacceccge
ccgagcggge
ggcgcagccyg
ctecggtecege

tgctcgaaca
tgcgegtgea
cgctctcgag
ctgcgctggg
taacgcgctg
acgaatcgac
agcegegggce
cctggtcgga
gcctegectce
agcactatgc
tggggacagc
cgttgggcgg
tagccaagct
ccgatgectcg
cgaaggagcc
tgatcgtgcce
tgcatctect
tcgtcgactce
tcgaggcaaa
gctggcggec
gagattttat
agccgttege
caacccceat
tgtcggeggt
cggagtactc
tgccgceccgga
ccatcgacct
ccggacaaga
tcagcgcetct
cgactgcgeg
tggtcgcgtc
ggaacccgct
ggctgagcac
ccacgatcta
agctggtgaa
acaatatcct
catcgatcaa
ctgtattctc
acggtagagg
ccgtgggcac
gataccaccc
ctggataget
gcgggtgctg
gaagatcgaa
gcgccgceect
ggcecctgeac
ttctgctecte
tcgegeggey
gececgteegt
cggtcggggt
cgggtatcga
cgetcggege
gcgcgttcac
cgcctgeteg
ggcccagcetce
ccegttecge
gecggeegegg
caaggtccect
cgatgecggtc
cgegctceege
gagccgcegtyg
ggaccgtgta
gctcatcgceg
agcggeggcd
gcagcggeta
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gcttgegteg
ggtctcgeat
catgggcatg
cgtcgecgeg
gctgctegac
ggcgagcgcec
tcgtctette
gaagtctgag
cgaggacgcyg
agacgcaccg
cgtggagctc
cagcttgatc
cttcttccga
cgcagacaag
gcccgtgaag
tccgagegac
tcececggagat
gcatctcaat
atgatggcag
ggcggcaggc
gacacaggag
gectgggtac
cttctactgg
gttccgcgac
gtcggccatt
ggatcacgct
gctgegegece
ggagttcgac
gttgaaggtt
cgcgcetegge
cgtcaccgag
cgaaaatgac
gaaggagctg
ccttatcgeg
ggccgagecce
cagaatagga
gaaaggggag
caggccagac
cccccatgte
catcttcegt
cgcgttcegg
cgcgggggea
tctgcegegy
tccacggcecece
gggagcgcaa
ccgcgeegag
gectcgtcgee
gctgcgeceag
cgtcggegeg
cgtgctctee
ggtcgatgtg
gatcgcgcecce
gtgggatctc
tacacctcge
gagccggact
gacgecgatcg
ctggagagcce
ttcgcgecaca
tggttcgatg
gacgcggegt
tcegectgecg
ccegegtecg
ctctacactg
tgeccggtggt
gcgegegtceyg

gctgagccga
gtgctgegtce
gactcgctga
cctgcagect
gacgcccecteg
ggttcgttcg
tgttttcacg
tggagcgatc
cctggtaaga
tttgcgttag
gccagtegtt
tcttcttcag
aatgccgcgg
gtcatcacag
atcgcggtcece
gttcaggatc
cacgaatttc
ccgctgeteg
cctecectegg
cgcggaggcg
caagcgaatc
gcggaggacc
gatgaaggcec
gaacgcttcg
cccgagctca
cgggtccgcea
gaaatacagc
gttgtgeggg
ccggecgagt
gtgggtttgg
gggctcgege
gtcttgacga
gtcgcgcteg
ttegetgtge
gggctcatga
actgtgcgtt
atggtctttce
gtgtttgatg
tgccececgggyg
aggttccecg
aacatcgaat
tegettceceeg
gtgcgattcg
ggagaagagc
agctcgcteg
gagcecgcececeg
ctcgegeteg
cccgaggtge
ctcgctectg
ggcatctect
agcatcctgce
ccgetgcgea
gacgtctcge
cggtgctege
cgccggatga
ccgegtacte
tcgtgcggct
cgacggccgg
tcgccgeccy
cggccatgga
taggggagtt
accagcagat
cgttcgeccg
teectetteyg
Ccggcagagat

gcgcgcegggce
tcecctgaaga
tgagcctgga
tggggtggac
tcgtcecgget
tccacgtect
gttctggegyg
tggaaatcgt
agtacgtcca
tagggttcag
ccggegeacce
agatcacccce
gtttegtgcg
acaccatggt
ctatecgtcgce

tacaatctcg

tcgtecgatcg
ccgcgaggac
gcgcgcgaga
catgagcctt
agagtgagac
cgttecccege
gctcectgggt
cggtcagtcg
gcgatatgaa
agctcgtcaa
gcaccgtcga
attacgcgga
gtgacgagaa
tgccccaggt
tgctccatga
tgctgcttca
tgggtgcgatc
tcaacctgct
ggaacgcgct
tcgeccaggca
tcctgatcee
tgcgacggga
tgtcccttge
agatgaagct
cactcaacgt
aacctcatte
atccagcgga
ccgtecgggt
ttcgecgetca
ccctgatgea
tcctectgac
tcggecgaget
ggttccatcg
ggataggcgc
gcaaggaggc
cgcecggggcce
cgcgacgete
tcecgeecgeg
cgaggccgac
ggaggccgtt
cgcgatcgtg
cgtctccecag
gtacgcgagce
ggcgctcgeg
teggggggag
cctgaccgeg
tgaggagtga
caaccatgac
cgctggagceg

61200
61260
61320
61380
61440
61500
61560
61620
61680
61740
61800
61860
61920
61980
62040
62100
62160
62220
62280
62340
62400
62460
62520
62580
62640
62700
62760
62820
62880
62940
63000
63060
63120
63180
63240
63300
63360
63420
63480
63540
63600
63660
63720
63780
63840
63900
63960
64020
64080
64140
64200
64260
64320
64380
64440
64500
64560
64620
64680
64740
64800
64860
64920
64980
65040
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acaggcgacg
ctccagacac
ctcgtcgege
gtcttgtccg
gacggcgctg
ccecgcectgac
caggcecacg
cacatcagag
accgtcccceg
gactagcgtg
atcggccggyg
aatgtgctgc
ggggtgacgc
caccaccgtg
tccgtgtagg
tgctgcacga
atcggctcgg
gtcacccggt
gcgtceccggt
ggtccgttge
ggcttctecca
agcgacggcce
ctccttgeeg
gatgccggeg
cggecgectcet
acccgcecgat
ggcggctgtg
gaagcagtga
cgccggatag
ccgagcgaga
gccgacgteg
ccgeccgagce
gagtcccegt
ctggccgaga
agcagcccte
cgcgctatca
tccatcatat
cggcgecgget
ggatcggcgg
cgtggcgatc
ctccgagggce
gcaccggagce
tttctggacg
cgaagggatc
cgtcctcecgge
Caagaagaag
gttcacgatc
cgtctggecte
cggecctegtyg
gggggagagc
tggcgtgtcy
cgtgctgege
gcgcatcgag
caggtcgctce
cgccatcecte
aaaccgtgca
tcgecgaggte
caggcttcecga
ggcgagatga
agcgcggteg
gcggcgccag
atccteceget

<210> 2
<211> 1421

acccgceecga
tcgttcagcet
cactcggatc
atgttgttge
ccgactggca
cgcttttege
accagcttcc
actctccget
accagaacag
cctecgeteg
caggaggtac
ggcaggcgcc
cgcaaacggyg
cgcactegtg
cgatcgtgct
caatgggaac
gttcggtcag
acggcceggce
ccgacgcatt
tccggectgg
tatgtcctcece
tcttcteceg
accggcgcege
cgacgaggcce
gcaggccggce
tcacatccca
gtaccggcca
ggcgatcgag
ggctcacgcect
aaatcgtgca
accccgacgce
gcatcgaggce
ggcaacgggt
cgaccgtgcec
agtctccatc
gcagcgctga
catcccetgeg
ctacgtgcgce
agcatggaga
gcggceggtca
gtgcactcce
gcacgcccge
ctgatcgtcg
ttgcacctct
gcagcggccg
gacggacagg
gtcctggagg
gggcaccgec
ctcgccgegg
gcggacaggg
gcggtggggc
atcgagttcg
acccggatac
caccagcgceg
cgcggcgece
gacgtcgtce
cggcagcgcce
ggggggcgac
cggctggcegt
ctcgcgcegat
catggcggtce
tccagggttc

gggtgtcgaa
gcttggegtce
ggatcttgtt
accgcgcecte
ccggegecte
cgcegeacge
cagcaatctt
cggctegteg
ccgcatgegyg
tgccgagatc
cgacacgggce
tccatgcceccg
agatgctccc
agctccagcect
gatcagcgeg
gtccgatteg
atcgttgaac
ggggtcgcgg
caacaggcag
gatgtagccc
ctgectggcetce
acgcgctegg
cgagcgecga
geccececgegte
ctgagcgttg
ccgecggeacg
gceccggacge
gtggcagatg
cggtctccte
gggcacgcgg
cgcgaccacg
cggcagcegag
cggagtgctce
gcatgccaac
ttctgececgec
gcccgecage
tactcctcca
gacaggagag
aagaatcgag
agttcatcge
tcgtcgatac
ccgacgccga
ccatcatgat
tgcaccegeg
tcttcgaggg
gctacctcgce
actccgegge
tgggaaaccce
tcgecggtett
agctcctcgce
ggccecctgac
acgccgegcet
ggagcgagceg
cgagggcegtg
gggctcaggt
ttcgacgega
ggagcccggg
gtcatgagga
cgcggcectec
ctcgececggce
gtctcgetgt
gattcggeca
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cggattgccg
gatgccgect
cgagcacgcg
gcggtcgceac
gccctgegeg
cgcgagcagg
ttgcatggct
gttcgacagce
gtttctcgea
ggctgtcctg
gccgggcggyg
cagccgggaa
ggagaggcgce
cctecggeata
ttcteecgect
atcacgctgg
cggacgtgece
tcgctgaagt
gcecgtctecat
tctgcgattyg
ctctttggct
ggatccatgg
cgggctttga
tgatcecgat
cgcggtcatg
acgcttgcectc
gaggcccgag
aaacacgttg
gcgagcatgg
ctcgcgeecg
cggctggegg
cggttcgtcg
gactacaacg
ttcgagctge
gtcatcgggce
aggccccaga
gcgacggccg
cgtcctggeg
gatcgcgatc
cgccgecegeg
tgcagacggyg
gcatccgtte
cttcgecegeg
ccagatcgag
gacgtcgete
ggcgatgcgg
gctcgecggg
ctacctcgac
cctecgeccage
cgcgatcege
gatgcactte
cacggcgtcce
acccgacgtg
acgcgeccegtyg
ggccctcgea
ggtacgctgg
cgggccgggce
aggccagggc
ccggcgecgyg
gceggetcat
tccagctcgg
aggtgacgag

cagccectcat
gggcactcgc
tcettgeteg
cgcgccgeca
ccacccgggg
ctcattceccg
tcececteect
cggcgacggc
acatgccccg
tgcgacggca
aggtgccgcec
cgcggcgcecce
cgggcacagce
gaagagaccg
gacgcgagtce
catagtccgt
gggtgcgect
agacggtgat
ggctcgtcat
cccagegegt
gcctcectet
ctgaggatcce
aagcacgcga
cgtgacatcg
gtcgtcctcg
aaaccgecggce
agggacagtg
acacgggccg
cgctcgeegg
gcgececgatge
tggacgtcgt
tctggcageg
ctgccagecyg
tcatcaccgt
cgacgtcecgt
gccctgecete
cgtcgaagcea
cggcctgege
tacggcgceca
accggcagcet
ctcctectee
ggccacggcea
ggcggcggcyg
gatccgacgt
atcatctcga
tccagcaagg
ctcaccatcg
ggcgcggegt
cagagccgtyg
gcgctcgceca
ggtccgcacyg
ggggtcgcgg
aagcacatct
gagagacecge
gcagggcgcy
ttgcaagtcyg
gcacgaaggce
gcatggggcg
cgegettege
cgecteegtyg
gatcatcgag
ctccgatate

tgcggatccce
cgaaggtcag
aatactcccg
cgatgctatc
tttgcgecte
acaccgagat
cacgacacgt
cacgagcaga
acatccttge
atatcctgceg
acgggctcga
ggccagceetc
cgagcgcecegt
tcacteccgyg
gagccgdgta
atcgcgcggg
cgctgggacyg
ggcgacctgce
ctgcggctcg
ccgcccecgatc
gctgtccagg
tcgceccgagceg
ccggacacgt
cgacgtccge
cgtcaccgcc
gagacggccg
ggtcecgeegt
acgagtcggce
ctgtggcggc
gcacgtcgcece
tcacctetcg
tccgagetcece
aagaggcaag
cgagaagcag
cgggtaacat
gatcgccttc
accgccgtgce
atcgctggaa
tcgcagccaa
cggcgatget
tgctcggcaa
aggagctcta
tctcgatcta
ggaactacgt
tccacgagtt
acccgacgac
ccttectegg
cgatcggcat
ggctcctegt
gcgcagatcec
aagtcctggt
aggcgatcga
acgtcgaggce
gcgecggectc
cctggegggc
tcacgececgta
gcggcgagcyg
atgctcggcyg
gccgcgetcece
tcecetegeeg
cgcctgeecg

65100
65160
65220
65280
65340
65400
65460
65520
65580
65640
65700
65760
65820
65880
65940
66000
66060
66120
66180
66240
66300
66360
66420
66480
66540
66600
66660
66720
66780
66840
66900
66960
67020
67080
67140
67200
67260
67320
67380
67440
67500
67560
67620
67680
67740
67800
67860
67920
67980
68040
68100
68160
68220
68280
68340
68400
68460
68520
68580
68640
68700
68750

17 CEC 2002



<212> PRT
<213> Sorangium

<400> 2
Val Ala Asp Arg

1

val

Phe

Ala

Pro
65

Cys

Met

Glu

val

Ala

145

Pro

Pro

His

Ala

Ser

225

Ala

Leu

Val

Thr

Ala
305

Gly

Trp

Glu

50

Gly

Phe

Asp

Asn

Phe

130

Thr

Ser

Cys

Leu

Gly

210

Lys

Glu

Lys

Ile

vVal
290

Asp

Gly Thr

Ala

Pro
Ala
115
Ile
Ala
val
Val
Ala
195
Gly
Thr
Ala
Arg
Arg
275
Pro

Ala

Gly

Ser
20

Leu
Trp
Thr
Ala
Ala
100
Ala
Gly
Ser
Gly
Ala
180
Cys
val
Arg
Asp
Leu
260
Gly
Asn

Gly

Thr

cellulosum

Pro
5

Cys
Leu
Asp
Pro
Ser

85
His
Ile
Ile
aAla
Ala
165
val
Gln
Ser
Ala
Gly
245
Ser
Ser
Gly

Cys

Thr

Ile
Arg
Glu
Ala
val

70
Phe
Arg
aAla
Gly
Glu
150
Gly
Asp
Sexr
Leu
Leu
230
Phe
Gly
Ala
Ser
Ala

310

Leu

Glu

Leu

Gly

Ala

55

Thr

Phe

Leu

Pro

Pro

135

Ile

Arg

Thr

Leu

Met

215

Ala

Gly

aAla

Ile

Arg

Pro

Ser

Ala

Arg

Gly

Leu

Ser

120

Ser

Asp

Ile s

Ala
Gly

25
Arg
Trp
Ala
Ile
Leu
105
Ala

Glu

Ala

Ala Tyr

Arg

200

Leu

Arg

Arg

Arg

Asn

. 280

Ser
295

Ala

Gly

Gln

Ser

Asp

Ser

Ser

Asp

Gly

Ala

265

His

Glu

Ser

Pro

-19-

Ala
Gly
Asp
Phe
Ser
Ser

90

Glu

Leu

Glu

Val

Thr

Asp

Phe

75

Pro

Vval

Val

Glu

Gly
155

Tyr Ala

Gly
Pro
Gly
Glu
250
Asp
Asp
Ile

val

Ile

Ser
Glu
Ser
Arg
235
Gly
Gly
Gly
val
Gly

315

Glu

Asp

Ile

val

Pro

60

Leu

Arg

Cys

Gly

Ala

140

Gly

Leu

Ser

Cys

Thr
220
Cys
Cys
Asp

Ala

Leu
300

Ile

Pro
Asp
Gly

45
Asp
Ser
Glu
Trp
Thr
125
Ala
Leu
Gly
Leu
Ser
205
Leu
Lys
Ala
Arg
Ser
285
Lys

vVal

Gln

Ile

Leu

30

Arg

Pro

Asp

Ala

Glu

110

Glu

Leu

Gly

Leu

Val

190

Thr

val

Ala

val

Ile

270

Ser

Arg

Glu

Ala

Ala

15
Ser
val
Asp
val
Leu

95
Ala
Thr
Pro
Thr
Arg
175
Ala
Ala
Trp
Phe
val
255
Leu
Gly
Ala

Ala

Leu

Ile
Gly
Pro
Ala
Ala

80
Arg
Leu
Gly
Gln
Met
160
Gly
val
Leu
Leu
Ser
240
Val
Ala
Leu
Leu
His
320

Asn
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Ala

Ser

Gly

His

385

Pro

His

Pro

Ala

465

Pro

Ser

Leu

Ala

Phe

545

Asp

Phe

Pro

Pro

Trp
625

val

Leu

vVal
val
Leu
370
Leu
Leu
Arg
val
Glu
450
Leu
Ser
Ala
Arg
Val
530
Thr
val
Asn
Ala
Ala
610
Gly

Ala

val

Tyr
Lys
355
Leu
His
Thr
Arg
val
435
Arg
ASp
Gln
Met
Ala
515
Arg
Gly
Trp
Gln
Ser
595
Leu
val

Ala

Ala

Gly
340
Thr
Lys
Ala
val
Ala
420
Leu
Pro
Ala
Cys
Glu
500
Ala
sSer
Gln
Ser
Glu
580
val
Phe
Glu

Cys

Ala
660

325

Leu

Asn

val

Gln

Thr

405

Gly

Glu

Ala

Gln

Leu

485

His

Leu

Ile

Gly

Ala

565

Leu

Asp

Thr

Pro

val

645

Arg

Gly
Leu
val
Ala
390
Arg
val
Glu
Glu
Ala
470
Gly
Arg
Asp
Ala
Ala
550
Phe
Asp
Ala
Phe
Glu
630

Ala

Gly

Arg
Gly
Leu
375
Leu
Ala
Ser
Ala
Leu
455
Ala
Asp
Leu
Ala
Asp
535
Gln
Arg
Arg
Ala
Glu
615
Leu

Gly

Arg

Asp

His

360

Ser

Asn

Arg

Ser

Pro

440

Leu

Arg

Val

Ala

Ala

520

Ser

Thr

Glu

Pro

Leu

600

val

Val

Leu

Val

345

Pro

Leu

Pro

Thr

Phe

425

Ala

Val

Leu

Ala

Val

505

Ala

Ser

Leu

Ala

Leu

585

Leu

Ala

Ala

Phe

Met
665

-20 -

330

Ala
Glu
Gln
Arg
Pro
410
Gly
Ala
Leu
Arg
Phe
490
Ala
Gln
Arg
Gly
Phe
570
Arg
Asp
Leu
Gly
Ser

650

Gln

Thr

Tyr

His

Ile
395

Trp
Met
Thr
Ser
Asp
475
Ser
Ala
Gly
Gly
Met
555
Asp
Glu
Gln
Ala
His
635

Leu

Ala

Pro
Ala
Gly
380
Ser
Pro
Ser
Cys
Ala
460
His
Leu
Thr
Gln
Lys
540
Gly
Leu
val
Thr
Ala
620
Ser

Glu

Leu

Leu
Ser
365

Gln

Trp

Asp

Gly

Thr

445

Arg

Leu

Ala

Ser

Thr

525

Leu

Arg

Cys

Met

Ala

605

Leu

Ile

Asp

Pro

Leu
350
Gly
Ile
Gly
Trp
Thr
430
Pro
Thr
Glu
Thr
Arg
510
Ser
Ala
Gly

val

Trp
590

Phe

Trp

Gly

Ala

Ala
670

335

Ile
Ile
Pro
Asp
Asn
415
Asn
Pro
Ala
Thr
Thr
495
Glu
Pro
Phe
Leu
Arg
575
ala
Thr
Arg
Glu
Val

655

Gly

Gly
Thr
Ala
Leu
400
Thr
Ala
Ala
Ser
Tyr
480
Arg
Gly

Gly

Leu

Glu
Gln
Ser
Leu
640

Phe

Gly
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Ala Met
Ala Pro
690

Gln Val
705

Ala Met

Ala Phe

val Ala

Asn Leu
770

Trp Val
785

Ala Leu
Ser Thr
Ala Leu
Leu Glu

850

ala Gly
865

Pro Trp
Ala Arg
Glu Gly
His Pro

93¢

Asp Arg
945

Leu Val
Glu Ile

Ala Leu

Leu Leu
1010

val
675
His
val
Ala
His
Glu
755
Ser
Arg
His
Leu
Leu
835
Ala
Leu
Gln
Gly
Gly
915
Pro
Pro
Leu

Ala

Gly
995

Leu

Ser

Ala

Ile

Ala

Sexr

740

Ser

Gly

His

Ala

Leu

820

Ala

Leu

Phe

Axg

AsSp

900

Ala

Pro

Phe

Arg

val

980

Met

Ile

ala

Ala

Arg

725

Pro

val

Lys

Ala

Ala

805

Gly

Ser

Gly

Pro

Glu

885

Arg

val

Glu

Arg

val
965

Glu
Ser
Gly
710
Gly
Leu
Ser
Ala
Arg
790
Gly
Leu
Ser
Gly
Ser
870
Axrg
Arg
Arg
Ser
Leu

95Q

Thr

Asp Ala

val

Pro

Ala
val
695
Ala

Ala

Met

Cys
775
Glu
Ala
val
Arg
Leu

855

Gly

Ala
Gly
Gly
935
Glu
Glu

Ala

Asp

Pro
680
Ser
Gly
Arg
Ala
Axrg
760
Thr
val
Gly

Pro

Ala
840

TP

Gly

Trp

Pro

Gly

920

Arg

Ile

Arg

Gly

Asp
1000

Gly Gly Glu Cys Ala

1015

Glu

Ile

Gln

Thr

Pro

745

Arg

Asp

val

Thr

Ala

825

Gly

Ala

Arg

Ile

Gly

905

Asp

Arg

Asp

Arg

Leu

985

Leu

.21 -

Ala

Ala

Pro

Lys

730

Met

Pro

Glu

Arg

Phe

810

Cys

Arg

val

Arg

Asp

890

Ala

Arg

Glu

Glu

Ala

970

Ser

Pro

Gly Arg

Asp

Ala

val

715

Ala

Leu

Ser

val

Phe

785

val

Met

Asp

Gly

val

875

Thr

Gly

Arg

Lys

Pro

955

Pro

Phe

Gly Lys Pro
1

val
val
700
His
Leu
Glu
Ile
Ser
780
Ala
Glu
Pro
Glu
Gly
860
Lys
His
sSer
val
940
Gly

Gly

asn

Ala

685

Asn

aAla

His

Ala

val

765

Ser

Asp

val

Asp

Pro

845

Leu

Leu

Ala

Asp

Ala

925

Glu

val

Leu

Asp

005

Ile Val Ala

1020

Ala
ala
Ile
val
Phe
750
Leu
Pro
Gly
Gly
Ala
830
Ala
val
Pro
Asp
Glu
910
Arg
Ala
Leu
Gly
val
930

Asn

val

Ala
Pro
ala
Ser
735
Gly
val
Gly
val
Pro
815
Arg
Thr
Ser
Thr
AsSp
895
val
Leu
ala
Asp
Glu
97%
Gln

Pro

Gly

val

Asp

ala

720

His

Arg

Ser

Tyr

Lys

800

Lys

Pro

val

TYr

880

Ala

Glu

AsSp

Gly

His

960

val

Leu

Pro

Glu
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-22.

