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(57) ABSTRACT

This invention provides genes and their encoded proteins,
involved in the biosynthesis of farnesyl dibenzodiazepinones,
including ECO-04601. The invention relates to expression
vectors comprising the genes and to host cells transformed
with these vectors. The invention further relates to methods of
producing farnesyl dibenzodiazepinone compounds using
the genes and proteins of the invention, for example, involv-
ing expression of biosynthetic pathway genes in transformed
host cells.
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Figure 1
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Figure 2
6000-
™
£ 5000~
E —&@— Saline Q1x5
:; 4000+ —O— 04601 (20 mg/kg) Q1x5
g 3000- —3¥— 04601 (30 mg/kg) Q1x5
O
> 60.5% inhibition
E 2000~ p<0.01
|E 1000~ 74.1%inhibition
p<0.01
) ) | ) |

8 10 12 14 16 18 20

Days post-inoculation



Patent Application Publication Jun. 5, 2008 Sheet 3 0of 10 US 2008/0131943 A1

Figure 3
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Figure 9
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Figure 10
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POLYNUCLEOTIDES FOR PRODUCTION OF
FARNESYL DIBENZODIAZEPINONES

RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/330,123, filed Jan. 12, 2006, which is a
continuation-in-part of U.S. patent application Ser. No.
10/762,107, filed Jan. 21, 2004, now issued as U.S. Pat. No.
7,101,872, which claims priority to each of U.S. Provisional
Application No. 60/441,126, filed Jan. 21, 2003, U.S. Provi-
sional Application No. 60/492,997, filed Aug. 7, 2003, and
U.S. Provisional Application No. 60/518,286, filed Nov. 10,
2003. The entire disclosures of each of these applications are
herein incorporated by reference.

SEQUENCE LISTING ON COMPACT DISK

[0002] The content of the following submissions on com-
pact discs are incorporated herein by reference in its entirety:
A compact disc copy of the Sequence Listing (COPY 1) (file
name: 3005-5US-50US.ST25.txt, date recorded Jan. 10,
2006, size: 298 KB) and a duplicate compact disc copy of the
Sequence Listing (COPY 2) (file name: 3005-5US-50US.
ST25.1xt, date recorded Jan. 10, 2006, size: 298 KB).

FIELD OF THE INVENTION

[0003] The invention relates to novel polynucleotide
sequences and their encoded proteins, which are involved in
the biosynthesis of a farnesyl dibenzodiazepinone compound
and analogs. The invention relates to the use of such poly-
nucleotides and proteins to produce farnesyl dibenzodiazepi-
none compounds and analogs. One method of obtaining the
compound is by cultivation of a novel modified strain of
Micromonospora sp., i.e., 046-ECO11 or [S01]046; another
method involves expression of biosynthetic pathway genes in
transformed host cells. The present invention further relates
to cosmids 046KM and 046KQ and their methods of use.

BACKGROUND OF THE INVENTION

[0004] The euvactinomycetes are a subset of a large and
complex group of Gram-positive bacteria known as actino-
mycetes. Over the past few decades these organisms, which
are abundant in soil, have generated significant commercial
and scientific interest as a result of the large number of thera-
peutically useful compounds produced as secondary metabo-
lites. The intensive search for strains able to produce new
secondary metabolites having potential therapeutic applica-
tions has led to the identification of hundreds of new species.
Many of the euactinomycetes, particularly Strepromyces and
the closely related Saccharopolyspora genera, have been
extensively studied. Both of these genera produce a notable
diversity of biologically active metabolites. Because of the
commercial significance of these compounds, much is known
about the genetics and physiology of these organisms.

[0005] Microbial genomic information is unique in that,
unlike the organization of genomic information in higher life
forms, microbial secondary metabolic biosynthetic genes are
known to cluster together within the genome. This informa-
tion allows identification of the gene locus encoding the
enzymes responsible for the biosynthesis of a specific mol-
ecule. Equally, the identification of the genes present within a
cluster allows prediction of the structure of the secondary
metabolite. The identification of the genes and proteins
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responsible for the production of active molecules allows for
example, generation of structural analogs or improvement of
the production process.

[0006] U.S. patent application Ser. No. 10/762,107
describes a dibenzodiazepinone secondary metabolite, spe-
cifically 10-farnesyl-4,6,8-trihydroxy-dibenzodiazepin-11-
one (named ECO-04601) produced by a known euactino-
mycetes strain, Micromonospora sp. (IDAC 231203-01).
Likewise, U.S. Pat. No. 5,541,181 (Ohkuma et al.) also dis-
closes a dibenzodiazepinone secondary metabolite, specifi-
cally S-farnesyl-4,7,9-trihydroxy-dibenzodiazepin-11-one
(named “BU-4664L"), produced by a known euactino-
mycetes strain, Micromonospora sp. M990-6 (ATCC 55378).
Both these dibenzodiazepinones have been reported to have
anti-tumor activity.

[0007] Although many biologically active compounds have
been identified from bacteria, there remains the need to obtain
novel naturally occurring compounds with enhanced proper-
ties. Current methods of obtaining such compounds include
screening of natural isolates and chemical modification of
existing compounds, both of which are costly and time con-
suming. Current screening methods are based on general
biological properties of the compound, which require prior
knowledge of the structure of the molecules. Methods for
chemically modifying known active compounds exist, but
still suffer from practical limitations as to the type of com-
pounds obtainable.

[0008] Thus, there exists a considerable need to obtain
pharmaceutically active compounds in a cost-effective man-
ner and with high yield. The present invention solves these
problems by providing polynucleotides, polypeptides, vec-
tors comprising the polynucleotides and host cells compris-
ing the vectors for production of dibenzodiazepinones, as
well as methods to generate farnesyl dibenzodiazepinones by
de novo biosynthesis (heterologous or homologous expres-
sion of biosynthetic genes) or semi-synthesis rather than by
chemical synthesis.

SUMMARY OF THE INVENTION

[0009] Theinvention further encompasses an isolated poly-
nucleotide comprising one or more of SEQ ID NOs. 1, 64 and
73, wherein the polynucleotide encodes a polypeptide that
participates in a biosynthetic pathway for a farnesyl dibenzo-
diazepinone.

[0010] Theinvention further encompasses an isolated poly-
nucleotide comprising SEQ ID NOs. 1, 64 and 73, wherein
the polynucleotide encodes a polypeptide that participates in
a biosynthetic pathway for a farnesyl dibenzodiazepinone.
[0011] Theinvention further encompasses an isolated poly-
nucleotide that encodes a polypeptide selected from the group
consisting of SEQIDNOs. 2,4, 6,8, 10,12, 14,16, 18, 20,22,
24,26,28,30,32,34,36,38, 40,42, 44, 46,48, 50, 52, 54, 56,
58, 60,62, 65,67,69,71,74,76,78, 80, 82,84, 86, 88, 90, 92,
94 and 96.

[0012] The invention further provides an isolated nucleic
acid comprising a nucleotide sequence identical or comple-
mentary to a polynucleotide encoding a polypeptide having at
least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95% or at least 99% identity to a sequence
selected from the group consisting of SEQ ID NOs. 2, 4, 6, 8,
10,12, 14,16, 18,20, 22,24, 26, 28,30,32, 34, 36, 38, 40, 42,
44, 46,48, 50,52, 54,56, 58, 60, 62, 65,67,69,71,74,76,78,
80, 82, 84, 86, 88, 90, 92, 94 and 96 said polypeptide having
the same biological function as its corresponding protein.
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[0013] The invention further provides an isolated nucleic
acid comprising a nucleotide sequence hybridizing under
low, moderate, high or very high stringency conditions to the
complement of a polynucleotide encoding a sequence
selected from the group consisting of SEQ ID NOs. 2,4, 6, 8,
10,12, 14,16, 18,20, 22,24, 26, 28,30,32, 34, 36, 38, 40, 42,
44,46,48, 50,52, 54,56,58, 60, 62, 65,67,69,71,74,76,78,
80, 82, 84, 86, 88, 90, 92, 94 and 96, said polypeptide having
the same biological function as its corresponding protein.
[0014] The invention provides an isolated, purified or
enriched nucleic acid comprising a polynucleotide, or a
nucleotide sequence complementary thereto, said polynucle-
otide encoding a polypeptide selected from an adenylating
amide synthetase (ADSA) having at least 80%, at least 90%,
or at least 95% identity to the adenylating amide synthetase of
SEQ ID NO: 48; and an isoprenyl transferase (IPTN) having
at least 80%, at least 90%, or at least 95% identity to the
isoprenyl transferase of SEQ ID NO: 22. In one embodiment,
the invention provides an expression vector comprising said
ADSA or IPTN-encoding nucleic acid. In another embodi-
ment, the invention provides host cells transformed which
such vector.

[0015] The invention further provides a polypeptide
selected from an adenylating amide synthetase (ADSA) hav-
ing at least 80%, at least 90%, or at least 95% identity to the
adenylating amide synthetase of SEQ ID NO: 48; and an
isoprenyl transferase (IPTN) having at least 80%, at least
90%, or at least 95% identity to the isoprenyl transferase of
SEQ ID NO: 22.

[0016] In one embodiment, the isolated polynucleotide
comprising SEQ ID No. 1 encodes a polypeptide selected
from the group consisting of SEQ ID Nos. 2, 4, 6, 8, 10, 12,
14,16,18,20,22,24,26,28,30,32,34,36,38, 40, 42, 44, 46,
48, 50, 52, 54, 56, 58, 60 and 62.

[0017] Inanother embodiment, the isolated polynucleotide
comprising SEQ ID No. 64 encodes a polypeptide selected
from the group consisting of SEQ ID NOS: 65, 67,69 and 71.
[0018] Inanother embodiment, the isolated polynucleotide
comprising SEQ ID No. 73, encodes a polypeptide selected
from the group consisting of SEQ ID NOS: 74, 76, 78, 80, 82,
84, 86 and 88.

[0019] The invention further encompasses an isolated
polypeptide of SEQ IDNO. 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24,26,28,30,32,34,36,38,40,42,44,46,48, 50, 52, 54,
56,58, 60, 62,65,67,69,71,74,76,78, 80,82, 84, 86, 88, 90,
92, 94 and 96.

[0020] The invention further provides an isolated polypep-
tide having at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95% or at least 99% identity to a
sequence selected from the group consisting of SEQ ID NOs.
2,4,6,8,10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38,40,42, 44,46, 48, 50,52, 54, 56, 58, 60, 62, 65, 67,69, 71,
74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94 and 96, said polypep-
tide having the same biological function as its corresponding
protein.

[0021] In one embodiment, the polypeptide participates in
a biosynthetic pathway for a farnesyl dibenzodiazepinone.
[0022] The invention further encompasses an expression
vector comprising one or more of the polynucleotides
described herein.

[0023] The invention further encompasses a recombinant
prokaryotic organism comprising one or more such expres-
sion vectors.
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[0024] In one embodiment, the organism is an actino-
mycete.
[0025] In another embodiment, the organism requires the

expression vector to synthesize a farnesyl dibenzodiazepi-
none. That is, the organism is deficient in the ability to syn-
thesize a farnesyl dibenzodiazepinone before transformation
with a polynucleotide as described herein.

[0026] The invention further encompasses a method of
making a farnesyl dibenzodiazepinone de novo in a prokary-
ote, comprising the steps of: (a) providing a prokaryote that is
incapable of synthesizing a farnesyl dibenzodiazepinone; (b)
transforming the prokaryote with an expression vector as
described herein; and (¢) culturing the prokaryote under con-
ditions such that a polypeptide of the invention is expressed
and catalyses the synthesis of a farnesyl dibenzodiazepinone
compound or analog.

[0027] In one embodiment, the prokaryote is an actino-
mycete.
[0028] In another embodiment, the vector expresses a

polypeptide of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22,24,26, 28,30, 32, 34,36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56,58, 60, 62, 65,67,69,71,74,76,78, 80,82, 84, 86, 88, 90,
92, 94 and 96.

BRIEF DESCRIPTION OF THE FIGURES

[0029] FIG. 1: shows inhibition of tumor growth resulting
from administration of 10 to 30 mg/kg of ECO-04601 to
glioblastoma-bearing mice beginning one day after tumor
cell inoculation.

[0030] FIG. 2: shows inhibition of tumor growth resulting
from administration of 20-30 mg/kg of ECO-04601 to glio-
blastoma-bearing mice beginning ten days after tumor cell
inoculation.

[0031] FIG. 3: shows micrographs of tumor sections from
mice bearing glioblastoma tumors and treated with saline or
ECO0-04601. The cell density of tumor treated with ECO-
04601 appears decreased and nuclei from ECO-04601-
treated tumor cells are larger and pynotic suggesting a cyto-
toxic effect.

[0032] FIG. 4: shows the biosynthetic locus of ECO-04601,
isolated from Micromonospora sp. strain 046-ECOI11,
including the positions of cosmids 046KM and 046KQ.
[0033] FIGS. 5 to 8: show the different steps involved in the
biosynthetic pathway of ECO-04601. Each of FIGS. 5 to 8
shows the three biosynthetic loci A, B and C where ORFs are
represented by arrows. Highlighted ORF's are involved in the
steps described in the schematic diagram. The biosynthetic
enzymes involved in the steps depicted in schematic diagrams
are indicated by their family designation and the respective
ORF number in each of Loci A, B and C (e.g., 8/7/7).
[0034] FIG. 5: shows a schematic diagram of the biosyn-
thetic pathway for the production of farnesyl-diphosphate,
providing the farnesyl group of ECO-04601.

[0035] FIG. 6: shows a schematic diagram of the biosyn-
thetic pathway for the production of 3-hydroxy-anthranilate-
adenylate precursor of the dibenzodiazepinone group.
[0036] FIG. 7: shows a schematic diagram of the biosyn-
thetic pathway for the production of 2-amino-6-hydroxy-[1,
4]benzoquinone precursor of the core dibenzodiazepinone.
[0037] FIG. 8: shows a schematic diagram of the biosyn-
thetic pathway for the assembly of the EC0-04601 precur-
sors, farnesyl-diphosphate, 3-hydroxy-anthranilate-adeny-
late and 2-amino-6-hydroxy-[ 1,4]benzoquinone.
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[0038] FIGS. 9 and 10: show clustal alignments respec-
tively of isoprenyl transferase and adenylating amide syn-
thetase enzymes of locus A with the corresponding enzymes
present in loci B and C. In each of the clustal alignments: (i)
an asterisk “*” indicates positions which have a single, fully
conserved residues; (ii) a colon *“:” indicates that one of the
following strong groups is fully conserved in a specific posi-
tion: (S, TorA); (N, E, Q or K); (N, H, Q or K); (N, D, E or
Q) (Q,H,RorK); M,LLorV); M, LorF); HorY);and
(F, Y or W); and (iii) a period “.” indicates that one of the
following weaker groups is fully conserved: (C, S or A); (A,
TorV); (S,AorG); (S, T,NorK); (S, T,PorA); (S, G,Nor
D);(S,N,D,E, QorK); N, D, E,Q,HorK); (N, E, Q, H,R
orK); (F, V,L,Tor M): and (H, F orY). The number at the end
of'each line indicates the position of the last amino acid of the
line within the specific domain.

[0039] FIG. 9: shows an amino acid alignment comparing
the isoprenyl transferase (IPTN) enzyme of locus A (SEQ ID
NO: 22), isolated from Micronospora sp. strain 046-ECO11,
with the isoprenyl transferase enzyme oflocus B (SEQ IDNO
90) isolated from Micromonospora echinospora challisensis
NRRL 12255, and the partial isoprenyl transferase enzyme of
locus C (SEQ ID NO: 94) isolated from Streptomyces carzi-
nostaticus neocarzinostaticus ATCC 15944.

[0040] FIG.10: shows an amino acid alignment comparing
the adenylating amide synthetase (ADSA) enzyme of locus A
(SEQ ID NO: 48), isolated from Micronospora sp. strain
046-ECO11, with the adenylating amide synthetase of locus
B (SEQ ID NO 92) isolated from Micromonospora echino-
spora challisensis NRRL 12255, and locus C (SEQ ID NO:
96) isolated from Streptomyces carzinostaticus neocarzino-
staticus ATCC 15944.

DETAILED DESCRIPTION OF THE INVENTION

[0041] The present invention provides isolated and purified
polynucleotides that encode farnesyl dibenzodiazepinone-
producing enzymes, i.e., polypeptides from farnesyl diben-
zodiazepinone-producing  microorganisms, fragments
thereof, vectors containing those polynucleotides, and host
cells transformed with those vectors. These polynucleotides,
fragments thereof, and vectors comprising the polynucle-
otides can be used as reagents in the production of farnesyl
dibenzodiazepinones. The invention also relates to a method
for producing new farnesyl dibenzodiazepinones, by selec-
tively altering the genetic information of an organism or by
feeding the proteins or a host cell transformed with vectors
comprising nucleic acids encoding them, with close analogs
of the key intermediates. Portions of the polynucleotide
sequences disclosed herein are also useful as primers for the
amplification of DNA or as probes to identify related domains
from other farnesyl dibenzodiazepinone producing microor-
ganisms.

1. Definitions

[0042] For convenience, the meaning of certain terms and
phrases used in the specification, examples, and appended
claims, are provided below.

[0043] As used herein, the term “farnesyl dibenzodiazepi-
none” refers to a class of dibenzodiazepinone compounds
containing a farnesyl moiety. The term includes, but is not
limited to, the exemplified compound of the present inven-
tion, 10-farnesyl-4,6,8-trihydroxy-dibenzodiazepin-11-one,
which is referred to herein as “ECO-04601.”
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[0044] The terms “farnesyl dibenzodiazepinone-producing
microorganism” and “producer of farnesyl dibenzodiazepi-
none,” as used herein, refer to a microorganism that carries
genetic information necessary to produce a farnesyl dibenzo-
diazepinone compound, whether or not the organism natu-
rally produces the compound. The terms apply equally to
organisms in which the genetic information to produce the
farnesyl dibenzodiazepinone compound is found in the
organism as it exists in its natural environment, and to organ-
isms (host cells) in which the genetic information is intro-
duced by recombinant techniques.

[0045] Specific organisms contemplated herein include,
without limitation, organisms of the family Micromonospo-
raceae, of which preferred genera include Micromonospora,
Actinoplanes and Dactylosporangium; the family Strepto-
mycetaceae, of which preferred genera include Streptomyces
and Kitasatospora; the family Pseudonocardiaceae, of which
preferred genera are Amycolatopsis and Saccharopolyspora;
and the family Actinosynnemataceae, of which preferred gen-
era include Saccharothrix and Actinosynnema; however the
terms are intended to encompass all organisms containing
genetic information necessary to produce a farnesyl dibenzo-
diazepinone compound. A preferred producer of a farnesyl
dibenzodiazepinone compound includes microbial strain
046-ECO11, a deposit of which was made on Mar. 7, 2003,
with the International Depository Authority of Canada
(IDAC), Bureau of Microbiology, Health Canada, 1015
Arlington Street, Winnipeg, Manitoba, Canada R3E 3R2,
under Accession No. IDAC 070303-01.

[0046] The term “gene” means the segment of DNA
involved in producing a polypeptide chain; it includes regions
preceding and following the coding region (leader and trailer)
as well as, where applicable, intervening regions (introns)
between individual coding segments (exons).

[0047] The terms “gene locus, “gene cluster,” and “biosyn-
thetic locus™ refer to a group of genes or variants thereof
involved in the biosynthesis of a farnesyl dibenzodiazepinone
compound. For example, the biosynthetic locus in strain 046-
ECO11 that directs the production of ECO-04601 referred to
herein as “046D” or “locus A”, the biosynthetic locus in
Micromonospora echinospora challisensis NRRL 12255
referred to herein as “052E” or “locus B”, the biosynthetic
locus in Streptomyces carzinostaticus neocarzinostaticus
ATCC 15944 referred to herein as “237C” or “locus C”, or the
corresponding biosynthetic locus from a farnesyl dibenzodi-
azepinone-producing microorganism. Genetic modification
of gene locus, gene cluster or biosynthetic locus refers to any
genetic recombinant techniques known in the art including
mutagenesis, inactivation, or replacement of nucleic acids
that can be applied to generate variants of ECO-04601.

[0048] A DNA or nucleotide “coding sequence” or
“sequence encoding” a particular polypeptide or protein, is a
DNA sequence which is transcribed and translated into a
polypeptide or protein when placed under the control of an
appropriate regulatory sequence.

[0049] “Oligonucleotide” refers to a nucleic acid, generally
of at least 10, preferably 15 and more preferably at least 20
nucleotides in length, preferably no more than 100 nucle-
otides in length, that are hybridizable to a genomic DNA
molecule, a cDNA molecule, or an mRNA molecule encod-
ing a gene, mRNA, cDNA or other nucleic acid of interest.
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[0050] A promoter sequence is “operably linked to” a cod-
ing sequence recognized by RNA polymerase which initiates
transcription at the promoter and transcribes the coding
sequence into mRNA.

[0051] The term “repl icon” as used herein means any
genetic element, such as a plasmid, cosmid, chromosome or
virus, that behaves as an autonomous unit of polynucleotide
replication within a cell. An “expression vector” or “vector” is
a replicon in which another polynucleotide fragment is
attached, such as to bring about the replication and/or expres-
sion of the attached fragment. “Plasmids” are designated
herein by a lower case “p” preceded or followed by capital
letters and/or numbers. The starting plasmids disclosed
herein are commercially available, publicly available on an
unrestricted basis, or can be constructed from available plas-
mids in accordance with published procedures. In addition,
equivalent plasmids to those described herein are known in
the art and will be apparent to the skilled artisan.

[0052] Theterms “express” and “expression” means allow-
ing or causing the information in a gene or DNA sequence to
become manifest, for example producing a protein by acti-
vating the cellular functions involved in transcription and
translation of a corresponding gene or DNA sequence. A
DNA sequence is expressed in or by a cell to form an “expres-
sion product” such as a protein. The expression product itself,
e.g. the resulting protein, may also be said to be “expressed”
by the cell. An expression product can be characterized as
intracellular, extracellular or secreted.

[0053] “Digestion” of DNA refers to enzymatic cleavage of
the DNA with a restriction enzyme that acts only at certain
sequences in the DNA. The various restriction enzymes used
herein are commercially available and their reaction condi-
tions, cofactors and other requirements were used as would be
known to the ordinary skilled artisan. For analytical purposes,
typically 1 ug of plasmid or DNA fragment is used with about
2 units of enzyme in about 20 pl of buffer solution. For the
purpose of isolating DNA fragments for plasmid construc-
tion, typically 5 to 50 pg of DNA are digested with 20 to 250
units of enzyme in a larger volume. Appropriate bufters and
substrate amounts for particular enzymes are specified by the
manufacturer. Incubation times of about 1 hour at 37° C. are
ordinarily used, but may vary in accordance with the suppli-
er’s instructions. After digestion the gel electrophoresis may
be performed to isolate the desired fragment.

[0054] The term “isolated” as used herein means that the
material is removed from its original environment (e.g. the
natural environment where the material is naturally occur-
ring). For example, a naturally occurring polynucleotide or
polypeptide present in a living animal is not isolated, but the
same polynucleotide or polypeptide, which is separated from
some or all of the coexisting materials in the natural system,
is isolated. Such polynucleotides could be part of a vector
and/or such polynucleotides or polypeptides could be part of
a composition, and still be isolated in that the vector or com-
position is not part of the natural environment.

[0055] The term “restriction fragment” as used herein
refers to any linear DNA generated by the action of one or
more restriction enzymes.

[0056] The term “transformation” means the introduction
of a foreign gene, foreign nucleic acid, DNA or RNA
sequence to a host cell, so that the host cell will express the
introduced gene or sequence to produce a desired substance,
typically a protein or enzyme coded by the introduced gene or
sequence. The introduced gene or sequence may also be
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called a “cloned” or “foreign™ gene or sequence, may include
regulatory or control sequences, such as start, stop, promoter,
signal, secretion, or other sequences used by a cell’s genetic
machinery. The gene or sequence may include nonfunctional
sequences or sequences with no known function. A host cell
that receives and expresses introduced DNA or RNA has been
“transformed” and is a “transformant” or a “clone” or
“recombinant”. The DNA or RNA introduced to a host cell
can come from any source, including cells of the same genus
or species as the host cell, or cells of a different genus or
species.

[0057] The terms “recombinant polynucleotide” and
“recombinant polypeptide” as used herein mean a polynucle-
otide or polypeptide which by virtue of its origin or manipu-
lation is not associated with all or a portion of the polynucle-
otide or polypeptide with which it is associated in nature
and/or is linked to a polynucleotide or polypeptide other than
that to which it is linked in nature.

[0058] The term “host cell” as used herein, refer to both
prokaryotic and eukaryotic cells which are used as recipients
of the recombinant polynucleotides and vectors provided
herein. In one embodiment, the host cell is a prokaryote.
[0059] The terms “open reading frame” and “ORF” as used
herein refers to a region of a polynucleotide sequence which
encodes a polypeptide; this region may represent a portion of
a coding sequence or a total coding sequence.

[0060] As used herein and as known in the art, the term
“identity” is the relationship between two or more polynucle-
otide sequences, as determined by comparing the sequences.
Identity also means the degree of sequence relatedness
between polynucleotide sequences, as determined by the
match between strings of such sequences. Identity can be
readily calculated (see, e.g., Computation Molecular Biol-
ogy, Lesk, A. M., eds., Oxford University Press, New York
(1998), and Biocomputing: Informatics and Genome
Projects, Smith, D. W, ed., Academic Press, New York
(1993), both of which are incorporated by reference herein).
While there exist a number of methods to measure identity
between two polynucleotide sequences, the term is well
known to skilled artisans (see, e.g., Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press (1987);
and Sequence Analysis Primer, Gribskov., M. and Devereux,
J., eds., M. Stockton Press, New York (1991)). Methods com-
monly employed to determine identity between sequences
include, for example, those disclosed in Carillo, H., and Lip-
man, D., SIAM J. Applied Math. (1988) 48:1073. “Substan-
tially identical,” as used herein, means there is a very high
degree of homology (preferably 100% sequence identity)
between subject polynucleotide sequences. However, poly-
nucleotides having greater than 90%, or 95% sequence iden-
tity may be used in the present invention, and thus sequence
variations that might be expected due to genetic mutation,
strain polymorphism, or evolutionary divergence can be tol-
erated.

II. Method of Making a Farnesyl Dibenzodiazepinone by
Fermentation

[0061] The farnesyl dibenzodiazepinone compounds of the
present invention may be biosynthesized by various microor-
ganisms. Microorganisms that may synthesize the com-
pounds of the present invention include but are not limited to
bacteria of the order Actinomycetales, also referred to as
actinomycetes. Non-limiting examples of members belong-
ing to the genera of Actinomycetes include Nocardia, Geo-
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dermatophilus, Actinoplanes, Micromonospora, Nocardio- dibenzodiazepinone compounds can be extracted and iso-
ides, Saccharothrix, Amycolatopsis, Kutzneria, lated from the cultivated culture media by techniques known
Saccharomonospora, Saccharopolyspora, Kitasatospora, to a skilled person in the art and/or disclosed herein, including
Streptomyces, Microbispora, Streptosporangium, and Acti- for example centrifugation, chromatography, adsorption, fil-
nomadura. The taxonomy of actinomycetes is complex and tration. For example, the cultivated culture media can be
reference is made to Goodfellow, Suprageneric Classifica- mixed with a suitable organic solvent such as n-butanol, n-bu-
tion of Actinomycetes (1989); Bergey’s Manual of Systematic tyl acetate or 4-methyl-2-pentanone, the organic layer can be
Bacteriology, Vol. 4 (Williams and Wilkins, Baltimore, pp. separated for example, by centrifugation followed by the
2322-2339); and to Embley and Stackebrandt, “The molecu- removal of the solvent, by evaporation to dryness or by evapo-
lar phylogeny and systematics of the actinomycetes,” Annu. ration to dryness under vacuum. The resulting residue can
Rev. Microbiol. (1994) 48:257-289, each of which is hereby optionally be reconstituted with for example water, ethanol,
incorporated by reference in its entirety, for genera that may ethyl acetate, methanol or a mixture thereof, and re-extracted
synthesize the compounds of the invention. with a suitable organic solvent such as hexane, carbon tetra-
[0062] Farnesyl dibenzodiazepinone-producing microor- chloride, methylene chloride or a mixture thereof. Following
ganisms are cultivated in culture medium containing known removal of the solvent, the compounds may be further puri-
nutritional sources for actinomycetes. Such media having fied by the use of standard techniques, such as chromatogra-
assimilable sources of carbon, nitrogen, plus optional inor- phy.
ganic salts and other known growth factors at a pH of about 6 . . . .
to about 9. Suitable media include, without limitation, the 11 Method of Making a Famesyl Dibenzodiazepinone by
growth media provided in Table 1. Microorganisms are cul- Recombinant Technology
tivated at incubation temperatures of about 18° C. to about [0063] In another embodiment, the present invention
40° C. for about 3 to about 40 days. relates to nucleic acid molecules that encode proteins useful
TABLE 1
Examples of Fermentation Media
Component QB MA KH RM JA FA HI CL
pH *! 72 15 7 685 73 70 70 70
Glucose 12 10 10 10
Sucrose 100
Cane molasses 15
Corn starch 30
Soluble starch 10 25
Potato dextrin 20 40 20 20
Corn steep solid 5
Corn steep liquor 5 15
Dried yeast 2
Yeast extract 5 8.34
Malt extract 35
Pharmamedia ™ 10 15
Glycerol 30 20
NZ-Amine A 5 10
Soybean powder 15
Fish meal 10
Bacto-peptone 2.5 5
MgSO,*7H,0 1
CaCOs 4 1 2 203 2
NaCl 5
(NH,),S0, 2 2
K,S0, 0.25
MgCly*6H,0 10
Na,HPO, 3
Casamino acid 0.1
Proflo oil ™ (mIL/L) 4
MOPS 21

Trace element
solution *? ml/L

Unless otherwise indicated all the ingredients are in g/L.
*! The pH is to adjusted as marked prior to the addition of CaCO,.

*2 Trace elements solution contains: ZnCl, 40 mg; Fe Cly 6H,0 (200 mg); CuCl, 2H,0 (10
mg); MnCl,*4H,0; Na,B,0,°10H,0 (10 mg); (NH,)s MO-0,,44H,0 (10 mg) per litre.

The culture media inoculated with the farnesyl dibenzodiaz-
epinone-producing microorganisms may be aerated by incu-
bating the inoculated culture media with agitation, for
example, shaking on a rotary shaker, or a shaking water bath.
Aeration may also be achieved by the injection of air, oxygen
or an appropriate gaseous mixture to the inoculated culture
media during incubation. Following cultivation, the farnesyl

in the production of farnesyl benzodiazepinones. Specifi-
cally, the present invention provides recombinant DNA vec-
tors and nucleic acid molecules that encode all or part of the
biosynthetic locus in strain 046-ECO11, which directs the
production of EC0O-04601, and is referred to herein as
“046D.” The invention further includes genetic modification
ot 046D using conventional genetic recombinant techniques,
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such as mutagenesis, inactivation, or replacement of nucleic
acids, to produce chemical variants of ECO-04601.

[0064] The invention thus provides a method for making a
farnesyl benzodiazepinone compound using a transformed
host cell comprising a recombinant DNA vector that encodes
one or more of the polypeptides of the present invention, and
culturing the host cell under conditions such that farnesyl
benzodiazepinone is produced. In one embodiment, the host
cellis a prokaryote. In another embodiment, the host cell is an
actinomycete. In another embodiment, the host cell is a Strep-
tomyces host cell. In a further embodiment, the host cell is a
non-Streptomyces actinomycete such as a Rhodococcus, a
Mycobaterium, or an Amycolatopsis specie.

[0065] The invention provides recombinant nucleic acids
that produce a variety of farnesyl dibenzodiazepinone com-
pounds that cannot be readily synthesized by chemical meth-
odology alone. The invention allows direct manipulation of
046D biosynthetic locus via genetic engineering of the
enzymes involved in the biosynthesis of a farnesyl dibenzo-
diazepinone according to the invention. The 046D biosyn-
thetic locus is described in Example 5.

[0066] Farnesyl dibenzodazepinones and analogs are also
produced by feeding one or more key intermediates or bio-
synthetic precursors (as defined in FIGS. 5-8) or close struc-
tural analogs, to a host cell comprising a recombinant DNA
vector that encodes one or more of the polypeptides of the
present invention, and culturing the host cell under conditions
such that the farnesyl benzodiazepinone or analog is pro-
duced. Key intermediates are contacted directly with an iso-
lated protein of the invention to perform the necessary steps
for the production of a farnesyl dibenzodiazepinone (e.g., the
farnesyl diphopshate and dibenzodiazepinone precursors can
be coupled using an IPTN protein of the invention).

[0067] Key intermediates may be commercially available
or may be prepared using standard chemical procedures or
using the proteins of this invention. For example, farnesyl
diphosphate and 3-hydroxyanthranilic acid are commercially
available (e.g., Fluka F6892 and Aldrich 148776). 3-Amino-
5-hydroxybenzoic acid, a precursor of the 2-amino-6-hy-
droxybenzoquinone, is prepared as described in Herlt et al
(1981), Aust. J. Chem., vol 34, 1319-1324.

[0068] Recombinant DNA Vectors

[0069] Vectors of the invention typically comprise the
DNA of a transmissible agent, into which foreign DNA is
inserted. A common way to insert one segment of DNA into
another segment of DNA involves the use of specific enzymes
called restriction enzymes that cleave DNA at specific sites
(specific groups of nucleotides) called restriction sites. A
“cassette” refers to a DNA coding sequence or segment of
DNA that codes for an expression product that can be inserted
into a vector at defined restriction sites. The cassette restric-
tion sites are designed to ensure insertion of the cassette in the
proper reading frame. Generally, a nucleic acid molecule that
encodes a protein useful in the production of a farnesyl diben-
zodiazepinone is inserted at one or more restriction sites of
the vector DNA, and then is carried by the vector into a
prokaryote e.g. actinomycte, by transformation (see below).
A segment or sequence of DNA having inserted or added
DNA, such as an expression vector, can also be calleda “DNA
construct”. A common type of vector is a “plasmid” which
generally is a self-contained molecule of double-stranded
DNA, usually of'bacterial origin, that can readily accept addi-
tional (foreign) DNA and which can be readily introduced
into a suitable host cell. A plasmid vector often contains
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coding DNA and promoter DNA and has one or more restric-
tion sites suitable for inserting foreign DNA. Coding DNA is
a DNA sequence that encodes a particular amino acid
sequence for a particular protein or enzyme. In one embodi-
ment of the invention, the coding DNA encodes for polypep-
tides of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26,28,30,32,34,36,38,41,42, 44, 46, 48,50, 52, 54, 56, 58,
60, 62,65,67,69,70,71,74,76, 78, 80, 82,84, 86, 88, 90, 92,
94, 96 or 98 that may be useful for the biosynthesis of a
farnesyl dibenzodiazepinone.

[0070] Promoter DNA of a recombinant vector is a DNA
sequence that initiates, regulates, or otherwise mediates or
controls the expression of the coding DNA. Promoter DNA
and coding may be from the same or different organisms.
Recombinant cloning vectors will often include one or more
replication systems for cloning or expression, one or more
markers for selection in the host, e.g. antibiotic resistance,
and one or more expression cassettes. Vector constructs may
be produced using conventional molecular biology and
recombinant DNA techniques within the skill of the art. Such
techniques are explained fully in the literature. See, e.g.,
Sambrook, Fritsch & Maniatis, Molecular Cloning: A Labo-
ratory Manual, Second Edition (1989) Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (herein “Sam-
brook et al., 1989”); DNA Cloning: A Practical Approach,
Volumes I and I (D. N. Glover ed. 1985); F. M. Ausubel et al.
(eds.), Current Protocols in Molecular Biology, John Wiley &
Sons, Inc. (1994).

[0071] Examples of promoters that function in actino-
mycetes, e.g. Streptomyces, are taught in U.S. Pat. Nos.
5,830,695 and 5,466,590. Another example of a transcription
promoter useful in Actinomycetes expression vectors is tipA,
a promoter inducible by the antibiotic thiostrepton [c.f.
Murakami, T., et al., (1989), J. Bacteriol, 171, 1459].

[0072] Transformation of Actinomycetes

[0073] A suitable transformation method for use with an
actinomycete comprises forming the actinomycete culture
into spheroplasts using lysozyme. A buffer solution contain-
ing recombinant DNA vectors and polyethylene glycol is then
added, in order to introduce the vector into the host cells, by
using either of the methods of Thompson or Keiser [c. f.
Thompson, C. I, etal., (1982), J. Bacteriol., 151, 668-677 or
Keiser, T. et al. (2000), “Practical Streptomyces Genetics”,
The John Innes Foundation, Norwich], for example. A thios-
trepton-resistance gene is frequently used as a selective
marker in the transformation plasmid [c.f. Hopwood, D. A, et
al., (1987), “Methods in Enzymology” 153, 116, Academic
Press, New York], but the present invention is not limited
thereto. Additional methods for the transformation of actino-
mycetes are taught in U.S. Pat. No. 5,393,665.

[0074] Assay for Farnesyl Dibenzodiazepinone or Biosyn-
thetic Intermediates

[0075] Actinomycetes defective in farnesyl dibenzodiaz-
epinone biosynthesis are transformed with one or more
expression vectors encoding one or more proteins in the far-
nesyl benzodiazepinone biosynthetic pathway, thus restoring
farnesyl benzodiazepinone biosynthesis by genetic comple-
mentation of the specific defect.

[0076] The presence or absence of farnesyl dibenzodiaz-
epinone or intermediates in the biosynthetic pathway (see
FIGS. 5 to 8) in a recombinant actinomycete can be deter-
mined using methodologies that are well known to persons of
skill in the art. For example, ethyl acetate extracts of fermen-
tation media used for the culture of a recombinant actino-
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mycete are processed as described in Example 2 and fractions
containing farnesyl dibenzodiazepinone or intermediates
detected by TLC on commercial Kieselgel 60 F,, plates.
Farnesyl dibenzodiazepinone and intermediate compounds
are visualized by inspection of dried plates under UV light or
by spraying the plates with a spray containing vanillin
(0.75%) and concentrated sulfuric acid (1.5%, v/v) in ethanol
and subsequently heating the plate. The exact identity of the
compounds separated by TLC is then determined using gas
chromatography-mass spectroscopy. Methods of mass spec-
troscopy are taught in the published U.S. Patent Application
No. US2003/0052268.

[0077]

[0078] The invention allows direct manipulation of 046D
biosynthetic locus via genetic engineering of the enzymes
involved in the biosynthesis of a farnesyl benzodiazepinone
according to the invention.

[0079] A number of methods are known in the art that
permit the random as well as targeted mutation of the DNA
sequences of the invention (see for example, Ausubel et. al.
Short Protocols in Molecular Biology (1995) 3rd Ed. John
Wiley & Sons, Inc.). In addition, there are a number of com-
mercially available kits for site-directed mutagenesis, includ-
ing both conventional and PCR-based methods. Examples
include the EXSITE™ PCR-Based Site-directed Mutagen-
esis Kit available from Stratagene (Catalog No. 200502) and
the QUIKCHANGE™ Site-directed mutagenesis Kit from
Stratagene (Catalog No. 200518), and the CHAMELEON®
double-stranded Site-directed mutagenesis kit, also from
Stratagene (Catalog No. 200509).

[0080] In addition the nucleotides of the invention may be
generated by insertional mutation or truncation (N-terminal,
internal or C-terminal) according to methodology knownto a
person skilled in the art.

[0081] Older methods of site-directed mutagenesis known
in the art rely on sub-cloning of the sequence to be mutated
into a vector, such as an M13 bacteriophage vector, that
allows the isolation of single-stranded DNA template. In
these methods, one anneals a mutagenic primer (i.e., a primer
capable of annealing to the site to be mutated but bearing one
or more mismatched nucleotides at the site to be mutated) to
the single-stranded template and then polymerizes the
complement of the template starting from the 3' end of the
mutagenic primer. The resulting duplexes are then trans-
formed into host bacteria and plaques are screened for the
desired mutation.

[0082] More recently, site-directed mutagenesis has
employed PCR methodologies, which have the advantage of
not requiring a single-stranded template. In addition, methods
have been developed that do not require sub-cloning. Several
issues must be considered when PCR-based site-directed
mutagenesis is performed. First, in these methods it is desir-
able to reduce the number of PCR cycles to prevent expansion
of undesired mutations introduced by the polymerase. Sec-
ond, a selection must be employed in order to reduce the
number of non-mutated parental molecules persisting in the
reaction. Third, an extended-length PCR method is preferred
in order to allow the use of a single PCR primer set. And
fourth, because of the non-template-dependent terminal
extension activity of some thermostable polymerases it is
often necessary to incorporate an end-polishing step into the
procedure prior to blunt-end ligation of the PCR-generated
mutant product.

Mutagenesis
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[0083] The protocol described below accommodates these
considerations through the following steps. First, the tem-
plate concentration used is approximately 1000-fold higher
than that used in conventional PCR reactions, allowing a
reduction in the number of cycles from 25-30 down to 5-10
without dramatically reducing product yield. Second, the
restriction endonuclease Dpn I (recognition target sequence:
5-Gm6ATC-3, where the A residue is methylated) is used to
selectagainst parental DNA, since most common strains of .
coli Dam methylate their DNA at the sequence 5-GATC-3.
Third, Taq Extender is used in the PCR mix in order to
increase the proportion of long (i.e., full plasmid length) PCR
products. Finally, Pfu DNA polymerase is used to polish the
ends of the PCR product prior to intramolecular ligation using
T4 DNA ligase.

[0084] A non-limiting example for the isolation of mutant
polynucleotides is described in detail as follows:

[0085] Plasmid template DNA (approximately 0.5 pmole)
is added to a PCR cocktail containing: 1x mutagenesis buffer
(20 mM Tris HCI, pH 7.5; 8 mM MgCl,; 40 pg/ml BSA);
12-20 pmole of each primer (one of skill in the art may design
a mutagenic primer as necessary, giving consideration to
those factors such as base composition, primer length and
intended buffer salt concentrations that affect the annealing
characteristics of oligonucleotide primers; one primer must
contain the desired mutation, and one (the same or the other)
must contain a 5' phosphate to facilitate later ligation), 250
uM each dNTP, 2.5 U Taq DNA polymerase, and 2.5 U of Taq
Extender (Available from Stratagene; See Nielson et al.
(1994) Strategies 7: 27,and U.S. Pat. No. 5,556,772). Primers
can be prepared using the triester method of Matteucci et al.,
1981,J. Am. Chem. Soc. 103:3185-3191, incorporated herein
by reference. Alternatively automated synthesis may be pre-
ferred, for example, on a Biosearch 8700 DNA Synthesizer
using cyanoethyl phosphoramidite chemistry.