Gly Vval Asn Gly Leu Val Val Gly Gln Pro Val Ile Ala Leu Ser Ala
1025 1030 1035 1040

Gly Ala Phe Ala Thr His val Thr Thr Ser Ala Ala Leu Val Leu Pro
1045 1050 1055

Arg Pro Gln Ala Leu Ser Ala Ile Glu Ala Ala Ala Met Pro Val Ala
1060 1065 1070

Tyr Leu Thr Ala Trp Tyr Ala Leu Asp Arg Ile Ala Arg Leu Gln Pro
1075 1080 1085

Gly Glu Arg Val Leu Ile His Ala Ala Thr Gly Gly Val Gly Leu Ala
1090 1095 1100

Ala Val Gln Trp Ala Gln His Vval Gly Ala Glu Val His Ala Thr Ala
1105 1110 1115 1120

Gly Thr Pro Glu Lys Arg Ala Tyr Leu Glu Ser Leu Gly Val Arg Tyr
1125 1130 1135

Val Ser Asp Ser Arg Ser Asp Arg Phe Val Ala Asp Val Arg Ala Trp
1140 1145 1150

Thr Gly Gly Glu Gly Val Asp Val Val Leu Asn Ser Leu Ser Gly Glu
1155 1160 1165

Leu Ile Asp Lys Ser Phe Asn Leu Leu Arg Ser His Gly Arg Phe Val
1170 1175 1180

Glu Leu Gly Lys Arg Asp Cys Tyr Ala Asp Asn Gln Leu Gly Leu Arg
1185 1190 1195 1200

Pro Phe Leu Arg Asn Leu Ser Phe Ser Leu Val Asp Leu Arg Gly Met
1205 1210 1215

Met Leu Glu Arg Pro Ala Arg Val Arg Ala Leu Leu Glu Glu Leu Leu
1220 1225 1230

Gly Leu Ile Ala Ala Gly Val Phe Thr Pro Pro Pro Ile Ala Thr Leu
1235 1240 1245

Pro Ile Ala Arg Val Ala Asp Ala Phe Arg Ser Met Ala Gln Ala Gln
1250 1255 1260

His Leu Gly Lys Leu Val Leu Thr Leu Gly Asp Pro Glu Val Gln Ile
1265 1270 1275 1280

Arg Ile Pro Thr His Ala Gly Ala Gly Pro Ser Thr Gly Asp Arg Asp
1285 1290 1295

Leu Leu Asp Arg Leu Ala Ser Ala Ala Pro Ala Ala Arg Ala Ala Ala
1300 1305 1310

Leu Glu Ala Phe Leu Arg Thr Gln Val Ser Gln Val Leu Arg Thr Pro
1315 1320 1325

Glu Ile Lys Val Gly Ala Glu Ala Leu Phe Thr Arg Leu Gly Met Asp
1330 1335 1340

Ser Leu Met Ala Val Glu Leu Arg Asn Arg Ile Glu Ala Ser Leu Lys
1345 1350 1355 1360

Leu Lys Leu Ser Thr Thr Phe Leu Ser Thr Ser Pro Asn Ile Ala Leu
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1365

Leu Ala Gln Asn
1380

Arg Val Ala Ala
1395

Ser Ser Gly Ala
1410

<210> 3

<211> 1410
<212> PRT

<213> Sorangium

<400> 3
Met Thr Ile Asn
1

Leu Ala Ala Asp
20

Leu Asn Pro Asn
35

Leu Thr Met Leu
50

Pro Ala Glu Arg
65

Tyr Trp Leu Gly

Ala Tyr Arg Glu
100

Arg Ala Phe Arg
115

Thr Leu Pro Asp
130

Ile Glu Ile Ile
145

Arg Leu Val Ser
Glu Arg Pro Pro
180

Gln Thr Arg Leu
195

Ser Leu Ser Ile
210

Glu Thr Ser Leu
225

Ala Leu Glu Ser

Leu Leu Asp Ala Leu

1385

Glu Asn Leu Arg Ala

1400

Asp Gln Asp Trp

1415

cellulosum

Gln
5
Gly

Leu

Arg

85

Lys

Met

Asp

Leu

165

Leu

val

Ile

Pro

245

Leu

Glu

Leu

Gln

Ala

70

Thr

Asp

val

Met

Leu

150

Arg

Leu

Phe

val

230

Lys

Leu
Arg
Ala
Arg

55
Pro
Gly
cys
val
Gln
135
Arg
Asp
His
Ser
Lys
215

Leu

Lys

Asn
Leu
Arg

40
Leu
Phe
Ala
Thr
Ala
120
Val
Gly
Ala
val
Ile
200
Asp

Glu

Ser

Glu

Glu

Gln

25

Ile

Pro

Pro

Phe

AsSp

105

Arg

Ile

Leu

Met

val

185

Asp

Trp

Leu

Glu

.23 -

1370

Ala

Gly

Ile

Leu

Ile

Ser

Ala

Leu

Thr

90

Leu

His

Glu

Asp

Ser

170

Ala

Leu

Leu

Ser

Ala
250

1375

Thr Ala Leu Ser Leu Glu

1390

Val Gln Asn Asp Phe Val

1405

Ile Ala Leu

Glu

Gln

Glu

Glu

Thr

75

Val

Asp

Asp

Pro

Arg

155

His

Val

Ile

Ser

1420

His

Ala

His

Ser

60

Asp

Pro

val

Met

Lys

140

Ser

Arg

Arg

Asn’

Phe
220

Arg

Gln

Gln Gly

30

Lys Ser
45

Ile Val
Ile Gln
Ser Gly
Pro Arg

110

Leu Arg
125

Val Asp
Thr Arg
Ile Tyr
Leu Asp

190

val Asp
205

Tyr Glu

Asp Tyx

Arg Ser

Ile

15
Asn
Thr
Pro
Glu
Ile

95
Leu
Ala
Ala
Glu
Asp
175
Glu
Leu
Asp

Val

Met
255

Lys

Ala

Ile

His
Ser
His
Asp
Ala
160
Thr
Arg
Gly
Pro
Leu

240

Asp
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Tyr
Met
Glu
Gly
305
Glu
Thr
Gly
Lys
Ala
385
Ala
Thr
Leu
Asp
Ile
465
Ala
Gln
Ala
Phe
ala
545
Leu

Ala

val

Trp
Lys
Gln
290
Glu
Val
Leu
Asp
Ser
370
Met
Arg
Ser
Gly
His
450

val

val
Asn
Ala
530
Arg
Gly

val

Leu

Lys

Ala
275

Trp

Arg

Ile

Phe

Phe

355

Phe

Asp

val

Ala

Thr

435

Gln

Asp

Vval

Arg

Ala

515

Ala

Lys

Ala

Val

Glu

Arg
260
Asp
Leu
Gly
Gly
Asn
340
Thr
Glu
His
Leu
Leu
420
Pro
Leu
Gly

val

cys
500
Thr
Arg
Thr
Arg
Met

580

Ser

Arg
Pro
Pro
Leu
Arg
325
Arg
Ser
Gln
Cys
Gly
405

Asn

val

vVal
Phe
485
Ser
asn
val
Leu
Leu
565

Glu

Gly

Ile

Ser

Ser

Thr
310

Trp

Leu

Met

Arg

Asp

390

Ile

Gln

Glu
Phe
470
Leu
Leu
aAla
Glu
Thr
550
Arg

Lys

Ala

Ala
Thr
Asp
295
Pro
Ser
Pro
val
Ala
375
Val
Gln
Gln
Thr
His
455
Pro
Arg
Pro
Leu
Gln
535
Glu

Gly

Ala

Glu Leu
265

Leu Lys
280

Ser Trp

Thr Gly

Ala Ser

val His
345

Leu Leu
360

Lys Arg

Ser Gly

Arg Gly

val val
425

Ser Thr
440

Asp Gly
Pro Asp
Arg Leu
Pro Ala

505

Leu Ser
520

Leu Pro
Glu Glu

Gln Gly

Trp Glu
585

Tyr Val

-24 -

Pro
Glu
Gly
val
Pro
330
Pro
Asp
Ile
Ile
Ala
410
Gly
Gln
Asp
Leu
Thr
490
Gln
Glu
Met
Leu
Ala
570

Gln

Pro

Pro

Ile

Arg

Ile

315

Arg

Arg

Ile

Gln

Glu

395

Leu

val

Thr

Leu

Leu

475

Glu

Leu

His

Gln

Ser

555

Arg

val

Ile

Pro Pro

Arg Phe
285

Leu Lys
300

Leu Ala
Phe Thr
Val Asn
Asp Thr

365

Glu Gln
380

Val Gln
Phe Pro
Thr Ser
Pro Gln

445

Val Leu

460

Asp Asp

Glu Pro

Glu Ala

Thr Leu
525

Leu Ala
540

Arg Arg
Pro Asn

val Ala

Asp Ala

Thr
270
Arg
Arg
Ala
Leu
Asp
350
Thr
Leu
Arg
val
Leu
430
Leu
Ala
Met
Trp
Arg
510
His
Val
Ser
Thr
Val

550

Asp

Leu
His
Arg
Phe
Asn
335
Ile
Arg
Trp
Glu
val
415
Gln
Leu
Trp
Leu
Gly
495
Ala
Gly
Val
Arg
Leu
575

Leu

Leu

Pro

Thr

Val

Ser

320

Ile

Thr

Asp

Glu

Ala

400

Leu

Arg

Leu

Asp

Glu

480

Glu

Ser

Leu

Ser

Arg

560

val

Ala

Pro
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Ala
Leu
625

Gln

Pro

Gly
705
Ser

val

Ile

Ser

785

Pro

Gly

Asn

Asn

Trp

865

Glu

Pro

Leu

Glu
610
Thr
Arg
Pro
Thr
Gly
690
Pro
val
Pro
Glu
Met
770
Leu
Gly
Gly
val
Gln

850

val

Trp

Thr

Asp

Arg
930

595

Arg
Gln
Leu
Met
Ser
675

Ala

Gly

Asp
Arg
755
Leu
Arg
Glu
Ala
ASp
835
Thr
Pro
Arg
Gly
Gly

915

Gly

Ile
Pro
Leu
Met
660
Gly
val
Asp
Asp
Ala
740
Glu
val
Leu
Leu
Thr
820
Leu
Phe
Gly
Asp
Glu

900

Asn

Ty

His

Trp

val

645

Pro

sSer

Asn

Arg

val

725

Ser

Lys

Glu

Sex

Gln

805

Glu

Ser

His

Gln

Glu

885

Arg

Ile

Arg

Leu

630

Ser

Ile

Thr

Thx

val

710

Phe

Lys

val

His

Leu

790

Ala

Ala

Trp

val

Leu

870

Glu

Leu

Glu

val

Leu
615
Asp
Glu
Gln
Gly
Ile
695
Leu
Gly
Leu
Thr
Phe
775
Leu
Ile
Serxr
Ala
Leu

855

Lys

Phe

Glu
935

600

Leu

Gly

Ala

Thr

Leu

680

Leu

Ala

Ile

Arg

val

760

Glu

Ser

Arg

Ile

Ser

840

Asp

Ile

Thr

Lys

Met

920

Leu

Asp
Lys
Gly
Pro
665
Pro
ASp
Leu
Leu
Asp
745
Trp
Gly
Gly
Pro
Trp
825
Ile
Glu
Gly
Arg
Thr
905

Gly

Gly

- 05 -

His
Leu
val
650
Ser
Lys
Ile
ser
Ala
730
Pro
Asn
Arg
ASp
Gly
810
Ser
Pro
Ala
Gly
Lys
890
Gly

Arg

Glu

Gly
Ser
635
Glu
Asp
Gly
Asn
Ser
715
Ala
Ala
Ser
Pro
Tp
795

val

Ile

Leu
val
875
Ser
Asp

Glu

Ile

Glu
620

Trp

Gly

Leu

val

Glu

700

Leu

Gly

His

val

AsSp

780

Ile

Ser

Gly

Gly

Glu

860

Gly

Phe

Leu

Asp

Glu
940

605

val
Pro
Asp
Ala
Met
685
Arg
Ser
Gly
Trp
Pro
765
Ser

Pro

val

Arg
845
Pro
Leu
Leu
Gly
Asn

925

Glu

Lys

Pro

Gly

670

Ile

Phe

Phe

Thr

Ala

750

Ala

Leu

val

Ile

Pro

830

Pro

Axg

Ala

val

Arg
910

Leu

Gly

Asp

655

val

Asp

Glu

Asp

Tle

735

Glu

Leu

Ala

Gly

Ser

815

val

Leu

Pro

Leu

His
895

Gln Ile

Thr Leu

val

Ile

640

Gln

Ile

His

Ile

Leu

720

val

Leu

Met

Axg

Leu

80O

Leu

Arg

Arg

val

Gly

880

Pro

Leu

Lys

Lys
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Ser His Pro
945

Ala Ala Asn
Arg Arg Ala
Ala Arg Ala

995

val Gln Phe
1010

Lys Pro val
1025

Asp Val Tyr

val

Leu
965

Lys

Ala
980

Glu
His Ala
Leu

Lys

val

Arg
950

Asp Ala val Ile val Pro val Gly Asn

-26 -

955

Asp
960

Leu Leu Ala TyT val val Pro Glu Gly Thr Arg

970

Gln Asp Ala Ser Leu

Ala Glu Ala Asp Gly Leu Ser
1

985

000

975

Lys Thr Glu Arg Ile Asp

Ala Arg His Gly Leu Arg

Asp Leu Thr Gl

1030

1015

Ala Arg Arg Arg ser val

1045

Ile Pro Phe Val Glu Phe Gly Arg Phe
1065

1060

Glu Pro Asp Gly Ala Thr

1075

Sser Thr Tyr Pro val Gln

1090

Leu Pro Lys
1080

Thr Tyr Ala
1095

Glu Gly Vval Asp Glu Gly Phe Tyr Tyr
1110

1105

Leu Leu Lys

tLeu Ser Asp His Gly Ile Glu Arg Gly
1 1130

125

035

Asp
1005

Arg Asp
1020

y Gln Asp Pro Arg Glu Ala Gly Leu
1 1

990

Gly Glu Arg

Leu Asp Gly

040

Arg Thr Phe Leu Glu ala Pro
1050

1055

Leu Ser Cys Leu Ser Ser Vval
1070

Phe Arg Tyr Pro Ser Ala Gly

1085

Tyr Val Lys Ser Gly Arg Ile

Tyr His Pro phe Glu His

1115

1100

Ala

Arg
1120

His Val Arg
1135

Gln Asn Phe Asp val Phe Asp Glu Ala Ala Phe Asn Leu Leu Phe Val
114

Gly Arg Ile
1155

Phe Cys Leu Leu Glu Ala Gly Tyr Me
1175

1170

Ala Pro Ser Cys Asn I
1

1185

Glu Gln Val Arg Pro val Leu Asp Leu Arg
1

His Gly Met Leu Gly Gly Ar
1

Thr Leu Gly
1235

pro Pro Gly Arg Glu Gln His Phe Ala As
1255

1250

1265

Asp Ala Leu Pro L

1140

145

11

asp Ala Ile Glu Ser Leu Tyr Gly Ser Ser
1 1165

1205

220

Gln

1285

190

270

160

1225

240

1195

210

Arg Thr Lys Leu Pro Glu Tyr Met val Pro
127

1290

180

50

Ser Arg Glu

t Ala Gln Leu Leu Met Glu Gln
1

l1e Gly val Cys Pro val Gly Gln Phe Asn Phe

1200

His Ser asp Val TyT val

Asp Ser Ser Pro Arg Arg Ala Thr
1

Thr Val FPhe val Glu

1275

eu Thr Ser Asn Gly Lys val As

Thr
1245

1215

g val Asp Pro Arg Gln Phe Gln Vval Cys
1230

Arg Gly Ala

p Met Leu Arg Asp Phe Leu
1260

Leu
1280

p Arg Lys Ala Leu

1295
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Arg Glu Arg Lys
1300

Pro Arg AsSp ala
1315

Leu Gly Leu Glu
1330

Ala Thr Ser Ile
1345

Leu Asp Arg Glu
1

Gly Ser Leu Ala
1380

Arg Pro Asn Met
1395

Arg Ser
1410

<210> 4

<211> 1832
<212> PRT

<213> Sorangium

<400> 4
Met Glu Glu Gln
1

Arg Phe PXo Gly
20

Asp Gly Thr Glu
35
Ser Gly val Asp
50

Gly Ser val Leu

65
Tle Ser Pro Arg
Met Glu Cys Ala
100

ala Tyr Glu Gly
115

Tyr Leu Thr Ser
130

Gly Trp Phe Gln
145

His Val Ser YT

Asp Thr Ser Ser

Leu Glu Glu Ile
1320

305

Leu

.07 -

Pro Arg His Se
1

r Gly His Thr Ala
1310

val Ala Val val Arg Glu Val
1

325

val val Gly Leu Gln Gln Ser Phe vVal asp Leu
133 13490

5

His Ile val Arg Met Arg

1350

Ile ala Ile Thr
365

Glu
1

Ser
1355

Leu Phe
370

Ser Gly Leu AXg Arg Asp Ser
1385

Gln Asp Arg val Glu Vval Arg

1400

cellulosum
Glu Ser Ser Ala
5
pla Arg Asp Leu
ala val Gln Arg
40

pro Ala Leu val
55

Glu Asp Val
70

ASp

glu Ala Glu Leu
85

Trp Glu Ala Leu

ger 1le Gly val

120

Asn Leu His Glu
135

Thr Leu Ile Gly
150

Arg Leu Asn Leu
165

Ile

Asp

25

Phe

Leu

Arg

Met

Glu

105

His

Asn

Arg

Ala val
10
Glu Phe
Ser Glu
Asp Pro
Phe Asp
75
Asp Pro
90
Asn Ala
ala Gly
Pro Ala
Asp Lys

185

Gly Pro
170

Gly

Leu Leu Gln LysS Arg
1360

Gln Tyr Pro Asn Leu

1375

Arg Asp Leu Asp Gln
1390

arg Lys Gly Arg Arg

1405

Ile Gly

Trp Arg

Gln Glu
45

Ser TyTr
60

Ala Ala

Gln His

Gly Tvyr

Ala Asn
125

Metb Met
140

Asp TYY

ser Ile

Met Ser

15
Asn Leu
Leu ala
val Arg
Phe Phe
arg Ile
Asp Pro

110

Met Ser

Arg Trp

Leu Ala

Ser Val
175

Gly

Arg

Ala

Ala

Gly

80

Phe

Thr

Ser

Pro

Thr

160

Gln
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Thr

Leu

Ser
225
Ile
Ala
Thr
val
Glu
305
Leu
Asp
Ile
val
Ser
385
Thr
vVal
Glu
Glu
Ala

465
Gly

Asp

Ala
Leu
Ile
210
Pro
Met
Leu
Asn
Gly
290
Ala
Gly
Ala
Gly
Leu
370
Pro
Ser
Ser
Ala
Leu
450
Ala
Asp

Leu

aAla

Cys
Asp
195
Pro
Asp
Gly
Ser
Asn
275
Gln
Arg
Asp
Ser
His
355
Ala
Asn
Leu
Ser
Pro
435
Phe
Arg
val

Ala

Ala
515

Ser
180
Arg
His
Gly
Asn
Asp
260
Asp
Ala
Ser
Ala
Ala
340
Leu
Leu
Pro
Lys
Phe
420
Ala
val
Leu
Ala
Met

500

Ala

Glu
Arg
His
Gly
245
Gly
Gly
Gln
Ile
Ile
325
Arg
Glu
Glu
Ser
Asp
405
Gly
Ala
val
Arg
Phe
485

Ala

Arg

Ser

Cys

Ala

Cys
230
Cys
Asp
Ala
Ala
Gln
310
Glu
Arg
Ser
His

Ile
390

Trp
Ile
Lys
Ser
Asp
470
Ser

Ala

Gly

Leu

Asp

Gly

215

Arg

Gly

Pro

Arg

Ile

295

Thr

Ser

Ala

Arg

375

Asp

Asn

Gly

Leu

Ala

455

His

Leu

Pro

Gln

Val

Met

200

Ala

Val

Val

Lys

280

Met

Ile

Ala

Cys

Ala

360

Gln

Phe

Thr

Gly

Pro

440

Lys

Leu

Ala

Ser

Thr
520

Ala
185
ala
val
Phe
val
Arg
265
Ile
Glu
Glu
Ala
Ala
345
Gly
Leu
Ala
Gly
Thr
425
Ala
Ser
Gln
Thr
Arg

505

Pro

-28 -

Val

Leu

Asp
Leu
250
Ala
Gly
Ala
Thr
Leu
330
Ile
Ile
Pro
Ser
Ser
410
Asn
Ala
Ala
Ala
Thr
490

Glu

Pro

His
Ala
Ala
Ala
235
Leu
Val
Phe
Leu
His
315
Arg
Gly
Ala
Pro
Ser
395
Thr
Ala
Ala
Ala
His
475
Arg

Ala

Gly

Leu
Gly
Glu
220
Lys
Lys
Ile
Thr
Ala
300
Gly
Arg
Ser
Gly
Ser
380
Pro
Pro
His
Pro
Ala
460
Gln

Ser

Leu

Ala
Gly
205
Gly
Ala
Pro
Leu
Ala
285
Leu
Thr
Val
Val
Leu
365
Leu
Phe
Arg
vVal
Ala
445
Leu
Gly
Pro

Arg

val
525

Cys
190
Ile
Gly
Asn
Leu
Gly
270
Pro
Ala
Gly
Phe
Lys
350
Ile
Asn
Tyr
Arg
val
430
Arg
Asp
Ile
Met
Glu

510

Arg

Met
Thr
Ile
Gly
Asp
255
Ser
Ser
Gly
Thr
Gly
335
Thr
Lys
Phe
Val
Ala
415
Leu
sSer
Ala
Ser
Glu
495

Gly

Gly

Ser
vVal
Phe
Thr
240
Arg
ala
Glu
val

Leu
320

Arg
Gly
Thr
Glu
Asn
400

Gly
Glu
Ala
Ala
Leu
480
His
Leu

Arg
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Ccys
Gly
545
val
Ala
Gln
val
val
625
Ala
Leu
Ser
Ser
Pro
705
Phe
Asp
Gly
Ala
Pro
785
Gly
Glu
Leu

Thr

Ala

Ser
530
Ser
Phe
Gly
Leu
Ala
610
Ile
Leu
Leu
Leu
val

690

aAla

Cys

Pro

Ala

Gly

770

val

Leu

Glu

Axg

Leu
850

Pro

Gln

His

Trp

Glu

595

Phe

Gly

Ser

Arg

Ala

675

Ala

Ala

Arg

Leu

Ala

755

Pro

Arg

Phe

Met

Arg
835

Gly
Trp
Ala
Ser
580
Arg
Ala
His
Leu
Arg
660
Glu
val
Ile
Axg
Arg
740
Ala
Glu
Phe
val
Arg

820

Gly

Trp Ala

Asn

val

Ala

565

Leu

Ile

Ala

Ser

Glu

645

Ile

Ala

Ser

Gly

val

725

Glu

val

Leu

Ala

Glu

805

Arg

Gln

Gln

Gly Gly Arg Arg

val
Gly
550
Leu
Leu
Asp
Leu
Met
630
Asp
Ser
Glu
Asn
Glu
710
Lys
Asp
Pro
Gly
Glu
790
Met
Ala
Asp

Gly

Val

Pro
535
Met
Ser

Ala

val

Trp
615
Gly
Ala
Gly
Ala
Ser
695
val
val
Leu
Met
Ala
775
val
Ser

ala

Glu

Lys
Gly
Ala
Glu
val
600Q
Axrg
Glu
val
Gln
Ala
680
Pro
Leu
Asp
Leu
Arg
760
Asn
val
Pro

Gln

Arg
840

Tyr Pro

855

Pro

val
aArg
Cys
Leu
585
Gln
ser
val
Ala
Gly
665
Leu
Arg
Ser
val
Ala

745

Ser

Gln
His
Axrg
825

Pro

val

-29 -

val

Gln

Asp

570

Ala

Pro

TP

Ala

Ile

650

Glu

Arg

Ser

Ser

Ala

730

Ala

Thr

Trp

Ala

Pro

810

Ala

Ala

Pro

Phe
Leu
555
Arg
Ala
val
Gly
Ala
635
Ile
Metb
Gly
Thr
Leu
715
Ser
Leu
val
Met
Gln
795
Ile

Gly

Met

Trp

val
540
Leu
Ala
AsSp
Leu
val

620

Ala

Cys

Ala

val
700
Asn
His
Gly
Thr
Asn
780
Leu
Leu
Ala

Leu

Gly
860

Leu Pro Thr Tyr Pro

Phe
Ala
Ile
Glu
Phe
605
Ala
His
Arg
val
Glu
685
Leu
Ala
Ser
Gly
Gly
765
Asn
Gln
Thr
Ala
Glu
845

Arg

Trp

Pro
Glu
Gln
Gly
590
Ala
Pro
val
Arg
Thr
670
Asp
Ser
Lys
Pro
Leu
750
ala
Leu
Gly
Thr
val
830
Ala

Leu

Gln

Gly
Glu
Ala
575
Ser
Leu
AsSp
Ala
Ser
655
Glu
Arg
Gly
Gly
Gln
735
Arg
Met
Arg
Gly
Ser
815
Gly
Leu

Phe

Arg

Gln
Pro
560
Glu
ser
Ala
val
Gly
640
Arg
Leu
val
Glu
val
720
val
Pro
val
Gln
His
800
val
ser
Gly

Pro

Glu
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865

Arg Tyr Trp Ile

Gly val Arg Ala
900

ger Thr Gln Thr
915

Arg Leu
930

Pro Trp

pro Gly Ala Ala
945

Leu Gly Asp Gly

Leu Ala Phe Ala

980

Glu Gln Pro
995

ser

Gly Ala Gly His

1010

Arg Val Glu Arg
1025

Arg Ala Arg

870

Glu Ala
88%

Pro
Gly Gly His
Ser Thr Arg
Leu Gly Asp

935

Tyr Leu Glu
950

Pro Leu Gln
965

Gly Asp Ala

Gly Arg Leu

Ala Ser Phe
1015

Thr Glu Val
1030

1045

Ala

Pro

Leu

920

His

Met

Ile

Ala

Gln

000

Arg

Pro

Leu Gln Ala Ser Ile

-30-

Ser
890

Lys
Leu Leu
905

Trp Glu

Arg Val

Ala Ile

Thr Asp
970

val
985

Leu

Phe Gln

val His

Ala Gly

Pro Ala
1050

Leu Thr Glu Met Gly Leu Gln Tyr Gly Pro
1

1060

Glu Leu Trp Arg
1075

065

Gly Glu Gly Glu Ala Leu
1080

asp Ala Ala Gly Ser Ala Ala Glu TyT Arg
1

1090

asp aAla Cys Phe
1105

ala Thr Pro Trp val Pro val Glu Leu Gly Ser Leu Arg Leu Leu Gln
1 1130 1135

095

875

ala ala Gly
Gly Glu Met

Thry Thr Leu

925

Gln Gly ala
940

Ser Ser Gly
955

val val Leu
val Gln Val

Ile Ala Ser
1005

Ala Arg Gly
1020

Leu Thr Leu

1035

Ala Ala Thr

Ala Phe Gln

Gly Arg Vval
1085

Leu His Pro
1100

8380

Asp Arg Arg
895

Gln Thr
910

Leu

Asp Leu Lys

val val Phe

ala Glu Ala
960

Ala Glu Ala
975

val
990

Thr Thr

arg Ala Pro

Ala Leu Leu

Ser Ala Vval
1040

Tyr dla Glu
1055

Gly Ile Ala
107

070

Arg Leu Pro

Ala Leu Leu

Gln Ile val Gly Ser Leu Phe Ala Arg Ser Gly Glu
1110 1

125

Arg Pro Ser Gly Glu Leu Trp Cys

1140

His Gln Thr Pro
1155

Asp Arg Gln Gly Ala Asp Phe Trp val
1160 1

115

1120

His Ala Arg Val val Asn His Gly

1145

165

Ser Gly Ala Val val Ala Glu val Cys Gly Leu val Ala
1175 1180

1170

Pro Gly Gly Val
1185

Glu Trp Glu Pro

1150

val Asp Ser

Gln Arg Leu

Arg Arg Arg Glu Glu Asp Asp TrpP Phe Leu Glu Leu

1190

ala Ala val Gly Thr Ala Lys Val As
1205

1210

1195

1200

n Ala Gly Arg

1215
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Trp Leu Leu Leu
1220

Met Leu Glu Ala
1235

Thr Ser Ala Ala
1250

cln Ala Pro Thr
1265

Glu Leu Asp Pro

Ser Ala Asp val

1300

Cys Asp Ser val
1

315

Arg Asp Ala Pro
1330

Gly Ala Gly Asp
1345

arg val Tle Ala
Leu Asp Pro ala
1380

Leu Leu Ala ASP
1395

Arg Cys val ala
1410

Gly Arg Ile Glu
1425

Ser Thr Tyr Leu

Ala Gly Trp Leu
1460

.31 -

Gly Gly Gly Gly Gly Leu Gly
1225

Gly Gly His aAla val Val His
1240

Gly Val Arg Ala Leu Leu Ala
1255

Ala val val His Leu Gly Ser
1270 1275

Gly Leu Gly Ala Gin Gly Ala
1 129

285 290

Ser Pro AsP Ala Leu Asp Pro
305

Leu Trp Thr val Gln Ala Leu
1320

Arg Leu Trp Leu Leu Thr Arg
1335

val Ser val Thr Gln Ala Prxo
1350 1355

Met Glu His Ala Asp Leu Axg
1 1370

365

Arg Pro clu Gly Glu Leu Ala
1385

asp Ala Glu Ala Glu Vval ala
1400

arg Ile val Arg Axrg Gln Pro
1415

ser Cys Vval Pro Thr Asp val

1430 1435

val Thr Gly Gly Leu Gly Gly
1450

1445

Ala Glu Argd Gly Ala Gly His
1465

Arg Ser Gly Ala Ala Ser val Glu Gln Arg Ala
1475 1

480

Glu Ala Arg Gly Ala Arg Val Thy Val Ala Lys

1490

1495

Arg Ala Gln Leu Glu Arg Ile Leu arg Glu val

1505

Pro Leu Arg Gly

1510 1515

val val His Ala Ala Gly Ile
1530

1525

Leu Met Gln Gln Thy Pro Ala Arglggg Arg Lys

1540

val Gin Gly Ala Leu His Leu His Ala Leu Thr
5

155

1560

Ala Ala Leu Arg ala
1230

Ala Ala Glu Asn Asn
1245

Lys Ala Phe asp Gly
1

260
Leu Asp Gly Gly Gly
128
Leu Asp Ala PIo Arg
1295

Ala Leu Val Arg Gly
1310

Ala Gly Met Gly Phe
1325

Gly Ala Gln ala val
3

1340

Leu Leu Gly Leu Gly

1360

cys Ala Arg val Asp
1375

Ala Leu Leu Ala Glu
1390

Leu Arg Gly Gly Glu
1405

Glu Thr Arg Pro Arg
1

420

Thr Ile Arg aAla Asp
1440
Leu Gly Leu Ser val
1455
Teu Val Leu val Gly
1470

ala val Ala Ala Leu
1485

Ala Asp Val Ala Asp
1500

Thr Thr Ser Gly Met
1520

Leu Asp ASPp Gly Leu
1535

val Met Ala Pro Lys
1550

arg Glu Ala Pro Leu
1565
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Ser Phe Phe Val Leu Tyr Ala Ser Gly val Gly Leu Leu Gly Ser Pro
1575

1570

1580

Gly Gln Gly Asn Tyr Ala ala Ala asn Thr Phe Leu Asp Ala Leu Ala

1585 1590

1595 1600

His His Arg Arg Ala Gln Gly Leu Pro Ala Leu Ser val asp Trp Gly
0S

16

1610 1615

Leu Phe Ala Glu Val Gly Met Ala Ala Ala Gln Glu asp Arg Gly Ala

1620

1625 1630

Arg Leu Val Ser Arg Gly Met Arg Ser Leu Thr Pro asp Glu Gly Leu

1635

1640

1645

Ser Ala Leu Ala Arg Leu Leu Glu Ser Gly Arg Ala Gln Val Gly val

1650 1655

1660

Met Pro Val Asn Pro Arg Leu Trp Val Gluy Leu Tyr Pro ala Ala Ala

1665 1670

1675 16840

Ser Ser Arg Met Leu Ser Arg Leu Val Thr ala His Arg Ala Ser Ala
1690

1685

1695

Gly Gly Pro Ala Gly asp Gly Asp Leu Leuy Arg Arg Leu Ala Ala Ala
1705

. 1700

1710

Glu Pro Ser ala Arg Ser Ala Leu Leu Glu Pro Leu Leu Arg Ala Gln
1720 1725

1715

Ile Ser Gln val Leu Arg Leu Pro Glu Gly Lys Ile Glu Val Asp Ala
S

1730 173

Asn Arg Ile Glu Ala Met Leu
1765

Trp Thr Tyr Pro Thr val Ala
1780

Ala Cys Glu Ala Ala Pro Val Glu

1795

Ala Val Glu Ile Glu Glu Met Ser
1810

1815

Ala Ala Lys Phe Lys Ala Leu Thr
1825 1830

<210> 5

<211> 7257

<212> PRT

<213> Sorangium cellulosum

<400> 5

Met Thr Thr Arg Gly Pro Thr Ala
1 5

Ala Ile Ile Ile Gln Arg Leu Glu
2

0

1740

Gly Ile Thr val Pro Ala Thr Leu Leu

1770 1775

Ala Leu Ser Gly His Leu ala Arg Glu
1785 1790

1800

Ser Pro His Thr Thr Ala Asp Ser
1805

Gln Asp aAsp Leu Thr Gln Leu Ile
1820

Gln Gln Asn Prog Leu Lys Gln ala
10 15

Glu Arg Leu Ala Gly Leg Ala Gln
25 3
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Ala

Asp
65
val

Thr

Ala

Gly

145

Thr

Gly

Leu

Asp

225

Met

Ser
305

Val

Glu

Cys

Glu

Phe

50

Ala

Gly

Glu

Glu

Trp

130

Ser

Thr

Gly

Leu

Val

210

Leu

Glu

Thr

Leu

Ile

290

Thr

Glu

Glu

Ala

val
370

Leu

Pro

Glu

val

Pro

Ala

115

Glu

Arg

Val

aAsn

Gln

195

Ala

Ala

Ala

Phe

val
275

Trp

Gly

Ala

Thr

Leu

355

Leu

Glu
Gly
Arg
Ala
Ile
100
Arg
Gly
Thr
Ala
Met
180
Gly
Ile
Leu
Ala
Asp
260
val
Ala
Leu
Leu
His
340

Arg

Gly

Arg
Gly
Asp
Pro

85
Asp
Ser
Leu
Gly
Axrg
165
Leu
Pro
His
Ala
Ala
245
Ala
Leu
Leu
Thr
Arg
325
Gly

Ala

Ala

Thr
Ala
Ala

70

val
Cys
Leu
Glu
val
150

Leu

Ser

Leu
Gly
230
Arg
Ser
Lys
Ile
aAla
310
Ser
Thr

Thr

Val

Glu
Asp

55
val
Glu
Phe
Asp
Asp
135
Phe
Pro
Ile
Leu
Ala
215
Gly
Thr
Ala
Arg
Arg
295
Pro
Ala
Gly

val

Lys
375

Pro

Ala

Gln

Ala

Asp

Pro

120

Ala

vVal

Ala

Thr
200

Cys
val
Gln
Asn
Leu
280
Gly
Asn
His
Thr
Gly

360
Thr

Ile
Pro
Pro
Val
Ala
105
Gln
Gly
Gly
Glu
Ala
185
Val
Arg
Ser
Ala
Gly
265
Ser
Ser
Val
val
Ser
345

Pro

Asn

-33-

Ala

Glu

Leu

Pro

Ala

His

Ile

Ala

Glu

170

Gly

Asp

Ser

Ala

Leu

250

Phe

Asp

Ala

Leu

Glu

330

Leu

Ala

Ile

Ile
Ala
Asp

75
His
Phe
Arg
Pro
Phe
15%
Arg
Arg
Thr
Leu
Leu
235
ser
val
Ala
Ile
Ala
315
Ala
Gly

Arg

Gly

val

Phe

Met

Trp

Phe

Leu

Pro

140

Thr

Asp

Leu

Ala

Arg

220

Leu

Pro

Arg

Gln

Asn

300

Gln

Gly

Asp

Ser

His
380

Gly
45

Trp

Arg

Ala

Gly

Leu

125

Arg

Ala

Ala

Ser

Cys
205
Ala
Ser
Asp
Gly
Arg
285
His
Glu
Ala
Pro
Asp

365

Leu

Ile
Glu
Trp
Gly
Ile
110
Leu

Ser

Asp

TYyr
190
Ser
Gly
Pro
Gly
Glu
270
Asp
Asp
Thr
val
Ile
350

Gly

Glu

Gly
Leu
Ala
Leu

95
Ser
Glu
Ile
Tyxr
Ser
175
Thr
Ser
Glu
Asp
Arg
255
Gly
Gly
Gly
Val
Asp
335
Glu

Thr

Ala

Cys

Leu

Leu

80

Leu

Pro

val

Asp

Ala

160

Ala

Leu

ser

Ser

Met

240

Cys

cys

Asp

Arg

Leu

320

val

Arg

Ala
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Ala
385

Gly
Trp
465
Lys
Leu
Ala
Ser
Thr

545

Leu

Met
Ala
625
Leu
Ile
Asp
Sexr
Ala

705

Asn

Gly
Ile
Glu
Thr
Thr
450
Pro
Ser
Asp
Thr
Arg
530
Pro
Ala
Gly
Val
610
Phe
Trp
Gly
Gly
Ala
690

Ala

Gly

val
Pro
Gly
Asp
435
Asn
Ala
Glu
Met
Thr
515
Glu
Ala
Phe
Leu
Ala
595

Ala

Thr

Glu
Val
675
Gly

Ala

Pro

Ala
Arg
Ser
420
Arg
Ala
Ala
Gly
His
500
Arg
Gly
Gly
Leu
cys
580
Leu
Glu
Gln
sSer
Leu
660
Arg
Gly

val

Glu

Gly

Asn

405

Ala

Pro

His

Pro

Ala

485

Ser

Leu

Ala

Phe

565

Ala

Phe

Ala

Pro

Trp
645
val
Leu
Ala

Ala

Gln

Leu
390
Leu
Leu
Arg
val
Glu
470
Leu
Glu
Ala
Leu
Ala
550
Thr
Ala
Asp
Gly
Ala
630
Gly
aAla
val
Met
Pro

710

Val

Ile

Asn

Ala

Phe

val

455

Arg

Asp

Leu

Met

Ala

535

Arg

Gly

Trp

Arg

Ser

615

Leu

val

Ala

Ala

val

695

His

Val

Lys
Phe
Leu
Ala
440
Leu
Ser
Ala
Gly
Ser
520
Ala
Cys
Gln
Pro
Glu
600
Ala
Phe
Glu
Cys
Ala
680
Ser

Ala

Ile

Ala
Arg
Ala
425
Gly
Glu
Ala
Gln
Leu
505
His
Leu
Ile
Gly
aAla
585
Leu
Glu
Ala
Pro
val
665
Arg
Leu

Ala

Ala

-34 -

Ala
Thr
410
Thr
val
Glu
Glu
Ala
490
Gly
Arg
Ser
Ala
Ala
570
Phe
Asp
Ser
vVal
Glu
650
Ala
Gly
Gly

Ser

Gly

Leu
395
Leu
Glu
Ser
Ala
Leu
475
Ala
Asp
Leu
Ala
Ser
555
Gln
Arg
Arg
Leu
Glu
635
Leu
Gly
Arg
Ala
Val

715

val

Ser

Asn

Pro

Ser

Pro

460

Leu

Arg

vVal

Ala

val

540

Ser

Thr

Glu

Pro

Leu

620

Leu

val

Leu

Pro

700

Ser

Glu

Leu

Pro

val

Phe

445

Ala

val

Leu

Ala

val

525

Ala

Ser

Pro

Ala

Leu

605

Leu

Ala

val

Phe

Met

685

Glu

Ile

Gln

Thr
Arg
Pro
430
Gly
val
Leu
Arg
Phe
510
Ala
Gln
Arg
Gly
Phe
590
Arg
Asp
Leu
Gly
Ser
670
Gln
Ala

Ala

Ala

His

Ile
415

Trp
Met
Glu
Ser
Glu
495
Ser
val
Gly
Gly
Met
575
Asp
Glu
Gln
Thr
His
655
Leu
Gly
Glu

Ala

val

Glu
400
Arg
Pro
Ser
Leu
Gly
480
His
Leu
Thr
Gln
Lys
560
Gly
Arg
val
Thr
Ala
640
Ser
Glu
Leu
val
val

720

Gln
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Ala
His
Glu
Ser
785
Ala
Asp
Val
Glu
Ala
865
Ser
Leu
Ala

Tyr

Arg
945
Gly
Val
Gln

Gly

Lys

Ile
Val
Phe
770
Leu
Pro
Gly
Gly
Ala
850
Ala
val
Pro
Glu
Arg
930
Ala
Glu
Leu

Ala

Leu

1010

Val

1025

Ala
Ser
755
Gly
val
Gly
val
Pro
835
Glu
Gly
Ser
Thr
Gly
915
Val
Arg
Ala
His
Leu
995

Asp

Thr

Ala
740
His
Arg
Ser
TYr
Lys
820
Lys
Pro
Val
Trp
TYyr
900
Leu
Asp
Ser
Ala
Ala
980
Gly

Ala

His

725

Gly
Ala
Val
Asn
805
ala
Pro
Thr
Leu
Pro
885
Pro
Gly
Trp
Gly
Ala
965

Pro

Gly

Phe
Phe
Ala
Leu
790
Val
Leu
Thr
Leu
Glu
870
Gly
Trp
Ala
Pro
Gly
950
Ala

aAla

Arg

Ala

His

Ala

775

Ser

Arg

His

Leu

Leu

855

Ala

Val

Gln

Thr

Glu
935

Trp

Ala

Glu

Ala
Ser
760
Ser
Gly
His
Glu
Leu
840
Ala
Leu
Phe
Arg
Ala
920
Met
Leu

Leu

Ala

Asn Asp

1000

Val val Glu ala

1015

Leu Ala Ala Ala

1030

Leu Gly Thr Gly pro Arg Ser Pro

Ala Cys

1045

Arg
745
Pro
val
Lys

Val

Ala
825
Gly
Ser
Gly
Pro
Gln
805
Ala
Pro
Val

Ser

Ser
985

Trp

Gly

-35-

730

Gly
Leu
Thr
Val
810
Gly
Leu
Leu
Arg
Thr
890
Arg
Asp
Arg
Leu
Ser
970
Ala

Gln

Ala

Ala
Met
Tyr
Val
795
Glu
Ala
Leu
Arg
Leu

875

Ala

Tyr

Ala

Ser

Ala

953

Gln

Ala

Gly

Pro

Ala
860

Trp
Gly
Trp
Leu
Ser
940

Asp

Gly

Thr
Pro
765
Arg
Asp
Val
Thr
Ala
845
Gly
Ala
Arg
Ile
Ala
925
Val

Arg

Cys

Val Ala Glu

Gly Val Leu

1605

Ser Ala Glu

1020

Pro Val Leu Ala Leu

1035

Lys
750
Met
Pro
Glu

Arg

Phe
830

Cys

Arg

Ala

Arg

Glu

910

Gln

Asp

Gly

Ser

Gln
990

Tyxr

Glu

Ile

7358

Arg
Leu
Ser
Leu
Phe
815
Val
Leu
Glu
Gly
val
895
Ala
Trp
Ser
Gly
Cys
975
Val
Leu

Val

Gln

Leu
Glu
val
Ser
800
Ala
Glu
Pro
Glu
Gly
880
Pro
Pro
Phe
Arg
Val
960
Ala
Thr
Trp

Ala

Ala
1040

Arg Leu Trp Ile Val Thr arg Gly
1050

1055

Thr Val Gly Gly Glu Pro Asp Ala Ala Pro Cys Gln Ala Ala
1060 1065 1070
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Leu Trp Gly Met Gly Arg Val Ala Ala Leu Glu His Pro Gly Ser Trp
1075 1080 1085

Gly Gly Leu Val Asp Leu Asp Pro Glu Glu Ser Pro Thr Glu val Glu
1090 1095 1100

Ala Leu Val Ala Glu Leu Leu Ser Pro Asp Ala Glu Asp Gln Leu Ala
1105 1110 1115 1120

Phe Arg Gln Gly Arg Arg Arg Ala Ala Arg Leu Val Ala Ala Pro Pro
1125 1130 1135

Glu Gly Asn Ala Ala Pro Val Ser Leu Ser Ala Glu Gly Ser Tyr Leu
1140 1145 1150

val Thr Gly Gly Leu Gly Ala Leu Gly Leu Leu Val Ala Arg Trp Leu
1155 1160 . 1165
Val Glu Arg Gly Ala Gly His Leu Val Leu Ile Ser Arg His Gly Leu
1170 1175 1180

Pro Asp Arg Glu Glu Trp Gly Arg Asp Gln Pro Pro Glu Val Arg Ala
1185 1190 1195 1200

Arg Ile Ala Ala Ile Glu Ala Leu Glu Ala Gln Gly Ala Arg Val Thr
1205 1210 1215

Val Ala Ala val Asp Val Ala Asp Ala Glu Gly Met Ala Ala Leu Leu
1220 1225 1230

Ala Ala val Glu Pro Pro Leu Arg Gly Val Val His Ala Ala Gly Leu
1235 1240 1245

Leu Asp Asp Gly Leu Leu Ala His Gln Asp Ala Gly Arg Leu Ala Arg
1250 1255 1260

val Leu Arg Pro Lys Val Glu Gly Ala Trp Val Leu His Thr Leu Thr
1265 1270 1275 1280

Arg Glu Gln Pro Leu Asp Leu Phe Val Leu Phe Ser Ser Ala Ser Gly
1285 1290 1295

val Phe Gly Ser Ile Gly Gln Gly Ser Tyr Ala Ala Gly Asn Ala Phe
1300 1305 1310

Leu Asp Ala Leu Ala Asp Leu Arg Arg Thr Gln Gly Leu Ala Ala Leu
1315 1320 1325

Ser Ile Ala Trp Gly Leu Trp Ala Glu Gly Gly Met Gly Ser Gln Ala
1330 1335 1340

Gln Arg Arg Glu His Glu Ala Ser Gly Ile Trp Ala Met Pro Thr Ser
1345 1350 1355 1360

Arg Ala Leu Ala Ala Met Glu Trp Leu Leu Gly Thr Arg Ala Thr Gln
1365 1370 1375

Arg Val val Ile Gln Met Asp Trp Ala His Ala Gly Ala Ala Pro Arg
1380 1385 1390

Asp Ala Ser Arg Gly Arg Phe Trp Asp Arg Leu Val Thr Ala Thr Lys
1395 1400 1405

Glu Ala Ser Ser Ser Ala Val Pro Ala Val Glu Arg Trp Arg Asn Ala
1410 1415 1420
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Ser Val Val Glu Thr Arg Ser Ala Leu Tyr Glu Leu Val Arg Gly Val
1425 1430 1435 1440

vVal Ala Gly Val Met Gly Phe Thr Asp Gln Gly Thr Leu Asp Val Arg
1445 1450 1455

Arg Gly Phe Ala Glu Gln Gly Leu Asp Ser Leu Met Ala Val Glu Ile
1460 1465 1470

Arg Lys Arg Leu Gln Gly Glu Leu Gly Met Pro Leu Ser Ala Thr Leu
1475 1480 1485

Ala Phe Asp His Pro Thr Val Glu Arg Leu Val Glu Tyr Leu Leu Ser
1490 1495 1500

Gln Ala Leu Glu Leu Gln Asp Arg Thr Asp Val Arg Ser Val Arg Leu
1505 1510 1515 1520

Pro Ala Thr Glu Asp Pro Ile Ala Ile Val Gly Ala Ala Cys Arg Phe
1525 1530 1535

Pro Gly Gly Val Glu Asp Leu Glu Ser Tyr Trp Gln Leu Leu Thr Glu
1540 1545 1550

Gly val val val Ser Thr Glu Val Pro Ala Asp Arg Trp Asn Gly Ala
1555 1560 1565

Asp Gly Arg Val Pro Gly Ser Gly Glu Ala Gln Arg Gln Thr Tyr Val
1570 1575 1580

Pro Arg Gly Gly Phe Leu Arg Glu Val Glu Thr Phe Asp Ala Ala Phe
1585 1590 1585 1600

Phe His Ile Ser Pro Arg Glu Ala Met Ser Leu Asp Pro Gln Gln Arg
1605 1610 1615

Leu Leu Leu Glu Val Ser Trp Glu Ala Ile Glu Arg Ala Gly Gln Asp
1620 1625 1630

Pro Ser Ala Leu Arg Glu Ser Pro Thr Gly Vval Phe val Gly Ala Gly
1635 1640 1645

Pro Asn Glu Tyr Ala Glu Arg Val Gln Glu Leu Ala Asp Glu Ala Ala
1650 1655 1660

Gly Leu Tyr Ser Gly Thr Gly Asn Met Leu Ser Val Ala Ala Gly Arg
1665 1670 1675 1680

Leu Ser Phe Phe Leu Gly Leu His Gly Pro Thr Leu Ala Val Asp Thr
1685 1690 1695

Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu Gly Cys Gln Ser Leu
1700 1705 1710

Arg Arg Gly Glu Cys Asp Gln Ala Leu Val Gly Gly Val Asn Met Leu
1715 1720 1725

Leu Ser Pro Lys Thr Phe Ala Leu Leu Ser Arg Met His Ala Leu Ser
1730 1735 1740

Pro Gly Gly Arg Cys Lys Thr Phe Ser Ala Asp Ala Asp Gly Tyr Ala
1745 1750 1755 1760

Arg Ala Glu Gly Cys Ala Val Val Val Leu Lys Arg Leu Ser Asp Ala
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1765 1770 1775

Gln Arg Asp Arg Asp Pro Ile Leu Ala Val Ile Arg Gly Thr Ala Ile
1780 1785 1790

Asn His Asp Gly Pro Ser Ser Gly Leu Thr Val Pro Ser Gly Pro Ala
1795 1800 1805

Gln Glu Ala Leu Leu Arg Gln Ala Leu Ala His Ala Gly Val val Pro
1810 1815 1820

Ala Asp Val Asp Phe Val Glu Cys His Gly Thr Gly Thr Ala Leu Gly
1825 1830 1835 1840

Asp Pro Ile Glu Val Arg Ala Leu Ser Asp Val Tyr Gly Gln Ala Arg
1845 1850 1855

Pro Ala Asp Arg Pro Leu Ile Leu Gly Ala Ala Lys Ala Asn Leu Gly
1860 1865 1870

His Met Glu Pro Ala Ala Gly Leu Ala Gly Leu Leu Lys Ala Val Leu
1875 1880 1885

Ala Leu Gly Gln Glu Gln Ile Pro Ala Gln Pro Glu Leu Gly Glu Leu
1890 1895 1900

Asn Pro Leu Leu Pro Trp Glu Ala Leu Pro Val Ala Val Ala Arg Ala
1905 1910 1915 1520

Ala Val Pro Trp Pro Arg Thr Asp Arg Pro Arg Phe Ala Gly Val Ser
1925 1930 1935

Ser Phe Gly Met Ser Gly Thr Asn Ala His Val Vval Leu Glu Glu Ala
1940 1945 1950

Pro Ala Val Glu Leu Trp Pro Ala Ala Pro Glu Arg Ser Ala Glu Leu
1955 1960 1965

Leu Val Leu Ser Gly Lys Ser Glu Gly Ala Leu Asp Ala Gln Ala Ala
1970 1975 1980

Arg Leu Arg Glu His Leu Asp Met His Pro Glu Leu Gly Leu Gly Asp
1985 1990 1995 2000

Val Ala Phe Ser Leu Ala Thr Thr Arg Ser Ala Met Asn His Arg Leu
2005 2010 2015

Ala Val Ala Val Thr Ser Arg Glu Gly Leu Leu Ala Ala Leu Ser Ala
2020 2025 2030

val Ala Gln Gly Gln Thr Pro Pro Gly Ala Ala Arg Cys Ile Ala Ser
2035 2040 2045

Ser Ser Arg Gly Lys Leu Ala Phe Leu Phe Thr Gly Gln Gly Ala Gln
2050 2055 2060

Thr Pro Gly Met Gly Arg Gly Leu Cys Ala Ala Trp Pro Ala Phe Arg
2065 2070 2075 2080

Glu Ala Phe Asp Arg Cys Val Ala Leu Phe Asp Arg Glu Leu Asp Arg
2085 2090 2095

Pro Leu Arg Glu Val Met Trp Ala Glu Pro Gly Ser Ala Glu Ser Leu
2100 2105 2110
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Leu Leu Asp Gln Thr Ala Phe Thr Gln Pro Ala Leu Phe Thr Val Glu
2115 2120 2125

Tyr Ala Leu Thr Ala Leu Trp Arg Ser Trp Gly Val Glu Pro Glu Leu
2130 2135 2140

Val Ala Gly His Ser Ala Gly Glu Leu Val Ala Ala Cys Val Ala Gly
2145 2150 2155 2160

Val Phe Ser Leu Glu Asp Gly Val Arg Leu Val Ala Ala Arg Gly Arg
2165 2170 2175

Leu Met Gln Gly Leu Ser Ala Gly Gly Ala Met Val Ser Leu Gly Ala
2180 2185 2190

Pro Glu Ala Glu Val Ala Ala Ala Val Ala Pro His Ala Ala Ser Val
2195 2200 2205

Ser Ile Ala Ala Val Asn Gly Pro Glu Gln Val Val Ile Ala Gly Val
2210 2215 2220

Glu Gln Ala Val Gln Ala Ile Ala Ala Gly Phe Ala Ala Arg Gly Ala
2225 2230 2235 2240

Arg Thr Lys Arg Leu His Val Ser His Ala Ser His Ser Pro Leu Met
2245 2250 2255

Glu Pro Met Leu Glu Glu Phe Gly Arg Val Ala Ala Ser vVal Thr Tyr
2260 2265 2270

Arg Arg Pro Ser Val Ser Leu Val Ser Asn Leu Ser Gly Lys Val val
2275 2280 2285

Ala Asp Glu Leu Ser Ala Pro Gly Tyr Trp Val Arg His Val Arg Glu
2290 2295 2300

Ala Val Arg Phe Ala Asp Gly Val Lys Ala Leu His Glu Ala Gly Ala
2305 2310 2315 2320

Gly Thr Phe Val Glu Val Gly Pro Lys Pro Thr Leu Leu Gly Leu Leu
2325 2330 2335

Pro Ala Cys Leu Pro Glu Ala Glu Pro Thr Leu Leu Ala Ser Leu Arg
2340 2345 2350

Ala Gly Arg Glu Glu Ala Ala Gly Val Leu Glu Ala Leu Gly Arg Leu
2355 2360 2365

Trp Ala Ala Gly Gly Ser Val Ser Trp Pro Gly Val Phe Pro Thr Ala
2370 2375 2380

Gly Arg Arg Val Pro Leu Pro Thr Tyr Pro Trp Gln Arg Gln Arg Tyr
2385 2390 2395 2400

Trp Pro Asp Ile Glu Pro Asp Ser Arg Arg His Ala Ala Ala Asp Pro
2405 2410 2415

Thr Gln Gly Trp Phe Tyr Arg Val Asp Trp Pro Glu lle Pro Arg Ser
2420 2425 2430

Leu Gln Lys Ser Glu Glu Ala Ser Arg Gly Ser Trp Leu Val Leu Ala
2435 2440 2445

Asp Lys Gly Gly Vval Gly Glu Ala Val Ala Ala Ala Leu Ser Thr Arg
2450 2455 2460
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Gly Leu Pro Cys Val Val Leu His Ala Pro Ala Glu Thr Ser Ala Thr
2465 2470 2475 2480

Ala Glu Leu Val Thr Glu Ala Ala Gly Gly Arg Ser Asp Trp Gln Val
2485 2490 2495

val Leu Tyr Leu Trp Gly Leu Asp Ala Val Val Gly Ala Glu Ala Ser
2500 2505 2510

Ile Asp Glu Ile Gly Asp dla Thr Arg Arg Ala Thr Ala Pro Val Leu
2515 2520 2525

Gly Leu Ala Arg Phe Leu Ser Thr Val Ser Cys Ser Pro Arg Leu Trp
2530 2535 2540

val val Thr Arg Gly Ala Cys Ile Val Gly Asp Glu Pro Ala Ile Ala
2545 2550 2555 2560

Pro Cys Gln Ala Ala Leu Trp Gly Met Gly Arg Val Ala Ala Leu Glu
2565 2570 2575

His Pro Gly Ala Trp Gly Gly Leu Val Asp Leu Asp Pro Arg Ala Ser
2580 2585 2590

Pro Pro Gln Ala Ser Pro Ile Asp Gly Glu Met Leu Val Thr Glu Leu
2595 2600 2605

Leu Ser Gln Glu Thr Glu Asp Gln Leu Ala Phe Arg His Gly Arg Arg
2610 2615 2620

His Ala Ala Arg Leu Val Ala Ala Pro Pro Gln Gly Gln Ala Ala Pro
2625 2630 2635 2640

Val Ser Leu Ser Ala Glu Ala Ser Tyr Leu Val Thr Gly Gly Leu Gly
2645 2650 2655

Gly Leu Gly Leu Ile Val Ala Gln Trp Leu Val Glu Leu Gly Ala Arg
2660 2665 2670

His Leu Val Leu Thr Ser Arg Arg Gly Leu Pro Asp Arg Gln Ala Trp
2675 2680 2685

Cys Glu Gln Gln Pro Pro Glu Ile Arg Ala Arg Ile Ala Ala Val Glu
2690 2695 2700

Ala Leu Glu Ala Arg Gly Ala Arg Val Thr val Ala Ala Val Asp Val
2705 2710 2715 2720

Ala Asp Val Glu Pro Met Thr Ala Leu Val Ser Ser Val Glu Pro Pro
2725 2730 2735

Leu Arg Gly Val Val His Ala Ala Gly Val Ser Val Met Arg Pro Leu
2740 2745 2750

Ala Glu Thr Asp Glu Thr Leu Leu Glu Ser Val Leu Arg Pro Lys Val
2755 2760 2765

Ala Gly Ser Trp Leu Leu His Arg Leu Leu His Gly Arg Pro Leu Asp
2770 2775 2780

Leu Phe Val Leu Phe Ser Ser Gly Ala Ala Val Trp Gly Ser His Ser
2785 2790 2795 2800