[0086] The PCR cycling is performed as follows: 1 cycle of
4 min at 94° C., 2 min at 50° C. and 2 min at 72° C.; followed
by 5-10 cycles of 1 min at 94° C., 2 min at 54° C. and 1 min
at 72° C. The parental template DNA and the linear, PCR-
generated DNA incorporating the mutagenic primer are
treated with Dpnl (10 U) and Pfu DNA polymerase (2.5 U).
This results in the Dpnl digestion of the in vivo methylated
parental template and hybrid DNA and the removal, by Pfu
DNA polymerase, of the non-template-directed Taq DNA
polymerase-extended base(s) on the linear PCR product. The
reaction is incubated at 37° C. for 30 min and then transferred
to 72° C. for an additional 30 min. Mutagenesis buffer (115 ul
of'1x) containing 0.5 mM ATP is added to the Dpnl-digested,
Pfu DNA polymerase-polished PCR products. The solution is
mixed and 10 ul are removed to a new microfuge tube and T4
DNA ligase (2-4 U) is added. The ligation is incubated for
greater than 60 min at 37° C. Finally, the treated solution is
transformed into competent E. coli according to standard
methods.

[0087] Methods of random mutagenesis, which will result
in a panel of mutants bearing one or more randomly situated
mutations, exist in the art. Such a panel of mutants may then
be screened for those exhibiting reduced uracil detection
activity relative to the wild-type polymerase (e.g., by mea-
suring the incorporation of 10 nmoles of dNTPs into poly-
meric form in 30 minutes in the presence of 200 uM dUTP
and at the optimal temperature for a given DNA polymerase).
An example of a method for random mutagenesis is the so-
called “error-prone PCR method”. As the name implies, the
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method amplifies a given sequence under conditions in which
the DNA polymerase does not support high fidelity incorpo-
ration. The conditions encouraging error-prone incorporation
for different DNA polymerases vary, however one skilled in
the art may determine such conditions for a given enzyme. A
key variable for many DNA polymerases in the fidelity of
amplification is, for example, the type and concentration of
divalent metal ion in the buffer. The use of manganese ion
and/or variation of the magnesium or manganese ion concen-
tration may therefore be applied to influence the error rate of
the polymerase.

[0088] Genes for desired mutant polypeptides generated by
mutagenesis may be sequenced to identity the sites and num-
ber of mutations. For those mutants comprising more than
one mutation, the effect of a given mutation may be evaluated
by introduction of the identified mutation to the wild-type
gene by site-directed mutagenesis in isolation from the other
mutations borne by the particular mutant. Screening assays of
the single mutant thus produced will then allow the determi-
nation of the effect of that mutation alone.

IV. Genes and Proteins for the Production of ECO-04601

[0089] Asdiscussed in more detail below, the isolated, puri-
fied or enriched nucleic acids of one of SEQ ID NOS: 3, 5,7,
9,11,13,15,17,19,21, 23, 25,27, 29,31, 33, 35,37,39, 41,
43,45,47,49, 51, 53,55,57,59, 61, 63, 66,68,70,72,75,77,
79, 81, 83, 85, 87 and 89 may be used to prepare one of the
polypeptides of SEQID NOS: 2,4, 6,8,10,12, 14,16, 18, 20,
22,24,26,28,30,32,34,36,38,41, 42, 44,46, 48, 50,52, 54,
56,58, 60,62, 65,67,69,70,71,74,76,78, 80, 82, 84,86 and
88, respectively, or fragments comprising at least 50, 75, 100,
200, 300, 500 or more consecutive amino acids of one of the
polypeptides of SEQID NO: 2, 4,6, 8, 10, 12, 14, 16, 18, 20,
22,24,26,28,30,32,34,36,38,41, 42, 44,46, 48, 50,52, 54,
56,58, 60,62, 65,67,69,70,71,74,76,78, 80, 82, 84,86 and
88.

[0090] Accordingly, another aspect of the present invention
is anisolated, purified or enriched nucleic acid which encodes
one of the polypeptides of SEQ ID NOS: 2, 4,6, 8,10, 12, 14,
16,18,20,22,24,26,28,30,32,34,36,38,41,42,44,46, 48,
50,52,54,56,58,60,62,65,67,69,70,71,74,76,78, 80, 82,
84, 86 and 88 or fragments comprising at least 50, 75, 100,
150, 200, 300 or more consecutive amino acids of one of the
polypeptides of SEQID NOS: 2,4, 6,8,10,12, 14,16, 18, 20,
22,24,26,28,30,32,34,36,38,41, 42, 44,46, 48, 50,52, 54,
56,58, 60,62, 65,67,69,70,71,74,76,78, 80, 82, 84,86 and
88. The coding sequences of these nucleic acids may be
identical to one of the coding sequences of one of the nucleic
acids of SEQIDNOS: 3,5,7,9,11,13,15,17,19,21, 23,25,
27,29,31,33,35,37,39,41,43,45,47,49,51, 53, 55,57, 59,
61, 63, 66, 68,70, 72,75, 77,79, 81, 83, 85,87 and 89 or a
fragment thereof, or may be different coding sequences
which encode one of the polypeptides of SEQ ID NOS: 2, 4,
6,8,10,12, 14,16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
41,42,44,46, 48, 50, 52,54, 56, 58, 60, 62, 65,67, 69,70, 71,
74,76, 78, 80, 82, 84, 86 and 88 or fragments comprising at
least 50, 75, 100, 150, 200, 300 consecutive amino acids of
one of the polypeptides of SEQ ID NOS: 2, 4,6, 8,10, 12, 14,
16,18,20,22,24,26,28,30,32,34,36,38,41,42,44,46, 48,
50,52,54,56,58,60,62,65,67,69,70,71,74,76,78, 80, 82,
84, 86 and 88 as a result of the redundancy or degeneracy of
the genetic code. The genetic code is well known to those of
skill in the art and can be obtained, for example, from Stryer,
Biochemistry, 37 edition, W.H. Freeman & Co., New York.
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[0091] The isolated, purified or enriched nucleic acid
which encodes one of the polypeptides of SEQ ID NOS: 2, 4,
6,8, 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
41,42,44,46,48,50,52,54, 56, 58, 60, 62, 65, 67,69, 70,71,
74,76,78, 80, 82, 84, 86 and 88 may include, but is not limited
to: (1) only the coding sequences of one of SEQ ID NOS: 3,
5,7,9,11,13,15,17,19, 21, 23, 25,27, 29,31, 33,35,37, 39,
41,43,45,47,49,51,53,55,57,59,61, 63, 66,68,70,72,75,
77,79, 81, 83, 85, 87 and 89; (2) the coding sequences of SEQ
IDNOS:3,5,7,9,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31,
33,35,37,39,41,43,45,47,49, 51, 53,55,57,59, 61, 63, 66,
68, 70, 72, 75,77, 79, 81, 83, 85, 87 and 89 and additional
coding sequences, such as leader sequences or proprotein;
and (3) the coding sequences of SEQ ID NOS: 3,5,7,9, 11,
13,15,17,19,21,23,25,27,29,31,33,35,37,39, 41,43, 45,
47,49,51, 53,55,57,59,61, 63, 66, 68,70,72,75,77,79, 81,
83, 85, 87 and 89 and non-coding sequences, such as non-
coding sequences 5'and/or 3' of the coding sequence. Thus, as
used herein, the term “polynucleotide encoding a polypep-
tide” encompasses a polynucleotide that includes only coding
sequence for the polypeptide as well as a polynucleotide that
includes additional coding and/or non-coding sequence.

[0092] The invention relates to polynucleotides based on
SEQIDNOS: 3,5,7,9,11,13,15,17,19, 21, 23, 25,27, 29,
31,33,35,37,39,41,43,45,47,49, 51, 53, 55,57, 59, 61, 63,
66, 68, 70,72, 75, 77, 79, 81, 83, 85, 87 and 89 but having
polynucleotide changes that are “silent”, for example changes
which do not alter the amino acid sequence encoded by the
polynucleotides of SEQ IDNOS: 3,5,7,9, 11, 13,15,17,19,
21,23,25,27,29,31,33,35,37,39,41,43,45,47,49, 51, 53,
55,57,59,61,63,66,68,70,72,75,77,79, 81, 83, 85,87 and
89. The invention also relates to polynucleotides which have
nucleotide changes which result in amino acid substitutions,
additions, deletions, fusions and truncations of the polypep-
tides of SEQID NOS: 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26,28,30,32,34,36,38,41,42, 44,46, 48,50, 52, 54, 56, 58,
60, 62, 65, 67, 69, 70,71, 74,76, 78, 80, 82, 84, 86 and 88.
Such nucleotide changes may be introduced using techniques
such as site directed mutagenesis, random chemical mutagen-
esis, exonuclease III deletion, and other recombinant DNA
techniques.

[0093] The isolated, purified or enriched nucleic acids of
SEQIDNOS: 3,5,7,9,11,13,15,17,19, 21, 23, 25,27, 29,
31,33,35,37,39,41,43,45,47,49, 51, 53, 55,57, 59, 61, 63,
66, 68,70,72,75,77,79, 81, 83, 85, 87 and 89, the sequences
complementary thereto, or a fragment comprising at least
100, 150, 200, 300, 400 or more consecutive bases of one of
the sequence of SEQIDNOS: 3,5,7,9,11,13,15,17,19, 21,
23,25,27,29,31,33,35,37,39,41,43,45,47,49, 51, 53, 55,
57,59, 61, 63,66, 68,70,72,75,77,79, 81, 83, 85, 87 and 89,
or the sequences complementary thereto may be used as
probes to identify and isolate DNAs encoding the polypep-
tides of SEQID NOS: 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26,28,30,32,34,36,38,41,42, 44,46, 48,50, 52, 54, 56, 58,
60, 62, 65, 67, 69, 70, 71, 74, 76, 78, 80, 82, 84, 86 and 88
respectively. In such procedures, a genomic DNA library is
constructed from a sample microorganism or a sample con-
taining a microorganism capable of producing a farnesyl
dibenzodiazepinone. The genomic DNA library is then con-
tacted with a probe comprising a coding sequence or a frag-
ment of the coding sequence, encoding one of the polypep-
tides of SEQID NOS: 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24,
26,28,30,32,34,36,38,41,42, 44,46, 48,50, 52, 54, 56, 58,
60, 62, 65,67, 69,70,71,74,76,78, 80, 82, 84, 86 and 88, or
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a fragment thereof under conditions which permit the probe
to specifically hybridize to sequences complementary
thereto. In a preferred embodiment, the probe is an oligo-
nucleotide of about 10 to about 30 nucleotides in length
designed based on a nucleic acid of SEQ ID NOS: 3,5,7,9,
11,13,15,17,19,21,23,25,27,29,31,33,35,37,39,41, 43,
45,47,49,51,53,55,57,59,61, 63, 66, 68,70,72,75,77,79,
81, 83, 85, 87 and 89. Genomic DNA clones which hybridize
to the probe are then detected and isolated. Procedures for
preparing and identifying DNA clones of interest are dis-
closed in Ausubel et al., Current Protocols in Molecular Biol-
ogy, John Wiley 503 Sons, Inc. 1997; and Sambrook et al.,
Molecular Cloning: A Laboratory Manual 2d Ed., Cold
Spring Harbor Laboratory Press, 1989. In another embodi-
ment, the probe is a restriction fragment or a PCR amplified
nucleic acid derived from SEQ ID NOS: 3,5,7,9,11, 13, 15,
17,19,21,23,25,27,29,31,33,35,37,39,41,43, 45,47, 49,
51,53,55,57,59,61,63,66,68,70,72,75,77,79, 81, 83, 85,
87 and 89.

[0094] The isolated, purified or enriched nucleic acids of
SEQIDNOS: 3,5,7,9,11,13,15,17,19, 21, 23, 25,27, 29,
31,33,35,37,39,41,43,45,47,49, 51, 53, 55,57, 59, 61, 63,
66, 68,70,72,75,77,79, 81, 83, 85, 87 and 89, the sequences
complementary thereto, or a fragment comprising at least 10,
15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 300, 400 or 500
consecutive bases of one of the sequences of SEQ ID NOS: 3,
5,7,9,11,13,15,17,19, 21, 23, 25,27, 29,31, 33,35,37, 39,
41,43,45,47,49,51,53,55,57,59,61, 63, 66,68,70,72,75,
77,79,81, 83, 85,87 and 89 or the sequences complementary
thereto may be used as probes to identify and isolate related
nucleic acids. In some embodiments, the related nucleic acids
may be genomic DNAs (or cDNAs) from potential farnesyl
dibenzodiazepinone producers. In such procedures, a nucleic
acid sample containing nucleic acids from a potential farnesyl
dibenzodiazepinone producer is contacted with the probe
under conditions that permit the probe to specifically hybrid-
ize to related sequences. The nucleic acid sample may be a
genomic DNA (or cDNA) library from the potential farnesyl
dibenzodiazepinone-producer. Hybridization of the probe to
nucleic acids is then detected using any of the methods
described above.

[0095] Hybridization may be carried out under conditions
of'low stringency, moderate stringency or high stringency. As
an example of nucleic acid hybridization, a polymer mem-
brane containing immobilized denatured nucleic acids is first
prehybridized for 30 minutes at 45° C. in a solution consisting
0f0.9 M NaCl, 50 mM NaH,PO,,, pH 7.0, 5.0 mM Na,EDTA,
0.5% SDS, 10xDenhardt’s, and 0.5 mg/ml polyriboadenylic
acid. Approximately 2x10” cpm (specific activity 4-9x10®
cpm/ug) of **P end-labeled oligonucleotide probe are then
added to the solution. After 12-16 hours of incubation, the
membrane is washed for 30 minutes at room temperature in
1xSET (150 mM NaCl, 20 mM Tris hydrochloride, pH 7.8, 1
mM Na,EDTA) containing 0.5% SDS, followed by a 30
minute wash in fresh 1xSET at Tm-10° C. for the oligonucle-
otide probe where Tm is the melting temperature. The mem-
brane is then exposed to autoradiographic film for detection
of hybridization signals.

[0096] By varying the stringency of the hybridization con-
ditions used to identify nucleic acids, such as genomic DNAs
or cDNAs, which hybridize to the detectable probe, nucleic
acids having different levels of homology to the probe can be
identified and isolated. Stringency may be varied by conduct-
ing the hybridization at varying temperatures below the melt-
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ing temperatures of the probes. The melting temperature of
the probe may be calculated using the following formulas:
[0097] For oligonucleotide probes between 14 and 70
nucleotides in length the melting temperature (Tm) in degrees
Celcius may be calculated using the formula: Tm=81.5+16.
6(log [Na+])+0.41 (fraction G+C)—(600/N) where N is the
length of the oligonucleotide.

[0098] Ifthe hybridization is carried out in a solution con-
taining formamide, the melting temperature may be calcu-
lated using the equation Tm=81.5+16.6(log [Na+])+0.41
(fraction G+C)—-(0.63% formamide)-(600/N) where N is the
length of the probe.

[0099] Prehybridization may be carried out in 6xSSC,
S5xDenhardt’s reagent, 0.5% SDS, 0.1 mg/ml denatured frag-
mented salmon sperm DNA or 6xSSC, 5xDenhardt’s reagent,
0.5% SDS, 0.1 mg/ml denatured fragmented salmon sperm
DNA, 50% formamide. The composition of the SSC and
Denhardt’s solutions are listed in Sambrook et al., supra.
[0100] Hybridization is conducted by adding the detectable
probe to the hybridization solutions listed above. Where the
probe comprises double stranded DNA, it is denatured by
incubating at elevated temperatures and quickly cooling
before addition to the hybridization solution. It may also be
desirable to similarly denature single stranded probes to
eliminate or diminish formation of secondary structures or
oligomerization. The filter is contacted with the hybridization
solution for a sufficient period of time to allow the probe to
hybridize to cDNAs or genomic DNAs containing sequences
complementary thereto or homologous thereto. For probes
over 200 nucleotides in length, the hybridization may be
carried out at 15-25° C. below the Tm. For shorter probes,
such as oligonucleotide probes, the hybridization may be
conducted at 5-10° C. below the Tm. Preferably, the hybrid-
ization is conducted in 6xSSC, for shorter probes. Preferably,
the hybridization is conducted in 50% formamide containing
solutions, for longer probes. All the foregoing hybridizations
would be considered to be examples of hybridization per-
formed under conditions of high stringency.

[0101] Following hybridization, the filter is washed for at
least 15 minutes in 2xSSC, 0.1% SDS at room temperature or
higher, depending on the desired stringency. The filter is then
washed with 0.1xSSC, 0.5% SDS at room temperature
(again) for 30 minutes to 1 hour. Nucleic acids which have
hybridized to the probe are identified by conventional auto-
radiography and non-radioactive detection methods.

[0102] The above procedure may be modified to identify
nucleic acids having decreasing levels of homology to the
probe sequence. For example, to obtain nucleic acids of
decreasing homology to the detectable probe, less stringent
conditions may be used. For example, the hybridization tem-
perature may be decreased in increments of 5° C. from 68° C.
t0 42° C.in ahybridization buffer having a Na+ concentration
ofapproximately 1 M. Following hybridization, the filter may
be washed with 2xSSC, 0.5% SDS at the temperature of
hybridization. These conditions are considered to be “mod-
erate stringency” conditions above 50° C. and “low strin-
gency” conditions below 50° C. A specific example of “mod-
erate stringency” hybridization conditions is when the above
hybridization is conducted at 55° C. A specific example of
“low stringency” hybridization conditions is when the above
hybridization is conducted at 45° C.

[0103] Alternatively, the hybridization may be carried out
in buffers, such as 6xSSC, containing formamide at a tem-
perature of 42° C. In this case, the concentration of forma-
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mide in the hybridization buffer may be reduced in 5% incre-
ments from 50% to 0% to identify clones having decreasing
levels of homology to the probe. Following hybridization, the
filter may be washed with 6xSSC, 0.5% SDS at 50° C. These
conditions are considered to be “moderate stringency” con-
ditions above 25% formamide and “low stringency” condi-
tions below 25% formamide. A specific example of “moder-
ate stringency” hybridization conditions is when the above
hybridization is conducted at 30% formamide. A specific
example of “low stringency” hybridization conditions is
when the above hybridization is conducted at 10% forma-
mide. Nucleic acids which have hybridized to the probe are
identified by conventional autoradiography and non-radioac-
tive detection methods. Examples of conditions of different
stringency are also provided in Table 2.

TABLE 2
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fragments comprising at least 50, 75, 100, 150, 200 or 300
consecutive amino acids thereof. As discussed herein, such
polypeptides may be obtained by inserting a nucleic acid
encoding the polypeptide into a vector such that the coding
sequence is operably linked to a sequence capable of driving
the expression of the encoded polypeptide in a suitable host
cell. For example, the expression vector may comprise a
promoter, a ribosome binding site for translation initiation
and a transcription terminator. The vector may also include
appropriate sequences for modulating expression levels, an
origin of replication and a selectable marker.

[0107] Promoters suitable for expressing the polypeptide or
fragment thereof in bacteria include the E. coli lac or trp
promoters, the lad promoter, the lacZ promoter, the T3 pro-
moter, the T7 promoter, the gpt promoter, the lambda P,

Very High Stringency
(detects sequences sharing at least 90% identity)

Hybridization in 5x SCC at 65° C. 16
Wash twice in 2x SCC at room temeprature 15
Wash twice in 0.5x SCC at 65° C. 20

High Stringency
(detects sequences sharing at least 80% identity)

Hybridization in 5x SCC at 65° C. 16
Wash twice in 2x SCC at room temeprature 20
‘Wash once in 1x SCC at 55°C. 30

Low Stringency
(detects sequences sharing at least 50% identity)

hours
munutes each
minutes each

hours
munutes each
minutes each

Hybridization in 6x SCC at room temperature 16 hours
Wash twice in 3x SCC at room temeprature 20 minutes each
[0104] The preceding methods may be used to isolate

nucleic acids having at least 97%, at least 95%, at least 90%,
atleast 85%, at least 80%, or at least 70% sequence identity to
anucleic acid sequence selected from the group consisting of
the sequences of SEQ ID NOS: 3, 5,7, 9, 11, 13, 15,17, 19,
21,23,25,27,29,31,33,35,37,39,41,43,45,47,49, 51, 53,
55,57,59,61,63,66,68,70,72,75,77,79,81, 83, 85,87 and
89. The isolated nucleic acid may have a coding sequence that
is a naturally occurring allelic variant of one of the coding
sequences described herein. Such allelic variant may have a
substitution, deletion or addition of one or more nucleotides
when compared to the nucleic acids of SEQ ID NOS: 3, 5,7,
9,11,13,15,17,19, 21, 23, 25,27, 29,31, 33,35,37,39, 41,
43,45,47,49,51,53,55,57,59, 61, 63, 66, 68,70,72,75,77,
79, 81, 83, 85, 87 and 89, or the sequences complementary
thereto.

[0105] Additionally, the above procedures may be used to
isolate nucleic acids which encode polypeptides having at
least 99%, at least 95%, at least 90%, at least 85%, at least
80%, or at least 70% identity to a polypeptide having the
sequence ofone of SEQ IDNOS: 2,4, 6, 8,10, 12,14, 16, 18,
20,22,24,26,28,30,32,34,36,38,41,42,44, 46, 48, 50, 52,
54,56, 58, 60, 62, 65, 67,69,70,71,74,76, 78, 80, 82, 84, 86
and 88 or fragments comprising at least 50, 75, 100, 150, 200,
300 consecutive amino acids thereof.

[0106] Another aspect of the present invention is an iso-
lated or purified polypeptide comprising the sequence of one
of SEQIDNOS: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28,30,32,34,36,38,41,42, 44, 46,48, 50,52, 54, 56, 58, 60,
62, 65, 67, 69, 70, 71, 74, 76, 78, 80, 82, 84, 86 and 88 or

promoter, the lambda P, promoter, promoters from operons
encoding glycolytic enzymes such as 3-phosphoglycerate
kinase (PGK), and the acid phosphatase promoter. Fungal
promoters include the a factor promoter. Eukaryotic promot-
ers include the CMV immediate early promoter, the HSV
thymidine kinase promoter, heat shock promoters, the early
and late SV40 promoter, LTRs from retroviruses, and the
mouse metallothionein-1 promoter. Other promoters known
to control expression of genes in prokaryotic or eukaryotic
cells or their viruses may also be used.

[0108] Mammalian expression vectors may also comprise
an origin of replication, any necessary ribosome binding
sites, a polyadenylation site, splice donors and acceptor sites,
transcriptional termination sequences, and 5' flanking non-
transcribed sequences. In some embodiments, DNA
sequences derived from the SV40 splice and polyadenylation
sites may be used to provide the required nontranscribed
genetic elements.

[0109] Vectors for expressing the polypeptide or fragment
thereof in eukaryotic cells may also contain enhancers to
increase expression levels. Enhancers are cis-acting elements
of DNA, usually from about 10 to about 300 bp in length that
act on a promoter to increase its transcription. Examples
include the SV40 enhancer on the late side of the replication
origin bp 100 to 270, the cytomegalovirus early promoter
enhancer, the polyoma enhancer on the late side of the repli-
cation origin, and the adenovirus enhancers.

[0110] In addition, the expression vectors preferably con-
tain one or more selectable marker genes to permit selection
of host cells containing the vector. Examples of selectable
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markers that may be used include genes encoding dihydro-
folate reductase or genes conferring neomycin resistance for
eukaryotic cell culture, genes conferring tetracycline or ampi-
cillin resistance in E. coli, and the S. cerevisiae TRP1 gene.
[0111] The appropriate DNA sequence may be inserted
into the vector by a variety of procedures. In general, the DNA
sequence is ligated to the desired position in the vector fol-
lowing digestion of the insert and the vector with appropriate
restriction endonucleases. Alternatively, appropriate restric-
tion enzyme sites can be engineered into a DNA sequence by
PCR. A variety of cloning techniques are disclosed in Ausbel
etal. Current Protocols in Molecular Biology, John Wiley 503
Sons, Inc. 1997 and Sambrook et al., Molecular Cloning: A
Laboratory Manual 2d Ed., Cold Spring Harbour Laboratory
Press, 1989. Such procedures and others are deemed to be
within the scope of those skilled in the art.

[0112] The vector may be, for example, in the form of a
plasmid, a viral particle, or a phage. Other vectors include
derivatives of chromosomal, nonchromosomal and synthetic
DNA sequences, viruses, bacterial plasmids, phage DNA,
baculovirus, yeast plasmids, vectors derived from combina-
tions of plasmids and phage DNA, viral DNA such as vac-
cinia, adenovirus, fowl pox virus, and pseudorabies. A variety
of cloning and expression vectors for use with prokaryotic
and eukaryotic hosts are described by Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Second Edition,
Cold Spring Harbor, N.Y., (1989), incorporated by reference
in its entirety for all purposes.

[0113] Particular bacterial vectors which may be used
include the commercially available plasmids comprising
genetic elements of the well known cloning vector pBR322
(ATCC 37017), pKK223-3 (Pharmacia Fine Chemicals,
Uppsala, Sweden), pGEM1 (Promega Biotec, Madison, Wis.,
USA) pQE70, pQE60, pQE-9 (Qiagen), pD10, phiX174,
pBluescript™ II KS, pNHSA, pNH16a, pNH18A, pNH46A
(Stratagene), ptrc99a, pKK223-3, pKK233-3, pDR540,
pRITS (Pharmacia), pKK232-8 and pCM7. Particular
eukaryotic vectors include pSV2CAT, pOG44, pXT1, pSG
(Stratagene), pSVK3, PBPV, PMSG, and PSVL (Pharmacia).
However, any other vector may be used as long as it is repli-
cable and stable in the host cell.

[0114] The host cell may be any of the host cells familiar to
those skilled in the art, including prokaryotic cells or eukary-
otic cells. As representative examples of appropriate hosts,
there may be mentioned: bacteria cells, such as E. coli, Strep-
tomyces lividans, Streptomyces griseofuscus, Streptomyces
ambofaciens, Rhodococcus, Amycolatopsis, Bacillus subtilis,
Salmonella typhimurium and various species within the gen-
era Pseudomonas, Streptomyces, Bacillus, and Staphylococ-
cus, fungal cells, such as yeast, insect cells such as Droso-
phila S2 and Spodoptera S19, animal cells such as CHO, COS
or Bowes melanoma, and adenoviruses. The selection of an
appropriate host is within the abilities of those skilled in the
art, see for example Manual of Industrial Microbiology and
Biotechnology, 2"¢ Edition, ASM Press, Washington D.C.,
incorporated by reference in its entirety, and more particu-
larly Sections IV, V and VII.

[0115] The vector may be introduced into the host cells
using any of a variety of techniques, including electropora-
tion transformation, transfection, transduction, viral infec-
tion, gene guns, or Ti-mediated gene transfer. Where appro-
priate, the engineered host cells can be cultured in
conventional nutrient media modified as appropriate for acti-
vating promoters, selecting transformants or amplifying the
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genes of the present invention. Following transformation of'a
suitable host strain and growth of the host strain to an appro-
priate cell density, the selected promoter may be induced by
appropriate means (e.g., temperature shift or chemical induc-
tion) and the cells may be cultured for an additional period to
allow them to produce the desired polypeptide or fragment
thereof.

[0116] Cells are typically harvested by centrifugation, dis-
rupted by physical or chemical means, and the resulting crude
extract is retained for further purification. Microbial cells
employed for expression of proteins can be disrupted by any
convenient method, including freeze-thaw cycling, sonica-
tion, mechanical disruption, or use of cell lysing agents. Such
methods are well known to those skilled in the art. The
expressed polypeptide or fragment thereof can be recovered
and purified from recombinant cell cultures by methods
including ammonium sulfate or ethanol precipitation, acid
extraction, anion or cation exchange chromatography, phos-
phocellulose chromatography, hydrophobic interaction chro-
matography, affinity chromatography, hydroxylapatite chro-
matography and lectin chromatography. Protein refolding
steps can be used, as necessary, in completing configuration
of'the polypeptide. If desired, high performance liquid chro-
matography (HPLC) can be employed for final purification
steps.

[0117] Various mammalian cell culture systems can also be
employed to express recombinant protein. Examples of mam-
malian expression systems include the COS-7 lines of mon-
key kidney fibroblasts (described by Gluzman, Cell, 23:175
(1981)), and other cell lines capable of expressing proteins
from a compatible vector, such as the C127,3T3, CHO, HelLa
and BHK cell lines. The constructs in host cells can be used in
a conventional manner to produce the gene product encoded
by the recombinant sequence. Polypeptides of the invention
may or may not also include an initial methionine amino acid
residue.

[0118] Alternatively, the polypeptides of SEQ ID NOS: 2,
4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34,36,38,
41,42,44, 46,48, 50, 52,54, 56, 58, 60, 62, 65, 67,69, 70,71,
74,76, 78, 80, 82, 84, 86 and 88 or fragments comprising at
least 50, 75, 100, 150, 200 or 300 consecutive amino acids
thereof can be synthetically produced by conventional pep-
tide synthesizers. In other embodiments, fragments or por-
tions of the polynucleotides may be employed for producing
the corresponding full-length polypeptide by peptide synthe-
sis; therefore, the fragments may be employed as intermedi-
ates for producing the full-length polypeptides.

[0119] Cell-free translation systems can also be employed
to produce one of the polypeptides of SEQID NOS: 2,4, 6, 8,
10,12,14,16,18,20,22,24,26,28,30,32,34,36,38,41, 42,
44,46,48, 50,52, 54,56, 58, 60, 62, 65, 67,69, 70,71, 74,76,
78, 80, 82, 84, 86 and 88 or fragments comprising at least 50,
75, 100, 150, 200 or 300 consecutive amino acids thereof
using mRNAs transcribed from a DNA construct comprising
a promoter operably linked to a nucleic acid encoding the
polypeptide or fragment thereof. In some embodiments, the
DNA construct may be linearized prior to conducting an in
vitro transcription reaction. The transcribed mRNA is then
incubated with an appropriate cell-free translation extract,
such as a rabbit reticulocyte extract, to produce the desired
polypeptide or fragment thereof.

[0120] The present invention also relates to variants of the
polypeptides of SEQ IDNOS: 2,4, 6,8,10,12, 14,16, 18,20,
22,24,26,28,30,32,34,36,38,41, 42, 44,46, 48, 50, 52, 54,
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56,58, 60, 62, 65,67, 69,70,71,74,76,78, 80, 82, 84, 86 and
88 or fragments comprising at least 50, 75, 100, 150, 200 or
300 consecutive amino acids thereof. The term “variant”
includes derivatives or analogs of these polypeptides. In par-
ticular, the variants may differ in amino acid sequence from
the polypeptides of SEQIDNOS: 2, 4,6, 8,10, 12, 14,16, 18,
20,22,24,26,28,30,32,34,36,38,41,42,44, 46, 48, 50, 52,
54,56, 58, 60, 62, 65, 67,69,70,71,74,76, 78, 80, 82, 84, 86
and 88 by one or more substitutions, additions, deletions,
fusions and truncations, which may be present in any combi-
nation.

[0121] The variants may be naturally occurring or created
in vitro. In particular, such variants may be created using
genetic engineering techniques such as site directed mutagen-
esis, random chemical mutagenesis, exonuclease 11 deletion
procedures, and standard cloning techniques. Alternatively,
such variants, fragments, analogs, or derivatives may be cre-
ated using chemical synthesis or modification procedures.
[0122] Other methods of making variants are also familiar
to those skilled in the art. These include procedures in which
nucleic acid sequences obtained from natural isolates are
modified to generate nucleic acids that encode polypeptides
having characteristics which enhance their value in industrial
or laboratory applications. In such procedures, a large num-
ber of variant sequences having one or more nucleotide dif-
ferences with respect to the sequence obtained from the natu-
ral isolate are generated and characterized. Preferably, these
nucleotide differences result in amino acid changes with
respect to the polypeptides encoded by the nucleic acids from
the natural isolates.

[0123] The variants of the polypeptides of SEQ ID NOS: 2,
4,6,8,10,12,14,16,18,20,22,24,26,28,30,32, 34,36, 38,
41,42,44,46,48,50,52,54, 56, 58, 60, 62, 65,67,69,70,71,
74,76,78, 80, 82, 84, 86 and 88 may be variants in which one
ormore of the amino acid residues of the polypeptides of SEQ
IDNOS: 2,4, 6,8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32,34,36,38,41,42,44, 46,48, 50,52, 54,56, 58, 60, 62, 65,
67,69,70,71,74,76,78, 80, 82, 84, 86 and 88 are substituted
with a conserved or non-conserved amino acid residue (pref-
erably a conserved amino acid residue) and such substituted
amino acid residue may or may not be one encoded by the
genetic code.

[0124] Conservative substitutions are those that substitute a
given amino acid in a polypeptide by another amino acid of
like characteristics. Typically seen as conservative substitu-
tions are the following replacements: replacements of an
aliphatic amino acid such as Ala, Val, Leu and Ile with another
aliphatic amino acid; replacement of a Ser with a Thr or vice
versa; replacement of an acidic residue such as Asp or Glu
with another acidic residue; replacement of a residue bearing
an amide group, such as Asn or Gln, with another residue
bearing an amide group; exchange of a basic residue such as
Lys or Arg with another basic residue; and replacement of an
aromatic residue such as Phe or Tyr with another aromatic
residue.

[0125] Other variants are those in which one or more of the
amino acid residues of the polypeptides of SEQ IDNOS: 2, 4,
6,8, 10,12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38,
41,42,44,46,48,50,52,54, 56, 58, 60, 62, 65,67,69,70,71,
74,76, 78, 80, 82, 84, 86 and 88 include a substituent group.
Still other variants are those in which the polypeptide is
associated with another compound, such as a compound to
increase the half-life of the polypeptide (for example, poly-
ethylene glycol). Additional variants are those in which addi-
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tional amino acids are fused to the polypeptide, such as leader
sequence, a secretory sequence, a proprotein sequence or a
sequence that facilitates purification, enrichment, or stabili-
zation of the polypeptide.

[0126] In some embodiments, the fragments, derivatives
and analogs retain the same biological function or activity as
the polypeptides of SEQID NOS: 2, 4,6, 8,10, 12, 14,16, 18,
20,22,24,26,28,30,32,34,36,38,41,42,44, 46, 48, 50, 52,
54,56, 58, 60, 62, 65, 67,69,70,71, 74,76, 78, 80, 82, 84, 86
and 88. In other embodiments, the fragment, derivative or
analogue includes a fused heterologous sequence that facili-
tates purification, enrichment, detection, stabilization or
secretion of the polypeptide that can be enzymatically
cleaved, in whole or in part, away from the fragment, deriva-
tive or analogue.

[0127] Another aspect of the present invention are polypep-
tides or fragments thereof which have at least 70%, at least
80%, at least 85%, at least 90%, or more than 95% identity to
one of the polypeptides of SEQ IDNOS: 2, 4,6, 8,10, 12, 14,
16,18,20,22,24,26,28,30,32,34,36,38,41,42, 44, 46, 48,
50, 52,54, 56,58, 60, 62,65, 67,69,70,71,74,76,78, 80, 82,
84, 86 and 88 or a fragment comprising at least 50, 75, 100,
150, 200 or 300 consecutive amino acids thereof. It will be
appreciated that amino acid “substantially identity” includes
conservative substitutions such as those described above.
[0128] The polypeptides or fragments having homology to
one of the polypeptides of SEQ IDNOS: 2, 4,6, 8,10, 12, 14,
16,18,20,22,24,26,28,30,32,34,36,38,41,42, 44, 46, 48,
50, 52,54, 56,58, 60, 62,65, 67,69,70,71,74,76,78, 80, 82,
84, 86 and 88 or a fragment comprising at least 50, 75, 100,
150, 200 or 300 consecutive amino acids thereof may be
obtained by isolating the nucleic acids encoding them using
the techniques described above.

[0129] Alternatively, the homologous polypeptides or frag-
ments may be obtained through biochemical enrichment or
purification procedures. The sequence of potentially homolo-
gous polypeptides or fragments may be determined by pro-
teolytic digestion, gel electrophoresis and/or microsequenc-
ing. The sequence of the prospective homologous
polypeptide or fragment can be compared to one of the
polypeptides of SEQ IDNOS: 2,4, 6,8,10,12, 14,16, 18,20,
22,24,26,28,30,32,34,36,38,41,42,44,46,48, 50, 52, 54,
56, 58, 60, 62, 65, 67, 69,70,71,74,76,78, 80, 82, 84, 86 and
88 or a fragment comprising at least 5, 10, 15, 20, 25, 30, 35,
40, 50, 75, 100, or 150 consecutive amino acids thereof.
[0130] Thepolypeptides of SEQIDNOS: 2, 4, 6,8,10,12,
14, 16,18, 20,22, 24,26,28,30,32,34,36,38,41, 42, 44, 46,
48, 50,52, 54,56, 58, 60,62, 65,67, 69,70,71,74,76,78, 80,
82, 84, 86 and 88 or fragments, derivatives or analogs thereof
comprising at least 40, 50, 75, 100, 150, 200 or 300 consecu-
tive amino acids thereof invention may be used in a variety of
applications. For example, the polypeptides or fragments,
derivatives or analogs thereof may be used to catalyze bio-
chemical reactions as described elsewhere in the specifica-
tion.

EXAMPLES

[0131] Unless otherwise indicated, all numbers expressing
quantities of ingredients, properties such as molecular
weight, reaction conditions, ICs, and so forth used in the
specification and claims are to be understood as being modi-
fied in all instances by the term “about”. Accordingly, unless
indicated to the contrary, the numerical parameters set forth in
the present specification and attached claims are approxima-
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tions. At the very least, and not as an attempt to limit the
application of the doctrine of equivalents to the scope of the
claims, each numerical parameter should at least be construed
in light of the number of significant figures and by applying
ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical
values set in the examples, Tables and Figures are reported as
precisely as possible. Any numerical values may inherently
contain certain errors resulting from variations in experi-
ments, testing measurements, statistical analyses and such.
[0132] Unless otherwise defined, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, suitable methods and
materials are described below. All publications, patent appli-
cations, patents, and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict,
the present specification, including definitions, will control.
In addition, the materials, methods, and examples are illus-
trative only and not intended to be limiting.

Example 1
Preparation of Production Culture

[0133] Unless otherwise noted, all reagents were purchased
from Sigma Chemical Co. (St. Louis, Mo.), (Aldrich).
Micromonospora spp. (deposit accession number IDAC
070303-01) was maintained on agar plates of ISP2 agar
(Difco Laboratories, Detroit, Mich.). An inoculum for the
production phase was prepared by transferring the surface
growth of the Micromonospora spp. from the agar plates to
125-mL flasks containing 25 ml. of sterile medium com-
prised of 24 g potato dextrin, 3 g beef extract, 5 g Bacto-
casitone, 5 g glucose, 5 g yeast extract, and 4 g CaCO; made
up to one liter with distilled water (pH 7.0). The culture was
incubated at about 28° C. for approximately 60 hours on a
rotary shaker set at 250 rpm. Following incubation, 10 mL of
culture was transferred to a 2 L baffled flask containing 500
ml of sterile production medium containing 20 g/I. potato
dextrin, 20 g/L. glycerol, 10 /I Fish meal, 5 g/. Bacto-
peptone, 2 g/l CaCO,, and 2 g/ (NH,,),SO,, pH 7.0. Fer-
mentation broth was prepared by incubating the production
culture at 28° C. in a rotary shaker set at 250 rpm for one
week.

Example 2
Isolation

[0134] 500 mlL ethyl acetate was added to 500 mL of fer-
mentation broth prepared as described in Example 1 above.
The mixture was agitated for 30 minutes on an orbital shaker
at 200 rpm to create an emulsion. The phases were separated
by centrifugation and decantation. Between 4 and 5 g of
anhydrous MgSO, was added to the organic phase, which was
then filtered and the solvents removed in vacuo.

[0135] An ethyl acetate extract from 2 [, fermentation was
mixed with HP-20 resin (100 mL; Mitsubishi Casei Corp.,
Tokyo, Japan) in water (300 mL). Ethyl acetate was removed
in vacuo, the resin was filtered on a Biichner funnel and the
filtrate was discarded. The adsorbed HP-20 resin was then
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washed successively with 2x125 mL of 50% acetonitrile in
water, 2x125 mL of 75% acetonitrile in water and 2x125 mL
of acetonitrile.

[0136] Fractions containing ECO-04601 were evaporated
to dryness and 100 mg was digested in the 5 mL of the upper
phase of a mixture prepared from chloroform, cyclohexane,
methanol, and water in the ratios, by volume, 0f 5:2:10:5. The
sample was subjected to centrifugal partition chromatogra-
phy using a High Speed Countercurrent (HSCC) system
(Kromaton Technologies, Angers, France) fitted with a 200
ml, cartridge and prepacked with the upper phase of this
two-phase system. The HSCC was run with the lower phase
mobile and ECO-04601 was eluted at approximately one-half
column volume. Fractions were collected and ECO-04601
was detected by TLC of aliquots of the fractions on commer-
cial Kieselgel 60F ,, plates. Compound could be visualized
by inspection of dried plates under UV light or by spraying
the plates with a spray containing vanillin (0.75%) and con-
centrated sulfuric acid (1.5%, v/v) in ethanol and subse-
quently heating the plate. Fractions contained substantially
pure EC0O-04601, although highly colored. A buff-colored
sample could be obtained by chromatography on HPLC as
follows.

[0137] 6 mg of sample was dissolved in acetonitrile and
injected onto a preparative HPL.C column (XTerra ODS (10
pm), 19x150 mm, Waters Co., Milford, Mass.), with a 9
ml./min flow rate and UV peak detection at 300 nm. The
column was eluted with acetonitrile/buffer (20 mM of
NH,HCO,) according to the following gradient shown in
Table 3.

TABLE 3
Time (min) Water (%) Acetonitrile (%)
0 70 30
10 5 95
15 5 95
20 70 30
[0138] Fractions containing ECO-04061 eluted at approxi-

mately 11:0 min and were combined, concentrated and lyo-
philized to give a yield of 3.8 mg compound.

Example 3
Elucidation of the Structure of ECO-04601
[0139]

CagH34N>04
Mol. Wt.: 462.25

[0140] The structure of ECO-04601 above was derived
from spectroscopic data, including mass, UV, and NMR spec-
troscopy. Mass was determined by electrospray mass spec-
trometry to be 462.6, UVmax 230 nm with a shoulder at 290
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nm. NMR data were collected dissolved in MeOH-d4 includ-
ing proton, and multidimensional pulse sequences. Proton
and carbon NMR data are detailed in Table 4 below.

TABLE 4

'H and 3C NMR (85, ppm) of ECO-04601 in MeQH-D,

Assignment 'H 3¢ Group
1 7.15 122.3 CH
2 6.74 121.0 CH
3 6.83 116.9 CH
4 — 146.0 C—OH
4a — 142.0 C
Sa — 126.0 C
6 — 148.2 C—OH
7 6.20 100.0 CH
8 — 153.0 C—OH
9 6.25 101.0 CH
9a — 135.0 C
11 — 170.0 C(O)
1la — 125.0 C
1 4.52 48.7 CH,
2! 5.35 121.1 CH
3 — 138.5 C
4 2.03 39.5 CH,
5 2.08 26.7 CH,
6 5.09 124.1 CH
7 — 135.0 C
8’ 1.95 39.6 CH,
9’ 2.02 26.3 CH,
10 5.06 124.4 CH
11 — 130.9 C
12 1.64 24.8 CH,
1" 1.72 15.5 CH,
2" 1.59 149 CH,
3" 1.55 16.5 CH,

[0141] A number of cross peaks in the 2D spectra of ECO-
04601 are key in the structural determination. For example,
the farnesyl chain is placed on the amide nitrogen by a strong
cross peak between the proton signal of the terminal methyl-
ene of that chain at 4.52 ppm and the amide carbonyl carbon
at 170 ppm in the gHMBC experiment. This conclusion is
confirmed by a cross peak in the NOESY spectrum between
the same methylene signals at 4.52 ppm and the aromatic
proton signal at 6.25 ppm from one of the two protons of the
tetra substituted benzenoid ring.

[0142] Based on the mass, UV and NMR spectroscopy
data, the structure of the compound was determined to be the
structure of ECO-04601.

Example 4
In Vivo Efficacy in a Glioma Model

[0143] The aim of this study was to test whether ECO-
04601 when administered by the i.p. route prevents or delays
tumor growth in C6 glioblastoma cell-bearing mice, and to
determine an effective dosage regimen.

[0144] Animals: A total of 60 six-week-old female mice
(Mus musculus nude mice), ranging between 18 to 25 g in
weight, were observed for 7 days before treatment. Animal
experiments were performed according to ethical guidelines
of animal experimentation (Charté du comite d’éthique du
CNRS, juillet 2003) and the English guidelines for the welfare
of animals in experimental neoplasia (WORKMAN, P.,
TWENTYMAN, P., BALKWILL, F., et al. (1998). United
Kingdom Coordinating Committee on Cancer Research
(UKCCCR) Guidelines for the welfare of animals in experi-
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mental neoplasia (Second Edition, July 1997, British Journal
of Cancer, 77:1-10). Any dead or apparently sick mice were
promptly removed and replaced with healthy mice. Sick mice
were euthanized upon removal from the cage. Animals were
maintained in rooms under controlled conditions of tempera-

ture (23+2° C.), humidity (45+5%), photoperiodicity (12 hrs

light/12 hrs dark) and air exchange. Animals were housed in
polycarbonate cages (5/single cage) that were equipped to

provide food and water. Animal bedding consisted of sterile
wood shavings that were replaced every other day. Food was

provided ad libitum, being placed in the metal 1id on the top of
the cage. Autoclaved tap water was provided ad libitum.

Water bottles were equipped with rubber stoppers and sipper
tubes. Water bottles were cleaned, sterilized and replaced
once a week. Two different numbers engraved on two earrings

identified the animals. Each cage was labeled with a specific

code.

[0145] Tumor Cell Line: The C6 cell line was cloned from
a rat glial tumor induced by N-nitrosomethyurea (NMU)

according to Premont et al. (Premont J, Benda P, Jard S., [3H]

norepinephrine binding by rat glial cells in culture. Lack of
correlation between binding and adenylate cyclase activa-

tion. Biochim Biophys Acta. 1975 Feb. 13; 381(2):368-76.)

after series of alternate culture and animal passages. Cells

were grown as adherent monolayers at 37° C. in a humidified
atmosphere (5% CO,, 95% air). The culture medium was

DMEM supplemented with 2 mM L-glutamine and 10% fetal

bovine serum. For experimental use, tumor cells were
detached from the culture flask by a 10 min treatment with
trypsin-versen. The cells were counted in a hemocytometer
and their viability assessed by 0.25% trypan blue exclusion.

[0146] Preparation of the Test Article: for the Test Article,

the Following Procedure was followed for reconstitution
(performed immediately preceding injection). The vehicle
consisted of a mixture of benzyl alcohol (1.5%), ethanol

(8.5%), propylene glycol (27%), PEG 400 (27%), dimethy-

lacetamide (6%) and water (30%). The vehicle solution was

first vortexed in order to obtain a homogeneous liquid. 0.6 mL

of the vortexed vehicle solution was added to each vial con-

taining the test article (EC0O-04601). Vials were mixed thor-

oughly by vortexing for 1 minute and inverted and shaken
vigorously. Vials were mixed again prior to injection into

each animal.

[0147] Animal Inoculation with tumor cells: Experiment
started at day 0 (D,). On D,, mice received a superficial

intramuscular injection of C6 tumor cells (5x10° cells) in 0.1

mL of DMEM complete medium into the upper right poste-

rior leg.

[0148] Treatment Regimen and Results:

[0149] First series of experiments: In a first series of experi-

ments, treatment started 24 hrs following inoculation of C6

cells. On the day of the treatment, each mouse was slowly

injected with 100 uLL oftest or control articles by thei.p. route.

For all groups, treatment was performed until the tumor vol-

ume of the saline-treated mice (group 1) reached approxi-

mately 3 cm® (around day 16). Mice of group 1 were treated
daily with a saline isosmotic solution for 16 days. Mice of
group 2 were treated daily with the vehicle solution for 16

days. Mice of group 3 were treated daily with 10 mg/kg of
EC0-04601 for 16 days. Mice of group 4 were treated every

two days with 30 mg/kg of ECO-04601 and received 8 treat-

ments. Mice of group 5 were treated every three days with 30

mg/kg of ECO-04601 and received 6 treatments. Measure-

ment of tumor volume started as soon as tumors became
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palpable (>100 mm?>; day 11 post-inoculation) and was evalu-
ated every second day until the end of the treatment using
callipers. As shown in Table 5 and FIG. 1, the mean value of
the tumor volume of all ECO-4061-treated groups (6 mice/
group) was significantly reduced as demonstrated by the one-
way analysis of variance (Anova) test followed by the non-
parametric Dunnett’s multiple comparison test comparing
treated groups to the saline group. An asterisk in the P value
column of Table 5 indicates a statistically significant value,
while “ns” signifies not significant.

TABLE §

ECO0-04601 in vivo antitumor efficacy against C6 glioblastoma

Tumor volume
Treatment (mm?) P

Treatment regimen (mean = SEM) % Inhibition value
Saline Qlx 16 3,004.1 £249.64 — —
Vehicle Qlx 16 2,162.0 £350.0 28.0% >0.05 ns
solution

ECO-04601 Qlx 16 1,220.4 £283.46 59.4% <0.01 *
(10 mg/kg)

ECO-04601 Q2x8 1,236.9 £233.99 58.8% <0.01 *
(30 mg/kg)

ECO-04601 Q3x6 1,184.1 £221.45 60.6% <0.01 *
(30 mg/kg)

[0150] Second series experiments: In a second series of

experiments, treatment started at day 10 following inocula-
tion of C6 cells when tumors became palpable (around 100 to
200 mm?®). Treatment was repeated daily for 5 consecutive
days. On the day of the treatment, each mouse was slowly
injected with 100 pL. of ECO-04601 by i.p. route. Mice of
group 1 were treated daily with saline isosmotic solution.
Mice of group 2 were treated daily with the vehicle solution.
Mice of group 3 were treated daily with 20 mg/kg of ECO-
04601. Mice of group 4 were treated daily with 30 mg/kg of
ECO-04601. Mice were treated until the tumor volume of the
saline-treated control mice (group 1) reached around 4 cm®.
Tumor volume was measured every second day until the end
of'the treatment using callipers. As shown in Table 6 and FIG.
2, the mean value of the tumor volume of all ECO-04601-
treated groups (6 mice/group) was significantly reduced as
demonstrated by the one-way analysis of variance (Anova)
test followed by the non-parametric Dunnett’s multiple com-
parison test comparing treated groups to the saline group. An
asterisk in the P value column of Table 6 indicates a statisti-
cally significant value, while “ns” signifies not significant.
[0151] Histological analysis of tumor sections showed pro-
nounced morphological changes between tumors from ECO-
04601-treated mice and those from mice in the control
groups. In tumors from mice treated with ECO-04601 (20-30
mg/kg), cell density was decreased and the nuclei of remain-
ing tumor cells appeared larger and pycnotic while no such
changes were observed for tumors from vehicle-treated mice
(FIG. 3).

TABLE 6

ECO0-04601 in vivo antitumor efficacy against C6 glioblastoma

Tumor volume
Treatment (mm?) P

Treatment regimen (mean = SEM) % Inhibition value
Saline Qlx3 4,363.1 x61431 — —
Vehicle Qlx3 3,205.0 £632.37  26.5% >0.05 ns
solution
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TABLE 6-continued

ECO0-04601 in vivo antitumor efficacy against C6 glioblastoma

Tumor volume
Treatment (mm?) P

Treatment regimen (mean = SEM) % Inhibition value
ECO-04601 Qlx3 1,721.5 £374.79  60.5% <0.01 *
(20 mg/kg)

ECO-04601 Qlx3 1,131.6 £525.21  74.1% <0.01 *
(30 mg/kg)

Example 5

Genes and Proteins for the Production of Farnesyl
Dibenzodiazepinones

[0152] Micromonospora sp. strain 046-ECO11 is a repre-
sentative microorganism useful in the production of the com-
pound of the invention. Strain 046-ECO11 has been deposited
with the International Depositary Authority of Canada
(IDAC), Bureau of Microbiology, Health Canada, 1015
Arlington Street, Winnipeg, Manitoba, Canada R3E 3R2 on
Mar. 7, 2003 and was assigned IDAC accession no. 070303-
01. The biosynthetic locus for the production of ECO-04601
was identified in the genome of Micromonospora sp. strain
046-ECO11 using the genome scanning method described in
U.S. Ser. No. 10/232,370, CA 2,352, 451 and Zazopoulos et.
al., Nature Biotechnol., 21, 187-190 (2003).

[0153] The biosynthetic locus spans approximately 52,400
base pairs of DNA and encodes 43 proteins. More than 10
kilobases of DNA sequence were analyzed on each side of the
locus and these regions were deemed to contain primary
genes or genes unrelated to the synthesis of ECO-04601. As
illustrated in FIG. 4, the locus is contained within three
sequences of contiguous base pairs, namely Contig 1 having
the 36,602 contiguous base pairs of SEQ ID NO: 1 and
comprising ORFs 1t0 31 (SEQIDNOS:3,5,7,9,11, 13,15,
17,19,21,23,25,27,29,31,33,35,37,39,41,43, 45,47, 49,
51, 53, 55, 57, 59, 61 and 63), Contig 2 having the 5,960
contiguous base pairs of SEQ ID NO: 64 and comprising
ORFs 32 to 35 (SEQ ID NOS: 66, 68, 70 and 72), and Contig
3 having the 9,762 base pairs of SEQ ID NO: 73 and com-
prising ORFs 36 to 43 (SEQ ID NOS: 75, 77, 79, 81, 83, 85,
87 and 89). The order, relative position and orientation of the
43 open reading frames representing the proteins of the bio-
synthetic locus are illustrated schematically in FIG. 4. The top
line in FIG. 4 provides a scale in base pairs. The gray bars
depict the three DNA contigs (SEQ ID NOS: 1, 64 and 73)
that cover the locus. The empty arrows represent the 43 open
reading frames of this biosynthetic locus. The black arrows
represent the two deposited cosmid clones covering the locus.

[0154] The biosynthetic locus will be further understood
with reference to the sequence listing which provides con-
tiguous nucleotide sequences and deduced amino acid
sequences of the locus from Micromonospora sp. strain 046-
ECO11. The contiguous nucleotide sequences are arranged
such that, as found within the biosynthetic locus, Contig 1
(SEQID NO: 1) is adjacent to the 5' end of Contig 2 (SEQ ID
NO: 64), which in turn is adjacent to Contig 3 (SEQ ID NO:
73). The ORFs illustrated in FIG. 4 and provided in the
sequence listing represent open reading frames deduced from
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the nucleotide sequences of Contigs 1, 2 and 3 (SEQID NOS:
1,64 and 73). Referring to the Sequence Listing, ORF 1 (SEQ
ID NO: 3) is the polynucleotide drawn from residues 2139 to
424 of SEQ ID NO: 1, and SEQ ID NO: 2 represents that
polypeptide deduced from SEQ ID NO: 3. ORF 2 (SEQ ID
NO: 5) is the polynucleotide drawn from residues 2890 to
4959 of SEQ ID NO: 1, and SEQ ID NO: 4 represents the
polypeptide deduced from SEQ ID NO: 5. ORF 3 (SEQ ID
NO: 7) is the polynucleotide drawn from residues 7701 to
5014 of SEQ ID NO: 1, and SEQ ID NO: 6 represents the
polypeptide deduced from SEQ ID NO: 7. ORF 4 (SEQ ID
NO: 9) is the polynucleotide drawn from residues 8104 to
9192 of SEQ ID NO: 1, and SEQ ID NO: 8 represents the
polypeptide deduced from SEQ ID NO: 9. ORF 5 (SEQ ID
NO: 11) is the polynucleotide drawn from residues 9192 to
10256 of SEQ ID NO: 1, and SEQ ID NO: 10 represents the
polypeptide deduced from SEQ ID NO: 11. ORF 6 (SEQ ID
NO: 13) is the polynucleotide drawn from residues 10246 to
11286 of SEQ ID NO: 1, and SEQ ID NO: 12 represents the
polypeptide deduced from SEQ ID NO: 13. ORF 7 (SEQ ID
NO: 15) is the polynucleotide drawn from residues 11283 to
12392 of SEQ ID NO: 1, and SEQ ID NO: 14 represents the
polypeptide deduced from SEQ ID NO: 15. ORF 8 (SEQ ID
NO: 17) is the polynucleotide drawn from residues 12389 to
13471 of SEQ ID NO: 1, and SEQ ID NO: 16 represents the
polypeptide deduced from SEQ ID NO: 17. ORF 9 (SEQ ID
NO: 19) is the polynucleotide drawn from residues 13468 to
14523 of SEQ ID NO: 1, and SEQ ID NO: 18 represents the
polypeptide deduced from SEQ ID NO: 19. ORF 10 (SEQ ID
NO: 21) is the polynucleotide drawn from residues 14526 to
15701 of SEQ ID NO: 1, and SEQ ID NO: 20 represents the
polypeptide deduced from SEQ ID NO: 21. ORF 11 (SEQ ID
NO: 23) is the polynucleotide drawn from residues 15770 to
16642 of SEQ ID NO: 1, and SEQ ID NO: 22 represents the
polypeptide deduced from SEQ ID NO: 23. ORF 12 (SEQ ID
NO: 25) is the polynucleotide drawn from residues 16756 to
17868 of SEQ ID NO: 1, and SEQ ID NO: 24 represents the
polypeptide deduced from SEQ ID NO: 25. ORF 13 (SEQ ID
NO: 27) is the polynucleotide drawn from residues 17865 to
18527 of SEQ ID NO: 1, and SEQ ID NO: 26 represents the
polypeptide deduced from SEQ ID NO: 27. ORF 14 (SEQ ID
NO: 29) is the polynucleotide drawn from residues 18724 to
19119 of SEQ ID NO: 1, and SEQ ID NO: 28 represents the
polypeptide deduced from SEQ ID NO: 29. ORF 15 (SEQ ID
NO: 31) is the polynucleotide drawn from residues 19175 to
19639 of SEQ ID NO: 1, and SEQ ID NO: 30 represents the
polypeptide deduced from SEQ ID NO: 31. ORF 16 (SEQ ID
NO: 33) is the polynucleotide drawn from residues 19636 to
21621 of SEQ ID NO: 1, and SEQ ID NO: 32 represents the
polypeptide deduced from SEQ ID NO: 33. ORF 17 (SEQ ID
NO: 35) is the polynucleotide drawn from residues 21632 to
22021 of SEQ ID NO: 1, and SEQ ID NO: 34 represents the
polypeptide deduced from SEQ ID NO: 35. ORF 18 (SEQ ID
NO: 37) is the polynucleotide drawn from residues 22658 to
22122 of SEQ ID NO: 1, and SEQ ID NO: 36 represents the
polypeptide deduced from SEQ ID NO: 37. ORF 19 (SEQ ID
NO: 39) is the polynucleotide drawn from residues 24665 to
22680 of SEQ ID NO: 1, and SEQ ID NO: 38 represents the
polypeptide deduced from SEQ ID NO: 39. ORF 20 (SEQ ID
NO: 41) is the polynucleotide drawn from residues 24880 to
26163 of SEQ ID NO: 1, and SEQ ID NO: 40 represents the
polypeptide deduced from SEQ ID NO: 41. ORF 21 (SEQ ID
NO: 43) is the polynucleotide drawn from residues 26179 to
27003 of SEQ ID NO: 1, and SEQ ID NO: 42 represents the
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polypeptide deduced from SEQ ID NO: 43. ORF 22 (SEQ ID
NO: 45) is the polynucleotide drawn from residues 27035 to
28138 of SEQ ID NO: 1, and SEQ ID NO: 44 represents the
polypeptide deduced from SEQ ID NO: 45. ORF 23 (SEQ ID
NO: 47) is the polynucleotide drawn from residues 28164 to
28925 of SEQ ID NO: 1, and SEQ ID NO: 46 represents the
polypeptide deduced from SEQ ID NO: 47. ORF 24 (SEQ ID
NO: 49) is the polynucleotide drawn from residues 28922 to
30238 of SEQ ID NO: 1, and SEQ ID NO: 48 represents the
polypeptide deduced from SEQ ID NO: 49. ORF 25 (SEQ ID
NO: 51) is the polynucleotide drawn from residues 30249 to
31439 of SEQ ID NO: 1, and SEQ ID NO: 50 represents the
polypeptide deduced from SEQ ID NO: 51. ORF 26 (SEQ ID
NO: 53) is the polynucleotide drawn from residues 31439 to
32224 of SEQ ID NO: 1, and SEQ ID NO: 52 represents the
polypeptide deduced from SEQ ID NO: 53. ORF 27 (SEQ ID
NO: 55) is the polynucleotide drawn from residues 32257 to
32931 of SEQ ID NO: 1, and SEQ ID NO: 54 represents the
polypeptide deduced from SEQ ID NO: 55. ORF 28 (SEQ ID
NO: 57) is the polynucleotide drawn from residues 32943 to
33644 of SEQ ID NO: 1, and SEQ ID NO: 56 represents the
polypeptide deduced from SEQ ID NO: 57. ORF 29 (SEQ ID
NO: 59) is the polynucleotide drawn from residues 34377 to
33637 of SEQ ID NO: 1, and SEQ ID NO: 58 represents the
polypeptide deduced from SEQ ID NO: 59. ORF 30 (SEQ ID
NO: 61) is the polynucleotide drawn from residues 34572 to
34907 of SEQ ID NO: 1, and SEQ ID NO: 60 represents the
polypeptide deduced from SEQ ID NO: 61. ORF 31 (SEQ ID
NO: 63) is the polynucleotide drawn from residues 34904 to
36583 of SEQ ID NO: 1, and SEQ ID NO: 62 represents the
polypeptide deduced from SEQ ID NO: 63. ORF 32 (SEQ ID
NO: 66)is the polynucleotide drawn from residues 23 to 1621
of SEQ ID NO: 64, and SEQ ID NO: 65 represents the
polypeptide deduced from SEQ ID NO: 66. ORF 33 (SEQ ID
NO: 68) is the polynucleotide drawn from residues 1702 to
2973 of SEQ ID NO: 64, and SEQ ID NO: 67 represents the
polypeptide deduced from SEQ ID NO: 68. ORF 34 (SEQ ID
NO: 70) is the polynucleotide drawn from residues 3248 to
4270 of SEQ ID NO: 64, and SEQ ID NO: 69 represents the
polypeptide deduced from SEQ ID NO: 70. ORF 35 (SEQ ID
NO: 72) is the polynucleotide drawn from residues 4452 to
5933 of SEQ ID NO: 64, and SEQ ID NO: 71 represents the
polypeptide deduced from SEQ ID NO: 72. ORF 36 (SEQ ID
NO: 75) is the polynucleotide drawn from residues 30 to 398
of SEQ ID NO: 73, and SEQ ID NO: 74 represents the
polypeptide deduced from SEQ ID NO: 75. ORF 37 (SEQ ID
NO: 77) is the polynucleotide drawn from residues 395 to
1372 of SEQ ID NO: 73, and SEQ ID NO: 76 represents the
polypeptide deduced from SEQ ID NO: 77. ORF 38 (SEQ ID
NO: 79) is the polynucleotide drawn from residues 3388 to
1397 of SEQ ID NO: 73, and SEQ ID NO: 78 represents the
polypeptide deduced from SEQ ID NO: 79. ORF 39 (SEQ ID
NO: 81) is the polynucleotide drawn from residues 3565 to
5286 of SEQ ID NO: 73, and SEQ ID NO: 80 represents the
polypeptide deduced from SEQ ID NO: 81. ORF 40 (SEQ ID
NO: 83) is the polynucleotide drawn from residues 5283 to
7073 of SEQ ID NO: 73, and SEQ ID NO: 82 represents the
polypeptide deduced from SEQ ID NO: 83. ORF 41 (SEQ ID
NO: 85) is the polynucleotide drawn from residues 7108 to
8631 of SEQ ID NO: 73, and SEQ ID NO: 84 represents the
polypeptide deduced from SEQ ID NO: 85. ORF 42 (SEQ ID
NO: 87) is the polynucleotide drawn from residues 9371 to
8673 of SEQ ID NO: 73, and SEQ ID NO: 86 represents the
polypeptide deduced from SEQ ID NO: 87. ORF 43 (SEQ ID
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NO: 89) is the polynucleotide drawn from residues 9762 to
9364 of SEQ ID NO: 73, and SEQ ID NO: 88 represents the
polypeptide deduced from SEQ ID NO: 89.

[0155] Some open reading frames provided in the
Sequence Listing, namely ORF 2 (SEQ ID NO: 5), ORF 5
(SEQID NO: 11), ORF 12 (SEQ ID NO: 25), ORF 13 (SEQ
IDNO: 27), ORF 15 (SEQIDNO:31),0RF 17 (SEQID NO:
35), ORF 19 (SEQ ID NO: 39), ORF 20 (SEQ ID NO: 41),
ORF 22 (SEQIDNO: 45),ORF 24 (SEQID NO: 49), ORF 26
(SEQID NO: 53) and ORF 27 (SEQ ID NO: 55) initiate with
non-standard initiation codons (eg. GTG—Valine, or CTG—
Leucine) rather than standard initiation codon ATG methion-
ine. All ORFs are listed with the appropriate M, V or L amino
acids at the amino-terminal position to indicate the specificity
of' the first codon of the ORF. It is expected, however, that in
all cases the biosynthesized protein will contain a methionine
residue, and more specifically a formylmethionine residue, at
the amino terminal position, in keeping with the widely
accepted principle that protein synthesis in bacteria initiate
with methionine (formylmethionine) even when the encoding
gene specifies a non-standard initiation codon (e.g. Stryer
BioChemistry 3"/ edition, 1998, W.H. Freeman and Co., New
York, pp. 752-754).

[0156] ORF 32 (SEQ ID NO: 65) is incomplete and con-
tains a truncation of 10 to 20 amino acids from its carboxy
terminus. This is due to incomplete sequence information
between Contigs 2 and 3 (SEQ ID NOS: 64 and 73, respec-
tively).

[0157] Deposits of E. coli DH10B vectors, each harbouring
a cosmid clone (designated in FIG. 4 as 046KM and 046KQ
respectively) of a partial biosynthetic locus for the farnesyl
dibenzodiazepinone from Micromonospora sp. strain 046-
ECO11 and together spanning the full biosynthetic locus for
production of ECO-04601 have been deposited with the Inter-
national Depositary Authority of Canada, Bureau of Micro-
biology, Health Canada, 1015 Arlington Street, Winnipeg,
Manitoba, Canada R3E 3R2 on Feb. 25, 2003. The cosmid
clone designated 046KM was assigned deposit accession
numbers IDAC 250203-06, and the cosmid clone designated
046KQ was assigned deposit accession numbers IDAC
250203-07. Cosmid 046KM covers residue 1 to residue
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32,250 of Contig 1 (SEQ ID NO: 1). Cosmid 046KQ covers
residue 21,700 of Contig 1 (SEQ ID NO: 1) to residue 9,762
of Contig3 (SEQID NO: 73). The sequence of the polynucle-
otides comprised in the deposited strains, as well as the amino
acid sequence of any polypeptide encoded thereby are con-
trolling in the event of any conflict with any description of
sequences herein.

[0158] The deposit of the deposited strains has been made
under the terms of the Budapest Treaty on the International
Recognition of the Deposit of Micro-organisms for Purposes
of Patent Procedure. The deposited strains will be irrevocably
and without restriction or condition released to the public
upon the issuance of a patent. The deposited strains are pro-
vided merely as convenience to those skilled in the art and are
not an admission that a deposit is required for enablement,
such as that required under 35 U.S.C. §112. A license may be
required to make, use or sell the deposited strains, and com-
pounds derived therefrom, and no such license is hereby
granted.

[0159] In order to identify the function of the proteins
coded by the genes forming the biosynthetic locus for the
production of ECO-04601 the gene products of ORFs 1 to 43,
namely SEQIDNOS: 2,4, 6,8, 10,12, 14, 16, 18, 20, 22, 24,
26,28,30,32,34,36,38,40,42, 44, 46,48, 50, 52, 54, 56, 58,
60, 62, 65, 67,69, 71, 74,76, 78, 80, 82, 84, 86 and 88 were
compared, using the BLASTP version 2.2.10 algorithm with
the default parameters, to sequences in the National Center
for Biotechnology Information (NCBI) nonredundant protein
database and the DECIPHER® database of microbial genes,
pathways and natural products (Ecopia BioSciences Inc. St.-
Laurent, QC, Canada).

[0160] The accession numbers of the top GenBank™ hits
of this BLAST analysis are presented in Table 7 along with
the corresponding E values. The E value relates the expected
number of chance alignments with an alignment score at least
equal to the observed alignment score. An E value of 0.00
indicates a perfect homolog. The E values are calculated as
described in Altschul etal. J. Mol. Biol., 215,403-410 (1990).
The E value assists in the determination of whether two
sequences display sufficient similarity to justify an inference
of homology.

TABLE 7

Sequence comparison and ORF correlation

SEQ GenBank % Identity
ORF ID Family #aa homology Probability (% Similarity) Proposed function of GenBank match

1 2 ABCC 571 NP_736627.1 1E-107 45% (56%) ABC transporter Corynebacterium efficiens
590aa
NP__600638.1 S5E-80 37% (52%) ABC transporter Corynebacterium efficiens
510aa
NP__600638.1 3E-12 30% (43%) ABC transporter Corynebacterium efficiens
510aa

2 4 RECH 689 CAC93719.1 3E-17 36% (55%) regulator[Lechevalieria aerocolonigenes)
923aa
BAC55205.1 3E-12 30% (48%) transcriptional activator [Streptomyces sp.
943aa
NP_631154.1 3E-07 46% (63%) regulator. [Streptomyces coelicolor A3(2)
932aa

3 6 REGD 895 CAC93719.1 3E-20 28% (43%) regulator [Lechevalieria aerocolonigenes)
923aa
BAC55205.1 1E-15 29% (36%)  activator [Streptomyces sp. TP-A0274]
943aa
NP_733725.1 3E-12 28% (41%)  regulator [Streptomyces coelicolor A3(2)]

908aa
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TABLE 7-continued

Sequence comparison and ORF correlation

SEQ GenBank % Identity
ORF ID  Family #aa homology Probability (% Similarity) Proposed function of GenBank match
4 8 IDSA 362 NP_601376.2 2E-80 49% (65%) GGPP synthase [Corynebacterium glutamicum
371aa
NP_738677.1 3E-79 48% (62%) polyprenyl synthase, Corynebacterium efficiens
366aa
NP_216689.1 2E-78 46% (61%)  idsA2 [Mycobacterium tuberculosis H37Rv]
352aa
5 10 MVKA 354 BAB07790.1 2E-71 46% (59%) mevalonate kinase [Streptomyces sp. CL190]
345aa
BAB07817.1 S5E-66 45% (57%) mevalonate kinase [Kitasatospora griseola)
334aa
NP__720650.1 3E-36 29% (48%) mevalonate kinase [Streptococcus mutans
332aa
6 12 DMDA 346 BAB07791.1 2E-88 58% (65%) diphosphomevalonate decarboxylase
350aa [Streptromyces sp.
BAB07818.1 2E-69 53% (61%) mevalonate diPH decaroboxylase
300aa [Kitasatospora griseola)
NP__785307.1 3E-44 34% (46%) diphosphomevalonate decarboxylase
325aa [Lactobacillus plantarum
7 14  MVKP 369 BAB07792.1 4E-93 50% (60%) phosphomevalonate kinase [Streptomyces
374aa sp. CL190]
BAB07819.1 6E-77 48% (56%) phosphomevalonate kinase [Kitasatospora
360aa griseola]
AAG02442.1 2E-31 29% (42%) 3 phosphomevalonate kinase [Enterococcus
368aa Sfaecalis)
8 16 IPPI 360 Q9KWF6 1E-128 66% (74%) Isopentenyl-diphosphate delta-isomerase
364aa
QIKWG2 1E-128 66% (77%) Isopentenyl-diphosphate delta-isomerase
363aa
NP_814639.1 SE-73 44% (61%)  isopentenyl diphosphate isomerase
347aa [Enterococcus faecalis
9 18  HMGA 351 BAA70975.1 1E-165 82% (91%)  3-hydroxy-3-methylglutaryl coenzyme A
353aa reductase [Streptomyces sp.]
BAA74565.1 1E-160 81% (89%)  3-hydroxy-3-methylglutaryl coenzyme A
353aa reductase [Kitasatospora griseola]
BAA74566.1 1E-155 80% (86%)  3-hydroxy-3-methylglutaryl coenzyme A
353aa reductase [Streptomyces sp.]
10 20 KASH 391 BAB07795.1 1E-148 67% (78%)  3-hydroxy-3-methylglutaryl CoA synthase
389aa [Streptomyces sp. CL190]
BAB07822.1 1E-136 70% (78%) HMG-CoA synthase [Kitasatospora griseola)
346aa
CAD24420.1 6E-79 43% (54%) HMG-CoA synthase [Paracoccus
388aa zeaxanthinifaciens)
11 22 IPTN 290 NP_631248.1 S5E-22 28% (44%)  hypothetical protein [Streptomyces
295aa coelicolor A3(2)]
AANG65239.1 S5E-06 25% (40%)  cloQ [Streptomyces roseochromogenes
324aa subsp. oscitans)
12 24 SPKG 370 AAM78435.1 5E-48 54% (63%) two-component sensor [Streptomyces
344aa coelicolor A3(2)]
NP_630507.1 SE-48 54% (63%) sensor kinase [Streptomyces coelicolor
382aa A3(2)]
ZP_00058991.1 9E-34 44% (58%)  Signal transduction histidine kinase
407aa [Thermobifida fusca]
13 26 RREB 220 NP_630508.1 3E-79 67% (81%) regulatory protein [Streptomyces coelicolor
224aa A3(2)]
ZP_00058992.1 4E-67 59% (75%) Response regulator [Thermobifida fusca)]
22laa
NP_625364.1 6E-66 60% (74%) response regulator [Streptomyces
22laa coelicolor A3(2)]
14 28 UNES 131 Nohit — — —
15 30 UNEZ 154 NP_649459.2 7.6E-02 38% (60%) CG1090-PB [Drosophila melanogaster]
628aa
NP_730819.1 7.6E-02 38% (60%) CG1090-PA [Drosophila melanogaster)
473aa
AAMI11079.1 7.6E-02 38% (60%) GH23040p [Drosophila melanogaster]
428aa
16 32  OXDS 661 NP_242948.1 1E-52 30% (46%) unknown conserved protein [Bacillus
500aa halodurans)
ZP_00091617.1 3E-32 29% (41%) Putative multicopper oxidases [4zotobacter
480aa vinelandii]
NP_252457.1 1E-31 28% (42%) metallo-oxidoreductase [Pseudomonas
463aa aeruginosa PAO1]
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TABLE 7-continued

Sequence comparison and ORF correlation

SEQ GenBank % Identity
ORF ID  Family #aa homology Probability (% Similarity) Proposed function of GenBank match

17 34 UNFD 129 NP_437360.1 7E-33 60% (72%) bleomyecin resistance protein family
127aa [Sinorhizobium meliloti]
AA091879.1 1E-31 58% (74%) unknown [uncultured bacterium]
123aa
NP_103287.1 1E-23 48% (62%) unknown protein [Mesorhizobium loti]
131aa

18 36 UNFA 178

19 33 CSMB 661 ZP_00137697.1 1E-166 51% (66%)  Anthranilate/para-aminobenzoate synthase
769aa [Pseudomonas aeruginosa
NP_250594.1 1E-166 51% (66%) phenazine biosynthesis protein PhzE
627aa [Pseudomonas aeruginosa PA01]
ZP_00137701.1 1E-166 51% (66%)  Anthranilate/para-aminobenzoate synthas
687aa [Pseudomonas aeruginosa

20 40  AAKD 427 P41403 1E-64 38% (51%)  Aspartokinase (Aspartate kinase)
421aa
ZP_00057166.1 2E-64 37% (52%)  Aspartokinases [Thermobifida fusca)
445aa
AADA49567.1 6E-64 37% (52%)  aspartokinase subunit A [Amycolatopsis
421aa mediterranei)

21 42 ALDB 274 NP_275722.1 2E-53 45% (64%)  conserved protein [Methanothermobacter
266aa thermautotrophicus]
NP_614692.1 2E-52 43% (61%)  Fructose-1,6-bisphosphate aldolase
270aa [Methanopyrus kandleri AV19]
NP_615406.1 2E-50 43% (61%)  fructose-bisphosphate aldolase
267aa [Methanosarcina acetivorans str. C2A]

22 44  UNFC 367 NP_275723.1 4E-46 38% (56%) conserved protein [Methanothermobacter
378aa thermautotrophicus]
NP_614691.1 2E-45 39% (55%)  alternative 3-dehydroquinate synthase
402aa [Methanopyrus kandleri
NP_248244.1 2E-43 40% (59%)  conserved hypothetical protein
36laa [Methanococcus jannaschii

23 46 HYDK 253 NP_3577771.1 4E-14 31% (49%) metal-dependent hydrolase [Pyrococcus
247aa Sfuriosus DSM 3638]
NP_142108.1 1E-12 33% (52%)  hypothetical protein PH0093 [Pyrococcus
247aa horikoshii)
NP_125791.1 1E-11 28% (50%)  hypothetical protein [Pyrococcus abyssi]
248aa

24 48  ADSA 438 NP_070499.1 2E-41 35% (49%) coenzyme F390 synthetase
433aa [Archaeoglobus fulgidus
NP_618724.1 S5E-41 34% (50%) coenzyme F390 synthetase
434aa [Methanosarcina acetivorans
NP_632700.1 TE-41 35% (50%) Coenzyme F390 synthetase
437aa [Methanosarcina mazei Goel]

25 50 HOXV 396 ZP_00027430.1 8E-76 42% (59%)  2-polyprenyl-6-methoxyphenol hydroxylase
442aa [Burkholderia fungorum)
NP_627457.1 1E-71 38% (51%)  salicylate hydroxylase [Streptomyces
420aa coelicolor A3(2)]
ZP_00033877.1 2E-68 37% (51%)  2-polyprenyl-6-methoxyphenol hydroxylase
403aa [Burkholderia fungorum)

26 52 SDRA 261 NP_391080.1 6E-58 46% (57%)  2,3-dihydro-2,3-dihydroxybenzoate
26laa dehydrogenase [Bacillus subtilis]
ZP_00059512.1 1E-55 45% (56%) Dehydrogenase [Thermobifida fusca]
260aa
AAG31126.1 9E-55 46% (56%) MxcC [Stigmatella aurantiaca)
257aa

27 54  DHBS 224 Q51790 7TE-60 56% (72%)  isochorismatase
207aa
Q51518 1E-58 56% (71%)  isochorismatase
207aa
NP_391077.1 2E-58 52% (69%) isochorismatase [Bacillus subtilis]
312aa

28 56 SDRA 233 NP_103491.1 9E-21 32% (49%)  acyl-carrier protein reductase
242aa [Mesorhizobium loti]
AAL14912.1 1E-15 28% (44%)  short-chain dehydrogenase [Rhizobium
245aa leguminosarum bv. trifolii]
NP_902480.1 7E-15 29% (44%) oxidoreductase [Chromobacterium
235aa violaceum

29 58 UNIQ 246 S18541 4.5E-02 29% (43%)  hypothetical protein 3 - Streptomyces
281aa coelicolor
NP_629228.1 5.9E-02 29% (43%)  hypothetical protein [Streptomyces
28laa coelicolor A3(2)]
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TABLE 7-continued

Sequence comparison and ORF correlation

SEQ GenBank % Identity
ORF ID  Family #aa homology Probability (% Similarity) Proposed function of GenBank match
30 60 UNFE 111 ZP_00058149.1 1E-10 36% (48%) membrane protein [Thermobifida fusca]
130aa
NP_737701.1 1E-09 33% (46%)  hypothetical protein [Corynebacterium
120aa efficiens
NP_827629.1 7E-09 33% (49%) hypothetical protein [Streptomyces
118aa avermitilis MA-4680]
31 62 EFFT 559 ZP_00058148.1 2E-67 32% (49%) Predicted symporter [Thermobifida fusca)
537aa
NP__626090.1 4E-66 31% (49%) transport protein [Streptomyces coelicolor
544aa A3(2)]
NP_827630.1 7TE-63 31% (49%) sodium-dependent symporter [Streptomyces
549aa avermitilis
32 65 HOYH 532 AAM96655.1 2E-92 39% (53%) 2,4-dihydroxybenzoate monooxygenase
544aa [Sphingobium chlovophenolicum)]
ZP_00029353.1 1E-73 35% (49%)  2-polyprenyl-6-methoxyphenol hydroxylase
543aa [Burkholderia fungorum)
NP_769326.1 S5E-62 33% (48%)  blr2686 [Bradyrhizobium japonicum) dbj
569aa
33 67 DAHP 423 T03226 1E-111 54% (68%) hypothetical protein - Streptomyces
391aa hygroscopicus
ZP_00137693.1 3E-87 45% (61%) DAHP synthase [Pseudomonas aeruginosa
405aa UCBPP-PA14]
NP_250592.1 1E-86 45% (61%) phenazine biosynthesis protein PhzC
405aa [Pseudomonas aeruginosa
34 69 REGG 340 BACS53615.1 1E-67 46% (62%)  regulator protein [Streptomyces
346aa kasugaensis)
S44506 3E-66 46% (60%)  regulator protein - Streptomyces
424aa glaucescens
AAKS81822.1 1E-65 44% (59%)  transcriptional regulator [Streptomyces
348aa lavendulae)
35 71 UNFJ 493 ZP_00073237.1 7E-35 27% (43%) RTX toxins [Z¥ichodesmium erythraeum
678aa IMS101]
NP_484716.1 3E-05 23% (37%)  similar to vanadium chloroperoxidase
433aa [Nostoc sp.
ZP__00067005.1 7AE-02 27% (37%)  hypothetical protein [Microbulbifer
667aa degradans 2-40]
36 74 RECI 112 NP_627088.1 3E-17 48% (59%)  hypothetical protein. [Streptomyces
125aa coelicolor A3(2)]
NP_846017.1 7E-15 40% (59%)  hypothetical protein [Bacillus anthracis str.
109aa Ames]
NP_241272.1 9E-15 37% (58%) unknown conserved protein [Bacillus
174aa halodurans)
37 76 UNIQ 325 NP_422203.1 1E-03 39% (59%)  hypothetical protein [Caulobacter
187aa crescentus CB15]
38 78 OXAH 663 ZP_00058724.1 0E+00 57% (67%) Acyl-CoA dehydrogenases [Thermobifida fusca)
65%aa
AAB97825.1 5E-93 46% (56%)  acyl-CoA oxidase [Myxococcus xanthus)
433aa
AAF14635.1, S5E-85 37% (52%) 1 acyl-CoA oxidase [Petroselinum crispum)
694aa
39 80  ABCA 537 Tl14162 9E-62 37% (47%) hABC transport protein - Mycobacterium
574aa smegmatis
NP__624808.1 4E-60 35% (46%) ABC transporter [Streptomyces coelicolor
A3(2)]
NP_822745.1 8E-32 31% (42%) ABC transportert [Streptomyces avermitilis
MA-4680]
40 82 ABCA 596 T14180 1E-107 40% (51%)  exiT protein - Mycobacterium smegmatis
1122aa
AACB2548.1 1E-107 40% (51%) unknown [Mycobacterium smegmatis)
58%aa
NP_624810.1 3E-97 37% (48%)  ABC-transporter [Streptomyces coelicolor
601laa A3(2)]
41 84  UNIQ 507 NP_831570.1 8E-07 24% (44%) methyltransferases [Bacillus cereus
676aa
NP_655735.1 2E-06 23% (44%) ubiE/COQS5 methyltransferase family
676aa [Bacillus anthracis
NP__844290.1 2E-06 23% (44%)  hypothetical protein [Bacillus anthracis str.
68laa Ames]
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Sequence comparison and ORF correlation

SEQ GenBank % Identity
ORF ID  Family #aa homology Probability (% Similarity) Proposed function of GenBank match

42 86 232 NP_830809.1 8E-08 22% (35%)  Transporter, LysE family [Bacillus cereus)
208aa
NP__844737.1 2E-07 22% (35%) homoserine/threonine efflux protein[Bacillus
210aa anthracis
NP_655752.1 1E-06 22% (36%) LysE, LysE type translocator [Bacillus
208aa anthracis

43 88 132 NP_827272.1 4E-09 36% (49%) hypothetical protein [Streptomyces
127aa avermitilis MA-4680]
NP_246491.1, SE-02 22% (47%) unknown [Pasteurella multocida)]
112aa

[0161] The ORFs encoding proteins involved in the biosyn-
thesis of farnesyl dibenzodiazepinones are assigned a puta-
tive function and grouped together in families based on
sequence similarity to known proteins. To correlate structure
and function, the protein families are given a four-letter des-
ignation used throughout the description and figures as indi-
cated in Table 8. The meaning of the four letter designations
is as follows: AAKD designates an amino acid kinase; ABCA
and ABCC designate ABC transporters; ADSA designates an
amide synthetase; ALDB designates an aldolase function;
CSMB designates a chorismate transaminase; DAHP desig-
nates a 3,4-dideoxy-4-amino-D-arabino-heptulosonic acid
7-phosphate synthase activity; DHBS designates a 2,3-dihy-
dro-2,3-dihydroxybenzoate synthase activity; DMDA desig-
nates a diphosphomevalonate decarboxylase; EFFT desig-
nates an efflux protein; HMGA designates a 3-hydroxy-3-
methylglutaryl-CoA  reductase; HOXV designates a
monooxygenase activity; HOYH designates a hydroxylase/
decarboxylase activity; HYDK designates a hydrolase activ-
ity; IDSA designates an isopentenyl diphosphate synthase;
IPPI designates an isopentenyl diphosphate isomerase; IPTN
designates an isoprenyltransferase; KASH designates 3-hy-
droxy-3-methylglutaryl-CoA synthase; MVKA designates a
mevalonate kinase; MVPK designates a phosphomevalonate
kinase; OXAH designates an acylCoA oxidase; OXDS des-
ignates an oxidoreductase; RECH, RECI, REGD, REGG and
RREB designate regulators; SDRA designates a dehydroge-
nase/ketoreductase, SPKG designates a sensory protein
kinase; UNES, UNEZ, UNFA, UNFC, UNFD, UNFE, UNFJ
and UNIQ designate proteins of unknown function.