Gln Gly Ala Tyr Ala Ala Ala Asn Ala Phe Leu Asp Gly Leu Ala His
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2805 2810 2815

Leu Arg Arg Ser Gln Ser Leu Pro Ala Leu Ser Val aAla Trp Gly Leu
2820 2825 2830

Trp Ala Glu Gly Gly Met Ala Asp Ala Glu Ala His Ala Arg Leu Ser
2835 2840 2845

Asp Ile Gly Val Leu Pro Met Ser Thr Ser Ala Ala Leu Ser Ala Leu
2850 2855 2860

Gln Arg Leu Val Glu Thr Gly Ala Ala Gln Arg Thr Val Thr Arg Met
2865 2870 2875 2880

Asp Trp Ala Arg Phe Ala Pro Val Tyr Thr Ala Arg Gly Arg Arg Asn
2885 2890 2895

Leu Leu Ser Ala Leu Val Ala Gly Arg Asp Ile Ile Ala Pro Ser Pro
2900 2905 2910

Pro Ala Ala Ala Thr Arg Asn Trp Arg Gly Leu Ser Val Ala Glu Ala
2915 2920 2925

Arg Val Ala Leu His Glu Ile Val His Gly Ala Val Ala Arg Val Leu
2930 2935 2940

Gly Phe Leu Asp Pro Ser Ala Leu Asp Pro Gly Met Gly Phe Asn Glu
2945 2950 2955 2960

Gln Gly Leu Asp Ser Leu Met Ala Val Glu Ile Arg Asn Leu Leu Gln
2965 2970 2975

Ala Glu Leu Asp Val Arg Leu Ser Thr Thr Leu Ala Phe Asp His Pro
2980 2985 2990

Thr val Gln Arg Leu Val Glu His Leu Leu Val Asp Val Leu Lys Leu
2995 3000 3005

Glu Asp Arg Ser Asp Thr Gln His Val Arg Ser Leu Ala Ser Asp Glu
3010 30158 3020

Pro Ile Ala Ile Val Gly Ala Ala Cys Arg Phe Pro Gly Gly Vval Glu
3025 3030 3035 3040

Asp Leu Glu Ser Tyr Trp Gln Leu Leu Ala Glu Gly Val val val Ser
3045 3050 3055

Ala Glu Val Pro Ala Asp Arg Trp Asp Ala Ala Asp Trp Tyr Asp Pro
3060 3065 3070

Asp Pro Glu Ile Pro Gly Arg Thr Tyr Val Thr Lys Gly Ala Phe Leu
3075 3080 3085

Arg Asp Leu Gln Arg Leu Asp Ala Thr Phe Phe Arg Ile Ser Pro Arg
3090 3095 3100

Glu Ala Met Ser Leu Asp Pro Gln Gln Arg Leu Leu Leu Glu Val Ser
3105 3110 3115 3120

Trp Glu Ala Leu Glu Ser Ala Gly Ile Ala Pro Asp Thr Leu Arg Asp
3125 3130 3135

Ser Pro Thr Gly val Phe Val Gly Ala Gly Pro Asn Glu Tyr Tyr Thr
3140 3145 3150
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Gln Arg Leu Arg Gly Phe Thr Asp Gly Ala ala Gly Leu Tyr Gly Gly
3155 3160 3165

Thr Gly Asn Met Leu Ser Val Thr Ala G

3170

Gly Leu His Gly Pro Thr
3185 3190

Leu Val Ala Leu His Leu Ala Cys Gln ser Leu Ar
3205

3175

Leu Ala Met

3180

ly Arg Leu Ser Phe Phe Leu

Asp Thr ala Cys Ser Ser Ser

3185

3210

3200

g Leu Gly Glu Cys

3215

Asp Gln Ala Leu Val Gly Gly val Asn Val Leu Leu Ala Pro Glu Thr
3225

3220

Phe Vval Leu Ley Ser Arg Met Arg Ala Leu Se

3235

3240

3230

r Pro Asp Gly Arg Cys
3245

Lys Thr Phe Ser ala Asp Ala Asp Gly Tyr Ala Arg Gly Glu cly Cys
3255

3250

Ala val val vail Leu Lys
3265 3270

Ser Ile Leu Ala Leu Ile
3285

Ser Ser Gly Leu Thr Val
3300

Arg Gln Ala Leu Ser Gln
3315

Arg Leu Arg

Arg Gly Ser

Pro Asn Gly pro Ala
330

305

Ala Gly val
3320

3260

Asp Ala Gln Arg Ala Gly Asp

3275

3280

Ala val asn His Asp Gly Pro

3290

3295

Gln Gln Ala Leu Leu

3310

Ser Pro Vval Asp Val Asp Phe

3325

Val Glu Cys His Gly Thr Gly Thr Ala Leuy Gly Asp Pro Ile Glu val
3335

3330

Gln Ala Leu Ser Glu val
3345 3350

Leu Vval Leu Gly Ala Ala Lys Ala Asn val Ala His L
3365

Ser Gly Leu Ala Ser Leu
3380

Gln Ile Pro ala Gln Pro
3395

Trp Asn Thr Leu Pro Val
3410

3340

Tyr Gly Pro Gly Arg Ser Gly Asp Arg Pro
33ss

3370

3360

eu Glu Ala Ala

3375

Leu Lys Ala Val Ley Ala Leu Arg His Gluy
3385 3390

Glu Leu Gly Glu Leu Asn Pro His Ley Pro
3400

Ala val pro
3415

3405

Arg Lys Ala Vval
3420

Pro Trp Gly

Arg Gly Ala Arg Pro Arg Arg Ala Gly Val Ser ala Phe Gly Leu Ser
3425 3430

Gly Thr Asn val His Val
3445

Ala Pro Ala Ala Pro Ala
3460

Lys Ser Ala Ala Ala Leu
3475

Leu Ser Ala His Pro Glu Leu Ser Leu Gl
3

490

Val Leu Glu

Arg Pro val
3465

Asp Ala Ala Ala al

3480

3495

3435

3450

3440

Glu Ala Pro Glu val Glu Pro
3455

Glu Leu Val val Leu Ser Ala
3470

3500

a2 Arg Leu Ser Ala His
3485

Y ASp Val ala Phe Ser Leu
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Ala Thr Thr Arg Ser Pro Met Glu
3505 3510
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His Arg Leu Ala
3515

Ile Ala Thr Thr
3520

Ser Arg Glu Ala Leu Arg Gly Ala Leu Asp Ala ala Ala Gln Gln Lys
3530

3525

3535

Thr Pro Gln Gly Ala val Arg Gly Lys Ala val Ser Ser arg Gly Lys
3545

3540

Leu Ala Phe Leu Phe Thr Gly Gln
3555 3560

Arg Gly Leu Tyr Glu Thr Trp Pro
3570 3575

Cys Val Aala Leu Phe Asp Arg Glu
3585 3590

Met Trp Ala Ala Pro Gly Leu Ala
3605

Pro ala cGly Gly Ala Met Val Ala
3685

Ala Ala Ser val Ala Pro His Ala

Gly Ala Gln Met
Ala Phe Arg Glu
3580

Ile Asp Gln Pro
3595

GIn Ala Ala Arg
3610

Ile Ala Ala Ser
3690

Ala Thr val Ser

3700 3705

Asn Gly Pro Asp Ala Val Val Ile
3715 3720

Ala Leu Gly Ala Thr Phe Ala ala
3730 37358

Ala Vval Ser His Ala Phe His Ser
3745 3750

ASp Phe Gln Arg Val Ala Ala Thr
3765

Ala Gly aAla Glu
Arg Gly Ile Arg
3740

Pro Leu Met Asp
3755

Ile Ala Tyr Arg
3770

3550

Pro Gly Met Gly

565

Ala Phe AsSp Arg

Leu Arg Glu val
3600

Leu asp Gln Thr

3615

3630

Glu Ala Glu val
3695

Ile Ala Ala val
3710

Val Gln val Leu
3725

Thr Lys Arg Leu
Pro Met Leu Glu
3760

Ala Pro Asp Arg
3775

Pro Val val ser asn Val Thr Gly His val Ala Gly Pro Glu Ile Ala
3785 3790

3780

Thr Pro Glu Tyr Trp Val Arg His Vval Arg Ser Ala Val Arg Phe Gly
3800 3805

3795

Asp Gly Ala Lys Ala Leu His Ala
3810 3815

Ala Gly aAla ala
3820

Thr Phe val Glu

Val Gly Pro Lys Pro val Leu Leu Gly Leu Leu Pro Ala Cys Leu Gly

3825 3830

3835

3840

Glu Ala Asp Ala val reu Val Pro Ser Leu Arg Ala Asp Arg Ser Glu
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Ala Leu Asp Trp Lys Gly val Phe Pro Asp Gly Ala Arg arg
3880 3885

3875

Leu Pro Met
3890

Pro Arg Ser Ala Ala Pr
3

3905

Gly val Gly Leu

Tle Gly Pro Axg His Gln Proec Phe

3940

Lys val Vval val Pro Gl
3

955

Ala Ala Gl
3970

phe Leu Lys Ala Tle Ala Met
3

3985

3845

s Glu Val Val Leu Ala Ala Leu Gl
3860 3

Cy
392

865

Tyr Pro TrpP Gln Arg Glu Arg Hi

3895

910

3945

3975

9390

<44 -

3850

y Ala Trp Tyr Ala

s Trp
3900

s Met Pro Gly Ala Val Leu His His
3930

vy Ala Phe His val Ala Val Il
3960 396

u Arg Trp Pro Glu Arg Ala Ile Glu Leu

3980

Glu Pro Asp Gln Glu val Glu Leu
3

995

Ala val Leu Thr Pro Glu Ala Ala Gly Asp Gly Tyr
4

4005

Ala Thr Leu Ala Ala Pro Glu Thr Glu
4

4020

Arg Gly Arg Va
4035

Leu Glu Val Leu Glu Asp Arg Ala
4055

4050

Phe Leu Asp AXg
4065

Leu

025

1 Gln Pro Thr Asp Gly

4040

Ile

ger Ala Val Arg

4070

Arg Trp Leu Gln Asp Gly Arg val Gly

Leu Val Pro Thr TyY Pro

4100

Tle Leu Leu Asp Asn Gly Phe Al
4 412

115

Glu Pro Glu Asp Asp Gly

4130

Val Arg Trp TIP
4145

Pro Arg Serxr

4085

Arg

4165

010

Arg Arg Trp

Ala Pro Gly
4

Gln Pro Leu
4060

Ile Gly Trp
4075

Asp Glu Ala

4080

4105

120

4135

4150

Gln Ala Phe Gly Val Ser

Asn Ala His Asp val Ala Pro Leu His
4110
a Val Ser Leu Leu Ser Thr Arg
4

Thr Pro Pro Leu Pro Phe Ala val Glu

4140

ger Phe Val
4170

3855

Trp Gly Gly
3870

val Ala

Met Asp Leu Thr

o Ala Gly Ile Ala Gly Arg Trp Pro Leu Ala
3915

3920

val Leu Ser
3935

Leu Gly Asp His Leu val Phe Gly

3950

e Leu Ser Ile
965

Thr Gly Val Glu
His
4000

Leu Phe Glu Leu
4015

Thr Thr
4030

His Ala

Ala Leu Pro Arg
4

045

Asp Phe Ala Gly

Gly Pro Leu Trp

4080

Ala
4095

Ser Leu Thr

Pro

Ser

125

Arg

aAla Pro Val Gly Arg val Arg Cys Gly Gly val
4155 4160

Leu Val Asp Glu
4175

Thr Gly Glu val val Ala Glu Val Glu Gly Phe yal Cys Arg Arg Ala
4180 418 4190

5
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Pro Arg Glu Val Phe Leu Arg Gln Glu Ser Gly Ala Ser Thr Ala Ala
4195 4200 4205

Leu Tyr Arg Leu Asp Trp Pro Glu Ala Pro Leu Pro Asp Ala Pro Aala
4210 4215 4220

Glu Arg Ile Glu Glu Ser Trp Val val Val Ala Ala Pro Gly Ser Glu
4225 4230 4235 4240

Met Ala Ala Ala Leu Ala Thr Arg Leu Asn Arg Cys Val Leu Ala Glu
4245 4250 4255

Pro Lys Gly Leu Glu Ala Ala Leu Ala Gly Val Ser Pro Ala Gly Val
4260 4265 4270

Ile Cys Leu Trp Glu Ala Gly Ala His Glu Glu Ala Pro Ala Ala Ala
4275 4280 4285

Gln Arg Val Ala Thr Glu Gly Leu Ser Val Val Gln Ala Leu Arg Asp
4290 4295 4300

Arg Ala Val Arg Leu Trp Trp Val Thr Met Gly Ala Val Ala Val Glu
4305 4310 4315 4320

Ala Gly Glu Arg Val Gln Val Ala Thr Ala Pro Val Trp Gly Leu Gly
4325 4330 4335

Arg Thr Val Met Gln Glu Arg Pro Glu Leu Ser Cys Thr Leu Val Asp
4340 4345 4350

Leu Glu Pro Glu Ala Asp Ala Ala Arg Ser Ala Asp Val Leu Leu Arg
4355 4360 4365

Glu Leu Gly Arg Ala Asp Asp Glu Thr Gln Val Ala Phe Arg Ser Gly
4370 4375 4380

Lys Arg Arg Val Ala Arg Leu Val Lys Ala Thr Thr Pro Glu Gly Leu
4385 4390 4395 4400

Leu Val Pro Asp Ala Glu Ser Tyr Arg Leu Glu Ala Gly Gln Lys Gly
4405 4410 4415

Thr Leu Asp Gln Leu Arg Leu Ala Pro Ala Gln Arg Arg Ala Pro Gly
4420 4425 4430

Pro Gly Glu Val Glu Ile Lys Val Thr Ala Ser Gly Leu Asn Phe Arxg
4435 4440 4445

Thr Val Leu Ala Val Leu Gly Met Tyr Pro Gly Asp Ala Gly Pro Met
4450 4455 4460

Gly Gly Asp Cys Ala Gly val Ala Thr Ala Val Gly Gln Gly Val Arg
4465 4470 4475 4480

His Val Ala Val Gly Asp Ala Val Met Thr Leu Gly Thr Leu His Arg
4485 4490 4495

Phe Val Thr Val Asp Ala Arg Leu Val Val Arg Gln Pro Ala Gly Leu
4500 4505 4510

Thr Pro Ala Gln Ala Ala Thr Val Pro Val Ala Phe Leu Thr Ala Trp
4515 4520 4525

Leu Ala Leu His Asp Leu Gly Asn Leu Arg Arg Gly Glu Arg val Leu
4530 4535 4540
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Ile His Ala Ala Ala Gly Gly Val Gly Met Ala Ala Val Gln Ile Ala
4545 4550 4555 4560

Arg Trp Ile Gly Ala Glu Val Phe Ala Thr Ala Ser Pro Ser Lys Trp
4565 4570 4575

Ala Ala Val Gln Ala Met Gly Val Pro Arg Thr His Ile Ala Ser Ser
4580 4585 4590

Arg Thr Leu Glu Phe Ala Glu Thr Phe Arg Gln Val Thr Gly Gly Arg
4595 4600 4605

Gly val Asp Val val Leu Asn Ala Leu Ala Gly Glu Phe val Asp Ala
4610 4615 4620

Ser Leu Ser Leu Leu Ser Thr Gly Gly Arg Phe Leu Glu Met Gly Lys
4625 4630 4635 4640

Thr Asp Ile Arg Asp Arg Ala Ala Val Ala Ala Ala His Pro Gly Val
4645 4650 4655

Arg Tyr Arg Val Phe Asp Ile Leu Glu Leu Ala Pro Asp Arg Thr Arg
4660 4665 4670

Glu Ile Leu Glu Arg Val Val Glu Gly Phe Ala Ala Gly His Leu Arg
4675 4680 4685

Ala Leu Pro Val His Ala Phe Ala Ile Thr Lys Ala Glu Ala Ala Phe
4690 4695 4700

Arg Phe Met Ala Gln Ala Arg His Gln Gly Lys Val Val Leu Leu Pro
4705 4710 4715 4720

Ala Pro Ser Ala Ala Pro Leu Ala Pro Thr Gly Thr Val Leu Leu Thr
4725 4730 4735

Gly Gly Leu Gly Ala Leu Gly Leu His Val Ala Arg Trp Leu Ala Gln
4740 4745 4750

Gln Gly Vval Pro His Met Val Leu Thr Gly Arg Arg Gly Leu Asp Thr
4755 4760 4765

Pro Gly Ala Ala Lys Ala Val Ala Glu Ile Glu Ala Leu Gly Ala Arg
4770 4775 4780

Val Thr Ile Ala Ala Ser Asp Val Ala Asp Arg Asn Ala Leu Glu Ala
4785 4790 4795 4800

Val Leu Gln Ala Ile Pro Ala Glu Trp Pro Leu Gln Gly Val Ile His
4805 4810 4815

Ala Ala Gly Ala Leu Asp Asp Gly Val Leu Asp Glu Gln Thr Thr Asp
4820 4825 4830

Arg Phe Ser Arg Val Leu Ala Pro Lys Val Thr Gly Ala Trp Asn Leu
4835 4840 4845

His Glu Leu Thr Ala Gly Asn Asp Leu Ala Phe Phe Val Leu Phe Ser
4850 4855 4860

Ser Met Ser Gly Leu Leu Gly Ser Ala Gly Gln Ser Asn Tyr Ala ala
4865 4870 4875 4880

Ala Asn Thr Phe Leu Asp Ala Leu Ala Ala His Arg Arg Ala Glu Gly
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Leu Ala Arg Pro Glu Thr Gln Ley Gly Ala Met Ser Leu Asp Val Arg
4945 4950 4955 4960

Ala Ala Ser Gln Ala Ser Gly Ala Ala Val Pro Pro Val Trp Arg ala
4965 4570 4975

Leu Val Arg aAla Glu Ala Arg His Thr ala Ala Gly Ala Gln Gly ala
4980 4985 4990

Leu Ala Ala Arg Leu Gly Ala Leu Pro Glu Ala Arg Arg Ala Asp Glu .
4995 5000 5005

Val Arg Lys Vval val Gln Ala Glu Tle Ala Arg val Leu Ser Trp Ser
5010 5015 5020

Ala Ala Ser Ala val Pro Val Asp Arg Pro Leu Ser Asp Leu Gly Leu
5025 5030 5035 S040

Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Val Leu Gly Gln Arg Val
5045 5050 5055

Gly Ala Thr Leu Pro Ala Thr Leu Ala Phe Asp His Pro Thr val Asp
5060 5065 5070

Ala Leu Thr Arg Trp Leu Leu Asp Lys Val Leu Ala Val Ala Glu Pro
5075 5080 5085

Ser Val Ser Ser ala Lys Ser Ser Pro Glp Val Ala Leu Asp Glu Pro
5090 5095 5100

Ile Ala Ile Ile Gly Ile Gly Cys Arg Phe Pro Gly Gly val Ala Asp
5105 5110 5115 5120

Pro Glu Ser Phe Trp Arg Leu Leu Glu Glu Gly Ser Asp Ala Vval val
5125 5130 5135

Glu Val Pro His Glu Arg Trp Asp Ile Asp Ala Phe Tyr Asp Pro Asp
5140 5145 5150

Pro Asp vVal Arg Gly Lys Met Thr Thr Arg Phe Gly Gly Phe Leu Ser
5155 5160 5165

Asp Ile Asp Arg Phe Asp Pro Ala Phe Phe Gly Ile Ser pro Arg Glu
5170 5175 5180

Ala Thr Thr Met Asp Pro Gln Gln Arg Leu Leu Leu Glu Thr Ser Trp
5185 5190 5195 5200

Glu Ala Phe Glu Arg Ala Gly Ile Leu Pro Glu Arg Leu Met Gly Ser
5205 5210 5215

Asp Thr Gly Val Phe vVal Gly Ley Phe Tyr Gln Glu Tyr Ala Ala Leu
5220 5225 5230
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Ala Gly Gly Ile Glu Ala Phe Asp Gly Tyr Leu Gly Thr Gly Thr Thr
5235 5240 5245

Ala Ser Val Ala Ser Gly Arg Ile Ser Tyr Val Leu Gly Leu Lys Gly
5250 5255 5260

Pro Ser Leu Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Val Ala Val
5265 5270 5275 5280

His Leu Ala Cys Gln Ala Leu Arg Arg Gly Glu Cys Ser Val Ala Leu
5285 5290 5295

Ala Gly Gly Vval Ala Leu Met Leu Thr Pro Ala Thr Phe Val Glu Phe
5300 5305 5310

Ser Arg Leu Arg Gly Leu Ala Pro Asp Gly Arg Cys Lys Ser Phe Ser
5315 5320 5325

Ala Ala Ala Asp Gly Val Gly Trp Ser Glu Gly Cys Ala Met Leu Leu
5330 5335 5340

Leu Lys Pro Leu Arg Asp Ala Gln Arg Asp Gly Asp Pro Ile Leu Ala
5345 5350 5355 5360

Val Ile Arg Gly Thr Ala Val Asn Gln Asp Gly Arg Ser Asn Gly Leu
5365 5370 5375

Thr Ala Pro Asn Gly Ser Ser Gln Gln Glu Val Ile Arg Arg Ala Leu
5380 5385 5390

Glu Gln Ala Gly Leu Ala Pro Ala Asp Val Ser Tyr Val Glu Cys His
5395 5400 5405

Gly Thr Gly Thr Thr Leu Gly Asp Pro Ile Glu Val Gln Ala Leu Gly
5410 5415 5420

Ala Val Leu Ala Gln Gly Arg Pro Ser Asp Arg Pro Leu Val Ile Gly
5425 5430 5435 5440

Ser Val Lys Ser Asn Ile Gly His Thr Gln Ala Ala Ala Gly Val Ala
5445 5450 5455

Gly val Ile Lys Val Ala Leu Ala Leu Glu Arg Gly Leu Ile Pro Arg
5460 5465 5470

Ser Leu His Phe Asp Ala Pro Asn Pro His Ile Pro Trp Ser Glu Leu
5475 5480 5485

Ala Val Gln val Ala Ala Lys Pro Val Glu Trp Thr~Arg Asn Gly Val
5490 5495 5500

Pro Arg Arg Ala Gly Val Ser Ser Phe Gly Val Ser Gly Thr Asn Ala
5505 5510 5515 5520

His val Val Leu Glu Glu Ala Pro Ala Ala Ala Phe Ala Pro Ala Ala
5525 5530 5535

Ala Arg Ser Ala Glu Leu Phe Val Leu Ser Ala Lys Ser Ala Ala Ala
5540 5545 5550

Leu Asp Ala Gln Ala Ala Arg Leu Ser Ala His Val Val Ala His Pro
8555 5560 5565

Glu Leu Gly Leu Gly Asp Leu Ala Phe Ser Leu Ala Thr Thr Arg Ser
5570 5575 5580
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Pro Met Thr Tyr Arg Leu Ala Val Ala Ala Thr Ser Arg Glu Ala Leu
5585 5590 5595 5600

Ser Ala Ala Leu Asp Thr Ala Ala Gln Gly Gln Ala Pro Pro Ala Ala
5605 5610 56153

Ala Arg Gly His Ala Ser Thr Gly Ser Ala Pro Lys Val Val Phe Val
5620 5625 5630

Phe Pro Gly Gln Gly Ser Gln Trp Leu Gly Met Gly Gln Lys Leu Leu
5635 5640 5645

Ser Glu Glu Pro Val Phe Arg Asp Ala Leu Ser Ala Cys Asp Arg Ala
5650 5655 5660

Ile Gln Ala Glu Ala Gly Trp Ser Leu Leu Ala Glu Leu Ala Ala Asp
5665 5670 5675 5680

Glu Thr Thr Ser Gln Leu Gly Arg Ile Asp Val Val Gln Pro Ala Leu
5685 5690 5695

Phe Ala Ile Glu Val Ala Leu Ser Ala Leu Trp Arg Ser Trp Gly val
5700 5705 5710

Glu Pro Asp Ala Val Val Gly His Ser Met Gly Glu Vval Ala Ala Ala
5715 5720 5725

His Val Ala Gly Ala Leu Ser Leu Glu Asp Ala Val Ala Ile Ile Cys
5730 5735 5740

Arg Arg Ser Leu Leu Leu Arg Arg Ile Ser Gly Gln Gly Glu Met Ala
5745 5750 5755 5760

Val Val Glu Leu Ser Leu Ala Glu Ala Glu Ala Ala Leu Leu Gly Tyr
5765 5770 S775

Glu Asp Arg Leu Ser Val Ala Val Ser Asn Ser Pro Arg Ser Thr Val
5780 5785 5790

Leu Ala Gly Glu Pro Ala Ala Leu Ala Glu Val Leu 2la Ile Leu Ala
5795 5800 5805

Ala Lys Gly Val Phe Cys Arg Arg Val Lys Val Asp Val Ala Ser His
5810 5815 5820

Ser Pro Gln Ile Asp Pro Leu Arg Asp Glu Leu Leu Ala Ala Leu Gly
5825 5830 5835 5840

Glu Leu Glu Pro Arg Gln Ala Thr Val Ser Met Arg Ser Thr val Thr
5845 5850 5855

Ser Thr Ile Met Ala Gly Pro Glu Leu Val Ala Ser Tyr Trp Ala Asp
5860 5865 5870

Asn Val Arg Gln Pro Val Arg Phe Ala Glu Ala Val Gln Ser Leu Met
5875 5880 5885

Glu Asp Gly His Gly Leu Phe Val Glu Met Ser Pro His Pro Ile Leu
5890 5895 5900

Thr Thr Ser Val Glu Glu Ile Arg Arg Ala Thr Lys Arg Glu Gly Val
5905 5910 5915 5920

Ala Val Gly Ser Leu Arg Arg Gly Gln Asp Glu Arg Leu Ser Met Leu
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5925 5930

5935

Glu Ala Leu Gly ala Leu Trp Val His Gly Gln Ala val Gly Trp Glu

5940 5945

5950

Arg Leu Phe Ser Ala Gly Gly Ala Gly Leu Arg Axg val Pro Leu Pro
5955 5960

Thr Tyr Pro Trp Gln Arg Glu Arg TyT Trp Val Asp
597

5970 975

5980

aAla Pro Thr Gly

Gly Ala Ala Gly Gly Ser Arg Phe Ala His Ala Gly Ser His Pro Leu
5990 5

5985

995

6000

Leu Gly Glu Met Gln Thr Leu Ser Thr Gln Arg Ser Thr Arg val Trp
6 6015

005 £010

Glu Thr Thr Leu Asp Leu Lys Arg Leu Pro Trp Leu Gly Asp His Arg
6

020 6025

6030

val Gln Gly Ala val val Phe Pro Gly Ala Ala Tyr Leu Glu Met Ala
6

6035 6040

6050

Leu Ser Ser Gly Ala Glu Ala Leu Gly Asp Gly Pro
6055 . 6

Asp Val val Leu Ala Glu Ala Leu Ala Phe
6065 6070

073

060

Ala Asp Asp Thr Pro Ala
607 608

045

Leu Gln Val Ser

080

Ala val Gln val Met ala Thr Glu Glu Arg Pro Gly Arg Leu Gln Phe
6 60385

085 6090

His val Ala Ser Arg val Pro Gly His Gly Gly Ala Ala Phe Arg Ser
6105

6100

His Ala Arg Gly val Leu Arg Gln Ile Glu Arg Ala

6115 6120

6110

Glu Vval Pro Ala

6125

Arg Leu Asp Leu Ala Ala Leu Arg Ala Arg Leu Gln Ala Ser Ala Pro
6135 6

6130

Ala Ala Ala Thr Tyr ala Ala Leu Ala Glu Met Gly Leu Glu Tyr Gly
6 6155 6

6145 150

140

160

pro Ala Phe Gln Gly Leu Val Glu Leu Trp Arg Gly Glu Gly Glu Ala
6165 6175

6170

Leu Gly aArg Val Arg Leu Pro Glu Ala Ala Gly Ser Pro ala Ala Cys
6180 6

6185

190

Arg Leu His Pro ala Leu Leu AsSp Ala Cys Phe His Val Ser Ser Ala
619 6 6205

200

Phe Ala Asp Arg Gly Glu Ala Thr Pro Trp Val Pro val Glu Ile Gly
6215 6

6210

220

Ser Leu Arg Trp Phe Gln Arg Pro Ser Gly Glu Leu Trp CyS His Ala
6230 6235

6225

arg Ser Val Ser His Gly Lys Pro Thr Pro Asp Arg

6245 6250

6240

Arg Ser Thr Asp
625

phe Trp Val val AsP Ser Thr Gly Ala Ile val Ala Glu Ile Ser Gly
7

6260 6265

§270
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Leu Val Ala Gln Arg Leu Ala Gly Gly val Ar