TABLE 8

FAMILY FUNCTION:

AAKD amino acid kinase; strong homology to
primary aspartate kinases, converting L-
aspartate to 4-phospho-L-aspartate

ABCA ABC transporter

ABCC ABC transporter

ADSA adenylating amide synthetase

ALDB aldolase; similarity to fructose-1,6-
biphosphate aldolase that generates D-
glyceraldehyde-3Ph, precursor of D-
erythrose-4Ph involved in the shikimate
pathway

CSMB chorismate transaminase, similarity to
anthranilate synthase

DAHP DAHP synthase, class II; involved in

formation of aminoDAHP from PEP and
erythrose-4-phosphate

TABLE 8-continued

FAMILY

FUNCTION:

DHBS

DMDA

EFFT

HMGA

HOXV

HOYH

HYDK
IDSA

IPPI

IPTN

KASH

MEBI
MVKA

MVKP

OXAH
OXDS
RECH
RECI

REGD

REGG
RREB

2,3-dihydro-2,3-dihydroxybenzoate
synthase (isochorismatase)
diphosphomevalonate decarboxylase
(mevalonate pyrophosphate decarboxylase)
efflux protein

HMG-CoA reductase; converts 3-hydroxy-3-
methylglutaryl-CoA to mevalonate plus
CoA in isoprenoid biosynthesis

FAD monooxygenase; shows homology to a
variety of monooxygenases including
salicylate hydroxylases, zeaxanthin
epoxidases

hydroxylase/decarboxylase; FAD-
dependent monooxygenase

hydrolase

isoprenyl diphosphate synthase, catalyzes
the addition of 2 molecules of isopentenyl
pyrophosphate to dimethylallyl pyrophos-
phate to generate GGPP

isopentenyl diphosphate isomerase, catalyzes
the isomerization of IPP to produce
dimethylally! diphosphate
isoprenyltransferase; catalyzes covalent N-
terminal attachment of isoprenyl units to
amide groups of nitrogen-containing
heterocycle rings

HMG-CoA synthase; condenses acetyl-CoA
with acetoacetyl-CoA to form 3-
hydroxy-3-methylglutaryl-CoA

membrane protein

mevalonate kinase; converts mevalonate

to 5-phosphomevalonate in the mevalonate
pathway of isoprenoid biosynthesis
phosphomevalonate kinase; converts 5-
phosphomevalonate to 5-diphosphomevalonate
in the mevalonate pathway of isoprenoid
biosynyhesis

acyl CoA oxidase

oxidoreductase

regulator

regulator; similarity to PadR transcriptional
regulators involved in repression of phenolic
acid metabolism

transcriptional regulator; relatively large
regulators with an N-terminal ATP-binding
domain containing Walker A and B motifs and
a C-terminal LuxR type DNA-binding domain
regulator

response regulator; similar to response
regulators that are known to bind DNA and
act as transcriptional activators
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TABLE 8-continued

FAMILY FUNCTION:

SDRA dehydrogenase/ketoreductase, NAD-dependent
SPKD sensory protein kinase, two component system
SPKG sensory protein kinase, two component system
UNES unknown function

UNEZ unknown function

UNFA unknown function

UNFC unknown function

UNFD unknown function

UNFE putative membrane protein

UNFIJ unknown function

UNIQ unknown function

[0162] Biosynthesis of ECO-04601 involves the action of
various enzymes that synthesize the three building blocks of
the compound, namely the farnesyl-diphosphate component
(FIG. 5), the 3-hydroxy-anthranilate-adenylate component
(FIG. 6) and the 2-amino-6-hydroxy-benzoquinone compo-
nent (FIG. 7) that are subsequently condensed to form the
final compound (FIG. 8).

[0163] The farnesyl-diphosphate biosynthesis involves the
concerted action of seven enzymes (FIG. 5). ORF 10 (KASH)
(SEQ ID NO: 20) encodes a hydroxymethylglutaryl-CoA
synthase that catalyzes an aldol addition of acetyl-CoA onto
acetoacyl-CoA to yield 3-hydroxy-3-methylglutaryl-CoA
(HMG-CoA). This product is subsequently reduced through
the action of ORF 9 (HMGA) (SEQ ID NO: 18) to form
mevalonic acid (MVA). ORF 5 (MVKA) (SEQ ID NO: 10)
phosphorylates mevalonate to 5'-phosphomevalonate using
ATP as the phosphate donor. The next step in the farnesyl-
diphosphate biosynthesis is the phosphorylation reaction of
the 5'-phosphomevalonate to 5'-pyrophosphomevalonate
(DPMVA) that is catalyzed by ORF 7 (MVKP) (SEQ ID NO:
14). Subsequent decarboxylation of 5'-pyrophosphomeva-
lonate catalyzed by ORF 6 (DMDA) (SEQ ID NO: 12) yields
isopentenyl diphosphate (IPP) which is then converted to
dimethylallyldiphosphate (DMADP) through the action of
ORF 8 (IPPI) (SEQ ID NO: 16) that has isomerase enzymatic
activity. The final step in the biosynthesis of farnesyl-diphos-
phate is the condensation of one molecule of dimethylallyl-
diphosphate with two molecules of isopentenyl diphosphate
catalyzed by the isoprenyl diphosphate synthase ORF 4
(IDSA) (SEQ ID NO: 8). The described pathway involved in
synthesis of farnesyl-diphosphate is entirely consistent with
related mevalonate pathways described in other actinomycete
species (Takagi et al., J. Bacteriol. 182, 4153-4157, (2000)).
[0164] Biosynthesis of the 3-hydroxy-anthranilate compo-
nent involves the use of precursors derived from the shikimate
pathway (FIG. 6). Chorismic acid is transaminated through
the action of ORF 19 (CSMB) (SEQ ID NO: 38) to form
aminodeoxyisochorismic acid. This enzyme resembles
anthranilate synthases and is likely to catalyze specifically the
transfer of the amino group using glutamine as the amino
donor. The next step involves isochorismatase activity and is
mediated by ORF 27 (DHBS) (SEQ ID NO: 54). This reac-
tion consists in the removal of the pyruvate side chain from
aminodeoxyisochorismic acid to form 6-amino-5-hydroxy-
cyclohexa-1,3-dienecarboxylic acid. This compound is sub-
sequently oxidized through the action of ORF 26 (SDRA)
(SEQ ID NO: 52) yielding 3-hydroxy-anthranilic acid. ORF
24 (ADSA) (SEQ ID NO: 48) catalyzes the activation of
3-hydroxy-anthranilic acid through adenylation generating
the 3-hydroxy-anthranilate-adenylate component (FIG. 6).
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[0165] Biosynthesis of the 2-amino-6-hydroxy-benzo-
quinone component of the farnesyl dibenzodiazepinone,
requires components derived from the aminoshikimate path-
way. FIG. 7 depicts the series of enzymatic reactions involved
in the biosynthesis of this constituent. ORF 21 (ALDB) (SEQ
ID NO: 42) resembles aldolases involved in the generation of
precursors of D-erythrose-4-phosphate which is part of the
aminoshikimate pathway used for the generation of 2-amino-
6-hydroxy-[1,4]-benzoquinone. ORF 33 (DAHP) (SEQ ID
NO: 67) catalyzes the initial step in the aminoshikimate path-
way that corresponds to the formation of 3,4-dideoxy-4-
amino-D-arabino-heptulosonic acid 7-phosphate (amino
DAHP) from phosphoenolpyruvate (PEP) and erythrose
4-phosphate (E-4Ph). Subsequent reactions leading to
3-amino-5-hydroxy-benzoic acid are catalyzed by enzymes
provided by primary metabolism biosynthetic pathways
present in Micromonospora sp. strain 046-ECO11. ORF 25
(HOXV) (SEQ ID NO: 50) hydroxylates 3-amino-5-hy-
droxy-benzoic acid at position 2, generating 3-amino-2,5-
dihydroxy-benzoic acid. This intermediate is further modi-
fied by ORF 32 (HOYH) (SEQ ID NO: 65) that catalyzes a
decarboxylative oxidation reaction yielding 6-amino-ben-
zene-1,2.4-triol. A final oxidation reaction is performed by
ORF 16 (OXDS) (SEQ ID NO: 32) yielding 2-amino-6-hy-
droxy-[1,4]-benzoquinone (FIG. 7).

[0166] Assembly of the three components resulting in the
farnesyl dibenzodiazepinone is catalyzed by ORFs 24 and 11
(FIG. 8). ORF 24 (ADSA) (SEQ ID NO: 48) catalyzes the
condensation of the adenylated 3-hydroxy-anthranilate with
the 2-amino-6-hydroxy-[1,4]-benzoquinone component. A
spontaneous condensation between the free amino group of
the 3-hydroxy-anthranilate and one of the carbonyl groups
present on the 2-amino-6-hydroxy-[ 1,4]-benzoquinone com-
ponent occurs yielding a dibenzodiazepinone intermediate.
This compound is further modified through transfer of the
farnesyl group of the farnesyl-diphosphate intermediate onto
the nitrogen of the amide of the dibenzodiazepinone cata-
lyzed by ORF 11 (IPTN) (SEQ ID NO: 22) and resulting in
the formation of the farnesyl dibenzodiazepinone (FIG. 8).
[0167] Additional ORFs, namely ORF 2 (RECH) (SEQ ID
NO: 4), ORF 3 (REGD) (SEQ ID NO: 6), ORF 12 (SPKG)
(SEQ ID NO: 24), ORF 13 (RREB) (SEQ ID NO: 26), ORF
34 (REGG) (SEQ ID NO: 69) and ORF 36 (RECI) (SEQ ID
NO: 74) are involved in the regulation of the biosynthetic
locus encoding the farnesyl dibenzodiazepinone. Other
ORFs, namely ORF 1 (ABCC) (SEQ ID NO: 2), ORF 31
(EFFT) (SEQIDNO: 62), ORFs 39 and 40 (ABCA) (SEQ ID
NOS: 80 and 82, respectively) and ORF 42 (SEQ ID NO: 86)
are involved in transport. Other ORFs involved in the biosyn-
thesis of the farnesyl dibenzodiazepinone include ORF 20
(AAKD) (SEQ ID NO: 40), ORF 23 (HYDK) (SEQ ID NO:
46), ORF 38 (OXAH) (SEQ ID NO: 78) as well as ORFs 14,
15,17,18,22,29,30,35,37,41 and 43 (SEQID NOS: 28, 30,
34,34,44,58,60,71,76,84 and 88, respectively) of unknown
function.

Example 6

Farnesyl Dibenzodiazepinone Loci from Actino-
mycetes Species

[0168] A. Correlation of Loci A, B and C

[0169] Loci related to the biosynthetic locus present in
Micromonospora sp. strain 046ECO-11 as described in
Example 5 (referred to herein as locus A) and directing the
biosynthesis of farnesyl diabenodiazepinones related to
ECO0-04601 were detected in the genome of two actino-
mycetes using the genome scanning method described in U.S.
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Ser. No. 10/232,370, CA 2,352,451 and Zazopoulos et. al.,
Nature Biotechnol., 21, 187-190 (2003).

[0170] Locus B (052E) was detected in Micromonospora
echinospora challisensis NRRL 12255. The locus spans
approximately 38,000 base pairs of DNA and encodes 33
proteins. Locus C (237C) was detected in Streptomyces carzi-
nostaticus neocarzinostaticus ATCC 15944. This locus spans
approximately 37,000 base pairs of DNA and encodes 33
proteins. More than 10 kilobases of DNA sequence were
analyzed on each side of the two loci and these regions were
deemed to contain primary genes.

[0171] In order to identify the function of the proteins
coded by the genes forming the biosynthetic loci B an C the
gene products of their ORFs 1 to 33, were compared, using
the BLASTP version 2.2.10 algorithm with the default
parameters, to sequences in the National Center for Biotech-
nology Information (NCBI) nonredundant protein database
and the DECIPHER® database of microbial genes, pathways
and natural products (Ecopia BioSciences Inc. St.-Laurent,
QC, Canada).

[0172] The ORFs encoding proteins present in loci A, B,
and C are assigned a putative function and grouped together
in families based on sequence similarity to known proteins.
To correlate structure and function, the protein families are
given a four-letter designation used throughout the descrip-
tion and figures as indicated in Table 8 of Example 5.
[0173] Comparison ofloci A, B and C clearly indicates that
all three loci are related and encode similar enzymatic func-
tions. Therefore, the compounds produced by the enzymes
encoded by loci B and C are structurally closely related to
ECO-04601. Table 9 correlates the protein families of loci B
and C to those of locus A. All 33 ORFs found in locus B have
counterparts in locus A. Similarly, all 33 ORFs present in
locus C have counterpart proteins in locus A, with the excep-
tion of ORFs 30, 31, and 32 that encode a sensory protein
kinase protein, a response regulator and a membrane protein.
These observations suggest that the compounds produced by
loci B and C encoded proteins share a high degree of similar-
ity with ECO-04601.

TABLE 9

Loci A, B and C ORFs function and correlation

A B C
ABCC 1 — —
RECH 2 1 1
REGD 3 2 2
IDSA 4 3 3
MVKA 5 4 4
DMDA 6 5 5
MVKP 7 6 6
IPPI 8 7 7
HMGA 9 8 8
KASH 10 — 9
IPTN 11 9 10
SPKG 12 15 12
RREB 13 16 11
UNES 14 10 33
UNEZ 15 14 —
OXDS 16 13 —
UNFD 17 12 —
UNFA 18 11 —
CSMB 19 17 14
AAKD 20 18 15
ALDB 21 19 16
UNFC 22 20 17
HYDK 23 21 18
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TABLE 9-continued

Loci A, B and C ORFs function and correlation

A B C
ADSA 24 22 19
HOXV 25 23 20
SDRA 26 24 21
DHBS 27 25 22
SDRA 28 26 23
UNGA 29 27 24
UNFE 30 28 25
EFFT 31 29 26
HOYH 32 30 27
DAHP 33 31 28
REGG 34 32 —
UNFI 35 33 13/29
RECI 36 — —
UNIQ 37 — —
OXAH 38 — —
ABCA 39 — —
ABCA 40 — —
UNIQ 41 — —
SPKD — — 30
RREB — — 31
MEBI — — 32

[0174] FIG. 5 depicts the three biosynthetic loci A, Band C.
All ORFs are represented by arrows and their orientation
indicate the direction of the transcription of each ORF; high-
lighted ORF's are involved in the biosynthesis of the farnesyl
unit. ORFs 4,5, 6,7, 8,9, and 10 in locus A participate in the
synthesis of the farnesyl unit present in the farnesyl dibenzo-
diazepinone. Counterparts of these ORFs are found inlocus B
(ORFs 3,4, 5,6,7 and 8) as well as in locus C(ORFs 3, 4, 5,
6,7,8 and 9). As shown in FIG. 5, proteins encoded by these
ORF's participate in an orderly fashion in the biosynthesis of
farnesyl-diphosphate component starting with acetoacetyl-
CoA and acetyl-CoA. All enzymes necessary for the synthe-
sis of farnesyl-diphosphate are present in all three loci with
the exception of a hydroxymethylglutaryl-CoA synthase
(KASH) which is absent from locus B. The product of this
enzymatic reaction, 3-hydroxy-3-methylglutaryl-CoA is pro-
vided by an alternative biosynthetic pathway of the primary
metabolism of the microorganism or by a hydroxymethylglu-
taryl-CoA synthase located elsewhere in the genome. The
described pathway involved in synthesis of farnesyl-diphos-
phate is entirely consistent with related mevalonate pathways
described in other actinomycete species (Takagi et al., J.
Bacteriol. 182, 4153-4157, (2000) and FIG. 5).

[0175] FIG. 6 depicts ORFs 19, 21, 24, 26 and 27 in locus
A involved in the biosynthesis of the 3-hydroxy-anthranilate
component of the farnesyl dibenzodiazepinone. Counterparts
of'these ORFs are found in locus B (ORFs 17, 19, 22, 24 and
25) as well as in locus C(ORFs 14, 16, 19, 21 and 22). As
shown in FIG. 6, proteins encoded by these ORF's participate
in an orderly fashion to the biosynthesis of the 3-hydroxy-
anthranilate-adenylate component starting with precursors
from the pentose phosphate pathway and chorismic acid. In
particular, the enzyme responsible for the adenylation of
3-hydroxy-anthranilic acid (ADSA) that corresponds to
ORFs 24,22 and 19 inloci A, B and C respectively is present
in all three loci as well as the remaining enzymes that partici-
pate in the biosynthesis of 3-hydroxy-anthranilate component
present in dibenzodiazepinones.

[0176] FIG. 7 highlights ORFs 16, 24, 25, 32 and 33 in
locus A involved in the biosynthesis of the 2-amino-6-hy-
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droxy-[1,4]benzoquinone component of the farnesyl diben-
zodiazepinone. Counterparts of these ORFs are found in
locus B (ORFs 13, 19, 23, 30 and 31) as well as in locus
C(ORFs 16, 20, 27 and 28) with the exception of ORF cor-
responding to the oxidoreductase (OXDS) present in loci A
and B. As shown in FIG. 7, proteins encoded by these ORFs
participate in an orderly fashion in the biosynthesis of the
2-amino-6-hydroxy-[ 1,4]benzoquinone component starting
with precursors from the pentose phosphate pathway and
3,4-dideoxy-4-amino-D-arabino-heptulosonic acid 7-phos-
phate (amino DAHP).

[0177] FIG. 8 highlights ORFs 11 (SEQID NO: 22) and 24
(SEQ ID NO: 48) in locus A involved in the assembly of all
three components, 3-hydroxy-anthranilate, 2-amino-6-hy-
droxy-[1,4]benzoquinone and farnesyl-diphosphate to form
the farnesyl dibenzodiazepinone. Counterparts of these ORFs
are found in locus B (ORFs 9 (SEQ ID NO: 90) and 22 (SEQ
ID NO: 92)) as well as in locus C(ORFs 10 (SEQ ID NO: 94)
and 19 (SEQ ID NO: 96)). The isoprenyltransferase ORF 10
of locus C (SEQ ID NO: 96) is partial and represents the
N-terminal part of the protein. IPTN ORFs 11 (SEQ ID NO:
22),9 (SEQIDNO: 90) and 10 (SEQ ID NO: 94)inloci A, B
and C respectively catalyze the transfer of the farnesyl unit
onto the core element of the farnesyl dibenzodiazepinone and
related compounds produced by loci B and C. ADSA ORFs
24 (SEQ ID NO: 48), 22 (SEQ ID NO: 92) and 19 (SEQ ID
NO: 96) in loci A, B and C respectively catalyze the conden-
sation of 3-hydroxy-anthranilate and 2-amino-6-hydroxy-[1,
4]benzoquinone and farnesyl-diphosphate to form the diben-
zodiazepinone core element of EC0-04601 and related
compounds produced by loci B and C.

[0178] B. Clustal™ Alignments

[0179] Alignements of isoprenyl transferases (IPTN) and
adenylating amide synthetases (ADSA) of loci A, B and C,
respectively presented in FIGS. 9 and 10, were generated by
the Clustal™ alignment method.

[0180] FIG. 9 shows an alignment of ORFs 11 (SEQ ID
NO:22),9 (SEQIDNO: 90, which represents the polypeptide
deduced from SEQ ID NO:91) and 10 (SEQ ID NO: 94,
which represents the polypeptide deduced from SEQ ID
NO:95) in loci A, B and C respectively, highlighting the
phylogenetic relatedness of these three proteins. The amino
acid sequence of all three proteins is extremely conserved as
shown by the codes on the fourth line, suggesting that these
proteins share a well-conserved and related isoprenyltrans-
ferase enzymatic function. The following consensus amino
acid sequence (also as SEQ ID NO: 98) that represents all
three sequences was generated using the hmmemit algorithm
(HMMER, Washington University in St-Louis, School of
Medicine, MO, USA, http://hmmer.wustl.edu):

[0181] “AaELysviEesARILdvaCsrDrvwpil.-
saYGDaFaHpaavvAFRvAtalRHvGELD  CRFttHPddRD-
PYAIALsrGLtPktdH-
PvGsLLsevqeRIPvesyGiDFGvvGGFKKiYafFtPDe
LgevaalLAgiPamPRs[.AgnadFFeR-
yGlddrvGvlGiDYPartvnvytndvpaesfesetirstlreiGma  eps-
erml kiGekafGlyvtlGwdsseieri-
cyaaattdIttlpvpvepeiekfvksvpyGGedrkfvyGvaltpkGey
ykleshykwkpGavdfi”

[0182] FIG. 10 shows an alignment of ORFs 24 (SEQ ID
NO: 48), 22 (SEQ ID NO: 92, which represents the polypep-
tide deduced from SEQ ID NO: 93) and 19 (SEQ ID NO: 96,
which represents the polypeptide deduced from SEQ ID NO:
97)inloci A, B and C respectively, highlighting the phyloge-
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netic relatedness of these three proteins. The amino acid
sequence of all three proteins is extremely conserved as
shown by the codes on the fourth line, suggesting that these
proteins share a well-conserved and related adenylating
amide synthetase enzymatic function. The following consen-
sus amino acid sequence (also as SEQ ID NO: 99) that rep-
resents all three sequences was generated using the hmmemit
algorithm:

“VneprssLPrLGgWhGpEDLrrLgEKgLagt vtWAaRsPFYRARLdAs
gAlPvtaaDLAJLPLttKgDLRDNYPFGMLAVPKERLAt YHEs sGtAGr
PtPsYYtAeDWtDLAERFARKWiGmsAeDvFLVRtPYALLLtGHLAH
AAGRLTGAtvvPGDNRSLAMPYARVVRVMHDLgvtLtWsvPtECL1iW
AAAAtAAGHRPAVDFPALRALFVGGEP1tdARRYRisRLWGVPViEE
YGst Et GsLAGECPeGRIHLWADRALFEVYDPAt Gt vrAdGAGqLvv
tPLfREAMPLLRYNLEDNVsvsYDDCaCGWkLPt v vLGRaAFGyRv
GattitgHrLEElvFsLPeahrvvFWRAkKAEPavLRiEiEvaeeHRvV
AAeAELtasvRaaFGvDsevtGLaPGtLiPreALtsmPDvvKPRsLF
GPDEDWgKALLYY”

[0183] The amino acid shown for the consensus sequences
(SEQ ID NOs: 98 and 99) are the highest probability amino
acid at that position according to the HMM (hidden Markov
model). Highly conserved residues (those with a probability
of >0.5) are shown by capital letters while other residues
(lowercase letters) are deduced by the program from the most
common amino acid found at the specific position in the
aligned proteins (HMMER User’s Guide, Sean Eddy, October
2003, Washington University of Medicine, MO, USA, p
23-24).

Example 7
Labeled 3-Hydroxyanthranilic Acid Feeding

[0184] This experiment was designed to confirm the farne-
syl dibenzodiazepinone biosynthetic pathway involves a
3-hydroxyanthranilate intermediate. First, labeled 4,6-dideu-
terio-3-hydroxyanthranilic acid was prepared. Then the
labeled intermediate was fed to the Micromonospora sp.
strain, the product was purified (see Example 2) and the
results were analyzed. The following is an exemplary proce-
dure to accomplish the feeding experiment:

[0185] A. Preparation of 4,6-dideuterio-3-hydroxyanthra-
nilic acid

D0,
Of t-BuOK Of

OH OH

[0186] 3-Hydroxyanthranilic acid (108 mg, Sigma-Ald-
rich) was suspended in D,O (2 mL). Potassium t-butoxide
(154 mg) was added to give a brown solution. The solution
was stirred at 100° C. under nitrogen for about 6 days. The
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reaction mixture was cooled to room temperature. The solu-
tion was acidified to pH 6 with 10N hydrochloric acid and
white solid precipitated. The solid was filtered and dried in
vacuo (93 mg). The "H NMR of the isolated product showed
about 92-96% reduction of the proton signals (doublets) at the
4 and 6 positions. The "H NMR signal of the unchanged
proton (5 position) also reflected the incorporation of the two
deuterium; coupling to the 4 and 6 protons was nearly lost
(triplet changed to a singlet having two very small side
peaks).

[0187] B. 4,6-dideuterio-3-hydroxyanthranilic Acid Feed-
ing

B.1. Culture Conditions:

[0188] To prepare a vegetative culture, Micromonospora
sp. 046-Ecol1 was grown on ISP2 agar (Difco) for 10 to 15
days, and the surface growth from the agar plate was homog-
enized and transferred to a 125 ml flask containing three glass
beads (5 mm diameter), and 25 ml of sterile medium KH
composed of 10 g glucose, 20 g potato dextrin, 5 g yeast
extract, 5 g NZ-Amine A, and 1 g CaCO, made up to one liter
with tap water and adjusted to pH 7 with 1 M NaOH.). This
vegetative culture was incubated at 28° C. for about 70 hours
on a shaker at 250 rpm with a 1-inch throw.

[0189] Following incubation, 18 ml was used to inoculate 2
L baffled flasks each containing 600 ml of sterile Hi produc-
tion medium consisting of 20 g potato dextrin, 30 g glycerol,
2.5 g Bacto-peptone, 8.34 g yeast extract, and 3 g CaCO,
made to one liter with distilled water and adjusted at pH 7.0
with 1 MNaOH. The culture was incubated at 28° C. for about
96 hours on a shaker at 250 rpm with 1-inch throw.

B.2. Feeding Experiment:

[0190] Vegetative cultures of Micromonospora sp. 046-
Ecol 1 prepared in medium KH as explained above were used
to inoculate Hi medium (four 125-mlL flasks containing 25
mL). The medium was fed with 4,6-D,-3-hydroxyanthranilic
acid at 0.5 mg/ml before inoculation with the vegetative
culture at 2% level. Control cultures without adding the
labeled compound were prepared for each medium in the
same way mentioned above. Effect of adding 4,6-D,-3-hy-
droxyanthranilic acid on the production titre and growth was
measured by adding the unlabeled compound to each medium
in the same fashion explained above. The purified compound
obtained from each experiment was tested by 'H-NMR for
incorporation ratio of the labeled substrate.

[0191] C. Results:

[0192] The purified farnesyl dibenzodiazepinone from the
feeding experiment was analyzed both by "H NMR and mass
spectrum. The 'H NMR (in DMSO-d,) was compared to the
unlabelled standard. About 31% reduction in the intensity of
the signals at 6.82 and 7.06 ppm in DMSO-d, (correspond to
protons signals at 6.83 and 7.14 ppm in MeOH-d,) was
observed, which reflected a 31% incorporation of the deute-
rium at these positions. Mass spectral analysis gave about
47% incorporation of the deuterium labeled precursor.
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[0193] The result indicated a direct incorporation of 3-hy-
droxyanthranilate as a precursor in the biosynthesis of ECO-
04601.

Example 8
Methods of Using the Deposited Cosmids

[0194] Twodeposits of E. coli DH10B vectors (046KM and
046KQ), having deposit accession numbers IDAC 250203-06
and IDAC 250203-07 respectively, each contain a cosmid
clone and together span the whole biosynthetic locus of ECO-
04601. The coverage of the locus by each deposited cosmid is
described in Example 5 and shown on FIG. 4.

[0195] Culture conditions to be employed for growing the
deposited cosmid-containing DHI0B™ E. coli are under-
stood by a person of skill in the art (Sambrook et al. (1989)
Molecular Cloning: A Laboratory Manual, 2 ed., Cold
Spring Harbor Laboratory Press). As a non-limiting example,
upon receiving a sample of the deposited strain, either as a
frozen glycerol stock or as an agar stab or in a liquid media, a
small aliquot of the strain is gathered using a sterile metal
loop and thereafter streaked onto a selective media agar on
freshly prepared growth plates (e.g. disposable plastic Petri®
plates). The aliquot is streaked so that single bacterial colo-
nies can be isolated. A number of different growth media can
be used, provided that the media contain an appropriate
amount of a selective agent, for example an antibiotic. Stan-
dard growth media are known in the art, such as standard
Luria Bertani (LB) media (10 grams of NaCl, 10 grams of
tryptone, 5 grams of yeast extract, 20 grams of agar, with pH
adjusted to 7.0 with 5.0 N NaOH add deionized water to a
final volume of 1.0 liters, autoclaved then cooled to 55° C.
followed by addition of 10 mL of 10-mg/ml. filter-sterilized
ampicilin or 5 ml of 10-mg/mlL filter-sterilized kanamycin).
Plates with streaked bacteria are incubated overnight (ap-
proximately 16 hours) at 37° C. to allow for growth of the
bacterial colonies.

[0196] Cosmid DNA containing insert DNA are prepared
from the above-noted strains by methods that are known in the
art. As a non-limiting example, a single bacterial colony is
selected from an agar plate (as referred to above) and re-
streaked onto a fresh agar plate, containing the appropriate
selective agent as noted above, and allowed to grow overnight
at37° C. From this second agar plate, a single bacterial colony
is selected and inoculated into 2.0 to 5.0 ml of liquid broth
containing the appropriate amount of a selective agent, for
example LB broth (prepared as per LB media, but lacking
agar) containing ampicillin or kanamycin in a concentration
as noted in the preceding paragraph, in order to generate a
liquid starter culture of the single bacterial colony. This starter
culture is grown to late logarithmic stage (approximately 8
hours), at which time an aliquot of the starter culture is with-
drawn and diluted, by a factor of 500 to 1000, into a volume
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of broth containing the selective agent and grown with vig-
orous shaking (approximately 300 revolutions per minute) to
late logarithmic/stationary phase (approximately 10 to 12
hours) to achieve a cell density of approximately 3 to 4x10°
cells per ml. Cell density is estimated by taking an aliquot of
the liquid culture and obtaining an ODy,, reading using a
spectrophotometer, or by centrifuging the liquid culture and
thereafter measuring the weight of the resulting bacterial
pellet. Typically, 1.0liter volume of an liquid culture of £. coli
that is grown overnight at 37° C., 300 rpm with a cell density
of approximately 3 to 4x10° cells per ml will correspond to a
pellet weight of approximately 3 g/l. Depending on the
desired amount of insert-bearing cosmid DNA that is
required, a person skilled in the art would understand that
either a liquid “mini-culture” of 2.0 to 5.0 ml or a liquid
“maxi-culture” of 500 ml may be required to be grown to
result in the desired amount of cosmid DNA to be isolated.
[0197] Cosmid DNA, bearing the insert DNA of interest, is
isolated from the bacteria grown in liquid cultures, as
described in the preceding paragraph, using procedures that
are known in the art. Non-limiting examples include the use
of commercially available kits, for example the QIAGEN®
Large-Construct Kit (QIAGEN Inc., Catalogue No. 12462) or
Perfectprep® BAC 96 Kit (catalogue order number
955150431) available from Eppendorf North America (West-
bury, N.Y.). Alternatively, the insert-bearing cosmid DNA is
isolated by following procedures detailed for a traditional
alkaline lysis method as described in Birnboim and Doly
(1979) Nucleic Acids Research 7(6): 1513-1523, or in a
cosmid-specific manual (e.g. the SuperCos™ 1 Cosmid Vec-
tor Kit Instruction Manual published online at www.strat-
agene.com). As an example of an alkaline lysis procedure,
insert-bearing cosmid-containing bacterial cells from a 5.0
ml culture are collected by centrifugation (using an appropri-
ate, sterile centrifuge tube) for 2 minutes followed by aspira-
tion of the supernatant and resuspension of the pellet by
vortexing in 200 ul of an ice cold solution of 50 mM glucose,
10 mM EDTA, 25 Mm Tris-HCI (pH 8.0). Following resus-
pension of the bacteria, 400 ul of a freshly prepared solution
of 0.2 N NaOH, 1% SDS is added and the contents gently
mixed by inversion (vortexing must be avoided), followed by
incubation on ice for 5 minutes. Following incubation on ice,
300 wl of ice-cold potassium acetate (approximate pH 4.8) is
added, and the tube gently inverted twice and incubated on ice
for a further 5 minutes. The tube is then centrifuged for 5
minutes at 4° C. and 500 pl of the supernatant is transferred to
a fresh (sterile) tube. The transferred supernatant is depro-
teinated by extraction with phenol-chloroform, keeping the
upper phase to which is then added 1.0 ml of ethanol. The tube
is left standing at room temperature for 5 minutes, and there-
after microfuged for 30 minutes, followed by aspiration of the
liquid from the tube. The remaining DNA pellet is washed in
70% ethanol, centrifuged (in a microfuge), and after aspira-
tion of the liquid and drying (avoiding complete dryness) of
the pellet, the DNA is resuspended in 50 ul of Tris-EDTA
(TE). DNA concentration is estimated by taking an OD,,
reading on a 1/100 diluted aliquot of the purified insert-
bearing cosmid DNA. The insert-bearing cosmid DNA is
thereafter used in any number of downstream applications
that would be appreciated by a person skilled in the art.
[0198] Segments or regions of the insert DNA can be gen-
erated by performing a restriction digestion on the insert-
bearing cosmid DNA using protocols that are known to those
of'skill in the art. The segments or regions of the insert DNA
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may be of interest to the person of skill in the art as the
particular nucleotide may be that for a gene(s) that is to be
manipulated for a downstream application. As well, the seg-
ments or regions of the insert DNA may be of interest to the
person of skill in the art as the particular nucleotide may be
that for an entire biosynthetic locus, or a portion thereof, that
encodes for the production of a natural product. It is possible
that the nucleotide sequence of the insert DNA encodes one or
more modules, which may be comprised of one or more
domains, of a nonribosomal peptide synthetase or a
polyketide synthase locus encodes for the production of a
bioactive natural product.

[0199] As an example that is not intended to be limiting, if
the sequence of the insert DNA is known, the presence of
particular restriction enzyme sites within the insert DNA are
determined and the region (i.e. the fragment) of DNA situated
between two restriction enzyme sites cut or digested from the
cosmid DNA. Generally, it is preferred in the art to use a
restriction enzyme that recognizes a six base pair (bp) DNA
recognition sequence as opposed to a four base pair recogni-
tion site, as there will be fewer restriction sites in a given
stretch of DNA for six bp restriction enzyme, thereby offering
less chance of digesting the cosmid (i.e. the vector) DNA per
se. Selection of a given restriction enzyme may also be depen-
dent upon whether the ends of the generated DNA fragment
are to be blunt or are to possess overhangs so as to facilitate
sub-cloning of the DNA fragment. Restriction digestion con-
ditions are known to those skilled in the art. While not intend-
ing to be limiting, a digestion is usually performed using a
minimum of 0.2 pg of DNA. If the DNA fragment to be
generated is to be used as a probe, for example in Southern
blotting, then an amount of DNA of at least 10 pg will be
required for digestion. A restriction digestion can usually be
performed in a range of reaction volume between 10 ul to 50
ul, using a requisite number of units of the given restriction
endonuclease plus the particular buffer for the restriction
enzyme and a necessary amount of sterile water to give the
desired reaction volume. One unit of a restriction endonu-
clease will digest 1 ug of DNA in one hour, and it is common
to use a ten-fold excess of the restriction enzyme to ensure
complete digestion, provided that the volume of the restric-
tion enzyme used does not exceed 10% of the final reaction
volume. Upon addition of the restriction enzyme as the last
component of the reaction mixture, the tube containing the
mixture should be gently flicked with a finger to ensure proper
mixing of the tube contents, followed by a brief centrifuga-
tion and incubation of the tube at 37° C., or at an elevated
temperature 50-65° C. if the restriction enzyme is one isolated
from a thermophilic bacteria, for a time span ranging from
one to four hours. The reaction time may be extended beyond
for greater lengths of time if it is desired. Reaction and depro-
teination may be accomplished by heat inactivating the
restriction enzyme followed by phenol-chloroform extraction
of the reaction (as described above), or by using a commer-
cially available kit such as the MinElute® Reaction Cleanup
Kit from QIAGEN.

[0200] Downstream uses ofthe insert DNA are discussed in
Section V11 above and include: Labeling and use of the
fragments as probes to detect the presence of the given gene
or the expression of the given gene in a different organism;
Use of the fragment in hybridization experiments; PCR
amplification of the insert DNA or regions of interest of the
insert DNA; Mutagenesis of the particular DNA segment of
interest in order to produce substitutions, additions, deletions,
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fusions or truncations in the expressed polypeptide, which
can be accomplished by random chemical mutagenesis, site
directed mutagenesis, error-prone PCR, exonuclease II dele-
tion, oligonucleotide mutagenesis for PCR; Generation of
variant forms of the peptide of interest with conservative vs.
non-conservative changes in the amino acid sequence to
result in the production of novel end-product compounds;
Cloning and use of the DNA sequence of interest in a heter-
ologous expression system (yeast, mammalian, insect, plant
expression vectors) for the production of the peptide of inter-
est, and the creation of tagged (e.g. His, c-myc, Ni-tagged,
etc.) fusion proteins; Use of the peptide that is produced to
raise polyclonal or monoclonal antibodies (via the production
of hybridomas).
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[0201] Antibodies (Ab’s) are also used as probes to isolate
interacting proteins—Ab’s are generated against the peptides
resulting from the heterologous expression of the DNA
sequence of interest. Proteins that may potentially interact
with that encoded by the DNA sequence of interest may also
be identified by yeast two-hybird screening as described in
U.S. Pat. No. 5,283,173.