6275 6280

Asp Trp Phe Met Glu Pro Ala Trp Glu Pro T

£250 6295

Glu Val Met Ala Gly Arg Trp Leu
6305 6310

Gly Ala Ala Leu His Sexr Ala Leu
6325

His Ala Thr Gly Arg Gly Thr Ser
6340

Thr Ala Ser Phe Asp Gly Gln Ala
6355 6360

Ser Leu Asp Glu Arg Gly Val Leu
6370 6375

Asp Ala Leu Glu Glu Ser Leu val
6385 6350

-51-

6285

6300

g Arg Arg Glu Glu Asp

hr Ala val Pro Gly Ser

Leu Ile Gly Ser Gly Gly Gly Leu

6315

6320

Thr Glu Ala Gly His Ser Val val
6330

6335

Ala Ala Gly Leu Gln Ala Leu Leu

6345

Pro Thr Ser

Val val
6365

6350

His Leu Gly

Asp Ala Asp Ala Pro Phe Asp Ala

6380

Arg Gly Cys Asp Ser Val Leu Trp

6395

Thr val Gln Ala val ala Gly Ala Gly Phe Arg Asp Pro

6405

Trp Leu Val Thr Arg Gly Ala Gln
6420

Val Ala Gln ala Pro Leu Leu Gly
6435 6440

His Ala Glu Leu Arg Cys Ala Arg
6450 6455

Asp Gly Glu val Asp Glu Leu Leu
6465 6470

6410

6400

Pro Arg Leu
6415

Ala Ile Gly Ala Gly Asp val Ser

6425

6430

Leu Gly Arg Val Ile ala Leu Glu

6445

Ile Asp Leu Asp Pro Ala Arg Arg

6460

Ala Glu Leu Leu Ala AsSp Asp Ala

€475

6480

Glu Glu Glu val Ala Phe Arg Gly Gly Glu Arg Arg Val Ala Arg Leu

6485

6490

Val Arg Arg Leu Pro Glu Thr asp Cys Arg Glu Lys Ile

6500

Glu Gly Arg Pro Phe Arg Leu Glu
6515 6520

Asp Leu Val Leu Arg Ala Thr Glu
6530 6535

Val Glu Ile Ala Val Glu aAla ala
6545 6550

6505

6495

Glu Pro ala

6510

Ile Asp Gly Ser Gly val Leu Asp

6525

Arg Arg Pro Pro Gly Pro Gly Glu
6540

Gly Leu Asn Phe Leu Asp Val Met

6555

6560

Arg Ala Met Gly Ile Tyr Pro Gly Pro Gly Asp Gly Pro val Ala Leu
6570

6565

Gly Ala Glu Cys Ser Gly Arg Ile Val Ala Met Gly Glu

6580

6585

Ser Leu Arg Ile Gly Gln Asp Val Val Ala val ala Pro

6595 6600

Gly Thr His Vval Thr Ile Asp Ala
6610 6615

6605

6575

Gly Val Glu
6590

Phe Ser phe

Arg Met Leu Ala Pro Arg Pro Ala

6620
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Ala Leu Thr Ala Ala Gln Ala Ala Ala Leu Pro Val Ala Phe Met Thr
6625 6630 6635 6640

Ala Trp Tyr Gly Leu Val His Leu Gly Arg Leu Arg Ala Gly Glu Arg
6645 6650 6655

Val Leu Ile His Ser Ala Thr Gly Gly Thr Gly Leu Ala Ala Val Gln
6660 6665 6670

Ile Ala Arg His Leu Gly Ala Glu Ile Phe Ala Thr Ala Gly Thr Pro
6675 6680 6685

Glu Lys Arg Ala Trp Leu Arg Glu Gln Gly Ile Ala His Val Met Asp
6690 6695 6700

Ser Arg Ser Leu Asp Phe Ala Glu Gln Val Leu Ala Ala Thr Lys Gly
6705 6710 6715 6720

Glu Gly Val Asp Val Val Leu Asn Ser Leu Ser Gly Ala Ala Ile Asp
6725 6730 6735

Ala Ser Leu Ser Thr Leu Val Pro Asp Gly Arg Phe Ile Glu Leu Gly
6740 6745 6750

Lys Thr Asp Ile Tyr Ala Asp Arg Ser Leu Gly Leu Ala His Phe Arg
6755 6760 6765

Lys Ser Leu Ser Tyr Ser Ala Val Asp Leu Ala Gly Leu Ala Val Arg
6770 6775 6780

Arg Pro Glu Arg Val Ala Ala Leu Leu Ala Glu Val Val Asp Leu Leu
6785 6790 6795 6800

Ala Arg Gly Ala Leu Gln Pro Leu Pro Val Glu Ile Phe Pro Leu Ser
6805 6810 6815

Arg Ala Ala Asp Ala Phe Arg Lys Met Ala Gln Ala Gln His Leu Gly
6820 6825 6830

Lys Leu Val Leu Ala Leu Glu Asp Pro Asp Val Arg Ile Arg Val Pro
6835 6840 6845

Gly Glu Ser Gly Vval Ala Ile Arg Ala Asp Gly Ala Tyr Leu Val Thr
6850 6855 6860

Gly Gly Leu Gly Gly Leu Gly Leu Ser Val Ala Gly Trp Leu Ala Glu
6865 6870 6875 6880

Gln Gly Ala Gly His Leu Val Leu Val Gly Arg Ser Gly Ala Val Ser
6885 6890 6895

Ala Glu Gln Gln Thr Ala Val Ala Ala Leu Glu Ala His Gly Ala Arg
6900 6905 6910

Val Thr Val Ala Arg Ala Asp Val Ala Asp Arg Ala Gln Met Glu Arg
6915 6920 6925

Ile Leu Arg Glu Val Thr Ala Ser Gly Met Pro Leu Arg Gly Val val
6930 6935 6940

His Ala Ala Gly Ile Leu Asp Asp Gly Leu Leu Met Gln Gln Thr Pro
6945 6950 6955 6960

Ala Arg Phe Arg Ala val Met Ala Pro Lys Val Arg Gly Ala Leuy His
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Leu His
Ala Ser
Ala Ala

7010
Gly Leu
7025
Leu Ala

Thr Arg

Leu Asp

-53-

6965 6970 6975

Ala Leu Thr Arg Glu Ala Pro Leu Ser Phe Phe Val Leu Tyr
6980 6985 6990

Gly Ala Gly Leu Leu Gly Ser Pro Gly Gln Gly Asn Tyr Ala

6995 7000 7005

Asn Thr Phe Leu Asp Ala Leu Ala His His Arg Arg Ala Gln
7015 7020

Pro Ala Leu Ser Ile Asp Trp Gly Leu Phe Ala Asp Val Gly
7030 7035 7040

Ala Gly Gln Gln Asn Arg Gly Ala Arg Leu Val Thr Arg Gly
7045 7050 7055

Ser Leu Thr Pro Asp Glu Gly Leu Trp Ala Leu Glu Arg Leu
7060 7065 7070

Gly Asp Arg Thr Gln Ala Gly Val Met Pro Phe Asp Val Arg

7075 7080 7085

Gln Trp
7090

Arg Leu
7105
Arg Asp

Gly Met

Leu Ser

Val Glu Phe Tyr Pro Ala Ala Ala Ser Ser Arg Arg Leu Ser
7095 7100

Met Thr Ala Arg Arg Val Ala Ser Gly Arg Leu Ala Gly Asp
7110 7115 7120

Leu Leu Glu Arg Leu Ala Thr Ala Glu Ala Gly Ala Arg Ala
7125 7130 7135

Leu Gln Glu Val Val Arg Ala Gln Val Ser Gln Val Leu Arg
7140 7145 7150

Glu Gly Lys Leu Asp Val Asp Ala Pro Leu Thr Ser Leu Gly

7155 7160 7165

Met Asp
7170

Leu Gly
7185

Ala Ala
Gly Glu

His Glu

Glu Ser
7250

<210> 6

Ser Leu Met Gly Leu Glu Leu Arg Asn Arg Ile Glu Ala Vval
7175 7180

Ile Thr Met Pro Ala Thr Leu Leu Trp Thr Tyr Pro Thr Val
7190 7195 7200

Leu Ser Ala His Leu Ala Ser His Val Val Ser Thr Gly Asp
7205 7210 7215

Ser Ala Arg Pro Pro Asp Thr Gly Ser Val Ala Pro Thr Thr
7220 7225 7230

Val Ala Ser Leu Asp Glu Asp Gly Leu Phe Ala Leu Ile Asp

7235 7240 7245

Leu Ala Arg Ala Gly Lys Arg
7255

<211> 3798
<212> PRT
<213> Sorangium cellulosum

<400> 6

val Thr Asp Arg Glu Gly Gln Leu Leu Glu Arg Leu Arg Glu Va

1

5 10 1

1 Thr
5
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Leu
Lys
Gly
Asp

65
Pro
Asp
Ser
Phe
Gly
145
Ala
Met
Gly
Ile
Leu
225
Leu
Asp
val
Ala
Leu
305

Leu

His

Ala
Thr
Ala

50
Ala
Gly
Gly
Leu
Glu
130
Val
His
Leu
Pro
His
210
Ala
Ala
Ala
Leu
Leu
290
Thr
Arg

Gly

ala

Leu

Glu

Gly

Ile

Asp

Phe

Asp

115

Asp

Phe

Gln

Ser

Cys

195

Leu

Gly

Arg

Ser

Lys

275

Ile

Ala

Asn

Ala

Val

Arg

20
Pro
Thr
Arg
Asp
Asp
100
Pro
Ala
val
Pro
Ile
180
Leu
Ala
Gly
Thr
Ala
260
Arg
Arg
Pro

Ala

Ala
340

Val

Lys
Ile
Pro
Pro
val

85
Ala
Gln
Gly
Gly
Arg
165
Ala
Thr
Cys
val
Gln
245
Asn
Leu
Gly
Asn
Gly

325
Thr

Gly

Thr

Ala

Glu

Leu

Pro

Ala

His

Ile

Val

150

Glu

Ala

Val

Arg

Asn

230

Ala

Gly

Ser

Ser

val

310

val

Ser

Pro

Leu

Ile

Ala

55

Glu

Arg

Phe

Arg

Pro
135

Cys

Glu

Gly

Asp

Ser

215

Met

Leu

Phe

Asp

Ala

295

Leu

Glu

Leu

Ala

Asn
val

40
Phe
Glu
Trp
Phe
Leu
120
Pro
Ala
Arg
Arg
Thr
200
Leu
Leu
Ser
val
Ala
280
Ile
Ala
Ala

Gly

Arg

Glu

25
Gly
Trp
Arg
Ala
Gly
105
Leu
Arg
Thr
Asp
Leu
185
Ala
Arg
Leu
Pro
Arg
265
Arg
Asn
Glin

Glu

Asp
345

Ala

-54 -

Arg
Ile
Glu
Trp
Gly

90
Ile
Leu
Ser
Glu
Ala
170
Ser
Cys
Ala
Serx
Asn
250
Gly
Arg
Gln

Gly

Ala
330

Pro

Asp

Asp

Gly

Leu

Ala

75

Leu

Ala

Glu

Leu

Thr

Leu

Leu

Pro

Val

val
140

Tyr Leu

Tyr
Ser
Arg
Pro
235
Gly
Glu
Asp
Asp
Ala
315
Ile

Ile

Gly

Ser
Thr
Ser
Glu
220
Asp
Arg
Gly
Gly
Gly
300
Leu
Gly

Glu

Ala

Leu
Arg

45
Asp
Val
Thr
Arg
Ala
125
Gly
His
Thr
Leu
Ser
205
Ser
Thr
Cys
Cys
Asp
285

Arg

Leu

Ile

Glu

Phe

Asp

Gly

Glu

Glu
110

Trp

ser

Ala

Thr

Gly

190

Leu

Asp

Met

Gln

Gly

270

Arg

Ser

Arg

Ile

Glu
350

Leu
Pro
Gly
Val
Ala

95
Ala
Glu
Arg
Ala
Gly
175
Leu

Val

Leu

Thr
255
Leu
Ile
Thr

Glu

Glu
335

Ala

Arg Cys Val

Glu

Gly

Arg

Asp

80

Ile

Arg

Gly

Thr

Val

160

Asn

Gln

Ala

Ala

Ala

240

Phe

Ile

Trp

Gly

Ala
320

Leu

Leu
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Gly

Ala
385

Ala
Ala
465

Ala

His

Ala
Gly
545

Phe

Leu

Ala
val
625
Gly
Ala

Ile

Met

Ala
370
Gly
Asn
Ala
Thr
His
450
Pro
Ala
Val
Ser
Leu
530
Ala
val
Met
Ala
Asp
610
Leu
Val
Ala

Cys

Ala
690

355

vVal

Leu

Leu

Leu

Arg

435

Val

Glu

Leu

Glu

Ala

515

Arg

Val

Phe

Ala

Ile

595

Glu

Phe

Glu

His

Arg

675

Leu

Lys

Ile

Asn

Ala

420

Phe

val

Arg

Asp

Leu

500

Met

Gly

Arg

Pro

Glu

580

Glu

Ala

Ala

Pro

Val

660

Arg

val

Thr
Lys
Phe
405
Leu
Ala
Leu
Ala
Ala
485
Gly
Glu
Ala
Gly
Gly
565
Glu
Ala
Ala
Met
Glu
645
Ala

Ser

Glu

Asn
Ala
390
Arg
Ala
Gly
Glu
Ala
470
Gln
Leu
His
Leu
Arg
550
Gln
Pro
Glu
Ser
Glu
630
Ala
Gly

Arg

Leu

Leu
375
Thr
Thr
Thr
Val
Glu
455
Glu
Ala
Gly
Arg
Ser
535
Ala
Gly
vVal
Ala
Gln
615
Val
val
Ala

Leu

Ser
695

360

Gly
Leu
Leu
Glu
Ser
440
Ala
Leu
Ala
Asp
Leu
520
Ala
Ser
Ser
Phe
Gly
600
Leu
Ala
Val
Leu
Leu

680

Leu

His
Ser
Asn
Pro
425
Ser
Pro
Phe
Arg
Vval
505
Ala
Ala
Gly
Gln
Arg
585
Trp
Gly
Leu
Gly
Ser
665

Arg

Glu

-55-

Leu
Leu
Pro
410
val
Phe
Ala
val
Leu
490
Ala
Vval
Ala
Gly
Trp
570
Ala
Ser
Arg
Ser
His
650
Leu

Arg

Glu

Glu
His
395
Arg
Pro
Gly
Val
Leu
475
Arg
Phe
Ala
Gln
Ser
555
val
Ala
Leu
Ile
Ala
635
Ser
Glu

Ile

Ala

Gly
380
His
Ile
Trp
Met
Glu
460
Ser
Asp
Ser
Ala
Gly
540
Ala
Gly
Leu
Leu
Asp
620
Leu
Met
Asp

Ser

Glu
700

365

Ala
Glu
Arg
Pro
Ser
445
Pro
Ala
His
Leu
Ser
525
His
Pro
Met
Glu
Gly

605

Val

Trp

Gly

Ala

Gly

685

Ala

Ala
Arg
Ile
Arg
430
Gly
Glu
Lys
Leu
Ala
510
Ser
Thr
Lys
Gly
Gly
590
Glu
val
Arg
Glu
vVal

670

Gln

Ala

Gly
Ile
Glu
415
Thr
Thr
Ala
Ser
Glu
495
Thr
Arg
Pro
val
Arg
575
Cys
Leu
Gln
Ser
Val
655
Ala

Gly

Leu

Val
Pro
400
Gly
Gly
Asn
Ala
Ala
480
Lys
Thr
Glu
Pro
val
560
Lys
Asp

Ser

Pro
Trp
640
Ala

Ile

Glu

Arg
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Gly
705
Thr
Leu
Ser
Leu
val
785
Ala
Leu
Ile
Gly
Leu
865
Trp
Tvyr
Arg
Asp
Gly
945
Ala
Ser
Arg

Val

Arg

His

val

Thr

His

Gly

770

Thr

Asp

Leu

Leu

Ala

850

Leu

Ala

Pro

Arg

Trp

930

Ser

Ala

Ala

Arg

val

1010

Ala

10238

Pro

His

Glu

Leu

Ala

Ser

755

Ala

Gly

Asn

Glu

vVal

835

Ala

Glu

Arg

Trp

Leu

91s

Pro

Trp

Ala

Asp

Asn

995

Asp

Thr

Pro

Gly Arg
Ala Gly
725

Lys Gly
740

Pro Gln

Ile Arg

Gly val

Leu Arg
805

Gly Gly
820

Pro Pro

val Gly

Ala Leu

Leu Phe
885

Gln His
900

Ala Ala
Glu val
Leu Leu
Leu Ser

965

Ala Ser
980

Asp Trp

Ala Gly

Leu
710
Glu
val
val
Pro
Ile
790
Gln
Pro
Leu
Ser
Gly
870
Pro
Glu
Ala
Pro
Leu
950
Thr

Thr

Gln

Ser

Pro

Phe

Asp

Arg

775

Ala

Pro

Ala

Asp

Leu

855

Thr

Ala

Arg

AsSp

Arg

935

Ala

Arg

Vval

val
Ala
Trp
Pro
760
Ala
Gly
vVal
Leu
Glu
840
Arg
Leu
Gly
Cys
Pro
920
Ala
Asp

Gly

Ala

Gly Vval

1000

Ala Ser Ala

1015

Ala Pro vVal Leu Gly

1030

Pro Arg Phe Trp Val

1045

ala

Ala

Arg

745

Leu

Ala

Pro

Arg

Phe

825

Ile

Arg

Trp

Gly

Trp

905

Thr

Ala

Arg

Leu

Glu

985

Leu

Asp

-56 -

val

Leu

730

Gln

Arg

Ala

Glu

Phe

810

Ile

Gln

Gly

Ala

Arg

890

Ile

Lys

Pro

Gly

Ser

970

Gln

Tyr

Glu

Ser

715

Ser

val

Glu

val

Leu

795

Ala

Glu

Thr

Gln

Ser

875

Arg

Glu

Asp

Lys

Gly

955

Cys

val

Leu

Asn
Glu
Lys
Glu
Pro
780
Gly
Ala
Met
Ala
Asp
860
Gly
Val
Val
Trp
Ser
940
val

Thr

Ser

Trp Gly

Ser

val

val

Leu

765

Met

Ala

Ala

Ser

Ala

845

Glu

Tyr

Pro

Glu

Phe

925

Glu

Gly

val

Glu

1005

Val Ser Glu

1020

Pro

Leu

Asp

750

Ile

Ser

Ala

Pro

830

Glu

Arg

Pro

Leu

Pro
910

Tyr

Thr

Glu

Leu

Ala

990

Leu

Ala

Leu Val Arg Phe Leu Ser

1035

Arg
Ala
735
val
Ala
Ser
Tyr
Gln
815
His
Gln
Ala
val
Pro
895
Asp
Arg
Ala
Ala
His
975
Ala
Asp

Thr

Ala

Ser

720

ala

Ala

Ala

Thr

800

Ala

Pro

Gly

Thr

Ser

880

Thr

Ala

Thr

His

val

960

Ala

Ser

Ala

Arg

Ala
1040

Val Thr Arg Gly Ala Cys Thr val

1050

1055
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Gly Gly Glu Pro Glu Ala Ser Leu Cys Gln Ala Ala Leu Trp Gly Leu
1060 1065 1070

Ala Arg Val Ala Ala Leu Glu His Pro Ala Ala Trp Gly Gly Leu Val
1075 1080 1085

Asp Leu Asp Pro Gln Lys Ser Pro Thr Glu Ile Glu Pro Leu Val Ala
1090 1095 1100

Glu Leu Leu Ser Pro Asp Ala Glu Asp Gln Leu Ala Phe Arg Ser Gly
1105 1110 1115 1120

Arg Arg His Ala Ala Arg Leu Val Ala Ala Pro Pro Glu Gly Asp Val
1125 1130 1135

Ala Pro Ile Ser Leu Ser Ala Glu Gly Ser Tyr Leu Val Thr Gly Gly
1140 1145 1150

Leu Gly Gly Leu Gly Leu Leu Val Ala Arg Trp Leu Val Glu Arg Gly
1155 1160 1165

Ala Arg His Leu Val Leu Thr Ser Arg His Gly Leu Pro Glu Arg Gln
1170 1175 1180

Ala Ser Gly Gly Glu Gln Pro Pro Glu Ala Arg Ala Arg Ile Ala Ala
1185 1190 1195 1200

Val Glu Gly Leu Glu Ala Gln Gly Ala Arg vVal Thr val Ala Ala Vval
1205 1210 1215

Asp Val Ala Glu Ala Asp Pro Met Thr Ala Leu Leu Ala Ala Ile Glu
1220 1225 1230

Pro Pro Leu Arg Gly Val Val His Ala Ala Gly Val Phe Pro Val Arg
1235 1240 1245

His Leu Ala Glu Thr Asp Glu Ala Leu Leu Glu Ser Val Leu Arg Pro
1250 125% 1260

Lys Val Ala Gly Ser Trp Leu Leu His Arg Leu Leu Arg Asp Arg Pro
1265 1270 1275 1280

Leu Asp Leu Phe Val Leu Phe Ser Ser Gly Ala Ala Val Trp Gly Gly
1285 1290 1295

Lys Gly Gln Gly Ala Tyr Ala Ala Ala Asn Ala Phe Leu Asp Gly Leu
1300 1305 1310

Ala His His Arg Arg Ala His Ser Leu Pro Ala Leu Ser Leu Ala Trp
1315 1320 1325

Gly Leu Trp Ala Glu Gly Gly Met Val Asp Ala Lys Ala His Ala Arg
1330 1335 1340

Leu Ser Asp Ile Gly Vval Leu Pro Met Ala Thr Gly Pro Ala Leu Ser
1345 1350 1355 1360

Ala Leu Glu Arg Leu Val Asn Thr Ser Ala Val Gln Arg Ser Val Thr
1365 1370 1375

Arg Met Asp Trp Ala Arg Phe Ala Pro Val Tyr Ala Ala Arg Gly Arg
1380 1385 1390

Arg Asn Leu Leu Ser Ala Leu Val Ala Glu Asp Glu Arg Ala Ala Ser
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1395 1400 1405

Pro Pro Val Pro Thr Ala Asn Arg Ile Trp Arg Gly Leu Ser Val Ala
1410 1415 1420

Glu Ser Arg Ser Ala Leu Tyr Glu Leu Val Arg Gly Ile Val Ala Arg
1425 1430 1435 1440

Val Leu Gly Phe Ser Asp Pro Gly Ala Leu Asp Val Gly Arg Gly Phe
1445 1450 1455

Ala Glu Gln Gly Leu Asp Ser Leu Met Ala Leu Glu Ile Arg Asn Arg
1460 1465 1470

Leu Gln Arg Glu Leu Gly Glu Arg Leu Ser Ala Thr Leu Ala Phe Asp
1475 1480 1485

His Pro Thr val Glu Arg Leu Val Ala His Leu Leu Thr Asp Val Leu
14390 1495 1500

Lys Leu Glu Asp Arg Ser Asp Thr Arg His Ile Arg Ser Val Ala Ala
1505 1510 1515 1520

Asp Asp Asp Ile Ala Ile Val Gly Ala Ala Cys Arg Phe Pro Gly Gly
1525 1530 1535

Asp Glu Gly Leu Glu Thr Tyr Trp Arg His Leu Ala Glu Gly Met Val
1540 1545 1550

Val Ser Thr Glu Val Pro Ala Asp Arg Trp Arg Ala Ala Asp Trp Tvyr
1555 1560 1565

Asp Pro Asp Pro Glu Val Pro Gly Arg Thr Tyr Val Ala Lys Gly Ala
1570 1575 1580

Phe Leu Arg Asp Val Arg Ser Leu Asp Ala Ala Phe Phe Ala Ile Ser
1585 1590 1595 1600

Pro Arg Glu Ala Met Ser Leu Asp Pro Gln Gln Arg Leu Leu Leu Glu
1605 1610 1615

val Ser Trp Glu Ala Ile Glu Arg Ala Gly Gln Asp Pro Met Ala Leu
1620 1625 1630

Arg Glu Ser Ala Thr Gly Val Phe Val Gly Met Ile Gly Ser Glu His
1635 1640 1645

Ala Glu Arg Val Gln Gly Leu Asp Asp Asp Ala Ala Leu Leu Tyr Gly
1650 1655 1660

Thr Thr Gly Asn Leu Leu Ser Val Ala Ala Gly Arg Leu Ser Phe Phe
1665 1670 1675 1680

Leu Gly Leu His Gly Pro Thr Met Thr Val Asp Thr Ala Cys Ser Ser
1685 1690 1695

Ser Leu Val Ala Leu His Leu Ala Cys Gln Ser Leu Arg Leu Gly Glu
1700 1705 1710

Cys Asp Gln Ala Leu Ala Gly Gly Ser Ser Val Leu Leu Ser Pro Arg
1715 1720 1725

Ser Phe Vval Ala Ala Ser Arg Met Arg Leu Leu Ser Pro Asp Gly Arg
1730 1735 1740
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Cys Lys Thr Phe Ser Ala Ala Ala Asp Gly Phe Ala Arg Ala Glu Gly
1745 1750 1755