[0202] All patents, patent applications, and published ref-
erences cited herein are hereby incorporated by reference in
their entirety. While this invention has been particularly
shown and described with references to preferred embodi-
ments thereof, it will be understood by those skilled in the art
that various changes in form and details may be made therein
without departing from the scope of the invention encom-
passed by the appended claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 99

<210> SEQ ID NO 1
<211> LENGTH: 36602
<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 1

ceggtgeace gggttcteca ggatcgeegt cgegeccace ggccccgaca ggtagacgac 60
gttcagggac ttgccgegece cttegtagtt ggeccgeace acctgegegt cgecgatceg 120
gecectggte tccagegtge ggttetecca cacctgecat cegacgaagg tcaggaacag 180
cgeggtgaac agggacgtga cgagcageca gaggecaget gtcagcacgg tcegecccecte 240

gececegtage aggccgagga cgacctecte gtagegegag gggeggecga cggggecggt 300

gcecegeteeg tcgacageca tccegecget ccttegecga ctgecccgga catccacggt 360

agccagegag tccagteegg tgaggaaggg gtggegagaa gtcgatatga ctgagaggcea 420

tatttatgac tcccagtcat atcgetegga agtgaccgaa cgacctgacg ccegeegggge 480

tgtgagegge agegtgggece aggecgegag gtectggage atctgecggt cgtgggtgge 540

gacgaccacce gccgecceggg tegtcageag ggeggeggtyg aggtegtega ccageggege 600

cgacaggtgyg ttegteggtt cgtegaggat cagcaggteg ggacgttegg ccaggegeag 660

cgecaggtte ageegeegtt getgteegtyg cgacatcegg cegacggggg tacgeceggge 720

cteggegteyg agcaggtteg tegegetcag cggcagggece gtgecggage cgacgegece 780

gctggagegyg agecggecca cgtgetgete gtacaggteg tgegegagea gegeeggegg 840

ccagteggge acctectgac cgaggtacge gacgegegeg ceggacaggt gecggaccte 900

ceeggtegac ggegtgaggt cgeeggecag cacggagage agegtcegact tgccegegece 960

gttgggtceg gtcaccagca ggcggteece gecgtegage gtgagegtga ccegggtacg 1020

caggegeceyg gecaccgtga cgtegtggea tcegcaggatg ggcagtceegg cacgggtgte 1080

cageggegge cagegeageg getgeggtgg ctecggcacg gtgacgeggt gegegtegag 1140

cgectectge cggeggegea gegectggac cagtecggge gegegggact ggegetggtyg 1200

cttgcegtge cccttectecyg gecgecagee ggtgctgage cggteccgeg cctceccgtac 1260

ccegteggece agcegcectggt geteggectg ctgegecteg tggtegegta cccagtgege 1320

gaagtcgegg cggcegecegt cctgecagge gacgtagtece ceggegtage ggegegggeg 1380
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ccegtecgeg ctggggtega ggtecaggaa cteegtggeg acgtcecgea gcagggegeg 1440
gtegtgggte accagcacga cgccegeccegyg gtggtegegt agecegggegyg tgaggaagge 1500
caggctgtecg gegtcecgaggt ggttcegtcecgg ctegtceccage atcagcaggt cgaccctegce 1560
tcccagecagg cacgecagece gtacceggta gegetggeeg acggacaacg tggccagetg 1620
ceggtecegyg teegggeacg cgtegaggee ggecagegece acgtcgacge gecgetgege 1680
gtcccaggeyg tcecageeggg tegecgegte gagegeggee gegtacgegt cgteegegec 1740
cgeceggece teggtgageg cgategtege ctegtegage gecegeageg cgegttegga 1800
ctccecggate gecteccgga cgagegtgcee cactgteteg cegtggcgeg actccaggtt 1860
ctgcegggeyg acgccgateg tgeccagecg ttecaccacg cectggtegyg gegegatgag 1920
gecggecage acgtgcagca gggtggtett gecegeggeeg ttetegecga cgactgegag 1980
gegggaageg gcggagacgg tcacgctgac gtceggacage acgacccgge cgecgegtac 2040
gacgcggacg ccgteggece gcacgtgege ceggtgeceg goegggcageyg aaccgeccga 2100
ggtggatggg gaggaaggaa tgttgtcgag gttgtgcaca gtccgctett cggcectegteg 2160
tggagceggyg cagcgegagg acaccgeccg gogggaacge cgggacggeg gagcagaget 2220
ggtacgtcag aagaagccgg tcaccctgee gecegtcageg gagggaccag ggettcatga 2280
cagceggegta gaacctcatg cggtcaacac taccegggge cgggecggag atcgecgeag 2340
ttatcggegyg cggcegggegt cggectegge gtegageagg tegttcaceg ccagegecga 2400
gttgatcaga gcgaggtggc tgaacgcctg cggatccacg gttgcggtac tccatttgea 2460
gtacacctgt cggtatccgg tcagcgcecgt atcctgeget ttetetgtceg gcagageggce 2520
geggtegece geegecegee gacgtggetyg cggggceceggt cgggetegga cegeteggtyg 2580
cggcgtegeg geccggceegt agcatgttte acctgttcag agcecggcecttee gggcgcetegg 2640
gcegteggee geggtggtta ccggcgaggg ctatttcecggt catgcgagag ggttcetgeca 2700
atcgtggcat tgtttagtta agtccgatat cagcgggatg ctgcctgata tatgacggcet 2760
gcgeecggge ctgccggata gctatgatga gcgacgacgg tgatcgatgg caaatgttgt 2820
tgctgtgggg tagcgtcacc gecgagtcca ggettttett gagctgtgtg cgcatattcece 2880
ggggggatta tgacaacggg acggcegggyg gagaaccggg cgacagacgce ggcacgaaat 2940
ceggggtyggy cegeegggygg gecggegtee cagecatggg geggggggaa cgacgageag 3000
gtcetgegeg agatcectcegg ggtcegacgtg caccgcgage tgattgactt cgecgggtggt 3060
gecggeggaa atccgcacct ggtegecgaa ctegegegeg ggetegecga agagggattg 3120
attcgggaga caaacggtcg ggcggaattg gtgtccecgge gaattccceg gegegtgetg 3180
agttttgtca tgcgtcgatt gaatgatgtc agcgccggct geccagcagtt cttgaaggtt 3240
gccgeggeat tgggcagatce cttcatgetg gaggacgttt cgagaatgcet gggccgatcg 3300
tcggeggece tgcteccgee ggtggacgag gcgatcgcat cgggcttegt cgtegecgece 3360
gagcatcaac tcgectttca gagcgacttce ctgctgcgeg gcatcatcga gtccattecce 3420
gggccegece gegacgectt acgacgtgag gcegatgagece ttteegggeyg acggegeccyg 3480
geggecgace agaatcgeeg gttggacgeg gegectaceg cgecggtgag cgegaceggyg 3540
gaggacgcca ccggatcectg tteecegggeyg caccgectga taatgaacgyg gaacgcgaag 3600

gecggeatte gegtegecga ggeggttete geceggecegg cegegteget cgetgecegyg 3660
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cgtgacgegg aggcgtgtet ggtgctggcee gatctgetge teggcgggga gggcggceggce 3720
ccgatgaceg aggcgatect gegegaacge gacgecgagt ceggtgacge cgcactggeg 3780
atggcgectga ccgeceggte caccgggetyg tggteggegg gaaagetgge ggagggectg 3840
aagctgggac gggeggeggt gegggeggge geggaggeeg aaceggtgtyg gegtetgeac 3900
geccageteg cgetegecgg gaaactcegeg aaccteegeg agttegacga ggecgaggeg 3960
ttgatcaacg aggcggaage gggectgege ggactgeceg cgecgatetyg gacggecgeg 4020
acggcggtga tgcggteceg gttgetgete caggegggge ggatcgggga ggegegtegg 4080
gaggcggege tggccaccac cgcegtggag ggggacgegg tgccgatget geggectete 4140
gcctacgegyg tgctcagcac cgectectte tacatggggg acctgccecgce cgcgatcgag 4200
tacctcagge gggggcageg ggacgeggac cgecacgtgg tectcgacte ggtgcagtac 4260
tcgtgggegyg aagtgetgat cacggtcaag caggaaggec cgegggeege cgeccagetg 4320
ctegegggea agcaccaccg cctgeccacg cagegecgece tctacgtega ggtgecgage 4380
gecgeegect tectggtect getegecege gacgtggacg accgtgacct cgaacgecgc 4440
gtcctegaca cggtcaacgg getegecgeg gacaacccca ggatccaggt cgtcagectce 4500
accgccatge acgcccacge getggegaac agegeteegg cegeccetgge getcatcate 4560
gtgcagtcac gggacccgat cteggtggeg ctggecaceg aggaactcge caagetctac 4620
gecgegeagg cccaggeggg gggacggcecyg gcegacgccgg cocgegecga ggaggecgec 4680
acccegeagyg cgagetgetyg gtegaccetyg tecgacatgg agcageggat cgectacctg 4740
gtgagegtgg gtctgacgaa ceggcagate gccaagcagg tccacctgte cgegeacacc 4800
gtcaactacc acctgcggaa gatctaccgg aaactgggtt tcaacacccg ggccgagcetg 4860
gegecacgecg cggccacgta cteeggecegyg geggcegatcet actccatgag cggegaccag 4920
gactggggceyg ccggatccat gaccggcaag gccagctgaa ccgeattecce ggegteegec 4980
ggctgaaccyg cgeccceggeg tacgeeggee ggttcageeg geggacgecg getggegtgt 5040
ggtggccage gecggcecgga cegectegtyg cgcegatgaag cagegggtca gttecacceg 5100
gctgttgatg tcgagettgg agaagacgcg ccgcaggtga ctgtcgacgg tgtgcgggga 5160
caggaacagc gaactcgeceg cctegeggtt ggtcateceg tecacgatgg ccegcacgac 5220
cegeagetee gegetggtea ggetcetecca ccecgacegg ggeeggtegyg ggaccagegg 5280
geggacgttyg tgagecggca ggccacgcag cteggectee acgegeteca ggtegegteg 5340
cgegeageac tcceggtage cgtecgtege ggectegage agacgggtgg ccteggecceg 5400
gtceegggty ctgegggeeg cgtectecac cgegecggee gecgegageyg tacggeegge 5460
gagceggtge agatccgegg cecgcagcag cgcecgecgga tegtegegea ggagaccage 5520
ggegtgttee geegecgeeg ccagcegactyg gacgaacggg ttgecgeggyg cgacgegecyg 5580
ggcgacctee acggegeget cggectcege gtegagecee geceggeggyg cctggegtac 5640
gagcegtegee gcageggeeg gegecteggt gaacagcage ggatcgggtyg cgacctgtec 5700
ggcgacgttyg atcagcegtcet gcaccatcat cgccggacgg cegectggeag cgtggaacceg 5760
ggccagegee cagtccatee gegecgagte gteggeggag gecagecget cggecgecceg 5820
caactggteg ctggeegtgg cgaggtcace gtggtgecacg cegaggtggg ccaggaccag 5880

gegegecgge acgcagtcege ceggeceggga gtggteggeg getegeageyg ccgecteage 5940
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cteggegegt gectegteca gecgtecgge cgetgecage agetceggece ggtggecgeg 6000
ccagagcgac tccgagccegg tgtgactggg ctectgegece agcecggtcgta cggtgtecag 6060
caccgectge gectegtega getgategge cgegeccage geceggacca gecaggtceca 6120
cageggecoge cggeegggeg cgcagecegg ggactggtge cggggetceca geteggegga 6180
ggaggcaccg cccaggtgct tcecgtggtgte cgcgagcecgec cggtccaget tggcgcecggtce 6240
cagctegeac acgtegtgge gggectgegt ceggegeagg aagecggecg ccaggeggtg 6300
getgeeggeyg geccgcatee cgtgteccag ttegagcacg agetgegect cgacgtecge 6360
cgegaggteg cggeggagea tcaccteege gaggeggeeg gecteggegg ccegecceege 6420
cceggecage aggcgcageg cacgggecag tgetegtgge gecteggegg atccegttete 6480
caggtgggac acggcggetg ccgecacgte gtegeacceg caceggeccg agegeggecce 6540
cgeegtegeg gegggegtgg cegegteegg cgeggagege gtgacgegta cgecggeggg 6600
ggagtgggge gtccegggee geggateggyg cegeccgege cggaccegggt cgecegecage 6660
cggtgeegge geggatceegg geteggeacyg ctecggttece gggtacgegyg cgtggegaag 6720
cgecteteeg agcaccgggt gggcegaaggt cageteegeg cegtegegte gtatcagecce 6780
gaccegcace gectegtcega tegeggegga cacgteggeg gecgagecegt ccageaggec 6840
cgtcaccegyg tcgacgggaa acgtgtggee gageeggeeg ceggeegega gcaggegecg 6900
cagceggggge ggcagetect ccagcagece gegaacggeg gegaggacac cgtegggeag 6960
ctegteggac accaccgacg ccgcecccgte cacgatgatce atctggceccgg ccttgatgaa 7020
cgegetgaag acgatcteca tcaccttegg gttgecgeeg cagegggecg cccagegeag 7080
gacggaggcg tceggceeggg cgccgaggat gecggegcac aggteggeca ccgectecte 7140
geceggeteg cgcagecgta cecgtaccege gacgtgceteg gecagecagt cgacggegtyg 7200
ctgagegate gacceggegg cgaccggecg gegggecage agcecagagca ccggcegagga 7260
cgccaggege ggcacgagece cgcgcaggge cagggegetg acgtegtega tgegetggge 7320
gtegtecagg gegaccacga gegggegeceyg gegegeogeg acctegacca gatcgecgac 7380
ceggtegate agccagaacg ggttggegee cggcagggeg agetgetega ccegecgette 7440
gecgggcate gegtggegea ggaagttgac gagcaggtgt acgggcaccyg getgateegt 7500
gacgcttgee cgeceggeca ccactgtcag ccegegggee gecgectoca ggecggtgac 7560
cttcagcagg tgggtettge cgatgecgaa cggeccgteg acgacgacge ageccccgga 7620
tcecegeatg gtggegtega gcagttecce caatgaggac aattcctgece cgcgecccegce 7680
catgcgattc atgatgacca tcccgtttte ctetgctgaa tegteccgacg tgcgcecgega 7740
gccgatgtee caccgegtte gaccgtecgt tcectggacagt tgaacgccgg atcggggcegyg 7800
gctactcagt tatacgggat ctgcggcecgt tcgtecggcga cgtcecgcetggce agcegcgcact 7860
actcgegtga gtagtgggca gggtgtcagg ccgcgattac tgtcaggcca tgccgggcetce 7920
ggegtgeegyg cgeggacgaa atggcgacge cgatggggag atcggegteg ttteegegec 7980
ggcgcaaaac gtccggaacg gaatcgacta atcgecgete gacgegactyg gtecagegaa 8040
tccaggggag tccgagatge gtgagtgtaa tggtgaccge cgtcttgatce gggagacgcg 8100
ggcatgaccyg tcggatatct cgggacggte accgactegg cgeccgtega cgecgegetg 8160

cgcgacttet tegecgageg cegegecgag gcacgegage teggegacga cttegeggece 8220
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ctggtegeceg agctggagag ctacgtectyg cggggeggea agegecateceg geccgectte 8280
gectggetgyg getggategg cgceggegge gaccceggagg acceggtgge gaccgeggtyg 8340
ctgaacgcct gegceegggtt cgagcetgcectg cacgcgtecg gectcatcca cgacgacatce 8400
atcgacgegt cgcagacceg ccgeggecat ccegecgege acgtegegta cgecgaacgg 8460
catcgggege ggegettete cggtgacceg ggaacgtteg gecaccggeac cgecatcectg 8520
atcggagacc tcgtecctgat ctgggccgac gtectggtece gegectceccecgg cetgecggece 8580
gacgcgcacg tgcgggtcte gceggtgtgg teggeggtge getccgaggt catgtacgge 8640
cagctgeteg atctgatcag ccaggtgage cggagegagg acgtcgacge ggegetgege 8700
atcaaccagt acaagaccgce gtegtacacg gtggagegge cactgecagtt cggegeggeg 8760
atcgeceggeg cggacgacga cctettegeg gectacegeg cetteggege cgacgtgggt 8820
attgccttee agctgcgega cgacctgcte ggegtgtteg gegacccggt ggtgacgggce 8880
aagcegteeg gcgacgacct gegggaggge aageggacgg tectgetege cacggegete 8940
aagcgegecg acgaacggga cccggacgeg geggectace tgegggegaa ggtceggcacg 9000
gacctegegg acgaggagat cgcccgcate cgegecatcet teegegacgt cggegeggte 9060
gaggagatcg agcggcagat ctcgcagege accgaccggg cgetggecge getggaggeg 9120
agcagcgeca ccgeccocge gaagcatcag ctegecgaca tggegatcaa ggccacccag 9180
cgggeccagt gatgtccacg gaaccggtga cegtegtege cegeggegtt ctegacggece 9240
ggggtgacgg gccgggecge cteggecaceyg gecgegecca cggcaaggeco atectgetgg 9300
gecgaacacge cgtegtgtac ggcegetcegyg cgctegecegt ceeggtgecyg caactgaceg 9360
cegtggecaa ggcegeggegg gecggeggeg acggeggega cgaggtcetee ttegecateg 9420
cegggetgga gageccggag gtgacgtege ttecgaccga cggectgcaa catctggtga 9480
cggagtteeg gcagegggece gecgtcaceg agecgatgeg cgtegacgtg ctegtggact 9540
gegecatece gecagggecgg gggctegggt cgagegecge ctgegecege geegeggtge 9600
tggcectege ggacgcgtte gaccgccgcee tcgacgecge cacggtgtte gatctggtge 9660
agacctcgga gaacgtggeg cacggecggg ccageggeat cgacgeccetyg gecacceggtg 9720
cgaccgegee gectgatcette cgcaacggeg tgggecggga actgeeggte gecatggegg 9780
gegecgegeg tgccgegega gggtcegggee cggeceggett cgacgeggtyg ctegteateg 9840
ccgacagegyg cgtcagegge agcacceggg acgeggtgga getgetgegg ggtgectteg 9900
agcgcteoce gegcacgege gacgagtteg tcagecgggt gaccagectyg accgaggegg 9960
cggcgcacga cctgctcecag ggccgggteg ccgacttegg cgcgeggcetg accgagaacce 10020
accggetgtt gegcgaggtce ggcatcagca ccgaacggat cgaccggatg gtcgacgccg 10080
cgctegegge gggcagccceg ggcgccaaga tcagcecggcegg tggectggge ggctgcatga 10140
tcgcactgge ccgggaccge caggaatccg cggeggtggt gecggagegtce cagcaggcceg 10200
gcgeegteceg cacctggace gtcececgatgg ggaggttcac cggccatgac gactgaccac 10260
cgggcggagce cgtccgagec ggcgctcecgac cggcccgcega ccgecgtgge ccatceccgaac 10320
atcgcgetga tcaagtactg gggcaagcgce gacgagcagce tgatgatcce gtacgecgac 10380
agcctgtega tgacgctcga cgtctteceg accaccacca ccgteccggat cgacagegge 10440

gcggeggeceg acgaggtcegt cctegacgge tcgcccgceeg acggcgaacg gcgacagcege 10500
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gtcgtcacct tectggacct ggtacgcaag ctggccgggce gcacggaacg ggectgegte 10560
gacacccgca actccgtgcee caccggegece ggcctggegt ccteggcgag cggattcecgee 10620
gccectegeee tegecggcege cgecgcegtac ggcctcgace tggacaccac cgegetgtee 10680
cgectggece ggcggggate cgtgteggece tceceggtegg tetteggegg cttegegatg 10740
tgccacgcag gcccecggege cgggaccgcece gcggaccteg gctcectacge cgagecggtg 10800
ccegtegege cectegacgt cgegetggtg atcgcgatceg tcgacgceccgg gecgaaggceg 10860
gtgtcgagec gcgaggggat gcggcgaacce gtccggacct ccccgctcecta tcagtegtgg 10920
gtcgecteeg gecgegecga cctggcecgag atgcgggceceg cgctgctceca gggagacctg 10980
gacgcggteg gcgagatcge cgaacgcaac gccctceggca tgcacgccac catgetggece 11040
gcceggeegyg cggtgecgceta cctggegeeg gtcactgteg cegtgctega cagegtgetg 11100
cgectgegeg ccgacggedt ctceccgectac gccacgatgg acgcgggacce gaacgtcaag 11160
gtgctctgee gecgegegga cgcecgaccgg gtcgecgaca ccectgcgega cgecgegecg 11220
agctgegecg tggtegtege cggaccgggg ccggcggcece ggcecggaccee gggcagecgg 11280
ccgtgaccgg cccgggcgee gtgcgecgee acgcgceeggg caagctgtte gtegeeggtg 11340
agtacgcggt gctggagcceg ggccacccegg cgctgctggt ggcggtcgac aggggagtgg 11400
acgtcaccgt ctccggcgec gacgceccace tcegttgtega ctecgaccte tgccecggage 11460
aggcgtgect geggtggcag gacggcecggce tcegtcecggege gggcgacggg cagcceggcege 11520
ccgacgecct cggcgcecgtyg gtcecteggcga tcecgaggtggt cggcgaactce ctgaccggac 11580
gagggctgeg cccgcetgece atgegggtgg cgatcaccag ccggctgcac cgcgacggca 11640
cgaagttcgg cctegggteg agcggggcgg tgacagtege cacggtgacce gcagtggeceg 11700
cgtaccacgg ggtggagctg tecgctcegaat cgcggttecg gectggegatg ctggcecgacgg 11760
tgcgtgacgg cgccgacgece tecggeggtg atctggecge gagegtcectgg ggcggetgga 11820
tcgectacca ggcgeccgac cgcgeggcecg tgcgcgagat ggcgeggcegg cgcggegteg 11880
aggagacgat gcgcgcgeccce tggccgggcece tgcgggtecg gecggctgceca ccaccgegtg 11940
gcctegeget ggaggtggge tggaccggeg agccggcgag cagcagctceg ttgaccggge 12000
ggctggcege ctececeggtgg cggggcagece cggcgeggtyg gagettcacce agecgtagee 12060
aggagtgtgt gcgtaccgcec atcgacgcgce tggagcgggg cgacgaccag gaactgctge 12120
accaggtcecg gecgggcecegg cacgtgettg ccgagctgga cgacgaggte cggcteggga 12180
tcttcaccece cecggctgacg gegcectgtgeg acgccgecga gaccgtcegge ggcgeggcca 12240
aaccgtecgg cgccggtgge ggggactgceg gcatcgegtt gcectggacgece accgecgcga 12300
cgcggaccgce gcggctgege gagcagtggg ccgccgecgg ggtgctcecce atgccgatcece 12360
aggtccatca gacgaacggg agcgcgcgat gatcgccaac cgcaaggacg accacgtccg 12420
gctegecgee gagcagcagg gccggctegg cggtcaccac gagttcgacg acgtgtcecett 12480
cgtgcaccac gccctggeeg gcatcgaccg gtccgacgte tcecgetggceca cgtcegttegg 12540
cggcatcgac tggccggtgce cgctgtgcat caacgcgatg accggcggca gcaccaagac 12600
cggcctgate aaccgggacce tggcgatcge ggcccgggag accggcgtac cgatcgccac 12660
cgggtcgatg agcgcctact tegccgacga gtcggtggcee gagagtttca gegtgatgeg 12720

ccgggagaac cccgacgggt tcatcatggce caacgtcaac gccaccgcect cecgtcecgaacg 12780
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ggceceggegyg getgtecgace tgatgcggge cgacgcgctg cagatccacce tgaacaccat 12840
ccaggagacg gtgatgccgg agggggaccg gtcgttegee gectggggge cgcggatcga 12900
acagatcgtc geccggcegteg gtgtgecggt gatcgtcaag gaggtcggcet tegggctcag 12960
ccgcgaaacg ctgctgcgge tgcgggacat gggcgtecegg gtggccgacg tegceceggeceg 13020
cggcggcacg aacttcgege gcatcgagaa cgaccggcegg gacgccgcecg actactcecctt 13080
cctecgacggg tggggacagt cgacacccgce ctgectgcetg gacgcccagg gegtggacct 13140
gccegtgetyg gectecggeg gcatccgcaa ceccgetcecgac gtggtceccgeg ggetggeget 13200
cggcgecegge geggecgggg tgtccggact gttectgege acgctectgg acggeggegt 13260
gcecggegetyg ctgtegetge tgtcecacctg getcgaccag atcgaagecce tgatgaccge 13320
cctgggegeg cggaccceegg ccgacctgac ccgctgcgac ctgctgatcee agggtegget 13380
gagcgcgtte tgcgecggcece ggggcatcga cacccaccge ctcecgcecacce gttecggege 13440
cacccacgag atgatcggag gcattcgatg aacgacgcga tcgcecggtgt geccatgaaa 13500
tgggtaggtc ccgtgcggat ctcgggaaac gtggcgcaga tcgagacgga ggttcecegcte 13560
gccacgtacg agtcgcecgcet ctggccgtece gtcggecggg gcgcgaagat ctcececggatg 13620
gtcgaggegg gcatcgtcecge cacgctegtce gacgagcgca tgacccgetce ggtgttegtg 13680
cgcgcecaagg acgcgcagac cgcctacctg gcectcecgettg aggtcgacge geggttecgac 13740
gaactgcgtg acatcgtgcg cacctgcegge aggttegteg agctgatcgg gttecaccac 13800
gagatcaccg cgaacctgct gttectgegg ttcagtttca ccaccggcga cgegtccggg 13860
cacaacatgg cgacgctggc cgccgacgcg ctgctgaage acatcctgga caccattcceg 13920
ggcatctegt acggctcgat ctegggcaac tactgcaccg acaagaaggc caccgcgata 13980
aacggcattc tcggccgggg caagaacgtg gtcaccgagce tggtcgtgcce gegggagatce 14040
gtccacgaca gcctgcacac gacggcggceg gcgatcgcee agctgaacgt gcacaagaac 14100
atgatcggca cgttgctege cggcggtatce cgctcggcca acgcccacta cgcgaacatg 14160
ctgctegggt tcetacctgge cacgggtcag gacgccgcga acatcgtcga gggcteccag 14220
ggcgtgacgg tcgccgagga ccgcgacggce gacctctact tcectectgcac gctgcccaac 14280
ctgatcgtgg gcaccgtegg caacggcaag gggctcggct tcgtcgagga gaacctggag 14340
cggctegget gecgegecte gegtgatcecceg ggcgagaacg cccggceggcet cgeggtcate 14400
gcggecgega cggtgctcectg cggcgagetg teccctgeteg ccecgecgcagac caacccgggce 14460
gagctgatge gggcgcacgt ccggctcgaa cgcccgacceg agaccacgaa gatcggagece 14520
tgacgatggc cgagagaccc gccgteggca tccacgacct gtceccecgecgeg acggcegcate 14580
acgtgctgac acacgagacc ctggccgcga gcaacggcgce cgacgtggcce aagtaccacce 14640
gtggcatcgg gctgcegggceg atgagcecgtge ccgccccgga cgaggacatce gtgacgatgg 14700
ctgctgecge cgccgcegeeg gtggtegece gccacggcac cgaccggatce cggaccgteg 14760
tgttcgecac ggagtcgteg gtcgaccagg cgaaggcggce cgggatacac gtccactcce 14820
tgctecggect ceccteggee accecgggtgg tcecgagctgaa gcaggectge tacggeggta 14880
cggcgggact gcagttcgec atcggectgg tgcaccgtga cccgtcecgcag caggtectgg 14940
tgatcgceccag cgacgtgteg aagtacgcgce tgggtgagcee cggcgaggcg acccagggceg 15000

ccgeggeggt cgccatgete gteggegegg acceggegcet ggtacgegte gaggaccegt 15060
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cgggcatgtt caccgccgac gtcatggact tctggcggce gaactaccge accaccgcece 15120
tggtcgacgg gcacgagtcc atctccegect acctgcagge gctggagggce tegtggaagg 15180
actacaccga gcgcggcggt cgcaccectgg acgagttegg cgcegttcectge taccaccage 15240
cgttececgag gatggccgac aaggcgcacce ggcacctgcet caactactge gggcgcegacg 15300
tcgacgacgce gctggtggece ggggccatcg ggcacaccac cgcgtacaac gccgagatceg 15360
gcaacagcta cacggcgtcg atgtatcteg ggctegegge actgctcgac accgccgacg 15420
acctgaccgg ccggaccgte ggcttectca gctacgggte cggcagcegtce gecgagttet 15480
tcgececggcac tgtcegtgeccee gggtaccgceg cgcacacgcg acccgaccag caccgegcegg 15540
cgatcgaccg gcggcaggag atcgactacg cgacgtaccg ggagttgcac gagcacgcct 15600
tceecggtega cggcggcgac tatccggcege cggaggtgac caccgggcecg taccggctgg 15660
ccgggcetete cggtcacaag cgcgtcectacg agccgcgata ggaccggcca cgccggecge 15720
cctgaccgaa cgaaccatge ttggaggatc gatgtccgga actcccgagg tggccgaget 15780
ctactcgacc atcgaggaat cggcccggca actggacgtg ccgtgttcege gecgaccgggt 15840
ctggcceccatce ctgtccgegt acggcgacgce gttecgcccat cccgaggcegg tggtegectt 15900
ccgggtggeg accgegcectge gtcacgeggg cgagctggac tgccggttece ggacgcatcece 15960
ggacgaccgg gacccgtacg ccteggeget cgcceggggce ctcacccegce gcacggacca 16020
cceegtegge gegcetgctet ccgaggtceca ccggcgetge ccggtggaga gecacggcat 16080
cgactteggg gtggtcggeg gcettcaagaa gatctacgeg gecttegece cggacgaget 16140
gcaggtggec acgtcgcectceg ccggcattcece ggcgatgcee cgcagcectcecg ccgcegaacge 16200
cgacttecttce acccggcacg gectcgacga ccgggtegge gtgctgggat tcgactacce 16260
ggccecggace gtgaacgtct acttcaacga cgtgccgcegt gagtgcttcg agceccggagac 16320
catccggteg acgctgcgec ggaccgggat ggccgagecg agcgagcaga tgctceegget 16380
cggcacceggg gcegttceggge tcectacgtcac gctgggetgg gactccccecgg agatcgageg 16440
gatctgctac gccgecggcga ccacggacct gaccacgctt ccggtacccg tggaaccgga 16500
gatcgagaag ttcgtgaaaa gcgttccegta cggcggcggg gaccggaagt tcgtctacgg 16560
cgtggegetyg acccccaagg gggagtacta caaactcgag tcgcactaca aatggaagcece 16620
gggcgcggtyg aacttcattt gaacagcegge cggttceccgec gececgggcegg cggaaccggyg 16680
atcaatgcct gttcgctegg gttcaacact ggcgcgctcece gctaaagtgce gaacatgacg 16740
actggactgt ccagtgtgtg ggcccecgggtg aagaactggg tcgtegegtt ggctgtggeg 16800
gcggtgctga tgatcagcge gctggcecceggt gaccatcctg cccccgaggg ccteggtetg 16860
cteggetteg cgcectggtgge ggcgageggce ctggcecgetgg ccgcecagteg tegggecceg 16920
atcgecegtge tggtcgccac cgggctgtge gtggtgggct acaacgcgat cggctteggg 16980
gtgcececgeca tegegtacct gttegeggte tacgeggcegg tcecgggccgg gcaccggcecte 17040
gtcacgcteg gggcgagcge cgccectgecte gtcecgtectge cgectggcgat catggtcecteg 17100
ccegeggacyg gcegcecctcaa ggaggcegcte gcecgcagtege ggggcegtget ggaactggee 17160
tggctgatcg cecgcggcgge ggccggtgag gcgctgegge aggccgaacg gcgageggac 17220
gaggcggaac ggacccgcga ggagaccgcece cggctgcgeg ccacccagga gcggctgcac 17280

atcgcacggg agctgcacga ctcecgctcacce caccagatct cgatcatcaa ggtgcaggeg 17340
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gaggtggcegg tccacctgge ccgcaagegg ggcgagcagg tgccggagtce gctgetggeg 17400
atccaggagg ccggccgggce ggcgactcecge gagcectgegeg cgaccctgga gacgetgegt 17460
gacctgacca agtcccegte gcacgggctce gaccacctec cggagctgcet ggecggggee 17520
gagaagatcg gcctggccac cacgctgacce atcgagggceg accagcggga cgtgccggag 17580
gcggtgggece gcaccgcegta ccggatcecgtg caggagtcge tcaccaacac cgceccggcac 17640
gcctecgeeg cggecgecge ggtecggate gactaccgec cggacgcgct gagcatccegg 17700
atcgacgacg acgggacggce ccggcecegggce gccgcecccegg tgcccggegt cgggetgetg 17760
gggatgcacg agcgcgtcect cgegetggge ggccggctge gggcggaacce ccgcaccgge 17820
ggaggcttca ccgtccagge cgaactcceg gtggtgcgeg tceccatgatc aggatcatge 17880
tgctcgacga ccagceccgetg ctgcgcageg ggttccgege gcectcectcecgac gecgaggacg 17940
acatcgaggt ggtggccgag ggcgggaacg gccgggaggg cctggegcetg geccggcage 18000
acctgcceccga tcectcegececctg atcgacatcee agatgccecggt catggacggce gtcgagacga 18060
cceggecagat cgtcegecggat ccggegetgg ccggggtacg cgtegtcatce ctcaccaact 18120
acggcctcecga cgagtacgte ttccacgcege tgcgcecgecgg cgccaccgge ttectggtca 18180
aggacatcga gccggacgac ctgctgcacg ccgtgcgggt cgccgegege ggtgacgcge 18240
tgctecgegee gtcgatcace cggatgctga tcaacaggta cgtgtcggag ccgctetgeg 18300
cggacgtcac gcccggcatg gaggagctga ccaaccggga acgcgaggcg gtcgeectgg 18360
ccgeecegggg cctgtceccaac gacgagatceg ccgatcgcat ggtgatcage ccgctgaccg 18420
cgaagaccca cgtcaaccgce gccatgacca agctgcaggce ccgcgaccgce geccagcetgg 18480
tggtgttcge ctacgagtcc ggcctggtgt cacccggcaa tcecgctgaccg ggcageccge 18540
ccggtetgte gecteggecag tgctgeggcet gcecggtatgeg gcectgctcecceceg gegcagacge 18600
cggagccecgt ggataccgtce accgcagtag atcgatcgat tgtctectte ggcatgacga 18660
ccegtagegg ggtcegttace tacgetggeg cagatgectg ttceccgcage cgaagggget 18720
tccatgttca teccgtegttt getcaccgee gccgcagecyg gecgtectegg tgggetegeca 18780
ctegtegecac cggcggceege gcaggtgacg gccgccgacg gtgacggtgg ttccggecge 18840
gccggateeg tgctggegcet cgegetegeg ttgcteggee tegtcectggg cgggtgggeg 18900
ttgcgeteeg cggggcgegyg cggcggtcegt ggcaacgcga tcgcecgceget ggtgetegeg 18960
gtggccggece tgatcgecgg cgtggtegec ctggecgget ccgacggtgg tgteggcage 19020
ggcaacggcece gtggtggcge catcgtggec gtcgtgectgg cgctgatcegg gatcecgecgte 19080
ggcggcectgg cattcacccg cteeccggege gecgectgac cggcgctgece gaccgaacac 19140
cceggtgace caaccgaacce cgaaggggag tcccatgege aaagtgtteg ccggactgge 19200
agcgttectg ctgctcegtge tegtggtgca gttcecttectg geccgecageg gegcegttcag 19260
caacgaggcc aacgaggagg cgttccgcecce tcaccggatce ctgggectgg ggagcatcct 19320
cgtegeegtg gtgctgacgg tggccgecge ggtgatgegg atgcccggece ggatcatcgg 19380
cctgteegge ctggtcecgeeg ggctgggcat cctgcaggce ctgatcgegg tcatcgccaa 19440
ggcgttecgge gactceggcecg gtgactcegge cgtcecggcecgg tacgtgttceg gectgcacge 19500
ggtcaacgga ctggtgatgg tggccgtcge ccgcgtcate ctgecgcageg tceccecgggcegge 19560

gccggacacg accaccacgce ccggcgtgga cacgacggte accggtcegg cggecgacte 19620
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ggcgcgaacyg gcgtcatgag cacgctccaa tggatccteg tggaccacgt cgtggcgetg 19680
cteggtgteg cgacgtggtt cgcaacgggt gtcacggcag ctcteggcecg ccaccggate 19740
gcgttggege tecteggcege cgeggtgctg gtgacagteg cccgectggg caccgtggeg 19800
ctgctggeccg accgeggetyg gtggttegte caggagaagg ttcectgetggg getgecgatg 19860
cteggegecg cggggctegt cgecggtgcete ctggceccggee cgcgectget cgecggeccgg 19920
cagtcaccgg cggcggacct gecggecggce gcgcetggteg cggtgectgac cgccggette 19980
gccgegetgg ceggectggt ggtgacgtte accgecegggt acccecgctgac gtggagcacce 20040
gcgetgateg cegtegecct cgtetgegece gecgegetge tcaccgegceg ggtggtcegga 20100
cgaccegecg ccoccggceege ggaggecgge tcececcggage acacgcecggce ggcggecggg 20160

ccecacggcge tgtceccgeeg ceggttecte ggegtggecyg ggggagtggt cgcggeggge 20220

gccggegeca cceggegtcegg cctgetette cgcgaccegg aggcgatggt caccggagge 20280
ggcececggac acgccggtgg cgeccgeccce aaggtcectceeg tggcggacct gcecgeggecce 20340
ggcgcecteegyg cggegggcgyg cacggcgcga cgccacgtge tcaccgcccg gacgggcacce 20400
gtcacgattc cgtccggacg tccgatcgac gectggaget acgagggccg cctgcccggg 20460
ccggcecatca ccgcgaccga gggcgacctg atcgaggtga cgctceccgcaa cgccgacatce 20520
gaggacggcg tcaccgtgca ctggcacggg tacgacgtgce cgtgcggcga ggacggcgceg 20580
ccgggcegeca cgcagcacge ggtgcagcecce ggcggcgagt tcecgtctaccg gttceccaggeg 20640
gaccaggtgg ggacgtactg gtaccacacc caccaggcgt cgcaccccgce cgtgcgcaaa 20700
gggctgtacg ggacgctcegt cgtgacgceg cgcgaggacce ggccggaagce ggagcegceggg 20760
ctggacctga cgctgccggt gcacacgttce gacgacgtca cgatcctcegg cgaccaggag 20820
ggacgcgeceg tccacgacgt ccgeccegge cagceggtge gactgcegtct gatcaacacce 20880
gactccaacc cgcactggtt cgcegtegte ggctegececet tecgegtggt ggceccecgtcgac 20940
ggcecgcgacce tcaaccagcce gggcgaggta cgcgaggteg ggctceccgect gecceccegecgga 21000
ggcecggtacg acctgaccct ggccatgceg gacgccaagg tcacgctgcet gctcegacaac 21060
gactccgacce agggcgtcect gctgegeceg cecgggegteg geggtggtga ccgeccgetg 21120
ccggacaccg ccgactggece cgagttcecgac ctgectgggcet acggcgagece ggcgeccgtg 21180
ccgttecgacg ccgacgacgce cgaccgccac ttcaccatcg tectcecgaccg ggccectggee 21240
atggtcgacg gcaagcccege gtacgceccag accgtcgacg gtcecgcgcaca tceccctecgte 21300
ccecgaccage tegtecggga gggggacgtce gtgegcttca cggtggtcaa ccggagecte 21360
gaaacccacc cgtggcacct gcacggccat ccggtgctga tcectgtcccg cgacggcecgg 21420
ccgtacteceg gecageccget gtggatggac accttcgacg tgcggecggg agaggtgtgg 21480
gaggtggcegt tccgggcgga caatccgggt gtctggatga accactgcca caacctgcecg 21540
caccaggagc agggcatgat gcectgcggctce gtctacgacg gtgtcaccac gecccttegee 21600
agcacgagcce acgcacactg aggggactcg catgaccgca gacctgcacg gectggccag 21660
cgtcecgetac atcgtcgacg acgtgtegge ggcgatcgag ttctacacca cccacctggg 21720
tttcacggtg tcgaccgegt teccgecgge cttegceccgac gtggtgcegeg ggccgetgeg 21780
gcteectgetyg teecgggecga ccagcecteggg cgccegggte acceccggegg acgeggcecgyg 21840

gtgcgggege aaccgcatce acctgatcgt cgacgatcte gacgccgaac gggagcggct 21900
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ggagcgcgece ggggtgacgt tgcgcagcga cgtcecgtggec gggccgggcg gccgtcagtt 21960
cctgategee gaccecggegg gcaacctggt cgaggtgtte gagcecggcag cccgeggctg 22020
aaccgccgac ggacgcccte ccacctegeg acgcccgaag cccgacacct ggccgegteg 22080
cggccacgat caccgtggcec gcgacgceggt gacggggtge cttaccgggg cggggtggge 22140
gcggecgagec gcegceggcecag gatggagatg atcacggcge cggcgatcac gtgggtgcecg 22200
gcgaggacga gctgcegtcga caccggggtg tcccgggcga aggcgggcgce ggcgagggac 22260
agcacggtga acgcgacggt gccggccacg aaggcacgca cgggccgcecg ggccegecge 22320
gccacgacca ccgccaggac gattcecgeeg atcgaccaga gcacgacgct gcgggcgatg 22380
gccececcaceg ggatcecgectg cgectgetece teccagacge cggcecgectce catceggtacg 22440
ccgaagcecce gggcggcgag cgtgaacgcece tccgcggceca cggcecccggce gagggtggee 22500
agcacgccga ccagccacac cggageggtg gccggcgace aggtgggcecg tgccgcegacg 22560
ggagttcggg gagtggccte atccacggeg tcgcectceccgg tegggtgect cgatgtgtte 22620
tcgggagaat gcggggacgce cacgacggca gtcaacatgg acagttgaac geccctggcegt 22680
cacgggceggt tcccgecgeeg geccgecgcee teggcecgegg cggceggcecgt gecgteggeg 22740
agcagggaga ccagcaggtc gcccaggatce cgtgggcegt gcectgggtgag gacggactcecce 22800
aggtggaact ggacggaacg gaatcccggg ccgcgcagceg cgtgcacgtce cccgetgtee 22860
gggctgcgge tgatctcgat cgggccccge cggccaccgg ccaccacgtce gtgegeggag 22920
cgggcggtgt aggtgttgta gaaccccacg agttccggce ggccgaacag gtcgatccge 22980
ttetgcacac cctggttggg caccgcegcege cgggcgaggg ggaaccccag ttcecggeggeg 23040
agcacctggt ggcccaggca gatggacagg aacggcaccg ttceccggcgag caggtegegg 23100
gtgagccege gcagggtccg catacgeggg tcggtcaggt cgcccgggtce geccecggggecg 23160
ggaccgacga cgacgaggtce gtgtccgtec ggccgcagec ggctgtcgaa ccgggcgatg 23220
ctcgaccgca geccgaggge ccgcaactgg tggtcgagca tggccatgaa cgtgtecteg 23280
ttgtcgacga cgagcacgcg gegteeggte agcgccgggt teggggtgeg cegctecgeg 23340
ccgtcgagece agaacctcega cagtgtggtg ttgcgctege gcaacgceccg ccgtacccgg 23400
gggtcggtgg ccagggacga acgagcccgce gcggcecegtgg tcecgeccgece gtecegggecg 23460
tcegggtega cgccgaggee gagcgcecgceg cgcatggege ccgecttgge cegegteteg 23520
gccaccteeg acteccggcett ggagtcceccge acgagggtgg cgccgacgcece caggcgcage 23580
gtgcececgegt cgtecgatcte ggeggtgcegg atcatgatgg ccgagtcgag cgtacggcetg 23640
ccggecgagt cacggceccat caacgcgagce acgccgecegt agtagecgeg gecggtegte 23700
tcgtggeggg tgatgacceg gaacgcegtte tcgatcggge tgccggtgac cgtcggcegeg 23760
agcagggtct cccgcagcac gtcgcegcacg tccaggtege tgcggecggt caggatgtac 23820
tcggagtgeg tcacccgege catttecttg aggaacggge cgtgcacctg gecgecggag 23880
gcgcacatcec gegecatcat tttcagttecce tecgtcgacga ccatgtagag ttcegttagece 23940
tctttegggt cgttcaggaa ttccagcaga ccggaaacgg ccgggcecgtt cggggggtge 24000
cggtaggtcce cgctgatggg attcatcgag acggttcegt cgatcatget gacgtgtcegt 24060
tceggtgacyg cgccgatgaa cgtgcceggceg ccggagtgga acagaaacgt ccagtaggaa 24120

cccagttege cggtcagcaa ccggcggaag agcgccagtt cecgtggcgat cgagtagtceg 24180
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gccagccgeg cggtgaaggt gcgecggatg acgaagttgg atccggcgece cageccgatce 24240
tcgtcaccca ccacccgett gacgatcgeg gcecgtagtect cgtegetgag gtcgaagtceg 24300
gcgteggtea ccggcacace gcgtteggge aggcccgcca gcegectgtcece geggtcgage 24360
ccgaactgcet cgtggacgeg catcgcgagce agcggcgcegce cgtcegtcegtg gcagtcecgaac 24420
cceegttegg tgacctgeeg gtacggcacce gccacgagca ggtcegtgcecg cgcgecggte 24480
gcecggcetegyg tgggcagggg cagctcecgeceg agagtgtcca cgtecgcacac ctcegecggte 24540
agaacctcca cgtacgcgca ceccggcecgceg ccgggceggt gcagcagggce gaaggcegcegce 24600
ccgtegecge cgagaccgga cagcagatcg gggaatccgg tcacgttcecga ttccgtecceg 24660
tcecatgtege tecctttgee tgagagatcg cctgtcgata ctgcgtceccecgg caaaaggcgt 24720
cgcacatgac gtgaagtcgce cgacggcatc acgtgtttce ggtaacgcge cgacgttatg 24780
gcgtgaacga ctgaatcgge gggctactac tcgggcgagt agtgcccacg cagatcgacc 24840
gcgattactg tcgaccgcaa tgccgatacg acgagggcgg tgaagacgac tgtggacgtg 24900
ctggtccaga aatacggggg cacctegcetg cagacccteg accgegtteg gcacgecgeg 24960
ctgcggatcg ccgaggcgceg geggcacggce tccgceccgtga cagtggtcegt gteggegege 25020
ggcagccgga ccgacgacct gctgeggetg geggecgacg tceggcecgecgce gggtecegtee 25080
cgggaactcg accagttgcect cgcagtecgge gagtccgagt cggceggceget gatggegetg 25140
gcgttgaceg ggctgggagt gccggccegte tegctgaceg ggcaccaggce ggagatccac 25200
accaccgacce ggcacggcga cgcgctgatce tcecgeggatcg gggceggcgceg ggtggaageg 25260
gcgetgggee gtggcgaggt cgcegtggtce accggattec agggcatcga ccgggccggt 25320
gacgtcgeca cgctggggcg cggcggctece gacacgacag cggtggcgcet cgceggcecccecgg 25380
ctecegegegt cggcegtgcga gatctacacce gacgtggacg gcgtcecttcag cgccgacccece 25440
cgcateccectte cggcggcgeg ttgcctgeceg tgggtggage ccggcgtcat ggcggagatg 25500
gcgttegeeg gegegegggt cctgcacacce cgatgcateg agectggccgce catggaaggg 25560
gtcgaagtge gcegtgcgcaa cgcegtcecgteg caggcgccceg gaacgatagt cgtggaccgg 25620
ccecgacgace ggccgctgga gaccceggcegg gcegtggtgg cggtcaccca cgacaccgat 25680
gtcgtececgeg tgctggtgca ctgccgcgac ggccgecggg acatggcacce cgacgtgtte 25740
gaggtgctgg ccgcccatgg ggceggtggeg gacctggtgg cceccggteegg gccectacgag 25800
agcgagttce ggatggggtt caccatccgce cgcagccagg ccgaagcggt geggaccgeg 25860
ctgcacgacc tcaccgcgte cttcgacggce ggggtccact tcgacgagaa cgtcggcaag 25920
gtgtcecgtgg teggcatggg cctgctcage cgccccgage acacggcccg gctgatggeg 25980
gcgetggeeg cggcggggat ctcecgacgage tggatctcca ccteccagat gecggectgteg 26040
gtgatcgtgt cgcgggaccg caccgtcgac gecgtcgaag ccctgcaccg cgegttcecege 26100
ctggaccggt ccgagceccgge ggacgccacg tccctgacct cceccgecgtte cgccaccgee 26160
tgagagaggt aggaaaccgt ggccgtactc aacgcttegt tecgetegtgg cctgegtctg 26220
cgccgactgt tccgacgegg cgacggacgce ctgctcegteg tceccgetcega ccactecgte 26280
accgacgggce cgctgcgeeg cggcgacctg aactcgetge tcggtgaget cgccggcacce 26340
ggcgtggacyg ccgtggtgct gcacaagggce agcctgcgge acgtcgacca cggetggtte 26400