Cys Ala val val Val
S
ASp Pro Ile Ley Ala

Pro Ser ser Gly Leu
1795

Leu
1

Met Gly ar

2065

Arg Gln ala Ley
810

176

1780

2070

1800

Glu Gly cCys Asp Arg ala Tle Glu Ala

2085

Thr Val Pro Ser Gly Pro ala

g Lys Leu Met Ala Glu Glu pPro Val pPhe
5

207

1760

Leu Lys Arg Leu Arg Asp Ala Gln Arg asp Arg
1770

1775

Val val Arg Ser Thr Ala Ile Asn His asp Gly
1785

17580

Gln Gln Ala Leu
1805

Ala Gln Ala Gly val aAla Pro Ala Glu val Asp
1815 1820

Arg Ala Ala Ley
2080

Glu Ala Gly Trp Ser Leu Leu
2090 2095
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Gly Glu Leu Ser Ala Asp G
2

val val

100

cln Pro Val Leu Phe Ala Met Glu val Ala

2115

Trp BArg Ser Trp Gly Val G

2130

Gly Glu Vval ala Ala

2145

Ala val ala Ile Ile
216

Gly Gln

Ala Ala Leu Arg Gl

Gly Glu Met Ala. Leu Va
218

180

2195

Ser Pro Arg Ser Thr Val Le
221

2210

165

2120

2135

A

cys

val Leu Ala Ala Leu Thr

2225

22

30

2105

-60 -

lu Ala Ala Ser Gln lLeu Gly

2125

2140

2170

Arg Ile Asp

2110

1a His val Ala Gly Ala Leu Ser Leu Glu
2150 2155

Leu Ser Ala Leu

iu Pro Glu Ala Vval val Gly His Ser Met

Asp

2160

Arg Arg Ser Arg Leu Leu Arg Arg Ile Ser
217

2200

5

2185

y His Glu Gly Arg Leu Ser val Ala
2

205

u Ala Gly Glu Pro Ala Ala

2220

ala Lys Gly Val Phe Trp Arg
2235

val Asp Val ala Ser His Ser Pro Gln
2245

Leu Ile Ala Ala Leu Gly A&

Met Arg

Ala Ser Tyr TIrp Ala Asp Asn L
2295

2290

Ala Ala
2305

ger Pro His Pro Ile Leu Val Pro Pr
2

2260

Ser Thr Val Thr Gly Gly val Ile Ala Gl
2280

275

Gln aAla Leu Leu Glu Gly Gly Pro A
2

325

Ala Glu Gln Gly Gly

Glu Arg
2

Tyr Pro Val Ser Trp Ala Axr
2

2370

Pro Leu
2385

2340

Ala Thr Leu Leu Glu Ala Leu Gly T
5 2

355

Pro Thr

TyT
2

310

val Asp Pro Leu

2250

2265

la Ile Arg Pro Arg Ala Ala

val Ser

Leu Ser

Gln Val

Arg Glu

2255

Ala Vval

2270

2300

2315

1 Glu Leu Ser Leu Glu Glu Ala Glu
2190

Asn

Glu

Lys
224

240

Glu

Pro

y Pro Glu Leu Gly
2285
eu Arg Gln Pro val Arg Phe Ala Ala

la Leu Phe Ile Glu Met

2320

2335

Ala Ala vVal Gly Ser Leu Arg Arg Gly Gln
2345 2350

390

375

360

g Leu Phe Pro Ala G

Ser Val His Gly Ser Lys Pro Ser Leu
2

405

Gly Ala Thr Asp His Pro

Arg Pro Gly Ala Hi

2420

2365

2380

pro Trp Gln His Glu Arg TyT Trp
2

395

arg Leu Arg Gln
2410

Leu Leu Gly Ala Pro Leu Leu

2425

s Leu Trp Glu Gln Ala Leu Ser Asp Gl

Ile Glu
2

Leu Arg
2415

val Ser

2430

o Leu Asp Glu Ile Gln Thr Ala
2330

Asp

hr Leu Trp Ala Ser Gly

1y Gly Arg Arg Val

Asp
400
Asn

Ala

u Arg Leu

17 DEC 2002



-61 -

2435 2440 2445

Ser Tyr Leu Ser Glu His Arg Val His Gly Glu Ala Val Leu Pro Ser
2450 2455 2460

Ala Ala Tyr Val Glu Met Ala Leu Ala 2la Gly Val Asp Leu Tyr Gly
2465 2470 2475 2480

Thr Ala Thr Leu Val Leu Glu Gln Leu Ala Leu Glu Arg Ala Leu Ala
2485 2490 2495

Val Pro Ser Glu Gly Gly Arg Ile Val Gln Val Ala Leu Ser Glu Glu
2500 2505 2510

Gly Pro Gly Arg Ala Ser Phe Gln Val Ser Ser Arg Glu Glu Ala Gly
2515 2520 2525

Arg Ser Trp Val Arg His Ala Thr Gly His Val Cys Ser Gly Gln Ser
2530 2535 2540

Ser Ala Val Gly Ala Leu Lys Glu Ala Pro Trp Glu Ile Gln Arg Arg
2545 2550 2555 2560

Cys Pro Ser Val Leu Ser Ser Glu Ala Leu Tyr Pro Leu Leu Asn Glu
2565 2570 2575

His Ala Leu Asp Tyr Gly Pro Cys Phe Gln Gly Val Glu Gln Val Trp
2580 2585 2590

Leu Gly Thr Gly Glu Val Leu Gly Arg Val Arg Leu Pro Gly Asp Met
2595 2600 2605

Ala Ser Ser Ser Gly Ala Tyr Arg Ile His Pro Ala Leu Leu Asp Ala
2610 2615 2620

Cys Phe Gln Val Leu Thr Ala Leu Leu Thr Thr Pro Glu Ser Ile Glu
2625 2630 2635 2640

Ile Arg Arg Arg Leu Thr Asp Leu His Glu Pro Asp Leu Pro Arg Ser
2645 2650 2655

Arg Ala Pro Val Asn Gln Ala Val Ser Asp Thr Trp Leu Trp Asp Ala
2660 2665 2670

Ala Leu Asp Gly Gly Arg Arg Gln Ser Ala Ser Val Pro Val Asp Leu
2675 2680 2685

Val Leu Gly Ser Phe His Ala Lys Trp Glu Val Met Glu Arg Leu Ala
2690 2695 2700

Gln Ala Tyr Ile Ile Gly Thr Leu Arg Ile Trp Asn Val Phe Cys Ala
2705 2710 2715 2720

Ala Gly Glu Arg His Thr Ile Asp Glu Leu Leu Val Arg Leu Gln Ile
2725 2730 2735

Ser Val Val Tyr Arg Lys val Ile Lys Arg Trp Met Glu His Leu Val
2740 2745 2750

Ala Ile Gly Ile Leu Val Gly Asp Gly Glu His Phe Val Ser Ser Gln
2755 2760 2765

Pro Leu Pro Glu Pro asp Leu Ala Ala Val Leu Glu Glu Ala Gly Arg
2770 2775 2780
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val Phe Ala Asp Leu pPro Val Leu Phe Glu
2

2785

Glu Arg Leu Ala Asp val Leu Thr Gly
2

Leu Phe Pro Gly Gly Se
282

Ser Pro Ile Ala Arg Tyr Ser Asn Gly Ile val Ar
2 2

835

Ser Ala Ala Arg val val Ala Pr
2855

2850

Tle Gly Ala
2865

Leu Pro Asp AXg Thr Glu Tyr His Phe
2

Leu Ala Arg

Gly Ile Leu Asp val Asp Gln Glu Pro Ala Gly Gl
2915 2

805

0

Gly Thr Gly Ala Thr Thr Ala
2870

885

900

730

Gln Arg Phe Asp val Ile

2930

Asp Ile Arg
2945

Gly Leu Leu val Leu Val Glu Gly Thr Gly His Pro Ile Txrp P
297

Ile Thr Thr

Ala Thr Ala Lys Arg Leu Leu Se
2 2

2965

Gly Leu Ile Glu Gly Trp Gln Lys Tyr Glu

2980

950

-62 -

2795

2810

825

840

2875

2890

2905

920

Trp Cys L

r Phe Asp Met Ala Glu Arg Ile
2

n Gl
292

ys Phe Ala Gly

2800

Lys Thr Leu Ala Leu Glu Ile
1

2815

Tyr Arg Asp
2830

g Gly Val val Glu
o Ser Gly Met Phe Ser Ile Leu Glu
2860

Ala val Leu Pro val Leu

2880

Thr Asp Val Ser Pro Leu Phe

2895

ala Glu Gln Arg Phe Arg Asp Tyr Pro Phe Leu Lys TyT
290

2910

y Tyr Ala His

val Ala Ala Asn Val Ile His Ala Thr Arg
2940

2935

955

970

2985

Arg Ile Asp His Pro Leu Leu Pro Ala Arg Thr
3000

2995

arg Arg val
3010

Pro Ala Gly Ile Leu Gly Gln His val Ile
3

3025

Gly Phe

ala Asp Ala val Ser Leu

030

3015

Ile Ala Gly Ala pla Cys Asp
3045

pro Ala Ala Arg Ala yal Arg Gln
3

val Vval His Arg Met Ala Leu Glu Arg
3080

3075

Gly Arg Gln val Trp Va

3090

phe Thr Lys Ala Leu ala Gly Asp Leu Leu Le
3110 3

3105

Gln Val val Ala Glu val Gln Gly Leu

060

3125

3035

Trp CY
300

r Leu Leu Ala Pro Gly

2960

he Asp
2975

asp Asp Leu
2990

s Asp Val Leu

Pro Gly Asp Gly Ser
3020

Leu Ser Arg Ala Pro Gly

3040

Ser Ser Gly Glu Ser Ala Thr Glu Ser
3

3050

3065

115

3130

100

055

Glu Trp Ala Asp Gly Ser Ala Asp
3

070

Met Tyr Phe His Arg Arg Pro
3085

1 His Gly Arg Leu Arg Thr Gly Gly Gly Ala
3095 3

u Phe Glu Asp Thr Gly

3120

Arg Leu Pro Gln Leu Glu Ala
3135
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Ser Ala Phe Ala Pro Arg Asp Pro Arg Glu Glu Trp Leu Tyr Ala Leu
3140 3145 3150

Glu Trp Gln Arg Lys Asp Pro Ile Pro Glu Ala Pro Ala Ala Ala Ser
3155 3160 3165

Ser Ser Ser Ala Gly Ala Trp Leu Val Leu Met Asp Gln Gly Gly Thr
3170 3175 3180

Gly Ala Ala Leu Val Ser Leu Leu Glu Gly Arg Gly Glu Ala Cys Val
3185 3190 3195 3200

Arg Val Ile Ala Gly Thr Ala Tyr Ala Cys Leu Ala Pro Gly Leu Tyr
3205 3210 3215

Gln val Asp Pro Ala Gln Pro Asp Gly Phe His Thr Leu Leu Arg Asp
3220 3225 3230

Ala Phe Gly Glu Asp Arg Ile Cys Arg Ala Val Val His Met Trp Ser
3235 3240 3245

Leu Asp Ala Thr Ala Ala Gly Glu Arg Ala Thr Ala Glu Ser Leu Gln
3250 3255 3260

Ala Asp Gln Leu Leu Gly Ser Leu Ser Ala Leu Ser Leu Val Gln Ala
3265 3270 3275 3280

Leu Val Arg Arg Arg Trp Arg Asn Met Pro Arg Leu Trp Leu Leu Thr
3285 3290 3295

Arg Ala Val His Ala Val Gly Ala Glu Asp Ala Ala Ala Ser Val Ala
3300 3305 3310

Gln Ala Pro Val Trp Gly Leu Gly Arg Thr Leu Ala Leu Glu His Pro
3315 3320 3325

Glu Leu Arg Cys Thr Leu Val Asp Val Asn Pro Ala Pro Ser Pro Glu
3330 3335 3340

Asp Ala Ala Ala Leu Ala Val Glu Leu Gly Ala Ser Asp Arg Glu Asp
3345 3350 3355 3360

Gln Val Ala Leu Arg Ser Asp Gly Arg Tyr Val Ala Arg Leu Val Arg
3365 3370 3375

Ser Ser Phe Ser Gly Lys Pro Ala Thr Asp Cys Gly Ile Arg Ala Asp
3380 3385 3390

Gly Ser Tyr Val Ile Thr Asp Gly Met Gly arg Val Gl& Leu Ser Val
3395 3400 3405

Ala Gln Trp Met Val Met Gln Gly Ala Arg His Val Val Leu Val Asp
3410 3415 3420

Arg Gly Gly Ala Ser Glu Ala Ser Arg Asp Ala Leu Arg Ser Met Ala
3425 3430 3435 3440

Glu Ala Gly Ala Glu Val Gln Ile Val Glu Ala Asp Val Ala Arg Arg
3445 3450 3455

Asp Asp Val Ala Arg Leu Leu Ser Lys Ile Glu Pro Ser Met Pro Pro
3460 3465 3470

Leu Arg Gly Ile Val Tyr val Asp Gly Thr Phe Gln Gly Asp Ser Ser
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3475

3480
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3485

Met Leu Glu Leu Asp Ala Arg Arg phe Lys Glu Trp Met Tyr Pro Lys
3495

3450

Val Leu Gly Ala Trp
3505

Asp Phe Phe Val Leuy
3525

Asn Leu His aAla
3510

3500

Leu Thr Arg Asp Arg Ser Leu
3515 3520

Tyr Ser Ser Gly Thr Ser Leu Leu Gly Leu Pro

3530 3535

Gly Gln Gly Ser Arg Ala Ala Gly Asp Ala Phe Leu Asp Ala Ile Ala
3550

3540

His His arg Cys Lys
3555

Leu Leu Ser Glu Ala
3570

Arg Leu Glu Tyr Arg
3

3585

Ala Ala Leu Gly Arg
3605

Met Arg Leu Asn Leu
3620

Arg Leu Ala Leu Trp
3635

Arg Gly Ala Ser Asn
3650

Arg Pro Gluy Asp Arg
3665

Leu Gly Arg Gly Leu
3685

Pro Phe Ser Asn Leu
3700

1
3670

3545

Val Gly Leu Thr
3560

Ser Ser Pro Ala
3575

Gly Met Glu Gly
590

Leu Leu Ala Arg
Arg Gln Trp Leu
3625

Ala Glu Leu Leu
3640

Ala Ser Asn Leu
3655

Gln Leu Ile Leu
Arg Leu Pro Pro

Gly Met asp Ser
3705

Ala Met Ser Ile aAsn Trp Gly
3565
Thr Pro Asn Asp Gly Gly Ala
3580
Leu Thr Leu Glu Gln Gly Ala
3595

3600

Pro Arg Ala Gln Val Gly val
610 3615

Glu Phe Tyr Pro Asn Ala ala
3630

Lys Glu Arg Asp Arg Ala Asp
3645
Arg Glu Ala Leu Gln Ser Ala
3660
Glu Lys His Leu Ser Glu Leu

3675 3680

Glu Arg Ile Glu Arg His val

3690 3695

Leu Ile Gly Leu Glu Leu Arg
3710

Asn Arg Ile Glu Ala Ala Leu Gly Ile Thr val Pro Ala Thr Leu Leu
3720

3715

Trp Thr Tyr Pro Asn
3730

Leu Phe Pro Asn Ala
3745

Lys Ser Phe Glu Asn
3765

Thr Asp Glu Gln Lys
3780

Val Ala Ala Leuy
3735

Gly Ala Thr His
3750

Asp Ala Ala Asp

Asp Ala Leu Leu
3785

Ala Gln Ile val Gly Glu
3795

<210> 7
<211> 2439

3725

Ser Gly Ser Leu Leu Asp Ile
3740

Ala Pro Ala Thr Glu Arg Glu
3755 3760

Leu Glu Ala Leuy Arg Gly Met
3770 3775

Ala Glu Lys Leu Ala Gln Leu
3790
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<212> PRT
<213> Sorangium cellulosum

<400> 7
Met Ala Thr Thr

1

Asp
Pro
Thr
Gln

65
Glu
Asp
Pro
Ala
Leu
145
Arg
Ala
Thr
Cys
Val
225
Gln
Asn
Leu

Gly

Asn
305

Lys
Ile
Pro

50
Pro
Val
Ala
Gln
Gly
130
Gly
Glu
Ala
Val
Arg
210
Asn
Ala
Gly
Ser
Ser

290

Val

Leu
Ala

35
Glu
Leu

Pro

Ala

Glu
Gly
Asp
195
Ser
Met
Leu
Phe
Asp
275

Ala

Leu

Arg Val Asp

Ala

20

Ile

Ala

Asp

Arg

Phe

100

Arg

Ala

Cys

Gln

Arg

180

Thr

Leu

Leu

Ser

Val

260

Ala

Met

Ala

Ala

Asn
5
Lys
Val
Phe
Arg
85
Phe
Leu
Pro
Ser
Asp
165
Leu
aAla
Arg
Leu
Pro
245
Arg
Gln
Asn

Gln

Gly

Ala
Lys
Gly
Trp
Arg

70
Ala
Gly
Leu
Gln
Ser
150
Ala
Ser
Cys
Ala
Ser
230
Asp
Gly
Arg
Gln
Glu

310

Ala

Gly

Asn

Ile

Glu

Trp

Gly

Thr

Leu

Ser

135

Asp

Tyr

Tyr

Ser

Arg

215

Ser

Gly

Glu

His

Asp

29§

Ala

Ile

Lys
Ala
Gly

40
Leu
Ala
Leu
Ser
Glu
120
Leu
Tyr
Asp
Thr
Ser
200
Glu
Lys
His
Gly
Gly
280
Gly

Leu

Gly

Leu

Ser
25

Cys
Leu
Leu
Leu
Pro
105
Val
Asp
Ser
Ile
Leu
185
Ser
Ser
Thr
Cys
Cys
265
Asp

Arg

Leu

-65-

Glu

10
Leu
Arg
Asp
Val
Thr

90
Arg
Thr
Gly
His
Thr
170
Gly
Leu
Asp
Met
Arg
250
Gly
Arg
Ser

Arg

Val

His
Glu
Phe
Ser
Gly

75
Glu
Glu
Trp
Ser
Thr
155
Gly
Leu
Val
Leu
Ile
235
Thr
Met
Ile
Thr
Glu

315
Glu

Ala
Gln
Pro
Gly

60
Val
Ala
Ala
Glu
Arg
140
Val
Asn
Gln
Ala
Ala
220
Met
Phe
Val
Trp
Gly
300

Ala

Thr

Leu
Glu
Gly

45
Arg
His
Val
Arg
Gly
125
Thr
Ala
Thr
Gly
Ile
205
Leu
Leu
Asp
Val
Ala
285
Leu

Ley

His

Leu
Arg

30
Gly
Asp
Pro
Asp
Ser
110
Leu
Gly
Gln
Leu
Pro
190
His
Ala
Gly
Ala
Leu
270
Leu
Met

Gln

Gly

Leu

15
Thr
Ala
Ala
Ser
Gly

95
Leu
Glu
Val

Gln

Ser
178

Cys
Leu
Gly
Arg
Ser
255
Lys
Ile

Ala

Ser

Met

Glu

Asp

Val

Glu

80

Phe

Asp

Asp

Phe

Arg

160

Val

Leu

Ala

Gly

Ile

240

Ala

Arg

Arg

Pro

Ala
320

Thr Gly
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Thr
Gly
Thr
Lys
385
Phe
Leu
Ala
Leu
Ser
465
ala
Gly
Glu
Ala
Gly
545
Gln
Pro
Glu
Ser
Phe

625

Glu

Cys

Ser

Pro

Asn

370

Ala

His

ala

Gly

Glu

450

Ala

Gln

Leu

His

Leu

530

Arg

Gly

Ala

Leu

Arg

610

Ala

Pro

val

Leu

Ala

355

Leu

Ala

Thr

Thr

val

435

Glu

Glu

aAla

Gly

Arg

515

Glu

Ala

Ala

Phe

His

595

Ser

Leu

Glu

Ala

Gly
340
Arg
Gly
Leu
Leu
Glu
420
Ser
Ala
Leu
Ala
Asp
500
Leu
val
Ala
Gln
Arg
580
Gln
Ser
Glu

Leu

Gly
660

325

AsSp

Ala

His

Ala

Asn

405

Pro

Ala

Pro

Leu

Arg

485

val

Ala

Ala

Ser

val

565

Glu

Pro

Leu

val
645

val

Pro

Asp

Leu

Leu

390

Pro

val

Phe

Ala

val

470

Leu

Ala

val

aAla

Ser

550

Pro

Thr

Leu

Leu

Ala

630

Ala

Phe

Ile
Gly
Glu
375
His
Arg
Pro
Gly
Thr
455
Leu
Ser
Phe
Ala
Gln
535
Pro
Gly
Phe
Cys
ASp
615
Leu

Gly

ser

Glu
Ser
360
Gly
His
Ile
Trp
Leu
440
val
Ser
Ala
Ser
Ala
520
Gly
Gly
Met
AsSp
Glu
600
Gln
Ala
His

Leu

val

345

Arg

Ala

Glu

Arg

Pro

425

Ser

Leu

Ala

His

Leu

508

Thr

Gln

Lys

Gly

Arg

585

val

Thr

Ala

Ser

Glu
665

- 66 -

330

Glu

cys

Ala

Leu

Ile

410

Arg

Gly

Ala

Lys

Ile

490

val

Ser

Thr

Leu

Arg

570

cys

Met

Ala

Leu

Leu
650

Ala
val
Gly
Ile
395
Glu
Ala
Thr
Pro
Ser
475
Ala
Ser
Arg
Pro
Ala
555
Gly
val
Trp
Phe
Phe

635

Gly

Asp Ala

Leu
Leu
val
380
Pro
Gly
Gly
Asn
Ala
460
Ala
Ala
Thx
Glu
Ala
540
Phe
Leu
Thr
Ala
Thr
620

Axrg

Glu

Gly
365
aAla
Arg
Thr
Arg
val
445

Thr

Ala

Arg
Ala
525
Gly
Leu
Trp
Leu
Glu
605
Gln

ser

Leu

Ala
350
Ala
Gly
Asn
Ala
Pro
430
His
Pro
aAla
Pro
Ser
510
Leu
Ala
Phe
Glu
Phe
590
Pro
Pro

Trp

val

val Arg Leu

670

335

Val

val

Leu

Leu

Leu

415

Arg

val

Gly

Leu

Glu

495

Pro

Ala
Ala
Ala
575
Asp
Gly
Ala
Gly
Ala

655

val

Leu

Lys

Ile

His

400

aAla

Phe

val

Arg

Asp

480

Gln

Met

Ser

Arg

Gly

560

Trp

Arg

Ser

Leu

Val

€40

aAla

val
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Ala

Ser

Ala

705

Ile

Ala

Ser

Ser

Leu

Pro

Leu

865

Phe

Arg

Thr

Ser

Arg

945

val

Glu

Glu

Arg Gly Arg

Ile
690
Ala
Ala
Arg
Pro
Val
770
Lys
Ala
Ala
Gly
Ala
850
Gly
Pro
Glu
Gly
val
930
Lys
Phe

Ile

Thr

675

Ala

Leu

Gly

Gly

Leu

755

Thr

Pro

Arg

Gly

Leu

835

Ser

Gly

Ser

Arg

915

Ser

Arg

Pro

Leu

Leu
995

Thr Thr Glu

1010

Ala
Val
Ala
Ala

740

Met

Cys
Glu
Ala
820
Val
Arg
Phe
Gly
Tyr
300
Ala
Thr
Leu
Gly
Gly
980

Thr

Glu

Leu

Pro

Ser

Glu

725

Arg

Asp

Arg

Thr

Ala

805

Gly

Pro

Ala

Trp

Gly
885

Trp
Arg
His
Pro
Ala
965

Asp

Phe

Met
Glu
Ile
710
Lys
Thr
Pro
Arg
Asp
7380
Val
Leu
Ala
Gly
Val
870
Arg
Ile
Ala

Ala

Trp
950
Gly
Gly

Ala

Gln

Ala

6395

Ala

Phe

Lys

Met

Pro

775

Arg

Phe

Cys

855

Val

Arg

Glu

Gly

Gly

935

Leu

Tyr

Pro

Ala
680
Asp
Ala
Val
Pro
Leu
760
Ser
Val
Phe
Val
Leu
840
Asp
Gly
Val
Ala
Gly
920
Leu
Gly

Leu

Ile

Leu
val
Val
Gln
Leu
745
Glu
Ile
Ser
Ala
Glu
825
Pro
Glu
Gly
Pro
Pro
905
His
Arg
Glu

Glu

Gln
3985

Gly Asp Thr

1000

Arg Pro Gly Arg Leu
1015

-67-

Pro
Ala
Asn
Gln
730
His
Ala
Ala
Ala
Asp
810
val
Asp
Ala
Ser
Leu
890
Val
Pro
Leu
His
Met
970
Val

Ala

Arg

Ala
Ala
Gly
715
Ile
Val
Phe
Leu
Pro
795
Gly
Gly
Ala
Ala
Val
875
Pro
Asp

Leu

Trp

955
Ala
Thr

Val

Phe

Gly Gly Ala Met

685

Ala val
700

Pro Glu
Ala Ala
Ser His
Arg Arg

765

Val Ser
780

Gly Tyx

Val Lys

Pro Lys

Arg Pro
845

Ser Ala
860

Thr Trp

Thr Tyr

Arg Glu

Leu Gly
925

Glu Thr
940

Ala Gln
Leu Ser
Asp Val
Pro val

1005

Gln val
1020

Ala
Gln
Ala
Ala
750
Val
Asn
Trp
Ala
Pro
830
Val
Leu
Ser
Pro
Ala
510
Glu
Thr
Gly
Ser
Val
990

Gln

Ala

Pro
val
Phe
735
Phe
Thr
Leu
Val
Leu
815
Thr
Leu
Glu
Gly
895
Asp
val
Leu
Glu
Gly
975
Leu

Val

Ser

Val

His

Val

720

Ala

His

Glu

Ser

800

His

Leu

Leu

Ala

Val

880

Gln

Gly

Phe

Asp

Val

960

Ala

Ile

Val

Arg
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Glu Pro Gly Glu Arg Argd
1025 1030

Leu Arg Arg Ile Gly Arg
1045
Ala Leu Arg Ala Arg Leu
1060
Gly Ala Leu Ala Glu Met
1075
Leu Ala Glu Leu Trp Arg
1090