ggcgacatgt cgctgatcgt gcatctgagce gtgagcaccc ggcacgcccce ggacccggac 26460
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gcgaagtacc tggtcgcgca cgtggaggag gcgctgcgge tgggcgccga cgcggtcage 26520
gtgcacgtca acctcggcte accgcaggag gcgcggcaga tcgceccgacct ggeggceggtg 26580
gcgggggagt gcgaccgctg gaacgtceceg ctgctggceca tggtgtacgce ccgegggecg 26640
cagatcaccg actcccggge accggagctg gtggcgcacg ccgcgacgct cgccgeggac 26700
cteggegecg acatcgtcaa gaccgactac gtgggcacge ccgagcagat ggccgaggtg 26760
gtgcgecgget gcccgatcce gctgategtg gecggeggee cgcgcteggce cgacactcecg 26820
acggtgctecg cctacgtete ggacgegcetg cgcggcggceg tggcecgggat ggccatggge 26880
cgcaacgtgt tccaggccga gcagcececggce ctgatggcecg ccgecgtgge acggetggtg 26940
cacgagccac ggcacgtgec ggaccggtac gacgtcgacg accggctcege ccttacgtcece 27000
tgagactccce tgaccgtcecca ccgaggagaa acccgtgaag ctgtgetgge tggacatccecg 27060
taacgtcaac ggcgccaagg aggcaatcgt cgaggaggcg gtccaccagce gggtggacge 27120
cgtegtggeg gecgatcegg ccgacctgga gacgcttece ccgacggtga agaaggtget 27180
gttceccgecag ggcgggcecge tgccggagaa gctggaacceg gccgacctgg tgatcgtcega 27240
gccggecegg cacggcgage ccgecgagcet ggcggceccgg tacccggagg tggagttcegg 27300
ccggttegte gagatcgteg acgcggacag cctggaggac gcctgecggt ccgcgegcecca 27360
cgaccggtgg agcctgctgt acttcecgcga ccccaccaag atcccgcetgg agatcecgtget 27420
ggcggccgeg gcegggcegcegyg agggcagcat catcacccag gtcgceccgacg tcgaggaggce 27480
ggagatcgte ttecggcgtcee tggagcacgg ctcggacgga gtgatgctgg cgcecccgege 27540
cgtgggggag gccaccgagce tgcggaccgce cgcggtgage acggcggcegg acctgteget 27600
cgtggagctg gaggtcaccg gcatcceggceg ggtgggcatg ggcgagcecgeg cctgegtcga 27660
cacgtgcacg aacttccgte tggacgaggg catcctggte ggctcgcact ccaccggcat 27720
gatcectgtge tgcagcgaga cgcatccget gecgtacatg ccgacccgge cgtteegggt 27780
caacgcceggce gcgctgcact cgtacacgct ctcecgcecegge gggcggacca actacctcag 27840
cgagctggtce tccggcggece gggtgctcege cgtggactceg caggggaagt cccgegtegt 27900
cacagtggga cgggtcaaga tcgagacgcg tccgctgcectg gcgatcgacg cggtcetccece 27960
ctccgggaca cgcgtcaacce tcatcgtcca ggacgactgg cacgtgcecgeg tgctegggece 28020
gggcggcacce gtgctcaacg tgaccgagcet gaccgceccggce acgaaggtgce tcggttacct 28080
gccggtggag aagcggcacg tcggctaccce gatcgacgag ttcectgcatcg agaagtgaca 28140
ggcggcggga aggggagcgg gcgatgaccg cgcagcecggt gctggacttce cacgtacgce 28200
tggcgececeg geccggggceyg cgggageggce tgctcecgecge gctgcgcgag tgcgggctgg 28260
cgegggeggt ggtgtgcgeg ggcggcacca tcgacctgga ccggctgtece cgccageteg 28320
tcaccggegg ccacgtcgag accgacgccg acaacgacgce ggtggeggceg gectgegecg 28380
gcaccgacgg ccggctggtg cecgttettet tegccaaccee gcaccggcecg gccgaggcegt 28440
accgggeccg cgccgcecgag tteccgeggece tggagatcte acccgecgte cacggegteg 28500
ccetgaccga cccgegggte gecgaccteg tggecgtgge ggcggagttce gaccatccgg 28560
tgtacgtggt ctgcctggac cgaccceggceg cgggcgtgge cgacctggtce ggcctgagee 28620
gccggttece gcaggtgage ttegtgcteg ggcacagcgg cgtcggcaac atcgacctcect 28680

acgccctgac cctgatccag gacgagccga acatctegcet ggagacctece ggcggctaca 28740
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cctgegtgge cgaggcggeg ctacgcecgcece tceggcgacga ccgggtggtg tteggetceg 28800
agtaccecget gecagcacceg gecgtggaac tggccaagtt ccaggegttg cgactgccge 28860
cggagceggtyg gcggcggatce gectgggaca acgcgcatcg actgctagga gaggagaagce 28920
ggtgagcgag ccaagttcga gcctgccceg gectcecggceccag tggcacggcece tcgaggacct 28980
gcggegecte caggagaagce aactggcegga gacgttcacce tgggcggcecce ggtegeccegtt 29040
ctaccgggceg cggctggect cecggegegee gccggtgacg cccgeccgacce tggccgacct 29100
gccgetgace accaagcagg acctgcggga caactaccece ttcecggcatgce tcgecgtgee 29160
ccgcgaacgg ctggcgacct accacgagtc gagcgggacce gccgggaagce ccacceccte 29220
ctactacacc gcggaggact ggaccgacct ggcggagcegce ttcecgcccgca agtggatcgg 29280
catgtcecgee gacgacgtet tectggtcecceg cacgccgtac gecgetgcectge tgaccgggca 29340
tctegeccac gecgcageee ggctgegtgg ggccacggtg gtacctggeg acaaccggte 29400
gctggcgatg ccgtacgcecce gggtggteeg ggtgatgcac gacctggacg tcacgctcac 29460
ctggtceggtyg ccgacggagt gectgatctg ggccgcegeg gcgatcgegg ccgggcacceg 29520
gcccgacate gacttececcgg cgcetgcecgege getgttegte ggcggcgagce cgatgaccga 29580
cgeccegecgg cggcggatca gecgectgtg gggggtgecyg gtcatcgagg agtacggcte 29640
gacggagacc ggcagcctgg ccggggagtg ccccgaggga cgcctgcacce tgtgggcecga 29700
ccgggegetyg ttcgaggtgt acgacccgga caccggegcece gtcecegegcegg acggcgacgg 29760
ccagctegtg gtcacgcege tgttcececggga ggcgatgecg ctgctgeggt acaacctgga 29820
ggacaacgtg tcggtctcecct acgacgactg cggatgcggce tggaagctgce ccaccgtgcg 29880
ggtgctcgge cggtcecggcegt tcecggctacceg ggtcggcgge accaccatca cccagcacca 29940
gctggaggaa ctggtcecttct ccectgccecgga ggcgcaccgg gtgatgttcect ggcegggceccaa 30000
ggcggageceg gcegetgttge gggtcgagat cgaggtggec gcecgcecgcacce gggtegecge 30060
cgaggcggag ctgaccgceg cgatceggge cgccttegge gtggacagceg aggtcaccgg 30120
cctggegecg ggaaccctga teccgetcecga cgcgctgace agcatgceccgg acgtggtgaa 30180
gccacgcage ctgttecggte cggacgagga ctggagcaaa gcgctcectcet actactgagg 30240
gaaccgacat gccgcagatg agggtcgceg tggccggcege cggcatcgece gggcetcecgect 30300
tcgececgecge cctgegeegyg accgggatceg actgccacgt gtacgaacag gecgaccage 30360
tcatggaggt gggcgcgggce gtgcaggtcg cgccgaacgce cacccggctg ctgcaccgge 30420
tgggccetgeg tgaccgcectg cgtacggtgg ctgtcgegee gcaggcgatce gagatgcgece 30480
gctgggacga cggcacgctg ctgcaacgca cccagcetggg cagegtgtgce ggacgccget 30540
tcggegegee gtactacgtg gtgcaccgeg cggacctgca cagcagcectg ctgtegetgg 30600
tgccgecegga ccgggtgcac ctgggcegcece gcectcaccge cgtgacgcag accgecgacyg 30660
aggcgtacct gcacctgtec aacggcacca cggtcgegge ggatctcegte gtgggegecg 30720
acggcatcca ctcggtcecgeg cgggagcaga tcgtggcegga ccggccgcege ttcectecggac 30780
agtccatcta cecgcgggetyg gtgccecggcecg agcgggtgce gttcectgcte accgaaccce 30840
gggtgcagtt gtggttcggg ccggaccagce actgegtctg ctacccecggtg tcecgecggee 30900
ggcaggtgag cttecggcgcg acggtgceceg ccaccgactg gcecggcaggag tcgtggtcegg 30960

gccggggega cgtgacgcaa ctegeggeeg cgtacgceggg ctggcacccg gacgtcacce 31020
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ggctgatcege cgcggccgac cgggtcggca ggtgggcget gcacgaccgg gacagcatcg 31080
accggctcag cgcgggacgg gtgaccctga tcggcgacge cgcgcaccceg atgctgecgt 31140
tccaggegca gggcgcgaac caggcecegtceg aggacgceggt ggtgctcegeg gtcectgectgg 31200
ccggegtgga accggceggge ctgggcegecg cgctgcgecg ctacgaacgg atccgectge 31260
cceggaccac ccggatccag cggcagtceccee gggccaacge cgagatgtte cacctggecceg 31320
acggcgcecga ccagcgcecege cgggacgtceg ccgcacaatce ctcegtecgge ctggaccgee 31380
acgaatggct cttcgggtac gacgccgaga aagccaccac gaccagcggg agcgectgat 31440
ggaactgacc ggaatcgagt cgaaggtcgce cctggtcacg ggcgcggggce agggcatcgg 31500
cgecgeegtyg gecggtgtee tggcgagggce gggcgcgcag gtggcggcegg tggaccgcaa 31560
cgccgaggeg ctgaccacceg tegtgacgaa gctcgceccegee gagggcgact cggcgegcege 31620
ctactgecgtce gacgtgtgeg acagcgaggc ggtggacgcg ctggtgcgece gggtcecgagga 31680
cgagatgggg ccggtcgcecca tectggtcaa cgccgcegge gtgctgcaca ccggacgggt 31740
cgtcgagetg tcggaccgge agtggcegcecg gacctteteg gtgaacgcecg acggegtgtt 31800
ccacgtgtce cgggeggtgg cgcggceggat ggtgggcecge cgtcegtggeg cgatcecgtcac 31860
cgtggegteg aacgccgeeg gggtgcecgeg taccgagatg gccgegtacg ccgcctccaa 31920
ggcecgegtec gegecagttca ccegectgect ggggettgag ctgtceccecgget acggcatccg 31980
gtgcaacgtg gtctcecgeccg gctecaccga caccecccatg ctgecgggceca tgctecggcega 32040
gggcgccgac ccgagegcegg tgatcgaggg cacgccgggce gcegtaccgeg tcggcatcce 32100
gctgegcaag ctggceccage cgcegcgacgt ggccgaggceg gtcgectatce tggtgtceccga 32160
ccaggcgggce cacgtgacca tgcacgacct gtacgtcgac ggcggcgcegg ccctgcacgt 32220
gtgacgcect cgcacggaaa ccggaggcga gaaccgatgg ccatgacccce gatcgegecg 32280
taccgcatge ccggcgacgg cgacctgcece ggcaccgegce tgccctggeg tecgcacceg 32340
gaccgggeceg ccgtgetggt gcacgacctg caacgctact tcectgcgecce gttegaggee 32400
ggggagtccec cgatggccga actgctccecce aacgtegcga agctgctege cacggcgcegg 32460
gcggecggeg tgcecggtgct gtacaccgeg cagcccggeg gcatgagecg gcaggaccge 32520
gggttgctge acgacctgtg gggccccegge atgagcageg ccgaggacga ccggggcatce 32580
gtcgacgacg tcgecccecgca gccgggcegac acggtgctga ccaagtggcg ctacagcecgeg 32640
ttettecgeca gegacctgga ggagcgactg cgcggtgegg gacgggacca gctcecgtggte 32700
tgcggegtgt acgcgcacat ggggtgcctg atcaccgect gcgacgegtt cagccecgcgac 32760
atcgaggcgt tectggtgge ggacgcegctg gccgacctat cgcgcgagga ccacctgatg 32820
gcgetgeget acgeccgegga ccgetgegeg gtgcegttgt ggacggcgga tgtgectggac 32880
gggctggegyg acgccgecgg gcgtccggat cagagcagca cccaacgatg aggagaacat 32940
cgatgtcegga tcggaccegg gtegtggteg tcecggcggaac ctcecggggatce gggcggcact 33000
tcgecececgatt ctgcgccgaa cgcggagacg acgtggtgat caccggceccegt teggeggcecce 33060
ggaccaagac cgtggcggac gagatcggceg ggcggaccceg tgggctcget ctcecgacctgg 33120
ccgagecgga gacgatcgeg gacgcegcetceg ccgacgtgee gcacgtcgac cggctegtgg 33180
tcgeggeget ggaccgcgac tacaacaccg tccgcgegta ccggccgggce gacgeggcge 33240

ggctgctgac cgtcaagctg gteggctaca cggcggtcecet gcacgcccte geccececgcegga 33300
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tgaccgacga gagcgcagtce gtgctgecteg gcggcctgge cagccaccgg ccgtatcceg 33360
gcteccaccte cgtcacgace gccaacggceg ggatcagcge gcetggtgegg accctggcetg 33420
tggaactctce geccggtcecegg gtcaacgccee tgcacccgag catcgtctece gacacgccgt 33480
tctggagcga caagcccgece gegcgggagg ccgccgegac ccgcegcegcte agccgacgge 33540
cggtcaccat gcaggactgc gccgaggcga tcgacttect gctgacgaac cgctcecgataa 33600
acggggtcaa cctgaacatc gacggcegggg acgtgctcat ctgacgccgg aggcgatccg 33660
ccacggceccce caccaccegg tegecgecctg ccecegtgetee cgetgetege gggggtacceg 33720
ggccaggteg cgggcggaga agagcgccat geccggegtgg aatccggtca ccggcaccgg 33780
gaccecgcegece cagtaggcga gccggccgte gacgtggaac tccacctceccg acgteggege 33840
ccggtaggtg atggcgtatce cgtgcgecccg gccecggetcee gtcecggcacgt ccaggaccac 33900
ccggtggatg tagtgctegt geggetgggt cacgccggge agcaccaggce gctcgaccgt 33960
cgcgtacacg gtgtegtteg tggcggcggce gttgaacacg acgccggtcet ccaggtcgaa 34020
caggttcacc gtgccgaacg cgtccagcag gtcecgtgeggg atctgecggt acgtceccgcac 34080
gcccatctee acctcecgacgg tcagcgagec ctceccgecgge acggcgaagce gccgcaccga 34140
ccggtacatce tgcttggegt tgttetgceccecg gggatcggtg tcgtggaage gggtgaacgg 34200
gtcgacggte agctccagce gcccegtegece ggtgcggace tgggegttge ggtectggta 34260
cctgtgggte tgccecgteeg cgccggcgat cgacatgatce gcccagceggg cggggtccag 34320
ctcgeggetyg gtgaagtegt cgtacgtcca cgcgctggtt ctcagtgceccg acgtcatgca 34380
gtcaccatcg gacgccggcee gggcegcggge atcacccgtt cacgcecggttce ggceccggacce 34440
ggcacgccaa tgcgcecggcee acgcecccegga aatcccgtga ttaagccatg ccggagegtg 34500
aacggtcegece gagactgacg ccgcacccat ctcecgcatceg tcectgcgacgt tectcaccagg 34560
gggagagagc aatggacacg gcagctccgg caacggacgg cggtcgctac ctcecgecgtee 34620
atcacagcgce agagttcagg gaactacggc gacgatcgag cacgttcacg ctctgggcca 34680
gcgtegectt ctteggetgg tggttecteg gecagectget cgccacctac gecgecggact 34740
tcttecggga gaaggtggcece ggcccggtca acgtgggtcect getcettegte ttectgtegt 34800
tcgecttegt ggtgacgecte gecgecttcet acctgcgtta cgcccgcacg catctecgate 34860
cgctcagcga gaagatcegt gecgacctgg aaggagcegte ccgatgagceg tcatcctcge 34920
cgaccecgceca cccceggteg acaacacgtg ggcgacgcece gcgatcgcecg tgccggtcac 34980
catcgtecte gegcetcegegg tgctctacct ggtecggteg gecgegegceca gcaccaccac 35040
cgcggacgge ttcectgcectgg ccgaccggceg gatcgggecg gtgcagaacg cgctggeggt 35100
ggccteecgeg cegectgatgt actcegacgat gtacatcatc accggccaca tcgegctcag 35160
cggctacgac gccatcctge tgatgaccgce cttcaccatg ggcaccatge tegcecgetgtt 35220
cctettegee gggceccggtge gcaacgtggg cggctacacg ctcecggtgacce tgctegeggt 35280
ccgtacccgg gagcggceegg cgcggatcge gtcggceggtg ctcacgcectge tgacgtacgt 35340
catgctgacg gtgatcatga tggccgccat cgcgttcate ttcaaccgcet ggttceggegt 35400
cgacgcecte gtcecggectgg tectececcggt gttegtegte ggtcetgatca cggtggggta 35460
cgtgtacctce ggcgggatgce tceggggtcac ccgcatcctg gtgttcaage tggtgetgte 35520

ggtggtcgte gtgggcgtge tgaccgectg ggtgctggec cgcttcecgacce tgaacctcett 35580
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cagcctgetg gagcgggecg aggcgaacgce ggcgccggtg cccagcecggca gcgacctget 35640
gggcecggge cggcetgttceg gcgagggcge gaccacgcte gtgcacctgt cgaagetgtt 35700
cgccategee gtcecggagtgg cggccattcee gttectgtte atgcegcaact tegcggtgac 35760
cagcgggcgg gacgcgcgece ggtcgaccgg gtgggcgtceg atgatcatcg tegggttcta 35820
cctgtgectg teccgtegteg ggcteggtge cgtegcgate cteggecggg acaacatcgg 35880
cgtcatcaag gcccaccgeg acatcagcett ccccaagete geccgacgage teggeggtcee 35940
ggtgatggtc ggctcecctgg ccggecgtege ggtcecctgacg atcgtceggeg tcecttegegee 36000
gctgetgecac agcgcecgtga cgacggtgac caaggacctg aacgtgatcce gcggccggeg 36060
gctggateeg gecgecgage tgcgggacat caagcgcaac accctgatca tcggegtcegg 36120
ctecegtgetyg ctggeggteg tgatgcetgcece ggtacggacce cacatcttca teccgaccte 36180
gatcgacatt gccggcgcegg tggtcecctgec gatcgtegte tacgegttgt tcectggeggeg 36240
tttcaacacc cgcggactgce agtggacggt ctacggcgge ctcecgecgctca cecgcgttect 36300
ggtgctgtte tccaacggtg tctegggcga gecggacgec atcttceccegg accgcaactt 36360
caagttcgtg gacgtcgagce ccgcgctgat cacggtgcecg gtcecggettcece tgcteggcta 36420
ccteggeteg atcaccagec gggagcegcga cgacgccgceg ttcecgeccgaga tgcaggtcceg 36480
gtceccectcace ggagcetgtceg tcacgggacce gecgeggceceg gcecgcecgtgg acgacgagga 36540
ccgcgacggce cgccaggacce gggcgceccag cccggtgage tgaacatccg caacggtgtg 36600
gg 36602
<210> SEQ ID NO 2

<211> LENGTH: 571

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 2

Val His Asn Leu Asp Asn Ile Pro Ser Ser Pro Ser Thr Ser Gly Gly
1 5 10 15

Ser Leu Pro Ala Gly His Arg Ala His Val Arg Ala Asp Gly Val Arg
Val Val Arg Gly Gly Arg Val Val Leu Ser Asp Val Ser Val Thr Val
35 40 45

Ser Ala Ala Ser Arg Leu Ala Val Val Gly Glu Asn Gly Arg Gly Lys
50 55 60

Thr Thr Leu Leu His Val Leu Ala Gly Leu Ile Ala Pro Asp Gln Gly
65 70 75 80

Val Val Glu Arg Leu Gly Thr Ile Gly Val Ala Arg Gln Asn Leu Glu
85 90 95

Ser Arg His Gly Glu Thr Val Gly Thr Leu Val Arg Glu Ala Ile Arg
100 105 110

Glu Ser Glu Arg Ala Leu Arg Ala Leu Asp Glu Ala Thr Ile Ala Leu
115 120 125

Thr Glu Gly Arg Ala Gly Ala Asp Asp Ala Tyr Ala Ala Ala Leu Asp
130 135 140

Ala Ala Thr Arg Leu Asp Ala Trp Asp Ala Gln Arg Arg Val Asp Val
145 150 155 160

Ala Leu Ala Gly Leu Asp Ala Cys Pro Asp Arg Asp Arg Gln Leu Ala
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165 170 175

Thr Leu Ser Val Gly Gln Arg Tyr Arg Val Arg Leu Ala Cys Leu Leu
180 185 190

Gly Ala Arg Val Asp Leu Leu Met Leu Asp Glu Pro Thr Asn His Leu
195 200 205

Asp Ala Asp Ser Leu Ala Phe Leu Thr Ala Arg Leu Arg Asp His Pro
210 215 220

Gly Gly Val Val Leu Val Thr His Asp Arg Ala Leu Leu Arg Asp Val
225 230 235 240

Ala Thr Glu Phe Leu Asp Leu Asp Pro Ser Ala Asp Gly Arg Pro Arg
245 250 255

Arg Tyr Ala Gly Asp Tyr Val Ala Trp Gln Asp Gly Arg Arg Arg Asp
260 265 270

Phe Ala His Trp Val Arg Asp His Glu Ala Gln Gln Ala Glu His Gln
275 280 285

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

Trp Arg Pro Glu Lys Gly His Gly Lys His Gln Arg Gln Ser Arg Ala
305 310 315 320

Pro Gly Leu Val Gln Ala Leu Arg Arg Arg Gln Glu Ala Leu Asp Ala
325 330 335

His Arg Val Thr Val Pro Glu Pro Pro Gln Pro Leu Arg Trp Pro Pro
340 345 350

Leu Asp Thr Arg Ala Gly Leu Pro Ile Leu Arg Cys His Asp Val Thr
355 360 365

Val Ala Gly Arg Leu Arg Thr Arg Val Thr Leu Thr Leu Asp Gly Gly
370 375 380

Asp Arg Leu Leu Val Thr Gly Pro Asn Gly Ala Gly Lys Ser Thr Leu
385 390 395 400

Leu Ser Val Leu Ala Gly Asp Leu Thr Pro Ser Thr Gly Glu Val Arg
405 410 415

His Leu Ser Gly Ala Arg Val Ala Tyr Leu Gly Gln Glu Val Pro Asp
420 425 430

Trp Pro Pro Ala Leu Leu Ala His Asp Leu Tyr Glu Gln His Val Gly
435 440 445

Arg Leu Arg Ser Ser Gly Arg Val Gly Ser Gly Thr Ala Leu Pro Leu
450 455 460

Ser Ala Thr Asn Leu Leu Asp Ala Glu Ala Arg Arg Thr Pro Val Gly
465 470 475 480

Arg Met Ser His Gly Gln Gln Arg Arg Leu Asn Leu Ala Leu Arg Leu
485 490 495

Ala Glu Arg Pro Asp Leu Leu Ile Leu Asp Glu Pro Thr Asn His Leu
500 505 510

Ser Ala Pro Leu Val Asp Asp Leu Thr Ala Ala Leu Leu Thr Thr Arg
515 520 525

Ala Ala Val Val Val Ala Thr His Asp Arg Gln Met Leu Gln Asp Leu
530 535 540

Ala Ala Trp Pro Thr Leu Pro Leu Thr Ala Pro Ala Ala Ser Gly Arg
545 550 555 560

Ser Val Thr Ser Glu Arg Tyr Asp Trp Glu Ser
565 570
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<210> SEQ ID NO 3

<211> LENGTH: 1716

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 3

gtgcacaacc tcgacaacat tccttectee ccatccacct cgggeggtte getgecegec
gggcaccggyg cgcacgtgeg ggccgacgge gtecgegteg tacgeggegyg ccgggtegtyg
ctgtcegacyg tcagegtgac cgtcteegee gettecegece tegeagtegt cggcgagaac
ggcegeggea agaccaccct getgcacgtyg ctggecggece tcatcgegeco cgaccaggge
gtggtggaac ggctgggcac gatcggegte geccggcaga acctggagtce gegecacgge
gagacagtgg gcacgctcgt cegggaggeg atccgggagt ccgaacgege getgegggeg
ctcgacgagg cgacgatege getcaccgag ggecgggegg gegeggacga cgegtacgeg
geegegeteg acgeggegac ceggctggac gectgggacg cgcageggeyg cgtegacgtg
gegetggecyg gectegacge gtgeceggac cgggaccegge agetggecac gttgteegte
ggccageget accgggtacg getggegtge ctgectgggag cgagggtcega cctgetgatg
ctggacgage cgacgaacca cctegacgece gacagectgg cettectcac cgeceggeta
cgcgaccace cgggceggegt cgtgetggtyg acccacgace gegecctget gegggacgte
gecacggagt tcctggacct cgaccccage geggacggge geccgegecyg ctacgecggg
gactacgtceg cctggcagga cgggcegecege cgcegactteg cgcactgggt acgegaccac
gaggcgcage aggcecgagcea ccagceggcetg gecgacgggg tacgggaggce gcgggaccgg
ctcagcacceg gctggeggee ggagaagggg cacggcaage accagegeca gtecegegeg
cceggactgg tccaggeget gegecgeegg caggaggege tegacgegea ccgegtcace
gtgcecggage caccgcagee getgegetgyg cegecgetgg acaccegtge cggactgecc
atcctgegat gecacgacgt cacggtggece gggegectge gtaccegggt cacgetcacg
ctecgacggeg gggaccgect getggtgace ggacccaacg gegegggeaa gtcegacgetg
ctcteegtge tggeceggega cctcacgecg tegacegggg aggtceggea cctgtecegge
gegegegteg cgtacctegg tcaggaggtyg cccgactgge cgecggeget getegegeac
gacctgtacyg agcagcacgt gggcecggete cgctccageg ggegegtegyg ctecggeacyg
gecctgeege tgagegegac gaacctgete gacgccgagg cecggegtac cceegtegge
cggatgtege acggacagca acggeggetyg aacctggege tgegectgge cgaacgtecce
gacctgctga tcctegacga accgacgaac cacctgtegg cgecgetggt cgacgaccte
accgeagece tgctgacgac cegggeggeg gtggtegteg ccacccacga ccggcagatg
ctccaggace tecgeggectg geccacgetyg cegetcacag ceceggegge gtcaggtegt
tcggtcactt ccgagegata tgactgggag tcataa

<210> SEQ ID NO 4

<211> LENGTH: 689

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 4

Met Thr Thr Gly Arg Pro Gly Glu Asn Arg Ala Thr Asp Ala Ala Arg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1716
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1 5 10 15

Asn Pro Gly Trp Ala Ala Gly Gly Pro Ala Ser Gln Pro Trp Gly Gly

Gly Asn Asp Glu Gln Val Leu Arg Glu Ile Leu Gly Val Asp Val His
35 40 45

Arg Glu Leu Ile Asp Phe Ala Gly Gly Ala Gly Gly Asn Pro His Leu
50 55 60

Val Ala Glu Leu Ala Arg Gly Leu Ala Glu Glu Gly Leu Ile Arg Glu
65 70 75 80

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

Leu Ser Phe Val Met Arg Arg Leu Asn Asp Val Ser Ala Gly Cys Gln
100 105 110

Gln Phe Leu Lys Val Ala Ala Ala Leu Gly Arg Ser Phe Met Leu Glu
115 120 125

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

Val Asp Glu Ala Ile Ala Ser Gly Phe Val Val Ala Ala Glu His Gln
145 150 155 160

Leu Ala Phe Gln Ser Asp Phe Leu Leu Arg Gly Ile Ile Glu Ser Ile
165 170 175

Pro Gly Pro Ala Arg Asp Ala Leu Arg Arg Glu Ala Met Ser Leu Ser
180 185 190

Gly Arg Arg Arg Pro Ala Ala Asp Gln Asn Arg Arg Leu Asp Ala Ala
195 200 205

Pro Thr Ala Pro Val Ser Ala Thr Gly Glu Asp Ala Thr Gly Ser Cys
210 215 220

Ser Arg Ala His Arg Leu Ile Met Asn Gly Asn Ala Lys Ala Gly Ile
225 230 235 240

Arg Val Ala Glu Ala Val Leu Ala Gly Pro Ala Ala Ser Leu Ala Ala
245 250 255

Arg Arg Asp Ala Glu Ala Cys Leu Val Leu Ala Asp Leu Leu Leu Gly
260 265 270

Gly Glu Gly Gly Gly Pro Met Thr Glu Ala Ile Leu Arg Glu Arg Asp
275 280 285

Ala Glu Ser Gly Asp Ala Ala Leu Ala Met Ala Leu Thr Ala Arg Ser
290 295 300

Thr Gly Leu Trp Ser Ala Gly Lys Leu Ala Glu Gly Leu Lys Leu Gly
305 310 315 320

Arg Ala Ala Val Arg Ala Gly Ala Glu Ala Glu Pro Val Trp Arg Leu
325 330 335

His Ala Gln Leu Ala Leu Ala Gly Lys Leu Ala Asn Leu Arg Glu Phe
340 345 350

Asp Glu Ala Glu Ala Leu Ile Asn Glu Ala Glu Ala Gly Leu Arg Gly
355 360 365

Leu Pro Ala Pro Ile Trp Thr Ala Ala Thr Ala Val Met Arg Ser Arg
370 375 380

Leu Leu Leu Gln Ala Gly Arg Ile Gly Glu Ala Arg Arg Glu Ala Ala
385 390 395 400

Leu Ala Thr Thr Ala Val Glu Gly Asp Ala Val Pro Met Leu Arg Pro
405 410 415
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Leu Ala Tyr Ala Val Leu Ser Thr Ala Ser Phe Tyr Met Gly Asp Leu
420 425 430

Pro Ala Ala Ile Glu Tyr Leu Arg Arg Gly Gln Arg Asp Ala Asp Arg
435 440 445

His Val Val Leu Asp Ser Val Gln Tyr Ser Trp Ala Glu Val Leu Ile
450 455 460

Thr Val Lys Gln Glu Gly Pro Arg Ala Ala Ala Gln Leu Leu Ala Gly
465 470 475 480

Lys His His Arg Leu Pro Thr Gln Arg Arg Leu Tyr Val Glu Val Pro
485 490 495

Ser Ala Ala Ala Phe Leu Val Leu Leu Ala Arg Asp Val Asp Asp Arg
500 505 510

Asp Leu Glu Arg Arg Val Leu Asp Thr Val Asn Gly Leu Ala Ala Asp
515 520 525

Asn Pro Arg Ile Gln Val Val Ser Leu Thr Ala Met His Ala His Ala
530 535 540

Leu Ala Asn Ser Ala Pro Ala Ala Leu Ala Leu Ile Ile Val Gln Ser
545 550 555 560

Arg Asp Pro Ile Ser Val Ala Leu Ala Thr Glu Glu Leu Ala Lys Leu
565 570 575

Tyr Ala Ala Gln Ala Gln Ala Gly Gly Arg Pro Ala Thr Pro Ala Arg
580 585 590

Ala Glu Glu Ala Ala Thr Pro Pro Ala Ser Cys Trp Ser Thr Leu Ser
595 600 605

Asp Met Glu Gln Arg Ile Ala Tyr Leu Val Ser Val Gly Leu Thr Asn
610 615 620

Arg Gln Ile Ala Lys Gln Val His Leu Ser Ala His Thr Val Asn Tyr
625 630 635 640

His Leu Arg Lys Ile Tyr Arg Lys Leu Gly Phe Asn Thr Arg Ala Glu
645 650 655

Leu Ala His Ala Ala Ala Thr Tyr Ser Gly Arg Ala Ala Ile Tyr Ser
660 665 670

Met Ser Gly Asp Gln Asp Trp Gly Ala Gly Ser Met Thr Gly Lys Ala
675 680 685

Ser

<210> SEQ ID NO 5

<211> LENGTH: 2070

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 5

atgacaacgg gacggccggg ggagaaccgg gegacagacyg cggcacgaaa tcceggggtgg 60

geegeegggyg ggecggegte ccagecatgyg ggcegggggga acgacgagca ggtectgege 120

gagatccteg gggtegacgt gcaccgegag ctgattgact tegegggtgyg tgecggegga 180

aatccgcace tggtegecga actegegege gggetegeeg aagagggatt gattcegggag 240
acaaacggte gggcggaatt ggtgtecegg cgaattecee ggegegtget gagttttgte 300
atgcegtcgat tgaatgatgt cagcgecgge tgecageagt tettgaaggt tgecgeggca 360

ttgggcagat cctteatget ggaggacgtt tcgagaatge tgggeegate gteggeggece 420
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ctgcteccege cggtggacga ggcgatcgca tcegggctteg tegtcegecge cgagcatcaa 480
ctcgecttte agagcgactt cctgctgcge ggcatcateg agtccattcce cgggeccgec 540
cgcgacgcect tacgacgtga ggcgatgage ctttceeggge gacggcegcecce ggceggcecgac 600

cagaatcgee ggttggacge ggegectace gegecggtga gegegacegg ggaggacgece 660
accggatcct gttceceggge geaccgectyg ataatgaacg ggaacgcgaa ggecggeatt 720
cgegtegeceg aggeggttet cgecggeceg gecgegtege tegetgeceg gegtgacgeg 780
gaggcgtgte tggtgctgge cgatctgetyg cteggegggg agggceggegyg cccgatgace 840
gaggcgatce tgegegaacg cgacgcecgag tcceggtgacg cegeactgge gatggegetg 900
accgecceggt ccaccggget gtggteggeg ggaaagetgg cggagggect gaagetggga 960
cgggeggegy tgcegggegygg cgcggaggece gaaceggtgt ggegtetgea cgeccagete 1020
gegetegecyg ggaaactcege gaaccteege gagttcgacg aggccgaggce gttgatcaac 1080
gaggcggaag cgggcectgeg cggactgece gegecgatcet ggacggecge gacggeggtyg 1140
atgceggtece ggttgetget ccaggegggg cggatcegggg aggegegteg ggaggeggeg 1200
ctggecacca ccgeegtgga gggggacgeg gtgecgatge tgeggectet cgectacgeg 1260
gtgctcagca ccgectectt ctacatgggg gacctgcceg ccgcgatcga gtacctcagyg 1320
cgggggcage gggacgegga ccgecacgtg gtectegact cggtgecagta ctegtgggeg 1380
gaagtgctga tcacggtcaa gcaggaaggce ccgegggeog ccgeccaget getegeggge 1440
aagcaccacce gcctgeccac gcagegeege ctetacgteg aggtgecgag cgecgecgec 1500
ttectggtee tgctegeceeg cgacgtggac gaccgtgacce tcgaacgcceg cgtectcecgac 1560
acggtcaacg ggctegecge ggacaacccee aggatccagg tegtcagect caccgecatg 1620
cacgcccacyg cgctggegaa cagegcteeg gecgecctgg cgctcatcat cgtgcagtca 1680
cgggaccega tcteggtgge getggecace gaggaacteg ccaagetcta cgecgegeag 1740
geccaggegyg ggggacggee ggcgacgccg geccgegeaog aggaggeoge caccecgecyg 1800
gcgagctget ggtcgaccct gtecgacatg gagcagcgga tcegcectacct ggtgagegtyg 1860
ggtctgacga accggcagat cgccaagcag gtccacctgt ccgegcacac cgtcaactac 1920
cacctgegga agatctaccg gaaactgggt ttcaacacce gggecgaget ggegcacgece 1980
geggecacgt actceggeeg ggeggegate tactccatga geggegacca ggactgggge 2040
gccggateca tgaccggcaa ggccagcetga 2070
<210> SEQ ID NO 6

<211> LENGTH: 895

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 6

Met Val Ile Met Asn Arg Met Ala Gly Arg Gly Gln Glu Leu Ser Ser
1 5 10 15

Leu Gly Glu Leu Leu Asp Ala Thr Met Arg Gly Ser Gly Gly Cys Val
20 25 30

Val Val Asp Gly Pro Phe Gly Ile Gly Lys Thr His Leu Leu Lys Val
35 40 45

Thr Gly Leu Glu Ala Ala Ala Arg Gly Leu Thr Val Val Ala Gly Arg
50 55 60
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Ala Ser Val Thr Asp Gln Pro Val Pro Val His Leu Leu Val Asn Phe
65 70 75 80

Leu Arg His Ala Met Pro Gly Glu Ala Ala Val Glu Gln Leu Ala Leu
85 90 95

Pro Gly Ala Asn Pro Phe Trp Leu Ile Asp Arg Val Gly Asp Leu Val
100 105 110

Glu Val Ala Ala Arg Arg Arg Pro Leu Val Val Ala Leu Asp Asp Ala
115 120 125

Gln Arg Ile Asp Asp Val Ser Ala Leu Ala Leu Arg Gly Leu Val Pro
130 135 140

Arg Leu Ala Ser Ser Pro Val Leu Trp Leu Leu Ala Arg Arg Pro Val
145 150 155 160

Ala Ala Gly Ser Ile Ala Gln His Ala Val Asp Trp Leu Ala Glu His
165 170 175

Val Ala Val Arg Val Arg Leu Arg Glu Pro Gly Glu Glu Ala Val Ala
180 185 190

Asp Leu Cys Ala Gly Ile Leu Gly Ala Arg Pro Asp Ala Ser Val Leu
195 200 205

Arg Trp Ala Ala Arg Cys Gly Gly Asn Pro Lys Val Met Glu Ile Val
210 215 220

Phe Ser Ala Phe Ile Lys Ala Gly Gln Met Ile Ile Val Asp Gly Ala
225 230 235 240

Ala Ser Val Val Ser Asp Glu Leu Pro Asp Gly Val Leu Ala Ala Val
245 250 255

Arg Gly Leu Leu Glu Glu Leu Pro Pro Pro Leu Arg Arg Leu Leu Ala
260 265 270

Ala Gly Gly Arg Leu Gly His Thr Phe Pro Val Asp Arg Val Thr Gly
275 280 285

Leu Leu Asp Gly Ser Ala Ala Asp Val Ser Ala Ala Ile Asp Glu Ala
290 295 300

Val Arg Val Gly Leu Ile Arg Arg Asp Gly Ala Glu Leu Thr Phe Ala
305 310 315 320

His Pro Val Leu Gly Glu Ala Leu Arg His Ala Ala Tyr Pro Glu Pro
325 330 335

Glu Arg Ala Glu Pro Gly Ser Ala Pro Ala Pro Ala Ala Gly Asp Pro
340 345 350

Val Arg Arg Gly Arg Pro Asp Pro Arg Pro Gly Thr Pro His Ser Pro
355 360 365

Ala Gly Val Arg Val Thr Arg Ser Ala Pro Asp Ala Ala Thr Pro Ala
370 375 380

Ala Thr Ala Gly Pro Arg Ser Gly Arg Cys Gly Cys Asp Asp Val Ala
385 390 395 400

Ala Ala Ala Val Ser His Leu Glu Asn Gly Ser Ala Glu Ala Pro Arg
405 410 415

Ala Leu Ala Arg Ala Leu Arg Leu Leu Ala Gly Ala Gly Arg Ala Ala
420 425 430

Glu Ala Gly Arg Leu Ala Glu Val Met Leu Arg Arg Asp Leu Ala Ala
435 440 445

Asp Val Glu Ala Gln Leu Val Leu Glu Leu Gly His Gly Met Arg Ala
450 455 460

Ala Gly Ser His Arg Leu Ala Ala Gly Phe Leu Arg Arg Thr Gln Ala
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465 470 475 480

Arg His Asp Val Cys Glu Leu Asp Arg Ala Lys Leu Asp Arg Ala Leu
485 490 495

Ala Asp Thr Thr Lys His Leu Gly Gly Ala Ser Ser Ala Glu Leu Glu
500 505 510

Pro Arg His Gln Ser Pro Gly Cys Ala Pro Gly Arg Arg Pro Leu Trp
515 520 525

Thr Trp Leu Val Arg Ala Leu Gly Ala Ala Asp Gln Leu Asp Glu Ala
530 535 540

Gln Ala Val Leu Asp Thr Val Arg Pro Leu Ala Gln Glu Pro Ser His
545 550 555 560

Thr Gly Ser Glu Ser Leu Trp Arg Gly His Arg Ala Glu Leu Leu Ala
565 570 575

Ala Ala Gly Arg Leu Asp Glu Ala Arg Ala Glu Ala Glu Ala Ala Leu
580 585 590

Arg Ala Ala Asp His Ser Arg Pro Gly Asp Cys Val Pro Ala Arg Leu
595 600 605

Val Leu Ala His Leu Gly Val His His Gly Asp Leu Ala Thr Ala Ser
610 615 620

Asp Gln Leu Arg Ala Ala Glu Arg Leu Ala Ser Ala Asp Asp Ser Ala
625 630 635 640

Arg Met Asp Trp Ala Leu Ala Arg Phe His Ala Ala Ser Gly Arg Pro
645 650 655

Ala Met Met Val Gln Thr Leu Ile Asn Val Ala Gly Gln Val Ala Pro
660 665 670

Asp Pro Leu Leu Phe Thr Glu Ala Pro Ala Ala Ala Ala Thr Leu Val
675 680 685

Arg Gln Ala Arg Arg Ala Gly Leu Asp Ala Glu Ala Glu Arg Ala Val
690 695 700

Glu Val Ala Arg Arg Val Ala Arg Gly Asn Pro Phe Val Gln Ser Leu
705 710 715 720

Ala Ala Ala Ala Glu His Ala Ala Gly Leu Leu Arg Asp Asp Pro Ala
725 730 735

Ala Leu Leu Arg Ala Ala Asp Leu His Arg Leu Ala Gly Arg Thr Leu
740 745 750

Ala Ala Ala Gly Ala Val Glu Asp Ala Ala Arg Ser Thr Arg Asp Arg
755 760 765

Ala Glu Ala Thr Arg Leu Leu Glu Ala Ala Thr Asp Gly Tyr Arg Glu
770 775 780

Cys Gly Ala Arg Arg Asp Leu Glu Arg Val Glu Ala Glu Leu Arg Gly
785 790 795 800

Leu Pro Ala His Asn Val Arg Pro Leu Val Pro Asp Arg Pro Arg Ser
805 810 815

Gly Trp Glu Ser Leu Thr Ser Ala Glu Leu Arg Val Val Arg Ala Ile
820 825 830

Val Asp Gly Met Thr Asn Arg Glu Ala Ala Ser Ser Leu Phe Leu Ser
835 840 845

Pro His Thr Val Asp Ser His Leu Arg Arg Val Phe Ser Lys Leu Asp
850 855 860

Ile Asn Ser Arg Val Glu Leu Thr Arg Cys Phe Ile Ala His Glu Ala
865 870 875 880
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Val Arg Pro Ala Leu Ala Thr Thr Arg Gln Pro Ala Ser Ala Gly
885 890 895