Leu Pro Glu Ala Ala Gly
11058 1110

Leu Leu Asp Ala Cys val
1125

Asp Glu Ala Thr Pro Trp
1140

Phe Gln Arg Ser Pro Gly
1155

Asp Gly Gln Gln Ala Ser
1170

Asp Gly Thr Gcly Ala Vval
1185 1190

Arg Leu Ala Ser Gly Val
1205

-68 -

Ala Pro Phe Arg Ile His
1035

Ala Arg Gly Val
1040

val Glu Thr Pro Ala Arg Ser asn Leu Ala
1

050

His Ala Ala Val Pro aAla
1065

Gly Leu Gln TyT Gly Pro
1080

Gly Glu Gly Glu Ala Leu

095 1100

Ser Ala Thr aAla TyT Gln
1115

Gln Met Ile Val Gly Ala
1130

Ala Pro Val Glu Val Gly
1145

Glu Leu Trp Cys His Ala
1160

Ser Arg Trxp Ser Ala Asp

1175 1180

val Ala Glu Ile Ser Arg
1195

Arg Arg Arg AsSp Ala Asp
1210

1055

Ala Ala Ile TyT
1070

Ala Leu Arg Gly

1085

Gly Arg Val Arg

Leu His Pro Val
1

120

Phe Ala Asp Arg
1135

Ser Val Arg Leu
1150

Arg Val val Ser
1165

Phe Glu Leu Met
Leu Val val Glu
1200

Asp Trp Phe Leu
1215

Glu Leu Asp Trp Glu Pro Ala Ala Leu Gly Gly Pro Lys Ile Thr Ala
1 1 1

220

Gly Arg Trp Leu Leu Leu
1235

225

Gly Glu Gly Gly Gly Leu
1240

230

Gly Arg Ser Leu
1245

Cys Ser Ala Leu Lys Ala Ala Gly His Vval val val His Ala Ala Gly

1250

Asp Asp Thr Ser Thr Ala
1265 1270

asp Gly Gln Ala Pro Thr
1285

Gly Gly Gln Leu Gly Pro
1300
Pro Arg Ser Pro AsSp val
1315

Arg Gly Cys Asp ser Val
1330

Asp Leu Arg Asn Ala Pro
1345 1350

Ala Ala Ala Ala Gly Asp val Ser val Va

1255 1260

Gly Met Arg Ala Leu Leu
127

Ala Val val His Leu Ser
1290

Ala Asn Ala Phe
1280

Ser Leu Asp Gly
1295

Gly Leu Gly Ala Gln Gly Ala Leu Asp Ala
1310

1305

Asp Ala Asp Ala Leu Glu Ser Ala Leu Met
1

320

1325

Leu Ser Leu Val Gln Ala Leu Val Gly Met
1

335 1340

Arg Leu Trp Leu Leu Thr Arg Gly Ala Gln
1 1

355

360

1 Gln Ala Pro Leu Leu Gly
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Leu Gly Arg Thr Ile ala Leu Glu
1380

val Asp Leu Asp Pro Ala

1395

1365

-69 -

1370

1385

Glu Pro Glu Gly Glu Ala
1400

ala Glu Leu Leu Ala ASp Asp Ala Glu Glu Glu Vval

1410

Gly Asp Arg Leu
1425

Arg Arg Glu Lys

Ile Asp Glu Pro Gly Ala Leu AsSp Gln Leu Val Leu Arg Ala Thr Gly
146 1

1460

Arg Arg Ala Pro Gly Pro Gly Gl
1475 1

val

1

val Glu Pro Ala Gly As
1445 14

1415

Ala Arg
430

Leu Val His Arg Leu Pro Asp Ala Gln
144

1420

1435

50

465

480

Gly Leu Asp Ser Ile Asp Ile Gln Leu Ala Leu Gly
1495

1490

asp Leu Pro Gly Glu Glu Ile
1510

1505

ala Gly Arg 1le

Gly Gln Pro val
1540

Thr Thr Ser Ala
1555

Thr Glu Ala Ala
1570

Leu Asp Lys Vval
1585

ala Glu Ala Gly Gly val Gly Leu Cys Al
1 161

val Gly Ala Glu val Tyr Al
1620

val
525
Ile
Thr
ala

Ala

1500

1

1375

His Ala Glu Leu Arg Cys Ile Ser

1390

Asp Ala Leu Leu
405

ala Leu Arg Gly

440

p Arg Pro Phe Arg Leu Glu
1

455

470

u vVal Glu Ile Ser val Glu Ala Ala
1

485

val Ala Pro asn

Glu Pro Leu Val Leu Gly Ser Glu Cys
1515

Ala Val Gly Glu Gly Val Asn
1

Ala Leu

530

1520

Gly Leu val val
1535

ala Ala Gly Vval Phe Ala Thr His val
154 1

545

Leu Val Leu Pro Arg Pro Leu
1560

Met Pro
1575

1590

605

1
BN

550

Gly lLeu Ser Ala
565

Leu Ala Tyr Leu Thr Ala Trp Tyr Ala

610

1625

1580

Tyr Leu Glu Ser Leu Gly val Arg Tyr val Ser Asp
1640

1635

Arg Phe Vval Thr Asp val H

1650

val Val Leu Asp Ser L
1

1665

val Leu Arg Ala Cys Gly Arg Leu val
1685

Cys Ala Asp Thr Gln Pro Gly Leu P
17 17

00

1655

670

660

eu Ser Gly Glu Axg Ile Asp Lys Ser Leu Met
7 1

1675

1690

His Leu Gln Ala Gly Glu Arg val Leu Ile His
1595

1600

a val Arg Trp ala Gln Arg
1

615

a Thr Ala Asp Thr Pro Glu Asn Arg Ala

1630

645

Ser Arg Ser Gly
1

is Ala Trp Thr Asp Gly Glu Gly val Asp
1

680

Lys Leu Gly Arg Arg Asp ASp
169

ro Pro Leu Leu Arg Asn Phe Ser
0

1710

1 [ DEL Z0vd
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phe Ser Gln Val Asp Leu Arg Gly Met Met Leu Asp Gln Pro Ala Arg
1715 1720 1725

Ile Arg Ala Leu Leu Asp Glu Leu Phe Gly Leu Val Ala Ala Gly Ala
1730 1735 1740

Ile Ser Pro Leu Gly Ser Gly Leu Arg Val Gly Gly Ser Leu Thr Pro
1745 1750 1755 1760

Pro Pro Val Glu Thr Phe Pro Ile Ser Arg Ala Ala Glu Ala Phe Arg
1765 1770 1775

Arg Met Ala Gln Gly Gln His Leu Gly Lys Leu Val Leu Thr Leu Asp
1780 1785 1790

Asp Pro Glu Val Arg Ile Arg Ala Pro Ala Glu Ser Ser Val Ala Val
1795 1800 1805

Arg Ala Asp Gly Thr Tyr Leu Val Thr Gly Gly Leu Gly Gly Leu Gly
1810 1815 1820

Leu Arg Val Ala Gly Trp Leu Ala Glu Arg Gly Ala Gly Gln Leu Val
1825 1830 1835 1840

Leu Val Gly Arg Ser Gly Ala Ala Ser Ala Glu Gln Arg Ala Ala Vval
1845 1850 1855

Ala Ala Leu Glu Ala His Gly Ala Arg Val Thr val Ala Lys Ala Asp
1860 1865 1870

Val Ala Asp Arg Ser Gln Ile Glu Arg Val Leu Arg Glu Val Thr Ala
1875 1880 1885

Ser Gly Met Pro Leu Arg Gly Val Val His Ala Ala Gly Leu Val Asp
1890 1895 1300

Asp Gly Leu Leu Met Gln Gln Thr Pro Ala Arg Phe Arg Thr Val Met
1905 1910 1915 13920

Gly Pro Lys Val Gln Gly Ala Leu His Leu His Thr Leu Thr Arg Glu
1925 1930 1935

Ala Pro Leu Ser Phe Phe Val Leu Tyr Ala Ser Ala Ala Gly Leu Phe
1940 1945 1950

Gly Ser Pro Gly Gln Gly Asn Tyr Ala Ala Ala Asn Ala Phe Leu Asp
1955 1960 1965

Ala Leu Ser His His Arg Arg Ala Gln Gly Leu Pro Ala Leu Ser Ile
1970 1975 1980

Asp Trp Gly Met Phe Thr Glu Val Gly Met Ala Val Ala Gln Glu Asn
1985 1990 1995 2000

Arg Gly Ala Arg Gln Ile Ser Arg Gly Met Arg Gly Ile Thr Pro Asp
2005 2010 2015

Glu Gly Leu Ser Ala Leu Ala Arg Leu Leu Glu Gly Asp Arg Val Gln
2020 2025 2030

Thr Gly Val Ile Pro Ile Thr Pro Arg Gln Trp Val Glu Phe Tyr Pro
2035 2040 2045

Ala Thr Ala Ala Ser Arg Arg Leu Ser Arg Leu Val Thr Thr Gln Arg
2050 2055 2060
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ala Val Ala Asp Arg

2065

Ala Ser Ala Glu Pro
2

085

arg val Gln val Ser

val Asp
2

2100

aAla Pro
115

Leu

Glu Leu Arg Asn Arg

2130

Ala Leu Gly Trp Thr Tyr

2145

Leu Asp

Asp Ala Leu val Val Arg Leu G
2

165

2070

Ser Ala

His Val

-71 -

Q75

Thr Ala Gly Asp Arg ASp Leu Leu Glu Gln Leu
2 2080

Arg Ala Gly Leu Leu Gln Asp Vval val
2095

2090

Leu Arg Leu Pro Glu Asp LyS Ile Glu
2110

2105

ger Ser Met Gly Met Asp Ser Leu Met
2 2125

Ile Glu
2135

2150

120

Ser Leu

Ala Ala Leu Gly Val Ala Ala Pro Ala

2140

2155

2170

pro Thr Val Ala Ala Ile Thr aArg Trp Leu

2160

ly Gly Gly Ser Asp Thr Asp
2

175

Glu Ser Thr Ala Ser Ala Gly Ser Phe val His Val Leu Arg Phe Arg
2185 2190

ro Val

2180

2195

Gly Ser Pro Glu Gly Phe Arg Ser Trp
2215

2210

Asp Leu Glu Ile val ala Met Trp His Asp Arg Ser Leu Ala Ser Glu
2 2

2225

230

Asp Ala Pro Gly Lys Lys Tyr

His Tyr Ala AsSp Ala Pro
arg Phe val Met Gly Thr Ala val Glu Leu Ala S
2

Pro Ala Pro Leu aAla val Ph

2290

Ser Glu
2305

phe Arg Asn Ala Ala Gly Phe Val Axg

ol
&

22

2260

275

Ile Thr Pro Glu Met Glu Thr Asp

45

325

2220

2235

val Lys Pro Arg ala Arg Leu Phe Cys Phe His Gly
2200 220

Ser Gly

ser Glu Lys Ser Glu Trp Ser

240

val Gln Glu Ala Ala Ser Leu Ile Gln

2250

2265

2280 2285

2295

2310

asp Ala Arg Ala Asp Lys Val
2

340

355

2315
2330
Ile Thr Asp Thr Met val

2345

360

Phe Ala Leu Val Gly Phe Ser Leu
2270

Ala

2350

2255

Gly Val

er Arg Ser Gly Ala
e Thr Leu Gly Gly Ser Leu Ile Ser Ser
2300

Ile Ile Ala Lys Leu Phe

2320

ser Thr Gln Gln val Gln Ala
2335

Pro Ala

Pro Gly Asp Ser Lys Glu Pro Pro val Lys Ile Ala Val Pro Ile val
2 2 2365

Ala Ile Ala Gly Ser Asp Asp

2370

Asp Leu Gln ser Ar

2385

Gly Asp His Glu Phe Leu Val Asp Arg Gly Arg G

2375

2390

val Ile Val Pro Pro Ser Asp Val Gln

2380

2395

g Thr Thr Glu Arg Phe Tyxr Met His Leu Leu Pro
2

400

1u Ile Met His Ile
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val Asp Ser His
2

420

Gly Pro Ala Phe
2

<210> 8
<211> 419
<212> PRT
<213> Sorangium

<400> 8
Met Thr Gln

1

Phe

Glu

Ser

Glu

65

Ser

Gly

Ser

T™hr

val

145

Leu

Ser

Glu

Leu

val

225

Thx

Lys

Arg

Trp

50

arg

ser

Leu

Phe

val

130

val

Leu

Ala

Glu

His

210

Leu

Lys

435

Pro

Leu

35

val

Phe

Ala

Pro

Thr

115

AsSp

Arg

Lys

Thr

Thr

195

Asp

Thr

Glu

Asp Thr Thr

Glu

Phe

20

Arg

Leu

Ala

Ile

Pro

100

Sex

Gln

Asp

val

Ala

180

Lys

val

Met

Leu

Ile
260

2405

Leu Asn Pro

Giu Ala Lys

cellulosum

Gln Ala Asn

5

Ala

Glu

Thr

val

Pro

85

Glu

Arg

Leu

TYY

Pro

165

Arg

Thr

Leu

Leu

val
245

TYT

Pro

Ala

Arg

Ser

Glu

Asp

Ala

Leu

Ala

150

Ala

Ala

Leu

Asp

Leu

230

ala

Leu

Gly

Thr

TyT

55

Arg

Leu

His

Ile

Asp

135

Glu

Glu

Leu

val

Glu

215

Gln

Leu

Ile

-72.

2410

2415

Leu Leu Ala ala Arg Thr Thr Ser Ser

Gln

Tyr
Pro

40
His
Glu
Ser
Ala
AsSp
120
Ala
Gly
Cys
Gly
Ala
200
Arg
Ala

val

Ala

2425

ser
Ala

25
Ile
Asp
Glu
Asp
Axrg
105
Leu
Arg
Ile
Asp
Val
185
Ser
Arg
Glu

Gly

Phe
265

Glu Thr
10

Glu Asp

Phe Tyr
val Ser
Trp Glu

75

Met Lys
90

val Arg

Leu Arg

Ser Gly

Pro Met
155

Glu Lys
170

Gly Leu

val Thr

Arg Asn

Ala Asp
235

Ala Ile
250

Ala Vval

Lys Pro

Pro Phe
Trp Asp
45

Ala Val
60

Ser Ser

Lys Tyr

Lys Leu

Ala Glu
125

Gln Glu
140

Arg Ala
Phe Arg
val Pro
Glu Gly

205
Pro Leu
220
Gly Ser

Ile Ala

Leu Asn

2430

Ala
Pro

30
Glu
Phe
Ala
Gly
val
110
Ile
Glu
Ile
Arg
Gln
190
Leu
Glu
Axg

ala

Leu
270

Phe

15
Ala
Gly
Axg
Glu
Leu

95
Asn
Gln
Phe
Ser
Phe
175
val
Ala
Asn
Leu
Gly

255

Leu

Asp

Ile

Arg

Asp

80

Phe

Pro

Arg

Asp

Ala

160

Gly

Asp

Leu

Asp

ser

240

Thr

Arg
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Ser

Asn

Thr

305

Lys

Gly

Gly

Ser

Pro
Ala
290

Val

Lys

Ala
Leu
370
Phe

Ala

Ala

<210> 9

<211>
<212>
<213>

<400> 9

Ala
1

Asp
Arg
Glu
Glu

65
Ala

Ser
Asp
Gly
Gly

50

Leu

Arg

Glu Ala
275

Leu Asp
Arg Phe
Gly Glu
Val pPhe

340

Ser Leu
355

Ala Arg
Pro Glu

Phe Arg

Gly

607
PRT
Sorangium

Leu Asp

Gly His
20

Ile Glu
35
Gly Pro

Leu Ala

Ser Leu

Asp Gly Pro Ala

Pro

Glu

Leu

Ala
130

100

Arg Glu
115

Arg Arg

Leu

Glu

Ala

Met

325

Ser

Ala

Leu

Met

Asn
405

Glu
val
Arg
310

Val

Arg

Glu

Lys
390

Ile

Leu
Leu
295
Gln
Phe
Pro
Gly
Ala
375

Leu

Glu

cellulosum

Ala Leu Phe
5

Gly

Asp

Ser

His

85

Leu

Leu

Arg

Leu

Phe

Asp

70

His

Val

Glu

Trp

Ala

Axg

His

Gln

Pro

Glu

Leu
135

Val
280

Lys

Arg Phe

Asp

Leu

Asp

360

Glu

Lys

Ser

Ala

Thr

Ala
40

Cys

Pro

Asp

Trp

Glu

120
Ala

Leu
Leu
Val
345
Gly
Ile

Glu

Leu

Arg
Glu

25
Leu
Met
Leu
Trp
Leu
105

Arg

Ala

-73-

Ala

Asp

Glu

Ile

330

Phe

Pro

Ala

Thr

Asn
410

Ala

10
Arg
Arg
Cys
Ala
Thr

80
Ala

Glu

Ala

Glu

Asn

315

Pro

Asp

His

Val

Pro

395
Val

Thr

His

Glu

Leu

Ser

75

Ser

Ala

Arg

Pro

Pro

Ile
300

Cys
Ser
Val
Val
Gly
380

Val

Ile

Ser

Val

His

Gly

60

Ile

Asp

Arg

Ala

Pro
140

Gly
285
Leu
Gly
Ala
Arg
Cys
365
Thr

Phe

Leu

Ala
Leu
Leu

45
Asp
Ser
Ala
Gly
Arg

125
Cys

Leu

Arg

Ala

Leu

Arg

350

Pro

Ile

Gly

Lys

Arg
Ala

30
Arg
Leu
Phe
Met
Ala
110

Thr

Phe

Met

Ile

Ser

335

Asp

Gly

Phe

Tyr

Pro
415

Val

15
Glu
Ile
Thr
His
Leu

95
Pro

Ala

Ala

Ile
320
Asp
Thr
Val
Arg
His
400

Ser

Leu

Ala

Gln

Val

His

val

Gly

Gln

Pro
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ASp
145
Met
Ala
Gly
Asn
ala
225
Ala

Pro

Asn

Gly
305
val
Met
Asp
Ala
Pro
385
His
Pro
Phe
Phe
Ala

4865

Pro

Leu
Ser
Thr
Ala
Leu
210
Pro
Ser
Glu
Ala
val
290
Leu
Thr
Phe
Pro
His
370
Leu
Ala
Glu
Glu
Ser
450

Gly

Ser

Pro
Pro
Pro
Gly
195
Leu
Gly
Trp
Ala
ASp
275
Arg
Ala
Asp
Gln
Phe
355
Ala
Ile
AXg
aArg
His
435
Leu

Axg

Arg

Arg
Glu
Glu
180
Pro
Leu
Thr
Glu
Leu
260
Asn
Arg
val
Gly
Pro
340
Phe
Asn
val
Gly
Gly
420
Pro
Ala

Leu

Phe

Phe
val
165

Leu

Trp

Gly

Ser

val

245

Trp
Leu
Leu
aAla
AsSp
325
Gly
Glu
Ala
Met
Phe
405
Ala
Thr
cys

Glu

Ala
485

Glu

150

Ala

Ala

Ser

Phe

Glu

230

val

Glu

Ser

Arg

Gly

310

aAla

Arg

Leu

Gly

Ala

390

Met

Pro

Pro

Asp

Leu
470

Asp

Glu

cys

Gly

Gly

215

Ala

Ser

Arg

Arg

Ala

295

val

Leu

Ile

Ala

Thr

375

Arg

Ala

Phe

Arg

Glu
455

Trp

Leu

AsSp

ala

Ala

200

Leu

Ala

Ser

Leu

Phe

280

Gln

Ser

Tyr

Ser

Pro

360

Ile

Asn

Trp

val
Cys
440

Glu

Arg

Ala

Glu

Ala

185

Pro

Pro

Leu

Lys

Arg

265

Glu

Pro

ser

Ser

Pro

345

Pro

Ser

Gln

val

val

425

Leu

His

His

Gly Glu

-74 -

Asn

Arg

170

Leu

Ala

Thr

Arg

Lys

250

Thr

Arg

Ala

Ser

Gly

330

val

Leu

Lys

Ala

Asn

410

Gln

His

Leu

Pro

His
490

Gly
155
Arg

Leu

Ala
Gly
235
Ser
Ile
ala
Pro
Gly
315
AsSp
val
Ser
val
Arg
395
Gln
Arg
Glu
i'29
His
475

Pro

Leu

Leu

ala

Glu

Ile

220

Ala

Gln

val

Glu

Phe

300

Arg

Gly

Leu

Gln

Leu

380

Pro

Ala

Ser

Pro

Trp
460

His

Ile

Pro

Axrg

Trp

Met

205

Ala

Ala

Leu

Arg

Ala

285

Ala

Leu

Asn

Leu

Met

365

Thr

Met

Met

Thr

Ala
445

cys

Ala

Leu
Ala
Leu
190
Leu
Ala
Axg
Gly
Ala
270
Ile
Ala
Ser
Asp
Ala
350
Leu
Glu
Ser
val
Ile
430
Gly
Glu

Pro

Ala

Gly
Ser
175
Gly
Pro
ala
Leu
Asn
255
Met
Ala
Gly
Gly
Ile
335
Gly
Phe
Gly
Leu
Pro
415
Met
Ser
Leu

Gly

Thr
495

Pro
160

Tyr

Thr

Glu

Ser

Phe

240

Ile

Gly

Ala

Ala

Leu

320

val

Thr

val

Ser

val

400

ASp

Glu

Ala

ser

Ala
480

Trp
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Tyr Pro Ser Leu

500

Asp Arg Arg Ala

515

Ile vVal Leu ala
530

Asp Arg Asp Ile

545

His Val Glu His

Gln Arg Gln Leu

580

Leu Phe Phe Thr

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

<400>

595

10

423

PRT
Sorangium

10

Met Gly Ala Leu

1

Ala Glu Glu Glu

20

Ala Pro Ala Arg

35

Pro Gly Ala Val

50

Ala val Gly val

65

Thr Ile Phe Arg

val Met Met Leu

100

Asp Arg Trp Leu

115

Asp Gly Pro Ile
130

Arg Asp Leu Met

145

Ser Ser Pro Ile

Gln Pro Val Pro

180

Thr

Ile

Glu

Phe

Ile
565

Trp

Thr

Leu

Leu

Thr

Ala

550

Arg

Asp

Asn

Gly
Arg
535
Leu
Ser

Arg

Asp

cellulosum

Ile

5

Gly

Glu

Trp

Thr

Ile

val

Pro

Asp

Thr

Gln

165

Met

Ser

Gln

val

Leu

Glu

70

Ala

Glu

Glu

Glu

Phe

150

Arg

val

Pro

Met

val

55

Leu

Ser

Glu

Leu

Thr

135

Thr

Ala

Thr Pro

Ala
Val
520
His
Thr
Gly

Pro

Arg
600

Ala
Gly
Ala

40
Ala
Gly
Met
Gly
Ala
120
val
Met

Ile

His

Thr
505
Asp
Pro
Gly
Ala
Asp
585

Ile

Ala
Gln

25
Ala
Arg
Gly
Thr
Lys
105
Asn
Pro

Gly

Asp

-75 -

His

Lys

Pro

Gln

Ser

570

Met

Leu

Pro

Asp

Glu

Gly

Ser

Lys

90

Leu

Arg

Ala

Phe

Glu
170

Gly Pro

185

val
Arg
Ala
Pro
555
Thr

val

Thr

Gly
Ala
val
Asp
Ala

75
Ala
Asp
Lys
Glu
Gly
155

Leu

Asp

Leu
Thr
His
540
Asp
val

Leu

Leu

Cys
Gly
Ala
Asp

60
Pro
val
Leu
val
Arg
140
Ile

Gly

Glu

Trp
Gly
525
Val
Ser
val

Asn

Ala
605

Ala

Ala

Ala

Val

Met

Thr

Asp

Leu

125

Pro

Ser

Leu

Trp

Ala
510
val
val
Arg
Ala
Arg
590

Arg

Leu

Gly

30

Gly

His

Arg

Ala

Ser

110

Ala

Ile

Phe

val

Ile
190

Asp
Glu
Ser
Asp
Asp
575

Arg

Ser

Gly

15
Ala
Gln
val
Arg
Thr

95
Pro
Arg
Thr
Asp
Asn

175

Arg

Pro

Pro

Glu

Gly
Leu
Met
Asp
Asp

80
Ala
val
Ile
val
Ala
160

Ala

Arg
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teu Gly Thr Leu
195

Asn Thr Gly Ser
210

Gln Gly Phe Asp
225

Met Arg Asp Thr
ala Gly Cys Gly
260

Met Asp Arg Asp
275

Pro Ser Gly Ala
290

Phe Ala Arg Met
305

Leu Ser Ala Ala
Ala Gln Lys Ala

340

Gly Trp Gly TyT
355

Glu Val Pro Gly
370

Tle Asn Asp Pro
385

Ala Gly Phe Leu

Tvr Val Ala Thr
420

<210> 11

<211> 713

<212> PRT

<213> Sorangium

<400> 11
Met His Gly Leu
1

Ala Leu Ile Leu

20

Leu Arg Gln Pro
35

Gly Pro Ser val
50

Phe Gln Glu Pro

Pro

Leu

Ala

Asp

245

Gly

Ala

Leu

Ser

325

ala

Gly

Arg

Gly

Phe

405

Glu

Leu

val

Phe

230

Phe

Phe

Ala

Gly

Met

310

val

Ser

Met

Arg
390

Ser

Ser

Met

Gln
215
val
His
Thr
Glu
Leu
295
Asn
Arg
Ser
Ala
Gly
375
Glu

Gly

Ala

cellulosum

Thr Glu Arg

5

val Thr Ala

Glu val Leu

val Gly Ala
59

His
200
Gly
Arg
val
Asp
Ser
280
val
Gly
Glu

Phe

val
360

Trp

Leu

Ala

Gln
Arg
Gly

40

Leu

Gln

val

Glu

Pro

Glu

265

aAla

ger

Gly

Met

Phe

345

val

Asp

Ile

Leu

val
Ala
25

Glu

Ala

ala Val Gly Vval val

-76 -

Pro

Leu

Arg

Ala

250

Gln

Thr

val

Thr

330

Pro

Thr

Gly

Gly

Glu
410

Leu

10
Ser
Leu

Pro

Leu

Gly Ala Gln
205

val Gly Arxrg
220

Ile Leu Ala
235

Asp Lys Leu
Thr Gly Glu
Ala Ser Pro

285

val Asp Asp
300

His Glu Gly
315

Ala Asp His
Gly Phe Phe

Ala Pro Asp
365

Gly Phe Gly
380

Ile Val Met
395

Arg Phe Trp

Leu Ser Leu
Gly Glu Leu
phe Gly Gly

45

Gly Phe His
60

Ser Gly Ile

Trp

Ala

Pro

Ala

Lys

270

Pro

Arg

Leu

Glu

350

ala

Thr

Thr

Arg

val
Ala

30
val

Arg

Ser

Met TYT

Ala AsSpP

Leu Gly
240

Arg Phe
255

Thr Axg
Ala Phe
Leu Leu
Arg Leu

320

Thr Pro
335

Thr His
val Ser
Ser Trp
Gln Ser

400

Ser Val
415

Thr Leu
1%

Arg Arg

val Leu

Ala Leu

Trp Ile
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65

Gly
Ile
Ile
Asp
Thr
145
val
Ser
Leu
Arg
225
val
Leu
Ala
Ala
Asp
305
Leu
Ala
Gly
Val
Val

385

Glu

Ala

Leu

Ala

Arg

130

Ala

Arg

Ala

Pro

Leu

210

Trp

Leu

His

Pro

Gly

290

val

Leu

Arg

Leu

Glu

370

Ala

Lys

Leu

Arg

Pro

115

Pro

val

Ser

Ala

Ala

195

Phe

val

val

Pro

Arg

275

Leu

Ser

Ala

Leu

Asn

355

Leu

Leu

Arg

Leu
Lys
100
Pro

Leu

Ser

180

Leu
Met
Ala
Leu
Leu
260
Thr
Phe
Gln
Thr
Gly
340
Met
Gly

val

Ala

Leu

85

Glu

Leu

Pro

Val

Ala

165

val

Ala

val

Asp

Thr

245

Leu

Asn

Ala

Leu

Ala

325

Gly

Lys

Leu

Thr

Pro
405

70

Leu
Ala
Ala
Ser
Ile
150
Gln
Leu
val
Leu
Ala
230
Phe
Gly
Arg
Pro
Arg
310
Thr
Leu
Gly
Leu
val

390

Pro

Leu
Arg
Ala
Gly
135
Ala
val
val
Ala
val
215
Thr
Leu
Ala
Pro
Val
295
Thr
Ala
Arg
Gly
Ser
375

Thr

Thr

Met
Pro
Gly
120
Leu
Lys
Thr
Ala
Arg
200
Gly
Arg
Ala
Phe
Leu
280
Phe
Pro
Ala
Gly
Thr
360
Asn

Ala

Gln

Ala
Gly
105
Ala
Phe
val
Leu
Met
185
Ser
Arg
vVal
Ala
Ala
265
Leu
Phe
Ala
Lys
Ser
345
Asp
Glu

Ser

Glu

-77 -

Gly

90
Ala
Ala
Leu
Leu
Ala
170
Thr
Ala
Arg
Ser
Ala
250
Leu
Asp
val
Ala
val
330
Glu
Leu
Ala

Pro

Glu
410

75
Ile

Leu

Phe

Gly

Ile

155

Ala

Ser

Leu

Leu

Lys

235

Leu

Gly

Gly

Leu

Trp

Val

Ala

Ile

Ala
395

Ser

Glu
Ser
Ser
Ile
140
Glu
Gly
Ser
Leu
Thr
220
Gly
Thr
val
val
Ala
300
Gly
Pro
Ala
val
Thr
380