<210> SEQ ID NO 7

<211> LENGTH: 2688

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 7

atggtcatca tgaatcgecat ggcggggege gggcaggaat tgtectcatt gggggaactg
ctcgacgeca ccatgegggg atceggggge tgegtegteg tegacgggee gtteggeate
ggcaagacce acctgctgaa ggtcaccgge ctggaggegg cggeccegegyg getgacagtg
gtggceggge gggcaagegt cacggatcag ccggtgceceg tacacctget cgtcaactte
ctgegecacy cgatgecegg cgaageggeg gtegageage tegecctgee gggegcecaac
cegttetgge tgatcgaceg ggteggegat ctggtegagg tegeggegeg cceggegecceg
ctegtggteg ccctggacga cgeccagege atcgacgacg tcagegeect ggecctgege
gggctegtge cgegectgge gtectegeeyg gtgetetgge tgetggeceyg ceggecggte
geegeegggt cgategetca gcacgecgte gactggetgg cegagcacgt cgeggtacgg
gtacggctge gcgagceeggg cgaggaggeyg gtggcecgace tgtgegecgyg catcctegge
geceggeegg acgectecegt cetgegetgyg geggecceget geggeggcaa cccgaaggtyg
atggagatcg tcttcagege gttcatcaag gecggecaga tgatcategt ggacggggeg
gegteggtgyg tgtccgacga getgeccgac ggtgtecteg cegecgtteg cgggetgetg
gaggagctge cgeccceget geggegectyg ctegeggeeg goeggecegget cggecacacyg
tttccegteg accgggtgac gggectgetyg gacggetegg cegecgacgt gtecgecgeg
atcgacgagyg cggtgegggt cgggctgata cgacgegacg gegeggaget gaccttegece
cacceggtge teggagagge gettegecac gecgegtace cggaaccgga gegtgecgag
ceceggateeg cgecggeace ggeggoeggge gacceggtece ggegegggeg geccgatceeg
cggeceggga cgecccacte ceeegecgge gtacgegtea cgegetcege gecggacgeg
gecacgeceg cegegacgge ggggcecegege tegggeceggt gegggtgega cgacgtggeg
gecagcegeceg tgtcccacct ggagaacgga tccgecgagg cgccacgagce actggecegt
gegetgegee tgetggecegg ggceggggegg gecgecgagg ccggccgect cgcggaggtg
atgcteegee gegacctege ggeggacgte gaggegeage tegtgetega actgggacac
gggatgeggg ccgceggcag ccaccgectyg geggecegget tectgegecyg gacgecaggec
cgccacgacyg tgtgcegaget ggaccgegee aagctggace gggegetege ggacaccacg
aagcacctgg geggtgecte cteegecgag ctggagecee ggcaccagte ccegggetge
gegeceggee ggeggceeget gtggacctgyg ctggteeggg cgetgggege ggecgatcag
ctcgacgagg cgcaggceggt getggacace gtacgaccge tggegeagga gceccagtcac
accggetegyg agtegetetg gegeggecac cgggecgage tgetggcage ggcecggacgg
ctggacgagyg cacgcgecga ggcggaggeg gegetgegag cegecgacca cteceggecg
ggcgactgeg tgceggegeg cetggtectyg geccaccteg gegtgcacca cggtgaccte

gecacggeca gegaccagtt gegggeggee gageggetgg ccteegecga cgacteggeg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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cggatggact gggcgctggce ccggtteccac gctgccageg gecgtecgge gatgatggtg 1980
cagacgctga tcaacgtege cggacaggte gcacccgate cgetgetgtt caccgaggeg 2040
ceggeagetyg cggegacget cgtacgecag geccgeeggg cggggetega cgeggaggece 2100
gagcegegeceg tggaggtcege ceggegegte geccgeggea accegttegt ccagtegetg 2160
geggeggegyg cggaacacge cgegggtete ctgegegacg atceggegge getgetgegg 2220
gecgeggate tgcaccgget cgeceggecegt acgctegegg cggecggege ggtggaggac 2280
geggecegea gcaccceggga cegggcecgag gecaccegte tgetegagge cgegacggac 2340
ggctaceggyg agtgeggege gegacgcegac ctggagegeg tggaggccga getgegtgge 2400
ctgceggete acaacgteeg ceegetggte ccegacegge cecggteggg gtgggagage 2460
ctgaccageg cggagetgeg ggtegtgegg gecategtgg acgggatgac caaccgcegag 2520
gcggcgagtt cgctgttect gtecccgecac accgtcgaca gtcacctgeg gcgegtette 2580
tccaagcteg acatcaacag ccgggtggaa ctgacceget gettcatege gcacgaggeg 2640
gtceggeegyg cgctggecac cacacgcecag ccggcgtceeg ceggetga 2688
<210> SEQ ID NO 8

<211> LENGTH: 362

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 8

Met Thr Val Gly Tyr Leu Gly Thr Val Thr Asp Ser Ala Pro Val Asp
1 5 10 15

Ala Ala Leu Arg Asp Phe Phe Ala Glu Arg Arg Ala Glu Ala Arg Glu
20 25 30

Leu Gly Asp Asp Phe Ala Ala Leu Val Ala Glu Leu Glu Ser Tyr Val
35 40 45

Leu Arg Gly Gly Lys Arg Ile Arg Pro Ala Phe Ala Trp Leu Gly Trp
50 55 60

Ile Gly Ala Gly Gly Asp Pro Glu Asp Pro Val Ala Thr Ala Val Leu
Asn Ala Cys Ala Gly Phe Glu Leu Leu His Ala Ser Gly Leu Ile His
85 90 95

Asp Asp Ile Ile Asp Ala Ser Gln Thr Arg Arg Gly His Pro Ala Ala
100 105 110

His Val Ala Tyr Ala Glu Arg His Arg Ala Arg Arg Phe Ser Gly Asp
115 120 125

Pro Gly Thr Phe Gly Thr Gly Thr Ala Ile Leu Ile Gly Asp Leu Val
130 135 140

Leu Ile Trp Ala Asp Val Leu Val Arg Ala Ser Gly Leu Pro Ala Asp
145 150 155 160

Ala His Val Arg Val Ser Pro Val Trp Ser Ala Val Arg Ser Glu Val
165 170 175

Met Tyr Gly Gln Leu Leu Asp Leu Ile Ser Gln Val Ser Arg Ser Glu
180 185 190

Asp Val Asp Ala Ala Leu Arg Ile Asn Gln Tyr Lys Thr Ala Ser Tyr
195 200 205

Thr Val Glu Arg Pro Leu Gln Phe Gly Ala Ala Ile Ala Gly Ala Asp
210 215 220
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Asp Asp Leu Phe Ala Ala Tyr Arg Ala Phe Gly Ala Asp Val Gly Ile
225 230 235 240

Ala Phe Gln Leu Arg Asp Asp Leu Leu Gly Val Phe Gly Asp Pro Val
245 250 255

Val Thr Gly Lys Pro Ser Gly Asp Asp Leu Arg Glu Gly Lys Arg Thr
260 265 270

Val Leu Leu Ala Thr Ala Leu Lys Arg Ala Asp Glu Arg Asp Pro Asp
275 280 285

Ala Ala Ala Tyr Leu Arg Ala Lys Val Gly Thr Asp Leu Ala Asp Glu
290 295 300

Glu Ile Ala Arg Ile Arg Ala Ile Phe Arg Asp Val Gly Ala Val Glu
305 310 315 320

Glu Ile Glu Arg Gln Ile Ser Gln Arg Thr Asp Arg Ala Leu Ala Ala
325 330 335

Leu Glu Ala Ser Ser Ala Thr Ala Pro Ala Lys His Gln Leu Ala Asp
340 345 350

Met Ala Ile Lys Ala Thr Gln Arg Ala Gln
355 360

<210> SEQ ID NO 9

<211> LENGTH: 1089

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 9

atgaccgtcg gatatctegg gacggtcace gacteggege cegtcegacge cgegetgege 60
gacttctteg ccgagegeeg cgccgaggca cgcegagceteg gegacgactt cgeggeectg 120
gtcgecgage tggagagcta cgtectgegyg ggceggcaage gcatceggeco cgecttegec 180

tggctggget ggatcggege cggeggegac ccggaggace cggtggegac cgeggtgetg 240

aacgcctgeg ccgggttega getgetgeac gegtecggece tcatccacga cgacatcate 300
gacgcgtege agacccgeeg cggecatcce gecgegcacg tegegtacge cgaacggeat 360
cgggegegge getteteegg tgacceggga acgtteggea ceggcacege catcctgate 420
ggagaccteg tcectgatcetg ggccgacgte ctggteegeg ccteeggect geeggecgac 480

gegecacgtge gggtcetegee ggtgtggteg geggtgeget cegaggtcat gtacggecag 540

ctgctegate tgatcageca ggtgageegg agegaggacg tegacgegge getgegeate 600
aaccagtaca agaccgegte gtacacggtg gageggecac tgcagttegg cgeggegatce 660
geeggegegyg acgacgacct cttegeggece taccgegect teggegecga cgtgggtatt 720
gecttecage tgegegacga cetgctegge gtgtteggeg acceggtggt gacgggeaag 780
cegteeggeg acgacctgeg ggagggcaag cggacggtece tgctcegecac ggegetcaag 840

cgegecgacy aacgggaccee ggacgeggeg gectacctge gggegaaggt cggcacggac 900

ctegeggacyg aggagatcge ccgeatcege gecatcttece gegacgtegg cgeggtcegag 960

gagatcgage ggcagatcte gcagegcacce gaccgggege tggecgeget ggaggegage 1020

agcgccaccyg cccccgegaa gcatcagete gecgacatgg cgatcaagge cacccagegg 1080

gcccagtga 1089

<210> SEQ ID NO 10
<211> LENGTH: 354
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<212> TYPE: PRT
<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 10

Met Ser Thr Glu Pro Val Thr Val Val Ala Arg Gly Val Leu Asp Gly
1 5 10 15

Arg Gly Asp Gly Pro Gly Arg Leu Gly Thr Gly Arg Ala His Gly Lys
20 25 30

Ala Ile Leu Leu Gly Glu His Ala Val Val Tyr Gly Ala Pro Ala Leu
35 40 45

Ala Val Pro Val Pro Gln Leu Thr Ala Val Ala Lys Ala Arg Arg Ala
50 55 60

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

Ser Pro Glu Val Thr Ser Leu Pro Thr Asp Gly Leu Gln His Leu Val
85 90 95

Thr Glu Phe Arg Gln Arg Ala Ala Val Thr Glu Pro Met Arg Val Asp
100 105 110

Val Leu Val Asp Cys Ala Ile Pro Gln Gly Arg Gly Leu Gly Ser Ser
115 120 125

Ala Ala Cys Ala Arg Ala Ala Val Leu Ala Leu Ala Asp Ala Phe Asp
130 135 140

Arg Arg Leu Asp Ala Ala Thr Val Phe Asp Leu Val Gln Thr Ser Glu
145 150 155 160

Asn Val Ala His Gly Arg Ala Ser Gly Ile Asp Ala Leu Ala Thr Gly
165 170 175

Ala Thr Ala Pro Leu Ile Phe Arg Asn Gly Val Gly Arg Glu Leu Pro
180 185 190

Val Ala Met Ala Gly Ala Ala Arg Ala Ala Arg Gly Ser Gly Pro Ala
195 200 205

Gly Phe Asp Ala Val Leu Val Ile Ala Asp Ser Gly Val Ser Gly Ser
210 215 220

Thr Arg Asp Ala Val Glu Leu Leu Arg Gly Ala Phe Glu Arg Ser Pro
225 230 235 240

Arg Thr Arg Asp Glu Phe Val Ser Arg Val Thr Ser Leu Thr Glu Ala
245 250 255

Ala Ala His Asp Leu Leu Gln Gly Arg Val Ala Asp Phe Gly Ala Arg
260 265 270

Leu Thr Glu Asn His Arg Leu Leu Arg Glu Val Gly Ile Ser Thr Glu
275 280 285

Arg Ile Asp Arg Met Val Asp Ala Ala Leu Ala Ala Gly Ser Pro Gly
290 295 300

Ala Lys Ile Ser Gly Gly Gly Leu Gly Gly Cys Met Ile Ala Leu Ala
305 310 315 320

Arg Asp Arg Gln Glu Ser Ala Ala Val Val Arg Ser Val Gln Gln Ala
325 330 335

Gly Ala Val Arg Thr Trp Thr Val Pro Met Gly Arg Phe Thr Gly His
340 345 350

Asp Asp

<210> SEQ ID NO 11
<211> LENGTH: 1065
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<212> TYPE: DNA
<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 11

atgtccacgg aaccggtgac cgtegtegee cgeggegtte tegacggecyg gggtgacggg 60
cegggecgee teggeacegg cegegeccac ggcaaggeca tectgetggg cgaacacgece 120
gtegtgtacyg gegcetcegge getegeegte ceggtgcecge aactgaccge cgtggecaag 180

gegeggeggyg ccggeggega cggeggegac gaggtctect tegecatege cgggetggag 240
agcceggagyg tgacgteget tecgaccgac ggectgecaac atctggtgac ggagttceegg 300
cagegggecg ccgtcaccga gecgatgege gtegacgtge tegtggactg cgecatcceg 360

cagggceggyg ggctegggte gagegecgee tgegecegeg cegeggtget ggecctegeg 420

gacgcgtteg accgecgect cgacgecgee acggtgtteg atctggtgeca gaccteggag 480
aacgtggege acggecggge cageggcate gacgecctgg ccaccggtge gaccgegecg 540
ctgatcttee gcaacggegt gggecgggaa ctgeeggteg cecatggeggg cgecgegegt 600

geegegegag ggtegggece ggceeggette gacgeggtge tegtcatege cgacagegge 660

gtcageggca gcacccggga cgcggtggag ctgctgeggg gtgecttega gegetceceg 720

cgcacgegeg acgagttegt cagecgggtyg accagectga cegaggegge ggcegcacgac 780
ctgctecagyg gecegggtege cgacttegge gegeggetga cegagaacca cceggetgttg 840
cgegaggteg gcatcageac cgaacggate gaccggatgg tegacgeege getegeggeg 900

ggcagccegyg gegecaagat cageggeggt ggectgggeg getgcatgat cgcactggece 960
cgggaccgee aggaatccge ggeggtggtyg cggagegtece agcaggcecegyg cgcecgtecge 1020
acctggaccg tcccgatggg gaggttcace ggccatgacg actga 1065
<210> SEQ ID NO 12

<211> LENGTH: 346

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 12

Met Thr Thr Asp His Arg Ala Glu Pro Ser Glu Pro Ala Leu Asp Arg
1 5 10 15

Pro Ala Thr Ala Val Ala His Pro Asn Ile Ala Leu Ile Lys Tyr Trp
20 25 30

Gly Lys Arg Asp Glu Gln Leu Met Ile Pro Tyr Ala Asp Ser Leu Ser
35 40 45

Met Thr Leu Asp Val Phe Pro Thr Thr Thr Thr Val Arg Ile Asp Ser
50 55 60

Gly Ala Ala Ala Asp Glu Val Val Leu Asp Gly Ser Pro Ala Asp Gly
65 70 75 80

Glu Arg Arg Gln Arg Val Val Thr Phe Leu Asp Leu Val Arg Lys Leu
85 90 95

Ala Gly Arg Thr Glu Arg Ala Cys Val Asp Thr Arg Asn Ser Val Pro
100 105 110

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

Leu Ala Gly Ala Ala Ala Tyr Gly Leu Asp Leu Asp Thr Thr Ala Leu
130 135 140
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Ser Arg Leu Ala Arg Arg Gly Ser Val Ser Ala Ser Arg Ser Val Phe
145 150 155 160

Gly Gly Phe Ala Met Cys His Ala Gly Pro Gly Ala Gly Thr Ala Ala
165 170 175

Asp Leu Gly Ser Tyr Ala Glu Pro Val Pro Val Ala Pro Leu Asp Val
180 185 190

Ala Leu Val Ile Ala Ile Val Asp Ala Gly Pro Lys Ala Val Ser Ser
195 200 205

Arg Glu Gly Met Arg Arg Thr Val Arg Thr Ser Pro Leu Tyr Gln Ser
210 215 220

Trp Val Ala Ser Gly Arg Ala Asp Leu Ala Glu Met Arg Ala Ala Leu
225 230 235 240

Leu Gln Gly Asp Leu Asp Ala Val Gly Glu Ile Ala Glu Arg Asn Ala
245 250 255

Leu Gly Met His Ala Thr Met Leu Ala Ala Arg Pro Ala Val Arg Tyr
260 265 270

Leu Ala Pro Val Thr Val Ala Val Leu Asp Ser Val Leu Arg Leu Arg
275 280 285

Ala Asp Gly Val Ser Ala Tyr Ala Thr Met Asp Ala Gly Pro Asn Val
290 295 300

Lys Val Leu Cys Arg Arg Ala Asp Ala Asp Arg Val Ala Asp Thr Leu
305 310 315 320

Arg Asp Ala Ala Pro Ser Cys Ala Val Val Val Ala Gly Pro Gly Pro
325 330 335

Ala Ala Arg Pro Asp Pro Gly Ser Arg Pro
340 345

<210> SEQ ID NO 13

<211> LENGTH: 1041

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 13

atgacgactyg accaccggge ggagccegtee gageeggege tegaceggee cgegaccegec 60
gtggcccate cgaacatcge getgatcaag tactggggca agegcgacga gcagetgatg 120
atccegtacyg ccgacagect gtecgatgacg ctegacgtet tecegaccac caccaccegte 180
cggatcgaca geggegegge ggccgacgag gtegtecteg acggetegee cgecgacgge 240
gaacggcgac agcegegtegt caccttectyg gacctggtac gcaagetgge cgggegeacyg 300
gaacgggcect gegtegacac cegcaactcee gtgeccaceg gegecggect ggegtecteg 360
gegageggat tcegeegecct cgeectegee ggegecgeeg cgtacggect cgacctggac 420
accaccgege tgtccegect ggeccggegg ggatcegtgt cggectceecg gteggtette 480
ggeggetteg cgatgtgceca cgcaggecce ggcegcecggga ccgecgegga ccteggetec 540
tacgccgage cggtgecegt cgegecccte gacgtegege tggtgatege gatcgtcegac 600

gecgggecga aggcggtgte gagecgegag gggatgegge gaaccgtcecg gaccteeceg 660

ctctatcagt cgtgggtege cteeggeege gecgacctgg cegagatgeg ggecgegetg 720
ctccagggag acctggacge ggteggegag atcgecgaac gcaacgcect cggcatgeac 780
gecaccatge tggcegeceg gecggeggtyg cgctacctgg cgecggtceac tgtegeegtyg 840

ctcgacageg tgctgegect gegegecgac ggegtcteeg cetacgecac gatggacgeg 900
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ggaccgaacyg tcaaggtgct ctgecgecge geggacgecg accgggtege cgacaccctg 960
cgegacgeceg cgccgagetyg cgccegtggte gtegecggac cggggecgge ggcccggecyg 1020
gaccecgggceca gccggecegtg a 1041
<210> SEQ ID NO 14

<211> LENGTH: 369

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 14

Val Thr Gly Pro Gly Ala Val Arg Arg His Ala Pro Gly Lys Leu Phe
1 5 10 15

Val Ala Gly Glu Tyr Ala Val Leu Glu Pro Gly His Pro Ala Leu Leu
20 25 30

Val Ala Val Asp Arg Gly Val Asp Val Thr Val Ser Gly Ala Asp Ala
35 40 45

His Leu Val Val Asp Ser Asp Leu Cys Pro Glu Gln Ala Cys Leu Arg
50 55 60

Trp Gln Asp Gly Arg Leu Val Gly Ala Gly Asp Gly Gln Pro Ala Pro
65 70 75 80

Asp Ala Leu Gly Ala Val Val Ser Ala Ile Glu Val Val Gly Glu Leu
85 90 95

Leu Thr Gly Arg Gly Leu Arg Pro Leu Pro Met Arg Val Ala Ile Thr
100 105 110

Ser Arg Leu His Arg Asp Gly Thr Lys Phe Gly Leu Gly Ser Ser Gly
115 120 125

Ala Val Thr Val Ala Thr Val Thr Ala Val Ala Ala Tyr His Gly Val
130 135 140

Glu Leu Ser Leu Glu Ser Arg Phe Arg Leu Ala Met Leu Ala Thr Val
145 150 155 160

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

Gly Gly Trp Ile Ala Tyr Gln Ala Pro Asp Arg Ala Ala Val Arg Glu
180 185 190

Met Ala Arg Arg Arg Gly Val Glu Glu Thr Met Arg Ala Pro Trp Pro
195 200 205

Gly Leu Arg Val Arg Arg Leu Pro Pro Pro Arg Gly Leu Ala Leu Glu
210 215 220

Val Gly Trp Thr Gly Glu Pro Ala Ser Ser Ser Ser Leu Thr Gly Arg
225 230 235 240

Leu Ala Ala Ser Arg Trp Arg Gly Ser Pro Ala Arg Trp Ser Phe Thr
245 250 255

Ser Arg Ser Gln Glu Cys Val Arg Thr Ala Ile Asp Ala Leu Glu Arg
260 265 270

Gly Asp Asp Gln Glu Leu Leu His Gln Val Arg Arg Ala Arg His Val
275 280 285

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

Leu Thr Ala Leu Cys Asp Ala Ala Glu Thr Val Gly Gly Ala Ala Lys
305 310 315 320

Pro Ser Gly Ala Gly Gly Gly Asp Cys Gly Ile Ala Leu Leu Asp Ala
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325 330 335

Thr Ala Ala Thr Arg Thr Ala Arg Leu Arg Glu Gln Trp Ala Ala Ala
340 345 350

Gly Val Leu Pro Met Pro Ile Gln Val His Gln Thr Asn Gly Ser Ala
355 360 365

Arg

<210> SEQ ID NO 15
<211> LENGTH: 1110

<212> TYPE:
<213> ORGANISM: Micromonospora sp.

DNA

<400> SEQUENCE: 15

gtgaccggee

tacgcggtge

gtcaccgtet

gegtgectge

gacgcecteg

gggctgcgcc

aagtteggec

taccacgggyg

cgtgacggcg

gectaccagyg

gagacgatge

ctegegetygyg

ctggeegect

gagtgtgtge

caggtcegge

ttcaccccce

cegtecggeyg

cggaccgege

gtccatcaga

nggCgCCgt

tggagccggg

ceggegecga

ggtggcagga

gegeegtggt

cgctgeccat

tcgggtcgag

tggagetgte

ccgacgecte

cgceccgaceyg

gegegeccty

aggtgggctg

CCngtggCg

gtaccgccat

gggcccggca

ggCtgangC

ceggtggcegg

ggctgcgcga

cgaacgggag

<210> SEQ ID NO 16
<211> LENGTH: 360

<212> TYPE:
<213> ORGANISM: Micromonospora sp.

PRT

<400> SEQUENCE: 16

gegecgecac

ccacceggeyg

cgcecaccte

cggecggete

ctceggegate

gegggtggeg

cggggcggtyg

getegaateg

cggcggtgat

cgcggecgtyg

gCnggCCtg

gaccggcgag

gggcagcccg

cgacgegetyg

cgtgettgee

getgtgegac

ggactgcggc

gcagtgggcc

cgcegegatga

Met Ile Ala Asn Arg Lys Asp Asp

1

5

Gln Gly Arg Leu Gly Gly His His

20

His His Ala Leu Ala Gly Ile Asp

35

Ser Phe Gly Gly Ile Asp Trp Pro

50

55

gegecgggcea
ctgetggtygy
gttgtcgact
gteggegegg
gaggtggteg
atcaccagec
acagtcgeca
cggtteegge
ctggcegega
cgcgagatgg
cgggtccgge
ceggcegagea
gegeggtgga
gageggggedg
gagctggacyg
geegecgaga
atcgegttge

geegeeggygy

His Val Arg
10

Glu Phe Asp
25

Arg Ser Asp

Val Pro Leu

strain 046-ECO11

agctgttegt

cggtcgacag

ccgacctety

gcgacgggca

gcgaactect

ggctgcaceg

cggtgaccge

tggcgatget

gegtetgggyg

¢geggceggey

ggctgccace

gecagctegtt

gettcaccag

acgaccagga

acgaggtcecg

CCgthgng

tggacgccac

tgctcecccat

strain 046-ECO11

Leu Ala Ala

Asp Val Ser
30
Val Ser Leu

Cys Ile Asn
60

cgccggtgag

gggagtggac

cceggageag

geeggegece

gaccggacga

cgacggcacyg

agtggccgeg

ggcgacggtg

cggetggate

cggcgtcgag

accgegtgge

gaccgggcegg

ccgtagecag

actgctgeac

getegggate

cgcggecaaa

cgcegegacy

gecgatccag

Glu Gln

15

Phe Val

Ala Thr

Ala Met

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1110
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Thr Gly Gly Ser Thr Lys Thr Gly Leu Ile Asn Arg Asp Leu Ala Ile
65 70 75 80

Ala Ala Arg Glu Thr Gly Val Pro Ile Ala Thr Gly Ser Met Ser Ala
85 90 95

Tyr Phe Ala Asp Glu Ser Val Ala Glu Ser Phe Ser Val Met Arg Arg
100 105 110

Glu Asn Pro Asp Gly Phe Ile Met Ala Asn Val Asn Ala Thr Ala Ser
115 120 125

Val Glu Arg Ala Arg Arg Ala Val Asp Leu Met Arg Ala Asp Ala Leu
130 135 140

Gln Ile His Leu Asn Thr Ile Gln Glu Thr Val Met Pro Glu Gly Asp
145 150 155 160

Arg Ser Phe Ala Ala Trp Gly Pro Arg Ile Glu Gln Ile Val Ala Gly
165 170 175

Val Gly Val Pro Val Ile Val Lys Glu Val Gly Phe Gly Leu Ser Arg
180 185 190

Glu Thr Leu Leu Arg Leu Arg Asp Met Gly Val Arg Val Ala Asp Val
195 200 205

Ala Gly Arg Gly Gly Thr Asn Phe Ala Arg Ile Glu Asn Asp Arg Arg
210 215 220

Asp Ala Ala Asp Tyr Ser Phe Leu Asp Gly Trp Gly Gln Ser Thr Pro
225 230 235 240

Ala Cys Leu Leu Asp Ala Gln Gly Val Asp Leu Pro Val Leu Ala Ser
245 250 255

Gly Gly Ile Arg Asn Pro Leu Asp Val Val Arg Gly Leu Ala Leu Gly
260 265 270

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

Gly Gly Val Pro Ala Leu Leu Ser Leu Leu Ser Thr Trp Leu Asp Gln
290 295 300

Ile Glu Ala Leu Met Thr Ala Leu Gly Ala Arg Thr Pro Ala Asp Leu
305 310 315 320

Thr Arg Cys Asp Leu Leu Ile Gln Gly Arg Leu Ser Ala Phe Cys Ala
325 330 335

Ala Arg Gly Ile Asp Thr His Arg Leu Ala Thr Arg Ser Gly Ala Thr
340 345 350

His Glu Met Ile Gly Gly Ile Arg
355 360

<210> SEQ ID NO 17

<211> LENGTH: 1083

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 17

atgatcgeca accgcaagga cgaccacgte cggctegeeg cegageagea gggecggete 60
ggcggtcace acgagttcga cgacgtgtee ttegtgcace acgecctgge cggcatcegac 120
cggtcegacyg tctegetgge cacgtegtte ggeggeateg actggecggt geegetgtge 180
atcaacgcga tgaccggegg cagcaccaag accggectga tcaaceggga cctggegate 240
geggeceggyg agacceggegt accgatcegece accgggtega tgagegecta cttegecgac 300

gagtcggtgg ccgagagttt cagegtgatg cgccgggaga accccgacgyg gttcatcatg 360
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gccaacgtca acgccaccgce ctcegtecgaa cgggecccgge gggcetgtega cctgatgegg 420
gccgacgege tgcagatcca cctgaacacc atccaggaga cggtgatgec ggagggggac 480

cggtegtteg ccegectgggyg gecgeggatce gaacagateg tegecggegt cggtgtgecyg 540
gtgatcgtca aggaggtcgg cttegggete agcecgegaaa cgctgcetgeg getgegggac 600
atgggegtee gggtggecga cgtcegecgge cgeggceggea cgaacttege gegcatcgag 660
aacgaccgge gggacgecge cgactactcece ttectcegacyg ggtggggaca gtcgacacce 720
gectgectyge tggacgccca gggegtggac ctgccegtge tggecteegg cggcatcege 780
aaccegeteg acgtggteceg cgggetggeg cteggegecyg gegeggcecegyg ggtgtecgga 840
ctgttectge gcacgetect ggacggegge gtgecggege tgetgteget getgtcecace 900
tggctegace agatcgaagce cctgatgacce gecctgggeyg cgeggaccee ggcecgacctyg 960
acccgetgeg acctgctgat ccagggtcgg ctgagcgegt tcectgegegge ccggggcatce 1020
gacacccace gectegecac ccegtteegge gecacccacyg agatgatcgg aggcattcega 1080
tga 1083
<210> SEQ ID NO 18

<211> LENGTH: 351

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 18

Met Asn Asp Ala Ile Ala Gly Val Pro Met Lys Trp Val Gly Pro Val
1 5 10 15

Arg Ile Ser Gly Asn Val Ala Gln Ile Glu Thr Glu Val Pro Leu Ala
20 25 30

Thr Tyr Glu Ser Pro Leu Trp Pro Ser Val Gly Arg Gly Ala Lys Ile
35 40 45

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

Met Thr Arg Ser Val Phe Val Arg Ala Lys Asp Ala Gln Thr Ala Tyr
65 70 75 80

Leu Ala Ser Leu Glu Val Asp Ala Arg Phe Asp Glu Leu Arg Asp Ile
85 90 95

Val Arg Thr Cys Gly Arg Phe Val Glu Leu Ile Gly Phe His His Glu
100 105 110

Ile Thr Ala Asn Leu Leu Phe Leu Arg Phe Ser Phe Thr Thr Gly Asp
115 120 125

Ala Ser Gly His Asn Met Ala Thr Leu Ala Ala Asp Ala Leu Leu Lys
130 135 140

His Ile Leu Asp Thr Ile Pro Gly Ile Ser Tyr Gly Ser Ile Ser Gly
145 150 155 160

Asn Tyr Cys Thr Asp Lys Lys Ala Thr Ala Ile Asn Gly Ile Leu Gly
165 170 175

Arg Gly Lys Asn Val Val Thr Glu Leu Val Val Pro Arg Glu Ile Val
180 185 190

His Asp Ser Leu His Thr Thr Ala Ala Ala Ile Ala Gln Leu Asn Val
195 200 205

His Lys Asn Met Ile Gly Thr Leu Leu Ala Gly Gly Ile Arg Ser Ala
210 215 220
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Asn Ala His Tyr Ala Asn Met Leu Leu Gly Phe Tyr Leu Ala Thr Gly
225 230 235 240

Gln Asp Ala Ala Asn Ile Val Glu Gly Ser Gln Gly Val Thr Val Ala
245 250 255

Glu Asp Arg Asp Gly Asp Leu Tyr Phe Ser Cys Thr Leu Pro Asn Leu
260 265 270

Ile Val Gly Thr Val Gly Asn Gly Lys Gly Leu Gly Phe Val Glu Glu
275 280 285

Asn Leu Glu Arg Leu Gly Cys Arg Ala Ser Arg Asp Pro Gly Glu Asn
290 295 300

Ala Arg Arg Leu Ala Val Ile Ala Ala Ala Thr Val Leu Cys Gly Glu
305 310 315 320

Leu Ser Leu Leu Ala Ala Gln Thr Asn Pro Gly Glu Leu Met Arg Ala
325 330 335

His Val Arg Leu Glu Arg Pro Thr Glu Thr Thr Lys Ile Gly Ala
340 345 350

<210> SEQ ID NO 19

<211> LENGTH: 1056

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 19

atgaacgacg cgatcgecgg tgtgeccatg aaatgggtag gtcecgtgeg gatcteggga 60
aacgtggege agatcgagac ggaggtteeg ctegecacgt acgagtegee getcetggecg 120
tcegteggee ggggcegegaa gatctecegg atggtegagg cgggcategt cgecacgete 180
gtcgacgage gcatgacceg cteggtgtte gtgegegeca aggacgcgca gaccgectac 240
ctggectege ttgaggtega cgegeggtte gacgaactge gtgacategt gegcacctge 300
ggcaggttceg tcgagctgat cgggttccac cacgagatca ccgegaacct getgttectg 360
cggttcagtt tcaccaccgg cgacgegtee gggcacaaca tggegacget ggecgecgac 420
gegetgetga agcacatcct ggacaccatt ccgggcatct cgtacggete gatcteggge 480
aactactgca ccgacaagaa ggccaccgeg ataaacggea ttcteggecyg gggcaagaac 540
gtggtcaccyg agetggtegt gecgegggag atcegtccacg acagectgca cacgacggeg 600
geggegateg cccagetgaa cgtgcacaag aacatgatceg geacgttget cgecggeggt 660
atccgetegyg ccaacgecca ctacgegaac atgetgeteg ggttctacct ggecacgggt 720
caggacgcceg cgaacategt cgagggetee cagggegtga cggtcegecga ggaccgcegac 780
ggcgacctet acttcetectg cacgetgece aacctgateg tgggcaccegt cggcaacgge 840
aaggggcteg gettegtega ggagaacctyg gageggeteg getgeegege ctegegtgat 900

cecgggegaga acgceccggeg getcegeggte ategeggeceyg cgacggtget ctgeggegag 960
ctgteectge tcegecgegca gaccaacceg ggcgagetga tgcegggcegea cgtecggete 1020
gaacgcccega ccgagaccac gaagatcgga gcctga 1056
<210> SEQ ID NO 20

<211> LENGTH: 391

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 20
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Met Ala Glu Arg Pro Ala Val Gly Ile His Asp Leu Ser Ala Ala Thr
Ala His His Val Leu Thr His Glu Thr Leu Ala Ala Ser Asn Gly Ala
20 25 30

Asp Val Ala Lys Tyr His Arg Gly Ile Gly Leu Arg Ala Met Ser Val
35 40 45

Pro Ala Pro Asp Glu Asp Ile Val Thr Met Ala Ala Ala Ala Ala Ala
50 55 60

Pro Val Val Ala Arg His Gly Thr Asp Arg Ile Arg Thr Val Val Phe
65 70 75 80

Ala Thr Glu Ser Ser Val Asp Gln Ala Lys Ala Ala Gly Ile His Val
85 90 95

His Ser Leu Leu Gly Leu Pro Ser Ala Thr Arg Val Val Glu Leu Lys
100 105 110

Gln Ala Cys Tyr Gly Gly Thr Ala Gly Leu Gln Phe Ala Ile Gly Leu
115 120 125

Val His Arg Asp Pro Ser Gln Gln Val Leu Val Ile Ala Ser Asp Val
130 135 140

Ser Lys Tyr Ala Leu Gly Glu Pro Gly Glu Ala Thr Gln Gly Ala Ala
145 150 155 160

Ala Val Ala Met Leu Val Gly Ala Asp Pro Ala Leu Val Arg Val Glu
165 170 175

Asp Pro Ser Gly Met Phe Thr Ala Asp Val Met Asp Phe Trp Arg Pro
180 185 190

Asn Tyr Arg Thr Thr Ala Leu Val Asp Gly His Glu Ser Ile Ser Ala
195 200 205

Tyr Leu Gln Ala Leu Glu Gly Ser Trp Lys Asp Tyr Thr Glu Arg Gly
210 215 220

Gly Arg Thr Leu Asp Glu Phe Gly Ala Phe Cys Tyr His Gln Pro Phe
225 230 235 240

Pro Arg Met Ala Asp Lys Ala His Arg His Leu Leu Asn Tyr Cys Gly
245 250 255

Arg Asp Val Asp Asp Ala Leu Val Ala Gly Ala Ile Gly His Thr Thr
260 265 270

Ala Tyr Asn Ala Glu Ile Gly Asn Ser Tyr Thr Ala Ser Met Tyr Leu
275 280 285

Gly Leu Ala Ala Leu Leu Asp Thr Ala Asp Asp Leu Thr Gly Arg Thr
290 295 300

Val Gly Phe Leu Ser Tyr Gly Ser Gly Ser Val Ala Glu Phe Phe Ala
305 310 315 320

Gly Thr Val Val Pro Gly Tyr Arg Ala His Thr Arg Pro Asp Gln His
325 330 335

Arg Ala Ala Ile Asp Arg Arg Gln Glu Ile Asp Tyr Ala Thr Tyr Arg
340 345 350

Glu Leu His Glu His Ala Phe Pro Val Asp Gly Gly Asp Tyr Pro Ala
355 360 365

Pro Glu Val Thr Thr Gly Pro Tyr Arg Leu Ala Gly Leu Ser Gly His
370 375 380

Lys Arg Val Tyr Glu Pro Arg
385 390
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<210> SEQ ID NO 21
<211> LENGTH: 1176

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

DNA

<400> SEQUENCE: 21

atggccgaga

ctgacacacg

atcgggetge

gecgeegecy

gccacggagt

ggcctecect

ggactgcagt

gccagegacyg

geggtegeca

atgttcaccyg

gacgggcacg

accgagegeg

ccgaggatgg

gacgegcetgg

agctacacgg

accggecgga

ggcactgteg

gaccggcggce

gthangCg

ctcteeggte

gacccgeegt

agaccetgge

gggcgatgag

CgCngtggt

cgteggtega

cggecaccceyg

tcgecategy

tgtcgaagta

tgctegtegy

ccgacgteat

agtccatcte

geggtegeac

ccgacaagge

tggcegggge

cgtcgatgta

cegteggett

tgccegggta

aggagatcga

gegactatce

acaagcgegt

<210> SEQ ID NO 22
<211> LENGTH: 290

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

PRT

<400> SEQUENCE: 22

Val Ala Glu
1

Val Pro Cys
Asp Ala Phe
35

Ala Leu Arg
50

Asp Asp Arg
65

Arg Thr Asp

Cys Pro Val

Leu Tyr Se
Ser Arg As
20

Ala His Pr

His Ala GL

cggcatccac
cgcgagcaac
cgtgcecegec
cgcecgecac
ccaggcgaag
ggtggtcgag
cctggtgeac
cgegetgggt
cgceggaccceg
ggacttctygyg
cgectacetyg
cctggacgag
gcaccggcac
catcgggcac
tctegggete
cctecagetac
cegegegeac
ctacgcgacyg
ggegecggag

ctacgageceg

r Thr Ile

P Arg Val

o Glu Ala
40

y Glu Leu
55

Asp Pro Tyr Ala Ser

70

His Pro Va
85

Glu Ser Hi
100

1 Gly Ala

s Gly Ile

gacctgtecyg

ggcgccgacg

ccggacgagyg

ggcaccgace

gcggeceggga

ctgaagcagg

cgtgaccegt

gagcceggceyg

gegetggtac

cggecgaact

caggcgctgg

ttcggegegt

ctgctceaact

accaccgegt

geggecactge

gggtccggca

acgcgacceg

taccgggagt

gtgaccaccyg

cgatag

Glu Glu Ser

10

Trp Pro Ile

Val Val Ala

Asp Cys Arg

Ala Leu Ala

75

Leu Leu Ser

90

Asp Phe Gly
105

strain 046-ECO11

cegegacgge
tggccaagta
acatcgtgac
ggatceggac
tacacgtcca
cctgetacgyg
cgcagcaggt
aggcgaccca
gecgtcgagga
accgcaccac
agggetegtg
tctgctacca
actgcgggeyg
acaacgccga
tcgacaccge
gegtegecga
accagcaccg
tgcacgagca

ggcegtaceg

strain 046-ECO11

Ala Arg Gln

Leu Ser Ala

Phe Arg Val
45

Phe Arg Thr
60

Arg Gly Leu

Glu Val His

Val Val Gly
110

gcatcacgtyg
ccaccgtgge
gatggetget
cgtegtgtte
ctcectgete
cggtacggcg
cctggtgatce
gggegecgeg
ccegteggge
cgecectggte
gaaggactac
ccagcegtte
cgacgtcgac
gatcggcaac
cgacgacctyg
gttettegee
cgeggegate
cgecttecey

getggecggyg

Leu Asp

15

Tyr Gly

Ala Thr

His Pro

Thr Pro
80

Arg Arg

Gly Phe

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1176
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Lys Lys Ile Tyr Ala Ala Phe Ala Pro Asp Glu Leu Gln Val Ala Thr
115 120 125

Ser Leu Ala Gly Ile Pro Ala Met Pro Arg Ser Leu Ala Ala Asn Ala
130 135 140

Asp Phe Phe Thr Arg His Gly Leu Asp Asp Arg Val Gly Val Leu Gly
145 150 155 160

Phe Asp Tyr Pro Ala Arg Thr Val Asn Val Tyr Phe Asn Asp Val Pro
165 170 175

Arg Glu Cys Phe Glu Pro Glu Thr Ile Arg Ser Thr Leu Arg Arg Thr
180 185 190

Gly Met Ala Glu Pro Ser Glu Gln Met Leu Arg Leu Gly Thr Gly Ala
195 200 205

Phe Gly Leu Tyr Val Thr Leu Gly Trp Asp Ser Pro Glu Ile Glu Arg
210 215 220

Ile Cys Tyr Ala Ala Ala Thr Thr Asp Leu Thr Thr Leu Pro Val Pro
225 230 235 240

Val Glu Pro Glu Ile Glu Lys Phe Val Lys Ser Val Pro Tyr Gly Gly
245 250 255

Gly Asp Arg Lys Phe Val Tyr Gly Val Ala Leu Thr Pro Lys Gly Glu
260 265 270

Tyr Tyr Lys Leu Glu Ser His Tyr Lys Trp Lys Pro Gly Ala Val Asn
275 280 285

Phe Ile
290

<210> SEQ ID NO 23

<211> LENGTH: 873

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 23

gtggccgage tctactcgac catcgaggaa tcggeccgge aactggacgt geegtgtteg 60
cgcgaceggyg tectggeccat ccetgteegeg tacggegacg cgttegecca tceccgaggeg 120

gtggtegect tcegggtgge gaccgegetyg cgtcacgegg gegagetgga ctgeeggtte 180

cggacgcate cggacgaccg ggaccegtac gecteggege tegecegggg cctcacceeg 240
cgcacggace acccegtegg cgegetgete tcegaggtece accggegetyg cceggtggag 300
agccacggca tcgacttegg ggtggtegge ggettcaaga agatctacge ggecttegece 360
ccggacgage tgcaggtgge cacgtegete geeggeatte cggegatgee ccgcagecte 420
gecgegaacyg ccgacttett cacccggcac ggectcgacg accgggtegyg cgtgetggga 480
ttcgactace cggcccggac cgtgaacgte tacttcaacg acgtgecgeg tgagtgette 540

gagceggaga ccatccggte gacgetgege cggaccggga tggecgageco gagegageag 600
atgcteegge teggcacegg ggegtteggg ctetacgtea cgetgggetyg ggactcecceg 660
gagatcgage ggatctgcta cgcegeggeg accacggacce tgaccacget tceggtacec 720
gtggaaccgg agatcgagaa gttegtgaaa agegttcegt acggeggegyg ggaccggaag 780
ttcegtetacyg gegtggeget gacccccaag ggggagtact acaaactega gtcegcactac 840

aaatggaagc cgggcgcggt gaacttcatt tga 873
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<210> SEQ ID NO 24