Leu

Ala

Val

Ala

Ala

125

Val

Arg

Val

Ser

Ala

205

His

Gln

Gln

Leu

Gln

285

Gly

Thr

Ala

Leu

Ala

365

Met

Leu

Arg

Asp

Leu

110

Leu

Leu

Glu

Vval

190

Ser

Leu

val

Arg

Leu

270

Thr

Met

val

Ala

Val

350

Ile

Ile

Leu

Val

95
Gly
val
Ser
Ser
Ser
175
Gly
Gly
Ala
Ser
Leu
255
Asn
Leu
Arg
aAla
Leu
335
aAla
val
Ala

Trp

Glu
415

80

Gly
Ala
Leu
vVal
Met
160
Glu
Ala
Phe
Met
Leu
2490
Gly
Ser
val
val
Leu
320
Gly
val
Gly
Val
Leu

400

Arg
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Glu

val

Glu

Thr

465

Gly

Gly

Leu

Pro

val

545

Ala

Leu

Ala

Gly

Ala

625

val

Ile

Cys

Glu

His
705

Glu

Pro

Ser

450

Glu

Glu

Ile

Arg

Ala

530

Gln

Glu

Trp

Ala

610

Arg

Arg

Thr

Tyr

Ser
690

Ala

Ile

435

Ile

Leu

Ala

Trp

Ala

515

ATg

Arg

Glu

TYY

Asp

595

val

Ser

val

Arg

Asp

675

val

Ala

420

val

val

sexr

Ser

Arg

500

Ser

Ala

Ala

Arg

Ser

580

Ala

val

val

Ser

Glu

660

His

val

Gly Gly Thr

<210> 12
<211i> 126
<212> PRT

<213> Sorangium

<400> 12

Met Asp Lys Pro

Arg

Ala

Ala

val

Arg

485

Gln

Arg

Axg

Glu

Ala

565

Phe

Glu

Trp

val

Ser

645

Leu

Gly

val

Arg

Arg

His

Ser

Glu

470

Gly

Arg

Asp

Gly

Ser

550

Ser

Ala

Leu

Arg

Asp

630

Arg

Ala

Pro

Arg

Glu
710

Ala

Ala

Lys

455

Gln

Leu

Arg

His

Met

535

Asn

aAla

Ala

val

Asp

615

Glu

val

Arg

Leu

Ser

695

Gln

cellulosum

Ile Gly Arg

Leu
440
Arg
Gln
Ala
Glu
Asp
520
Ser
val
Arg
Ala
Leu
600
Arg
Ala
His
Ala
Gly
680

Arg

val

Thr Arg Cys Ala Ile Ala Glu Gly Tyr

Ile

425

Pro

Lys

Ala

Arg

Leu

505

Leu

Phe

Leu

Arg

Asp

585

Leu

Glu

val

val

Pro

665

Arg

val

Arg

-78 -

Pro Gly val

Gly

Leu

Pro

Leu

490

Arg

Leu

Gly

val

Ile

570

Leu

ser

Pro

Phe

Gly

650

Leu

Pro

Phe
Gly
Gly
475
Gly

Gly

val

val
555
Leu
Ala
Ser
Ser
Arg
635
Ala
Asp

vyxr

val

Ala
Glu
460
Pro
Ala
Ser
Ile
Leu
540
val
val
Ala
Ala
Arg
620
Gly
His
Leu

Leu

Ala
700

Glu
Thr
445
Thr
Ser
Arg
Ile
Gly
525
Gln
Gly
Pro
His
Gln
605
val
Arg
Pro
Leu
Gly

685

Leu

Arg
430
Asp
val
Arg
Leu
Gln
510
Ala
AsSp
Asp
Ile
val
590
Thr
Arg
Axg
Ser
val
670

Ser

Leu

Ile

Ile

ASP

Ala

Arg

495

Ala

Arg

Ala

Pro

1le

575

Ala

Ala

Leu

Asp

655

Leu

Thr

val

Leu

val

Ile

Ala

480

val

Ile

Ser

Ile

Pro

560

Gly

Leu

Pro

val

Gly

640

Glu

Gly

val

Ala
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Ile Pro Gly Gly
20

Thr Ala Cys Leu
35

Thr Val Tyr Phe
50

val Pro Ala Arg
65

Pro Glu Pro Ile

Asp Ala Pro Ile
100

Glu Asn Ala Leu
115

<210> 13

<211> 149

«212> PRT

<213> Sorangium

<400> 13
Met Lys His Val
1

Thr Leu Gly Leu
20

Ser Glu Lys Thr
35

Arg val Thr Ala
50

val Asp val Vval

Glu Arg Phe Val

Arg Val Gly val
100

ala Glu Thr Thr
115

Glu Lys Gln Ser
130

Pro Thr Ser Val
145

<210> 14

<211> 184

<212> PRT

<213> Sorangium

ser Asn Gly

Leu Asn Ala

Ser Asp Arg
55

Arg Thr Axg
70

Pro Arg Asp
85

val val Gln

Leu Ser Thr

cellulosum

Asp Thr Gly
5

Leu Ala Ser

val Gln Gly

Asp Val Asp

55

His Leu Ser
70

val Trp Gln
BS

Leu Asp TyTr
val Pro Tyr
Ser Pro Gln

135

Gly

cellulosum

Pro

Ser

40

Asp

His

Thr

His

Ile
120

Arg

Met

Thr

40

Pro

Pro

Arg

Asn

Ala

120

Ser

Glu
25

Asp

Pro

val

AsSp

Thr

105

Ala

Arg
aAla

25
Arg
Asp
Pro
Pro
Ala
105

Asn

Pro

-79 -

10

Pro

Arg

Ala

Phe

10
Leu
Leu
Ala
Glu
ser

90
Asp

Phe

Ser

Gln
Asp
Gly
Phe

75
ala

Leu

Thr

Gly

Ala

Ala

Ala

Arg

75

Pro

Serx

Glu

Ser

Met

Ala

Pro

60

Asn

Ser

Asp

Asp

Arg

Gly

Pro

Thr

60

Leu

Glu

Arg

Leu

Ala
140

Thr

Gln

45

Asp

Val

Ser

Arg
125

Arg

Cys
Gly

45
Thr
Glu
Ser
Arg
Leu

125

Ala

Ser

30
val
Arg
Leu
Ile
Axrg

110

Glu

Ile
Gly

30
Ala
Arg
Ala
Pro
Gly
110

Ile

val

15
His

Ala

val

Thr

Glu

95

Gln

Gly

15
Gly
Asp
Leu
Gly
Trp

95
Lys

Thr

Ile

Glu
Ile
Thr
Glu

80

Ser

Ala

His

Pro

Ala

Ala

Ser

80

Arg

Leu

Ala

Gly
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<400> 14
val Thr Ser

1

Leu

Ala

Leu

Phe

65

Leu

Pro

Leu

Gly

Ala

145

Ser

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

<400>

val

Glu

Leu

50

Gly

Phe

Gly

Ser

Ile

130

Leu

Leu

Pro

15

145
PRT
Sorangium

15

Arg
Glu

35
ser
Glu
Gly
Phe
Gly
115
Glu
ser

val

Arg

Glu

Ala

20

Pro

Leu

Leu

Gly

His

100

Ile

val

Ala

Arg
180

val Asn Ala Pro

1

Gly Gly Ala Ile
20

Leu Arg Arg Met
35

Thr Ser Ala Pro

50

Gly Ser Trp Lys

65

Thr Asp Gly Pro

Gly Trp Arg Ser

100

Glu

Gln

Pro

val

Ala

val

85

Arg

Ser

AsSp

Leu

Arg

165

Ser

val

His

Ala

Ala

Arg

70

val

val

Trp

val

Gly

150

Met

Ala

Pro

ala

Leu

Leu

55

Arg

Leu

Leu

Ile

Ser

135

Ala

Gln

Gln

cellulosum

Cys Met AXg

5

Ala Pro Ser

Leu Thr Ser

Tle Gln Glu
55

Arg Thr Arg
70

ser Thr Thr

85

Arg Arg Ala

Gly
Ala
Met

40
Ala
Leu
Gly
Phe
Gly
120
Ile
Ile

Gly

Ala

Cys
aAla
Thr

40

Met

Trp

Pro

Ser

Ala

Arg

25

His

Leu

Arg

Pro

Gln

105

Ala

Leu

Ala

Ala

™hr

Glu

25

Ser

Pro

Asn

Pro

Ser
105

-80-

ala

10

His

Gly

val

Gln

Ser

90

AsSp

Leu

Arg

Pro

Phe
170

Ser

10
Ser
Ile
Glu

Pro

Lys
a0

Pro

Leu

val

Leu

Leu

Pro

val

Pro

val

Lys

Pro

155

Thr

Gly
Ala
Pro
Ser
Gly

75

Ser

Lys

Gly

Arg

Thr

Leu

60

Glu

val

Ala

Leu

Glu

140

Leu

Trp

Pro

Pro

Ala

Thr

60

Ala

Ser

Ala

Ala
Pro
Glu

45
Thr
val
Gly
val
Leu
125
Ala

Arg

Asp

Gly
Gly
Met

45
Thr
Ser

Pro

Arg

Gln

Cys

30
Arg
Ala
Leu
aAla
Gly
110
Leu
Arg

Thr

Leu

val

Arg

30

Ser

Pro

Ala

Ser

Ala
110

Ser

15
Thr
Gln
Arg
Gly
Leu

95
val
Met
Pro

Pro

Asp
175

Arg

15
Ala
sSer
Thr

Pro

Thr

Ser

Arg

val

ala

Glu

80

Ala

val

Ala

Gly

Gly

160

val

Ser

Ser

Arg

Ala

Thr

80

Ser

95 -

val

Arg
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arg Thr Ser Ala
115

arg Pro Cys Ile
130

Thr
145

<210> 16

<211> 185

<212> PRT

<213> Sorangium

<400> 16

val Leu Ala Pro
1

Glu Pro Asp Ser

20

arg Pro Phe Arg
35

Ala Glu Ala Ala
50

Tle Val Arg Leu
65

Thr Ala Gly val
Trp Phe AsSp val
100

His Ala Leu Arg
115

Pro Tyr Arg Gly
130

Gly Glu Ala Ala
145

Gln Gln Ile Leu

Leu Tyr Thr Ala
180

<210> 17

<211> 146

<212> PRT

<213> Sorangium

<400> 17

Met Ala Asp Ala
1

Leu Ala Tyr Arg
20

-81-

arg Ala Thr Ser Glu Ser Arg Thr Cys Arg Ser

120

125

Arg Ala Gly Gly Ser Ser Ala Arg Val Gln Gly

135

cellulosum

Pro

5

Pro

Asp

Gln

Gly

Ser

85

Ala

AsSD

Ser

Arg

Thr

165

Phe

Ala

Asp

Ala

Arg

Lys

70

Gln

Ala

Ala

Ser

Leu

150

ala

ala

Asp

Asp

Ile

Pro

55

Ala

Ile

AxXg

Ala

Arg

135

His

Leu

Arg

cellulosum

Ala Ser Axg

5

Ala Ala Thr

Ile

Glu

Ala

40

Arg

Leu

Ala

YT

Ser

120

val

Pro

Glu

Ser

Ser

Arg
Ala

25
Ala
Leu
ASp
Gly
Ala
105
Ala
Ser
ala

Ala

Glu
185

ala

Asn
25

140

pro Pro Ala Ala Ala Gln
10 15

asp Glu Ala Asp Glu Ala
30

Tyr Ser Glu Ala val Arg
45

Glu Ser Leu val Arg Leu
60

Lys Val Pro Phe Ala His
75

Arg Leu Gln Asn Asp Ala
90 95

ger Phe Arg RAla Ala Thr
110

Met Glu Ala Leu Ala Ala
125

Ala Ala val Gly Glu Phe
140

Asp Arg Val Pro Ala Ser
155

Ala Glu Arg Ala Leu Ile
170 17%

Ccys Ser Val ala Ala Arg Lys
15

10

Gln Thr Ala Ser Phe Trp Ser
30

val

Arg

Leu

Leu

Trp

Ala

Thr

80

val

Glu

Gly

Arg

ASp

160

Ala

17 DEC 2002



Leu

Leu

Ser

65

Ser

Gly

Ala

Pro
145

<210> 18

Pro

Ser

Ser

Ala

Ala

Arg

Pro

130
Thr

Ala

35
Ser
Arg
Ala
Ser
Met

115

Arg

<211> 288
<212> PRT
<213> Sorangium

<400> 18

Ile

Ala

Gly

Ile

Ser

100

Ser

Leu

val Thr val Ser

1

vVal

Arg

Arg

Leu

65

Ile

Leu

val

Glu
145

Val

val
Leu
Ala

50
Pro
Leu
val
Leu
Arg
130

Ala

Ser

Thr
Arg

35
Trp
Pro
Pro
Ala
val
115
Ala

Met

Gly

Ala

20
Arg
Arg
Gly
Ser
Arg
100
Gly
Glu

Gln

Met

Trp

Leu

Arg

Ala

85

Ser

Ala

Arg

Glu

Pro

Cys

70

Ser

Gly

Gly

Leu

Thr

Ser

55

Ala

Arg

Glu

Gly

Ala
135

cellulosum

Ser

5

Leu

His

Arg

Ala

His

Met

Asp

Arg

Lys

Ser
165

Met

Gly

Pro

Leu

Arg

70

Arg

Ser

Gly

Arg

Ile

150

Leu

Pro
Cys
Glu
Pro

55
val
Thr
Gly
Ser
val
135

Ala

Leu

Pro

Arg

Ala

Asn

Ser

Ala

120

Gln

Arg
Ala
Ala

40
Gln
Gly
Ala
His
Ala
120
Ser

Gly

Ala

Ala
Thr
Ser
Gly
Gly
105

Ser

Ser

Ser
Arg

25
Gly
His
Thr
Asp
val
105
Arg
Asp

Lys

Ala

-82 -

val
Ile
Ala
Arg

90
Ser

Thr

val

Trp

10
Arg
Arg
Ile
Ser
Leu

90
Ala
Gly
val

Leu

Cys
170

val

Ala

His

Ser

Ser

Gly

Ala

Ser

Leu

Ala

Ser

cys

75
Gly
Arg
Arg
Thr
val

155

Gly

Ala

Trp

Glu

Ala
140

Ser

Ser

Pro

Ser

Pro

Thr

Asn

Arg

cys

140

Val

Gly

Ala

45
Arg
Thr
Ser
Ala
Vval

125

Arg

Arg
Gly
Arg

45
Pro
Ala
Ser
Pro
Arg
125
Arg

Gly

Glu

Lys

Thr

Ala

Ser

Ala

110

Arg

val
Ser

30
Ser
Trp
Asp
Gly
His
110
Leu
Glu

Leu

Lys

Gly
Arg
Ser
Ala

95
Ala

Glu

Arg

Arg

15
Ile
Arg
Arg
Arg
Gly

95
Ala
Ser
Gly

Ile

Arg
175

Thr
Leu
Glu

80
Ser
Gly

Gln

Asp

Thr
Ser
Leu
His
Arg

80
Thr
Ala
Asn
Gly
Ser

160

Ser
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Gly Gly Glu Ala
180

Pro Val Gly Ser
185

Glu Ala Arg Cys
210

Asp Ala Cys Ser
225

Phe Gly Glu Cys
Leu Glu Gly Ile
260

Gly Arg val val
275

<210> 195

<211> 288

<212> PRT

<213> Sorangium

<400> 19
val Thr val ser
1

val val Thr Ala
20

Arg Leu Arg Arg
35

Arg Ala Trp Arg
50

Leu Pro Pro Gly
65

Ile Leu Pro Ser
Leu Val Ala Arg
100

val Leu Val Gly
115

Arg Arg Ala Glu
130

Glu Ala Met Gln
145

val Ser Gly Met

Gly Gly Glu ala

Gln Thr Pro

Ala

Asn

Asn

Pro

245

Arg

Ala

val Asp

asn Ile
215

Lys Ile
230
Gly Gly

Asn Glu

Cys AXg

cellulosum

ser

5

Leu

His

Arg

ala

His

85

Met

Asp

Arg

Lys

Ser
165

Met Pro

Gly Cys

Pro Glu

Leu Pro
55

Arg val
70

Arg Thr

Ser Gly

Gly Ser

Arg Val
135

Ile Ala
150

Leu Leu

Gln Thr Pro

Gly
Ser
200
Gly
Arg
Ile

Gly

Ser
280

Arg
Ala
ala

40
Gln
Gly
Ala
His
ala
120
Ser
Gly

ala

Gly

Gly
185
Ile
Gln
Sexr
Asp
Cys

265

ser

Ser
Arg

25
Gly
His
Thr
Asp
val
105
Arg
AsSp
Lys

Ala

Gly

.83-

Ala

val

ASD

Glu

Ala

250

Gly

Asp

Trp

10
Axrg
Arg
Ile
Ser
Leu

90
ala
Gly

val

Leu

Cys
170

ala

Gln
Ala
Arg
Trp
235
Lys

Asn

Leu

Ser
Leu
Ala
Ser
Cys

75
Gly
Arg
Arg
Thr
Val

155

Gly

Gly
Ala
Glu
220
Arg
Gln

Pro

cys

Ser
Ser
Pro
Ser

60
Pro
Thr
Asn
Arg
Cys
140

val

Gly

Glu

Arg

205

Tyr

Asp

Leu

Phe

Arg
285

Axg
Gly
Axg

45
Pro
Ala
Ser
Pro
Arg
125
Arg

Gly

Glu

Gln Gly Glu

Ala
190

Cys

ser

Glu

Asn

Asp

270

Asp

Val

Ser

30

Ser

Trp

Asp

Gly

His

110

Leu

Glu

Leu

Lys

Ala

Pro

Asp

Ser

Leu

Glu

255

Thr

Ala

Arg

15
Ile
Arg
Arg
Axg
Gly

95
Ala
Ser
Gly
Ile
Axg

175

Pro

val

Lys
Thr
240
Cys

Leu

Arg

Thr
Ser
Leu
His
Arg

80
Thr
Ala
Asn
Gly
Ser
160

Ser

Val

I W
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180

Pro val Gly Ser
195

Glu Ala Arg Cys
210

Asp Ala Cys Ser
225

Phe Gly Glu Cys

Leu Glu Gly 1le
260

Gly Arg val val
275

<210> 20

<211> 155

<212> PRT

<213> Sorangium

<400> 20
Met Asp Pro Arg
1

Arg Gly Arg Gln
20

Pro Ile Gly Arg
35

Arg Ser Asn Gly
50

Leu Leu Asn ala
65

Phe Ser Asp Arg

Arg Arg Thr Arg
100

Ile Pro arg Asp
115

Ile Val val Gln
130

Leu TIle Ser Thr
145

<210> 21

<211> 15¢

<212> PRT

<213> Sorangium

Ala
Asn
Asn
Pro
245

Arg

Ala

Val Asp

Asn Ile
215

Lys Ile
230
Gly Gly

Asn Glu

Cys Arg

cellulosum

Ala
5
Pro
Thr
Pro
Ser
Asp
85
His
Thr
His

Ile

Arg Arg

Lys Arg

Arg Trp

Glu Pro
55

Asp Arg
70

Pro Ala

Val Arg

Asp Tyr

Thr Arg
135

Ala Tyr
150

cellulosum

-84 -

185

Ser Ile Vval
200

Ala

Gly Gln Asp Arg

Arg Ser Glu

Ile Asp Ala
250

Trp
235

Lys

Gly Cys Gly Asn

265

Ser Ser Asp
280

Glu Lys Arg
10

Ser Gln Gln
25

Ala Ile Ala
40

Gln Met Thr

Asp Ala Gln
Gly Pro Tyr
90

Phe Asn Asp
105

Ala Ser val
120

Leu Asp Ser

Thr Asp Arg

Leu

Pro

Gly

Glu

Ser

Val

75

Arg

Leu

Ile

Arg

Glu
155

Ala
Glu
220
Arg

Gln

Pro

Cys

Ser

Gly

Gly

His

60

Ala

Val

Thr

Glu

Gln
140

Arg

205

Asp

Leu

Phe

Arg
285

Leu

His

45

Glu

Ile

Thr

Glu

Ser

125

Ala

190
Cys

Ser
Glu
Asn
Asp

270

Asp

Leu
Met

30
Ile
Thr
Thr
Val
Pro
110

Asp

Glu

Asp
Ser
Leu
Glu
255

Thr

Ala

Asp

15
Glu
Pro
Ala
Val
Pro

95
Glu

Val

Asn

Arg

Lys

Thr
240

Cys

Leu

Arg

Ser

Lys

Gly

Cys

Tyr

80

Ala

Pro

Pro

Ala
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<400> 21

Val
1
Val
Leu
Leu
Ala
65
Glu
Ser
Ala

Phe

Ser
145

Arg Arg Ser
Gly Arg aArg
20

Ala Gly Cys
35

Ala Pro Gly
50

Ala Thr Thr
Arg Ile Glu
Ser Glu Ser

100

Ser Arg Arg
115

Glu Leu Leu
130

Ser Ala Ala

<210> 22

<211> 305

<212> PRT

<213> Sorangium

<400> 22

Met
1
Val
Ser
Gly
Ala
65
Ile
Glu
Trp

Leu

Glu Lys Glu
Ala Ile Ala
20

Ala Met Leu
35

Leu Leu Leu
50

Glu His Pro
Val Ala Ile
Gly Ile Leu

100

Asn Tyr val
115

Ile Ile Ser
130

Arg Trp Gln

Ile
Gly
Ala
Arg
Ala

85
Pro
Gly

Ile

Val

Gly
Gly
Asp
Leu

70
Gly
Trp
Lys

Thr

Ile
150

Leu
Pro
Ala

55
Ala
Ser
Gln
Leu
Val

135

Gly

cellulosum

Ser Arg Ile
5

Ala

Ser

Leu

Phe

Met

85

His

val

Ile

val

Glu

Leu

Gly

70

Ile

Leu

Leu

His

Lys
Gly
Gly

55
His
Phe
Leu

Gly

Glu
135

Met

Lys

-85 -

His

Thr Leu Gly

Ser

40
His
Val
Glu
Arg
Ala
120

Glu

Pro

Ala
Phe
Val

40
Lys
Gly
Ala
His
Ala

120
Phe

25
Glu

Val
Asp
Arg
Val
105
Glu

Lys

Thr

Ile
Ile

25
His
His
Lys
Ala
Pro
105

Ala

Lys

Lys
Ala
Val
Phe

90
Gly
Thr

Gln

Ser

Ala
Ser
Arg
Glu
Gly

90
Arg

Ala

Lys

Val

Ley

Ile

Ala

Val

75

Val

Val

Thr

Ser

val
155

Gly
Ala
Leu
Ser
Leu

75
Gly
Gln

Val

Lys

Asp
Leu
Val
Asp

60
His
Val
Leu
Val
Ser

140

Gly

Ala

Ala

val

Ala

60
Tyr
Gly

Ile

Phe

140

Thr Gly Arg Arg

Ala
Gln

45
Val
Leu
Trp
Asp
Pro

125

Pro

Ile
Val
Asp

45
Arg
Phe
Val
Glu
Glu

125
Gly

Ser

30
Gly
Asp
Ser

Gln

Tyr
110
His

Gln

Ala
Thr

30
Thr
Pro
Trp
Ser
Asp
110

Gly

Gln

15
Met

Thr
Pro
Pro
Arg

395
Asn

Ala

Ser

Ala

15
Gly
Ala
Pro
Thr
Ile

95

Pro

Thr

Ala

Arg

Asp

Pro

80

Pro

Ala

Asn

Pro

Asn

Ser

Asp

Asp

Leu

Thr

Ser

Gly Tyr
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Leu Ala Ala Met
145

Leu Glu Asp Ser
Val Trp Leu Gly
180

Ser Ile Gly Ile
195

Ser Gln Ser Arg
210

Leu Ala Ala Ile
225

Val Gly Arg pPro
Val Leu Arg Ile
260

Glu Ala Ile Glu
275

Val Lys His Ile
290

a
305

<210> 23

<211> 135

<212> PRT

<213> Sorangium

<400> 23
Val Gln Thr Ser
1

Arg Arg Ile Ala
20

His Glu Gly Ala
35

Lys Ala Arg Ala
50
Arg Arg Gly Leu
65
Gly Arg Ser Arg
Leu Ala Gly Gly

100

Ile Ile Glu Arg
115

Arg Ser Ser

Ala
165
His
Gly
Gly
Arg
Leu
245
Glu

Arg

Tyr

150

Ala Leu
Arg Leu
Leu Val
Leu Leu

215

Ala Leu
230

Thr Met
Phe Asp

Ile Glu

Val Glu
295

cellulosum

Ser
5
Arg
Ala
His
Pro
Asp
85

Ala

Leu

Phe Asp
Ser Gly
Ser Ala
Gly Ala

55

Gly Ala
70

Leu Ala

Ser Met

Pro Asp

Lys
Ala
Gly
Leu
200
val
Ala
His
Ala
Thr

280

Ala

Ala
Ser
Gly

40
Met
Gly
Arg

Ala

Pro
120

Asp
Gly
Asn
185
Ala
Gly
Ser
Phe
Ala
265

Arg

Arg

Arg

Ala

Fhe

Leu

Ala

Arg

Val

105

Pro

-86 -

Pro
Leu
170
Pro
Ala
Glu
Ala
Gly
250
Leu

Ile

Ser

Tyr

10
Gly
Glu
Gly
Leu

90

val

Leu

Thr Thr pPhe
155

Thr

Val
Ser
Asp
235
Pro
Thr

Arg

Leu

Ala
Ala
Gly
Gly
Arg

75
Leu

Ser

Pro

Ile
Leu
Ala
Ala
220
Pro
His
Ala

Ser

His
300

Gly
Arg
Gly
Arg

60
Ala
Ile

Leu

Gly

Ala
Asp
Val
205
Asp
Gly
Glu
Ser
Glu

285

Gln

Cys
Ala
Asp

45
Asp
Ala
Ala

Phe

Phe
125

Thr
Phe
Gly
1390
Phe
Arg
Val
Val
Gly
270

Arg

Arg

Lys
Gly

30
Val
Asp
Leu
Ser
Gln

110
Asp

Ile
Leu
175
Ala
Leu
Glu
Ser
Leu
255
Val

Pro

Ala

Ser

15
Arg
Met
Gly
Gln
Val

95

Leu

Ser

Val
160
Gly
Ala
Ala
Leu
Ala
240
Val
Ala

Asp

Arg

Ser
Ala
Arg
Trp
Arg

80
Ser

Gly

Ala
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Lys Val Thr Ser Ser Asp Ile
130 135

<210> 24

<211> 19

<212> DNA

<213> Artificial Sequence

<220>
<223>
reverse primer

<400> 24

ggaaacagct atgaccatg

<210> 25

<211> 17

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
forward primer

<400> 25

gtaaaacgac ggccagt

<210> 26

<211> 28

<212> DNA

<213> Artificial Sequence

<220>

<223> Descraiption of Artificial Sequence:
NH24 end "B"

<400> 26

gtgactggcg cctggaatct gcatgagc

<210> 27

<211> 28

<212> DNA

<213> Artificial Sequernce

<220>

<223> Descraiption of Artificial Sequence:
end "A“

<400> 27

agcgggagcect tgctagacat tctgtttce

<210> 28

<211> 24

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:
end ] B "

<400> 28

gacgcgectc gggcagcgec ccaa

<210> 29

Description of Artificial Sequence:

17 DEC 2002

universal
19
universal -
17
PCR primer
28
PCR primer NH2
28
PCR primer NH2
24



-88 -

<211> 25
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PCR primer
PEPO15-NH6 end "B"

<400> 29

caccgaagcg tcegatctggt ccatc
<210> 30 .
<211> 25 N
<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PCR primer
pPEPO1l5H2.7 end "a"

<400> 30
cggtcagatc gacgacggge tttce

e

25

25
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