<211> LENGTH: 370

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 24

Val Trp Ala Arg Val Lys Asn Trp Val Val Ala Leu Ala Val Ala Ala
1 5 10 15

Val Leu Met Ile Ser Ala Leu Ala Gly Asp His Pro Ala Pro Glu Gly
20 25 30

Leu Gly Leu Leu Gly Phe Ala Leu Val Ala Ala Ser Gly Leu Ala Leu
35 40 45

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

Cys Val Val Gly Tyr Asn Ala Ile Gly Phe Gly Val Pro Ala Ile Ala
65 70 75 80

Tyr Leu Phe Ala Val Tyr Ala Ala Val Arg Ala Gly His Arg Leu Val
85 90 95

Thr Leu Gly Ala Ser Ala Ala Leu Leu Val Val Leu Pro Leu Ala Ile
100 105 110

Met Val Ser Pro Ala Asp Gly Ala Leu Lys Glu Ala Leu Ala Gln Ser
115 120 125

Arg Gly Val Leu Glu Leu Ala Trp Leu Ile Ala Ala Ala Ala Ala Gly
130 135 140

Glu Ala Leu Arg Gln Ala Glu Arg Arg Ala Asp Glu Ala Glu Arg Thr
145 150 155 160

Arg Glu Glu Thr Ala Arg Leu Arg Ala Thr Gln Glu Arg Leu His Ile
165 170 175

Ala Arg Glu Leu His Asp Ser Leu Thr His Gln Ile Ser Ile Ile Lys
180 185 190

Val Gln Ala Glu Val Ala Val His Leu Ala Arg Lys Arg Gly Glu Gln
195 200 205

Val Pro Glu Ser Leu Leu Ala Ile Gln Glu Ala Gly Arg Ala Ala Thr
210 215 220

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

Pro Ser His Gly Leu Asp His Leu Pro Glu Leu Leu Ala Gly Ala Glu
245 250 255

Lys Ile Gly Leu Ala Thr Thr Leu Thr Ile Glu Gly Asp Gln Arg Asp
260 265 270

Val Pro Glu Ala Val Gly Arg Thr Ala Tyr Arg Ile Val Gln Glu Ser
275 280 285

Leu Thr Asn Thr Ala Arg His Ala Ser Ala Ala Ala Ala Ala Val Arg
290 295 300

Ile Asp Tyr Arg Pro Asp Ala Leu Ser Ile Arg Ile Asp Asp Asp Gly
305 310 315 320

Thr Ala Arg Pro Gly Ala Ala Pro Val Pro Gly Val Gly Leu Leu Gly
325 330 335

Met His Glu Arg Val Leu Ala Leu Gly Gly Arg Leu Arg Ala Glu Pro
340 345 350

Arg Thr Gly Gly Gly Phe Thr Val Gln Ala Glu Leu Pro Val Val Arg
355 360 365
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Val Pro
370

<210> SEQ ID NO 25
<211> LENGTH: 1113

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

DNA

<400> SEQUENCE: 25

gtgtgggece
agcgegetygyg
gtggecggega
geccaccggge
tacctgtteg
agcgeegecc
ctcaaggagyg
geggeggecg
cgcgaggaga
cacgactege
ctggeccgea
cgggeggega
cegtegeacy
gccaccacge
gegtaccgga
geegeggtee
acggecegge
gtcctegege

caggccgaac

gggtgaagaa
ceggtgacca
geggectgge
tgtgegtgge
cggtctacge
tgctegtegt
cgctegegea
gtgaggcgcet
cegecagget
tcacccacca
agceggggega
ctegegaget
ggctcgacca
tgaccatcga
tcgtgcagga
ggatcgacta
cgggegeage
tgggeggecyg

tcceggtggt

<210> SEQ ID NO 26
<211> LENGTH: 220

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

PRT

<400> SEQUENCE: 26

Met Ile Arg
1

Phe Arg Ala
Gly Gly Asn
35

Asp Leu Ala
50

Thr Thr Arg
65

Val Ile Leu

Arg Ala Gly

Ile Met Le

Leu Leu As

20

Gly Arg Gl

Leu Ile As

Gln Ile Va
70

ctgggtegte
tcctgecccee
getggecgee
gggctacaac
ggcggteegg
cctgeegety
gtegegggge
geggeaggece
gegegecace
gatctegate
gcaggtgeeg
gegegegace
ccteceggag
gggegaccag
gtcegetcace
cegeceggac
cceggtgece
getgegggeyg

gegegtecca

u Leu Asp

P Ala Glu

u Gly Leu
40

P Ile Gln
55

1 Ala Asp

Thr Asn Tyr Gly Leu

85

Ala Thr G1

y Phe Leu

gegttggety
gagggecteg
agtcgteggyg
gegategget
geegggeace
gegatcatgg
gtgctggaac
gaacggcgag
caggagcgge
atcaaggtge
gagtcgetge
ctggagacge
ctgetggeey
cgggacgtge
aacaccgecc
gegetgagea
ggegteggge
gaaccccgca

tga

Asp Gln Pro
10

Asp Asp Ile

Ala Leu Ala

Met Pro Val

Pro Ala Leu
75

Asp Glu Tyr
90

Val Lys Asp

strain 046-ECO11

tggcggeggt

gtctgetegg

ccecegatege

thgggthC

ggctegtceac

tctegecege

tggcctgget

cggacgaggc

tgcacatcge

aggcggaggt

tggcgatcca

tgcgtgacct

gggccgagaa

cggaggcggt

ggcacgecte

tccggatega

tgctggggat

c¢cggeggagy

strain 046-ECO11

Leu Leu Arg

Glu Val Val

Arg Gln His

45
Met Asp Gly
60
Ala Gly Val

Val Phe His

Ile Glu Pro

getgatgate
cttegegety
cgtgetggte
cgccategeyg
geteggggeg
ggacggegece
gatcgecgeg
ggaacggacc
acgggagcetyg
ggcggtccac
ggaggecgge
gaccaagtce
gatcggecetyg
gggccgcace
cgecegeggece
cgacgacggyg
gcacgagege

cttcaccgte

Ser Gly

15

Ala Glu

Leu Pro

Val Glu

Arg Val

Ala Leu

95

Asp Asp

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1113
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100 105 110

Leu Leu His Ala Val Arg Val Ala Ala Arg Gly Asp Ala Leu Leu Ala
115 120 125

Pro Ser Ile Thr Arg Met Leu Ile Asn Arg Tyr Val Ser Glu Pro Leu
130 135 140

Cys Ala Asp Val Thr Pro Gly Met Glu Glu Leu Thr Asn Arg Glu Arg
145 150 155 160

Glu Ala Val Ala Leu Ala Ala Arg Gly Leu Ser Asn Asp Glu Ile Ala
165 170 175

Asp Arg Met Val Ile Ser Pro Leu Thr Ala Lys Thr His Val Asn Arg
180 185 190

Ala Met Thr Lys Leu Gln Ala Arg Asp Arg Ala Gln Leu Val Val Phe
195 200 205

Ala Tyr Glu Ser Gly Leu Val Ser Pro Gly Asn Arg
210 215 220

<210> SEQ ID NO 27

<211> LENGTH: 663

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 27

atgatcagga tcatgetget cgacgaccag ccgetgetge geagegggtt cegegegete 60
ctecgacgeceg aggacgacat cgaggtggtyg gecgagggeg ggaacggecyg ggagggectg 120

gegetggece ggcagcacct geccgatcte gecctgateg acatccagat geeggteatg 180

gacggegteg agacgacceg gcagatcegte geggatcegg cgetggecegyg ggtacgegte 240

gtcatccteca ccaactacgg cctecgacgag tacgtcettee acgcegetgeg cgecggegec 300
accggettee tggtcaagga catcgagecg gacgacctge tgcacgceegt gegggtegece 360
gegegeggtyg acgegetget cgegecgteg atcacccgga tgctgatcaa caggtacgtg 420
tcggagecge tetgegegga cgtcacgece ggcatggagyg agcetgaccaa ccgggaacgce 480
gaggcggteyg cectggecge cceggggectg tcecaacgacg agatcgecga tegeatggtyg 540
atcagcccege tgaccgcgaa gacccacgte aaccgcegeca tgaccaaget gcaggeccge 600
gaccgegeee agetggtggt gttegectac gagtceggee tggtgtcacce cggcaatcege 660
tga 663

<210> SEQ ID NO 28

<211> LENGTH: 131

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11
<400> SEQUENCE: 28

Met Phe Ile Arg Arg Leu Leu Thr Ala Ala Ala Ala Gly Val Leu Gly
1 5 10 15

Gly Leu Ala Leu Val Ala Pro Ala Ala Ala Gln Val Thr Ala Ala Asp
20 25 30

Gly Asp Gly Gly Ser Gly Arg Ala Gly Ser Val Leu Ala Leu Ala Leu

Ala Leu Leu Gly Leu Val Leu Gly Gly Trp Ala Leu Arg Ser Ala Gly
50 55 60

Arg Gly Gly Gly Arg Gly Asn Ala Ile Ala Ala Leu Val Leu Ala Val
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65 70 75 80

Ala Gly Leu Ile Ala Gly Val Val Ala Leu Ala Gly Ser Asp Gly Gly
85 90 95

Val Gly Ser Gly Asn Gly Arg Gly Gly Ala Ile Val Ala Val Val Leu
100 105 110

Ala Leu Ile Gly Ile Ala Val Gly Gly Leu Ala Phe Thr Arg Ser Arg
115 120 125

Arg Ala Ala
130

<210> SEQ ID NO 29

<211> LENGTH: 396

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 29

atgttcatce gtegtttget caccgecgee geagecggeg tecteggtgg getcegeacte
gtegecacegg cggccgegea ggtgacggee gecgacggtg acggtggtte cggecgegec
ggatcegtge tggegetege getegegttyg cteggecteg tectgggegy gtgggegttyg
cgcteegegy ggcegeggegg cggtegtgge aacgegateg cegegetggt getegeggtg
gecggectga tegeeggegt ggtegecctyg geceggeteeg acggtggtgt cggeagegge
aacggcegtyg gtggegecat cgtggecgte gtgetggege tgatcgggat cgecgtegge
ggcectggeat tcacccgete ceggegegee gectga

<210> SEQ ID NO 30

<211> LENGTH: 154

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 30

Met Arg Lys Val Phe Ala Gly Leu Ala Ala Phe Leu Leu Leu Val Leu
1 5 10 15

Val Val Gln Phe Phe Leu Ala Ala Ser Gly Ala Phe Ser Asn Glu Ala
20 25 30

Asn Glu Glu Ala Phe Arg Pro His Arg Ile Leu Gly Leu Gly Ser Ile
35 40 45

Leu Val Ala Val Val Leu Thr Val Ala Ala Ala Val Met Arg Met Pro
50 55 60

Gly Arg Ile Ile Gly Leu Ser Gly Leu Val Ala Gly Leu Gly Ile Leu
65 70 75 80

Gln Ala Leu Ile Ala Val Ile Ala Lys Ala Phe Gly Asp Ser Ala Gly
85 90 95

Asp Ser Ala Val Gly Arg Tyr Val Phe Gly Leu His Ala Val Asn Gly
100 105 110

Leu Val Met Val Ala Val Ala Arg Val Ile Leu Arg Ser Val Arg Ala
115 120 125

Ala Pro Asp Thr Thr Thr Thr Pro Gly Val Asp Thr Thr Val Thr Gly
130 135 140

Pro Ala Ala Asp Ser Ala Arg Thr Ala Ser
145 150

<210> SEQ ID NO 31

60

120

180

240

300

360

396
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<211> LENGTH: 465

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 31

atgcgcaaag tgttegeegg actggeageg ttectgetge tegtgetegt ggtgcagtte 60

ttcetggeeg ccageggege gttcagecaac gaggecaacg aggaggegtt ccgecctcac 120

cggatectgg gectggggag catcctegte geegtggtge tgacggtgge cgecgeggtg 180

atgcggatge ccggecggat catcggectyg teeggectgg tegecggget gggcatcectg 240
caggccctga tcgeggteat cgecaaggeg tteggegact cggecggtga cteggecegte 300
ggceggtacyg tgtteggect gecacgeggte aacggactgg tgatggtgge cgtegecege 360
gtcatcctge gcagegtceg ggeggegceceg gacacgacca ccacgecegyg cgtggacacyg 420
acggtcaccg gtceggegge cgacteggeg cgaacggegt catga 465

<210> SEQ ID NO 32

<211> LENGTH: 661

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11
<400> SEQUENCE: 32

Met Ser Thr Leu Gln Trp Ile Leu Val Asp His Val Val Ala Leu Leu
1 5 10 15

Gly Val Ala Thr Trp Phe Ala Thr Gly Val Thr Ala Ala Leu Gly Arg
20 25 30

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

Val Gln Glu Lys Val Leu Leu Gly Leu Pro Met Leu Gly Ala Ala Gly
65 70 75 80

Leu Val Ala Val Leu Leu Ala Gly Pro Arg Leu Leu Ala Ala Arg Gln
85 90 95

Ser Pro Ala Ala Asp Leu Pro Ala Gly Ala Leu Val Ala Val Leu Thr
100 105 110

Ala Gly Phe Ala Ala Leu Ala Gly Leu Val Val Thr Phe Thr Ala Gly
115 120 125

Tyr Pro Leu Thr Trp Ser Thr Ala Leu Ile Ala Val Ala Leu Val Cys
130 135 140

Ala Ala Ala Leu Leu Thr Ala Arg Val Val Gly Arg Pro Ala Ala Pro
145 150 155 160

Ala Ala Glu Ala Gly Ser Pro Glu His Thr Pro Ala Ala Ala Gly Pro
165 170 175

Thr Ala Leu Ser Arg Arg Arg Phe Leu Gly Val Ala Gly Gly Val Val
180 185 190

Ala Ala Gly Ala Gly Ala Thr Gly Val Gly Leu Leu Phe Arg Asp Pro
195 200 205

Glu Ala Met Val Thr Gly Gly Gly Pro Gly His Ala Gly Gly Ala Arg
210 215 220

Pro Lys Val Ser Val Ala Asp Leu Arg Gly Pro Gly Ala Pro Ala Ala
225 230 235 240

Gly Gly Thr Ala Arg Arg His Val Leu Thr Ala Arg Thr Gly Thr Val
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245 250 255

Thr Ile Pro Ser Gly Arg Pro Ile Asp Ala Trp Ser Tyr Glu Gly Arg
260 265 270

Leu Pro Gly Pro Ala Ile Thr Ala Thr Glu Gly Asp Leu Ile Glu Val
275 280 285

Thr Leu Arg Asn Ala Asp Ile Glu Asp Gly Val Thr Val His Trp His
290 295 300

Gly Tyr Asp Val Pro Cys Gly Glu Asp Gly Ala Pro Gly Ala Thr Gln
305 310 315 320

His Ala Val Gln Pro Gly Gly Glu Phe Val Tyr Arg Phe Gln Ala Asp
325 330 335

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

Val Arg Lys Gly Leu Tyr Gly Thr Leu Val Val Thr Pro Arg Glu Asp
355 360 365

Arg Pro Glu Ala Glu Arg Gly Leu Asp Leu Thr Leu Pro Val His Thr
370 375 380

Phe Asp Asp Val Thr Ile Leu Gly Asp Gln Glu Gly Arg Ala Val His
385 390 395 400

Asp Val Arg Pro Gly Gln Pro Val Arg Leu Arg Leu Ile Asn Thr Asp
405 410 415

Ser Asn Pro His Trp Phe Ala Val Val Gly Ser Pro Phe Arg Val Val
420 425 430

Ala Val Asp Gly Arg Asp Leu Asn Gln Pro Gly Glu Val Arg Glu Val
435 440 445

Gly Leu Arg Leu Pro Ala Gly Gly Arg Tyr Asp Leu Thr Leu Ala Met
450 455 460

Pro Asp Ala Lys Val Thr Leu Leu Leu Asp Asn Asp Ser Asp Gln Gly
465 470 475 480

Val Leu Leu Arg Pro Pro Gly Val Gly Gly Gly Asp Arg Pro Leu Pro
485 490 495

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

Ala Pro Val Pro Phe Asp Ala Asp Asp Ala Asp Arg His Phe Thr Ile
515 520 525

Val Leu Asp Arg Ala Leu Ala Met Val Asp Gly Lys Pro Ala Tyr Ala
530 535 540

Gln Thr Val Asp Gly Arg Ala His Pro Ser Val Pro Asp Gln Leu Val
545 550 555 560

Arg Glu Gly Asp Val Val Arg Phe Thr Val Val Asn Arg Ser Leu Glu
565 570 575

Thr His Pro Trp His Leu His Gly His Pro Val Leu Ile Leu Ser Arg
580 585 590

Asp Gly Arg Pro Tyr Ser Gly Ser Pro Leu Trp Met Asp Thr Phe Asp
595 600 605

Val Arg Pro Gly Glu Val Trp Glu Val Ala Phe Arg Ala Asp Asn Pro
610 615 620

Gly Val Trp Met Asn His Cys His Asn Leu Pro His Gln Glu Gln Gly
625 630 635 640

Met Met Leu Arg Leu Val Tyr Asp Gly Val Thr Thr Pro Phe Ala Ser
645 650 655
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Thr Ser His Ala His

660

<210> SEQ ID NO 33
<211> LENGTH: 1986

<212> TYPE:
<213> ORGANISM: Micromonospora sp.

DNA

<400> SEQUENCE: 33

atgagcacge

tggttcgeaa

dgcgecgegy

ggetggtggt

ctegtegegy

gacctgeegyg

ctggtggtga

geectegtet

geegeggagy

cgecegeeggt

gteggectge

ggtggCgCCC

dgcggceacgy

ggacgtccga

accgagggcyg

gtgcactgge

cacgeggtge

tactggtacc

ctegtegtga

ceggtgeaca

gacgtccgee

tggttegecyg

cagccgggcyg

accctggeca

gtcetgetge

tggcccgagt

gacgccgace

cecegegtacy

¢gggaggggy

cacctgeacy

cegetgtgga

geggacaatce

tccaatggat

cgggtgtcac

tgctggtgac

tcgtecagga

tgcteetgge

ceggegeget

cgttcaccge

gegecgecge

ceggetecee

tccteggegt

tcttecgega

gecccaaggt

cgcgacgeca

tcgacgectyg

acctgatcga

acgggtacga

agcccggcgyg

acacccacca

cgcegegaga

cgttegacga

ceggecaged

tegteggete

aggtacgcga

tgcecggacge

gcccgecggyg

tcgacctget

gccacttcac

cccagaccegt

acgtegtgeg

gecatceggt

tggacacctt

cgggtgtctg

cctegtggac

ggcagcetete

agtcgecege

gaaggttctyg

cggecegage

ggtcgeggtyg

cgggtacceg

getgetcace

ggagcacacyg

dgccggggga

cccggaggcyg

ctecegtggeyg

cgtgcteace

gagctacgag

ggtgacgete

cgtgecegtge

cgagttegte

ggcgtegeac

ggaccggccg

cgtcacgatce

ggtgcgactg

gecetteege

ggthggCtC

caaggtcacg

cgtcggcggt

gggctacggc

catcgtecte

cgacggtege

cttcacggtyg

getgatecty

cgacgtgcgg

gatgaaccac

cacgtegtygyg

ggcegecace

ctgggcacceyg

ctggggctgc

ctgctegegy

ctgaccgeeg

ctgacgtgga

gegegggtgg

c¢cggeggegy

gtggtegegg

atggtcaccyg

gacctgegeyg

gcccggacgg

ggcegectge

cgcaacgecyg

dgcgaggacyg

taccggttee

cecegeegtge

gaagcggage

cteggegace

cgtctgatca

gtggtggceg

cgectgeceyg

ctgetgeteg

ggtgaccgee

gagcecggege

gaccgggece

gcacatcect

gtcaaccgga

tccegegacy

c¢cgggagagy

tgccacaacc

strain 046-ECO11

cgectgetegy

ggatcgegtt

tggcgetget

cgatgetegyg

cceggeagte

gettegeege

gcaccgeget

tcggacgace

cegggeccac

¢gggcegeegy

gaggceggecce

geceeggege

gcaccgtcac

ccgggcecggce

acatcgagga

gegegecgygg

aggcggacca

gcaaagggct

gegggetgga

aggagggacyg

acaccgactce

tcgacggecyg

ccggaggccg

acaacgactce

cgctgecgga

cegtgeegtt

tggccatggt

cegtecccega

gectcegaaac

gecggecgta

tgtgggaggt

tgcecgcacca

tgtcgegacy

ggcgetecte

ggcegaccege

¢gecgegggy

accggcggcg

gCtggCngC

gatcgeegte

cgecegeceayg

ggcgetgtece

cgccaccgge

cggacacgec

tCngngCg

gattcegtee

catcaccgeg

cggegteace

cgccacgeag

ggtggggacyg

gtacgggacg

cctgacgety

cgcegtecac

caacccgcac

cgacctcaac

gtacgacctg

cgaccaggge

caccgecgac

cgacgecgac

cgacggcaag

ccagctegte

ccaccegtyyg

ctceggeage

ggCgttCng

dgagcagggce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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atgatgctgce ggctcgteta cgacggtgtce accacgccect tecgccagcac gagccacgca 1980
cactga 1986
<210> SEQ ID NO 34

<211> LENGTH: 129

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 34

Met Thr Ala Asp Leu His Gly Leu Ala Ser Val Arg Tyr Ile Val Asp
1 5 10 15

Asp Val Ser Ala Ala Ile Glu Phe Tyr Thr Thr His Leu Gly Phe Thr
20 25 30

Val Ser Thr Ala Phe Pro Pro Ala Phe Ala Asp Val Val Arg Gly Pro
35 40 45

Leu Arg Leu Leu Leu Ser Gly Pro Thr Ser Ser Gly Ala Arg Val Thr
50 55 60

Pro Ala Asp Ala Ala Gly Cys Gly Arg Asn Arg Ile His Leu Ile Val
65 70 75 80

Asp Asp Leu Asp Ala Glu Arg Glu Arg Leu Glu Arg Ala Gly Val Thr
85 90 95

Leu Arg Ser Asp Val Val Ala Gly Pro Gly Gly Arg Gln Phe Leu Ile
100 105 110

Ala Asp Pro Ala Gly Asn Leu Val Glu Val Phe Glu Pro Ala Ala Arg
115 120 125

Gly

<210> SEQ ID NO 35
<211> LENGTH: 390
<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 35

atgaccgcag acctgecacgg cctggecage gtecgetaca tegtcgacga cgtgteggeg 60
gegatcgagt tctacaccac ccacctgggt ttcacggtgt cgaccgegtt ceegecggec 120
ttcgecgacy tggtgegegg gecgetgegg ctectgetgt cegggecgac cageteggge 180
gecegggtea ccccggegga cgeggeceggyg tgcgggegea accgcatcca cctgategte 240

gacgatcteg acgccgaacg ggageggcetyg gagegegeog gggtgacgtt gegeagegac 300

gtegtggeeyg ggecgggegg cegtcagtte ctgategeeg acceggeggyg caacctggte 360

gaggtgttcg agccggcage ccgcggcetga 390

<210> SEQ ID NO 36

<211> LENGTH: 178

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 36

Met Leu Thr Ala Val Val Ala Ser Pro His Ser Pro Glu Asn Thr Ser
1 5 10 15

Arg His Pro Thr Gly Gly Asp Ala Val Asp Glu Ala Thr Pro Arg Thr
20 25 30

Pro Val Ala Ala Arg Pro Thr Trp Ser Pro Ala Thr Ala Pro Val Trp
35 40 45
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Leu Val Gly Val Leu Ala Thr Leu Ala Gly Ala Val Ala Ala Glu Ala
50 55 60

Phe Thr Leu Ala Ala Arg Gly Phe Gly Val Pro Met Glu Ala Ala Gly
65 70 75 80

Val Trp Glu Glu Gln Ala Gln Ala Ile Pro Val Gly Ala Ile Ala Arg
85 90 95

Ser Val Val Leu Trp Ser Ile Gly Gly Ile Val Leu Ala Val Val Val
100 105 110

Ala Arg Arg Ala Arg Arg Pro Val Arg Ala Phe Val Ala Gly Thr Val
115 120 125

Ala Phe Thr Val Leu Ser Leu Ala Ala Pro Ala Phe Ala Arg Asp Thr
130 135 140

Pro Val Ser Thr Gln Leu Val Leu Ala Gly Thr His Val Ile Ala Gly
145 150 155 160

Ala Val Ile Ile Ser Ile Leu Ala Ala Arg Leu Ala Ala Pro Thr Pro
165 170 175

Pro Arg

<210> SEQ ID NO 37
<211> LENGTH: 537
<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 37

atgttgactyg ccgtegtgge gtccccgeat tcteccgaga acacatcgag gcacccgace 60
ggaggcgacg ccgtggatga ggccactcce cgaactcceg tegeggcacyg geccacctgg 120
tcgeecggeca cegeteeggt gtggetggte ggegtgetgg ccaccetege cggggeegtyg 180

gecgeggagg cgttcacget cgeegecegyg ggctteggeg taccgatgga ggeggecgge 240
gtctgggagyg agcaggcegca ggcgatcceg gtgggggeca tegeccgeag cgtegtgete 300

tggtcgatceg gecggaategt cctggeggtyg gtegtggege ggegggecceg geggecegtyg 360

cgtgectteg tggeceggeac cgtegegtte acegtgetgt cectegeege geccgectte 420
gecegggaca ccceggtgte gacgcagete gtectegeeg geacccacgt gatcgecgge 480
gecgtgatca tctccatcct ggcegegegg ctegecgege ccaccccgece ceggtaa 537

<210> SEQ ID NO 38

<211> LENGTH: 661

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 38

Met Asp Gly Thr Glu Ser Asn Val Thr Gly Phe Pro Asp Leu Leu Ser
1 5 10 15

Gly Leu Gly Gly Asp Gly Arg Ala Phe Ala Leu Leu His Arg Pro Gly
20 25 30

Ala Ala Gly Cys Ala Tyr Val Glu Val Leu Thr Gly Glu Val Cys Asp
35 40 45

Val Asp Thr Leu Gly Glu Leu Pro Leu Pro Thr Glu Pro Ala Thr Gly

Ala Arg His Asp Leu Leu Val Ala Val Pro Tyr Arg Gln Val Thr Glu
65 70 75 80
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Arg Gly Phe Asp Cys His Asp Asp Gly Ala Pro Leu Leu Ala Met Arg
85 90 95

Val His Glu Gln Phe Gly Leu Asp Arg Gly Gln Ala Leu Ala Gly Leu
100 105 110

Pro Glu Arg Gly Val Pro Val Thr Asp Ala Asp Phe Asp Leu Ser Asp
115 120 125

Glu Asp Tyr Ala Ala Ile Val Lys Arg Val Val Gly Asp Glu Ile Gly
130 135 140

Leu Gly Ala Gly Ser Asn Phe Val Ile Arg Arg Thr Phe Thr Ala Arg
145 150 155 160

Leu Ala Asp Tyr Ser Ile Ala Thr Glu Leu Ala Leu Phe Arg Arg Leu
165 170 175

Leu Thr Gly Glu Leu Gly Ser Tyr Trp Thr Phe Leu Phe His Ser Gly
180 185 190

Ala Gly Thr Phe Ile Gly Ala Ser Pro Glu Arg His Val Ser Met Ile
195 200 205

Asp Gly Thr Val Ser Met Asn Pro Ile Ser Gly Thr Tyr Arg His Pro
210 215 220

Pro Asn Gly Pro Ala Val Ser Gly Leu Leu Glu Phe Leu Asn Asp Pro
225 230 235 240

Lys Glu Ala Asn Glu Leu Tyr Met Val Val Asp Glu Glu Leu Lys Met
245 250 255

Met Ala Arg Met Cys Ala Ser Gly Gly Gln Val His Gly Pro Phe Leu
260 265 270

Lys Glu Met Ala Arg Val Thr His Ser Glu Tyr Ile Leu Thr Gly Arg
275 280 285

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

Thr Val Thr Gly Ser Pro Ile Glu Asn Ala Phe Arg Val Ile Thr Arg
305 310 315 320

His Glu Thr Thr Gly Arg Gly Tyr Tyr Gly Gly Val Leu Ala Leu Met
325 330 335

Gly Arg Asp Ser Ala Gly Ser Arg Thr Leu Asp Ser Ala Ile Met Ile
340 345 350

Arg Thr Ala Glu Ile Asp Asp Ala Gly Thr Leu Arg Leu Gly Val Gly
355 360 365

Ala Thr Leu Val Arg Asp Ser Lys Pro Glu Ser Glu Val Ala Glu Thr
370 375 380

Arg Ala Lys Ala Gly Ala Met Arg Ala Ala Leu Gly Leu Gly Val Asp
385 390 395 400

Pro Asp Gly Pro Asp Gly Gly Arg Thr Thr Ala Ala Arg Ala Arg Ser
405 410 415

Ser Leu Ala Thr Asp Pro Arg Val Arg Arg Ala Leu Arg Glu Arg Asn
420 425 430

Thr Thr Leu Ser Arg Phe Trp Leu Asp Gly Ala Glu Arg Arg Thr Pro
435 440 445

Asn Pro Ala Leu Thr Gly Arg Arg Val Leu Val Val Asp Asn Glu Asp
450 455 460

Thr Phe Met Ala Met Leu Asp His Gln Leu Arg Ala Leu Gly Leu Arg
465 470 475 480

Ser Ser Ile Ala Arg Phe Asp Ser Arg Leu Arg Pro Asp Gly His Asp
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485 490 495

Leu Val Val Val Gly Pro Gly Pro Gly Asp Pro Gly Asp Leu Thr Asp
500 505 510

Pro Arg Met Arg Thr Leu Arg Gly Leu Thr Arg Asp Leu Leu Ala Gly
515 520 525

Thr Val Pro Phe Leu Ser Ile Cys Leu Gly His Gln Val Leu Ala Ala
530 535 540

Glu Leu Gly Phe Pro Leu Ala Arg Arg Ala Val Pro Asn Gln Gly Val
545 550 555 560

Gln Lys Arg Ile Asp Leu Phe Gly Arg Pro Glu Leu Val Gly Phe Tyr
565 570 575

Asn Thr Tyr Thr Ala Arg Ser Ala His Asp Val Val Ala Gly Gly Arg
580 585 590

Arg Gly Pro Ile Glu Ile Ser Arg Ser Pro Asp Ser Gly Asp Val His
595 600 605

Ala Leu Arg Gly Pro Gly Phe Arg Ser Val Gln Phe His Leu Glu Ser
610 615 620

Val Leu Thr Gln His Gly Pro Arg Ile Leu Gly Asp Leu Leu Val Ser
625 630 635 640

Leu Leu Ala Asp Gly Thr Ala Ala Ala Ala Ala Glu Ala Ala Gly Arg
645 650 655

Arg Gly Asn Arg Pro
660

<210> SEQ ID NO 39

<211> LENGTH: 1986

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 39

atggacggga cggaatcgaa cgtgaccgga ttececgate tgetgteegg teteggegge 60

gacgggcegeg ccttegecct getgcacegyg cceggegegg cegggtgege gtacgtggag 120

gttctgaceyg gegaggtgtg cgacgtggac actcteggeg agetgeccct geccaccgag 180
ceggegaceg gegegeggea cgacctgete gtggeggtge cgtaceggea ggtcaccgaa 240
cgggggtteg actgecacga cgacggegeg ccgetgeteg cgatgegegt ccacgagceag 300

ttcegggeteg accgeggaca ggcgetggeg ggectgeceg aacgeggtgt gecggtgace 360

gacgccgact tcgacctcag cgacgaggac tacgccgega tegtcaageyg ggtggtgggt 420
gacgagatcg ggctgggcege cggatccaac ttegtcatce ggegeacctt caccgegegyg 480
ctggeccgact actcgatege cacggaactg gegetcttee gecggttget gaccggegaa 540
ctgggttect actggacgtt tetgttecac teeggegeeg geacgttecat cggegegtca 600
ccggaacgac acgtcageat gatcgacgga accgtctega tgaatcccat cagegggace 660
taccggcace ccccgaacgg cecggecgtt teeggtetge tggaattect gaacgacceg 720
aaagaggcta acgaactcta catggtegte gacgaggaac tgaaaatgat ggegeggatg 780
tgcgecteeg geggecaggt geacggeceg ttectcaagg aaatggegeg ggtgacgcac 840
tccgagtaca tectgacegg cegcagegac ctggacgtge gegacgtget gegggagace 900
ctgctegege cgacggtcac cggcagecceg atcgagaacg cgttcegggt catcaccege 960

cacgagacga ccggecgegg ctactacgge ggegtgeteg cgttgatggg cegtgacteg 1020
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geeggcagee gtacgetcga ctceggecatce atgatccgca cegcecgagat cgacgacgeg 1080
ggcacgcetge gectgggegt cggegecace ctegtgeggg actccaagece ggagtceggag 1140
gtggccgaga cgegggccaa ggcgggcegece atgegegegg cgctceggect cggegtcgac 1200
ceggacggee cggacggegg geggaccacg gecgegeggyg ctegttegte cctggecace 1260
gaccccegygy tacggeggge gttgegegag cgcaacacca cactgtcegag gttetggete 1320
gacggcegegyg agceggegcac cccgaaccceg gegcetgacceg gacgcecgegt getegtegte 1380
gacaacgagyg acacgttcat ggccatgctc gaccaccagt tgcgggecct cgggetgegyg 1440
tcgagecateg cccggttega cagccggetyg cggecggacyg gacacgacct cgtegtegte 1500
ggtecceggee ceggecgaccee gggcegacctg accgacccge gtatgeggac cetgegeggyg 1560
ctcaccegeg acctgctege cggaacggtg ccgttectgt ccatctgcect gggccaccag 1620
gtgctegeeyg ccgaactggg gtteccecte geceggegeg cggtgceccaa ccagggtgtyg 1680
cagaagcgga tcgacctgtt cggccggccg gaactcgtgg ggttctacaa cacctacacce 1740
geeegeteeyg cgcacgacgt ggtggecggt ggceceggeggyg geccgatcga gatcagecege 1800
agcceggaca gcggggacgt gecacgegetyg cgeggcecegyg gatteccegtte cgtcecagtte 1860
cacctggagt ccgtectcac ccagcacggce ccacggatcce tgggcgacct getggtcetcece 1920
ctgctegeeg acggcacgge cgccgecgeg gecgaggegy cgggccggeyg cgggaaccge 1980
ccgtga 1986
<210> SEQ ID NO 40

<211> LENGTH: 427

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 40

Val Lys Thr Thr Val Asp Val Leu Val Gln Lys Tyr Gly Gly Thr Ser
1 5 10 15

Leu Gln Thr Leu Asp Arg Val Arg His Ala Ala Leu Arg Ile Ala Glu
20 25 30

Ala Arg Arg His Gly Ser Ala Val Thr Val Val Val Ser Ala Arg Gly
35 40 45

Ser Arg Thr Asp Asp Leu Leu Arg Leu Ala Ala Asp Val Gly Ala Ala
50 55 60

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

Ser Ala Ala Leu Met Ala Leu Ala Leu Thr Gly Leu Gly Val Pro Ala
85 90 95

Val Ser Leu Thr Gly His Gln Ala Glu Ile His Thr Thr Asp Arg His
100 105 110

Gly Asp Ala Leu Ile Ser Arg Ile Gly Ala Ala Arg Val Glu Ala Ala
115 120 125

Leu Gly Arg Gly Glu Val Ala Val Val Thr Gly Phe Gln Gly Ile Asp
130 135 140

Arg Ala Gly Asp Val Ala Thr Leu Gly Arg Gly Gly Ser Asp Thr Thr
145 150 155 160

Ala Val Ala Leu Ala Ala Arg Leu Arg Ala Ser Ala Cys Glu Ile Tyr
165 170 175
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Thr Asp Val Asp Gly Val Phe Ser Ala Asp Pro Arg Ile Leu Pro Ala
180 185 190

Ala Arg Cys Leu Pro Trp Val Glu Pro Gly Val Met Ala Glu Met Ala
195 200 205

Phe Ala Gly Ala Arg Val Leu His Thr Arg Cys Ile Glu Leu Ala Ala
210 215 220

Met Glu Gly Val Glu Val Arg Val Arg Asn Ala Ser Ser Gln Ala Pro
225 230 235 240

Gly Thr Ile Val Val Asp Arg Pro Asp Asp Arg Pro Leu Glu Thr Arg
245 250 255

Arg Ala Val Val Ala Val Thr His Asp Thr Asp Val Val Arg Val Leu
260 265 270

Val His Cys Arg Asp Gly Arg Arg Asp Met Ala Pro Asp Val Phe Glu
275 280 285

Val Leu Ala Ala His Gly Ala Val Ala Asp Leu Val Ala Arg Ser Gly
290 295 300

Pro Tyr Glu Ser Glu Phe Arg Met Gly Phe Thr Ile Arg Arg Ser Gln
305 310 315 320

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

Gly Gly Val His Phe Asp Glu Asn Val Gly Lys Val Ser Val Val Gly
340 345 350

Met Gly Leu Leu Ser Arg Pro Glu His Thr Ala Arg Leu Met Ala Ala
355 360 365

Leu Ala Ala Ala Gly Ile Ser Thr Ser Trp Ile Ser Thr Ser Gln Met
370 375 380

Arg Leu Ser Val Ile Val Ser Arg Asp Arg Thr Val Asp Ala Val Glu
385 390 395 400

Ala Leu His Arg Ala Phe Arg Leu Asp Arg Ser Glu Pro Ala Asp Ala
405 410 415

Thr Ser Leu Thr Ser Arg Arg Ser Ala Thr Ala
420 425

<210> SEQ ID NO 41

<211> LENGTH: 1284

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 41

gtgaagacga ctgtggacgt gctggtccag aaatacgggg gcaccteget geagacecte 60
gaccgegtte ggcacgecge getgeggate gecgaggege ggeggcacgyg ctecgeegtyg 120
acagtggtcg tgtcggegeg cggcageegg accgacgace tgetgegget ggeggecgac 180
gteggegeeyg cgggtceegte cegggaacte gaccagttge tegcagtegyg cgagtecgag 240
tcggeggege tgatggeget ggegttgace gggetgggag tgceggeegt ctegetgace 300
gggcaccagg cggagatcca caccaccgac cggcacggeg acgcgctgat ctegeggatce 360
ggggcggege gggtggaage ggcegetggge cgtggegagg tegeegtggt caccggatte 420
cagggcatcg accgggecgg tgacgtegee acgetgggge geggeggete cgacacgaca 480
geggtggege tegeggeceg getecgegeyg teggegtgeg agatctacac cgacgtggac 540

ggcegtetteca gegecgacee cegcatectt ceggeggege gttgectgee gtgggtggag 600
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cceggegtea tggeggagat ggegttegee ggegegeggyg tectgcacac ccgatgeate 660
gagetggeeyg ccatggaagg ggtcgaagtg cgegtgegea acgcegtegte gecaggcegecce 720
ggaacgatag tcgtggaccg gcccgacgac cggcecgetgg agacceggeg ggecgtggtyg 780
geggtcacee acgacaccga tgtegtecege gtgetggtge actgecegega cggecgecgyg 840
gacatggcac ccgacgtgtt cgaggtgctg gecgeccatg gggceggtgge ggacctggtyg 900
geeeggteeyg ggecctacga gagegagttce cggatggggt tcaccatccg cegcagcecag 960
geegaagegy tgcggaccge gcetgcacgac ctcaccgegt cettegacgg cggggtccac 1020
ttcgacgaga acgtcggcaa ggtgtcegtg gtecggcatgg gectgcectcag cecgcecccecgag 1080
cacacggcce ggctgatgge ggcgcetggece geggegggga tcetegacgag ctggatctee 1140
acctcccaga tgcggctgte ggtgategtg tcecgegggace gcaccgtcga cgccgtcgaa 1200
geectgcace gegegtteeg cctggaccegg tecgagecgg cggacgecac gteectgace 1260
tceecgeegtt cecgcecaccege ctga 1284
<210> SEQ ID NO 42

<211> LENGTH: 274

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 42

Val Ala Val Leu Asn Ala Ser Phe Ala Arg Gly Leu Arg Leu Arg Arg
1 5 10 15

Leu Phe Arg Arg Gly Asp Gly Arg Leu Leu Val Val Pro Leu Asp His
20 25 30

Ser Val Thr Asp Gly Pro Leu Arg Arg Gly Asp Leu Asn Ser Leu Leu
35 40 45

Gly Glu Leu Ala Gly Thr Gly Val Asp Ala Val Val Leu His Lys Gly
50 55 60

Ser Leu Arg His Val Asp His Gly Trp Phe Gly Asp Met Ser Leu Ile
65 70 75 80

Val His Leu Ser Val Ser Thr Arg His Ala Pro Asp Pro Asp Ala Lys
85 90 95

Tyr Leu Val Ala His Val Glu Glu Ala Leu Arg Leu Gly Ala Asp Ala
100 105 110

Val Ser Val His Val Asn Leu Gly Ser Pro Gln Glu Ala Arg Gln Ile
115 120 125

Ala Asp Leu Ala Ala Val Ala Gly Glu Cys Asp Arg Trp Asn Val Pro
130 135 140

Leu Leu Ala Met Val Tyr Ala Arg Gly Pro Gln Ile Thr Asp Ser Arg
145 150 155 160

Ala Pro Glu Leu Val Ala His Ala Ala Thr Leu Ala Ala Asp Leu Gly
165 170 175

Ala Asp Ile Val Lys Thr Asp Tyr Val Gly Thr Pro Glu Gln Met Ala
180 185 190

Glu Val Val Arg Gly Cys Pro Ile Pro Leu Ile Val Ala Gly Gly Pro
195 200 205

Arg Ser Ala Asp Thr Pro Thr Val Leu Ala Tyr Val Ser Asp Ala Leu
210 215 220

Arg Gly Gly Val Ala Gly Met Ala Met Gly Arg Asn Val Phe Gln Ala
225 230 235 240
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Glu Gln Pro Gly Leu Met Ala Ala Ala Val Ala Arg Leu Val His Glu

245

250

255

Pro Arg His Val Pro Asp Arg Tyr Asp Val Asp Asp Arg Leu Ala Leu

Thr Ser

260

<210> SEQ ID NO 43
<211> LENGTH: 825

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

DNA

<400> SEQUENCE: 43

gtggcegtac

ggcgacggac

cgeggegace

ctgcacaagg

gtgcatctga

cacgtggagg

tcaccgcagyg

tggaacgtce

gcaccggage

aagaccgact

cegetgateg

tcggacgege

gagcagcccyg

ceggaceggt

tcaacgctte

gectgetegt

tgaactcget

gcagcctgeyg

gegtgagcac

aggcgctgcg

aggcgcggca

cgetgetgge

tggtggcgca

acgtgggcac

tggceggegg

tgcgeggegyg

gectgatgge

acgacgtcga

<210> SEQ ID NO 44
<211> LENGTH: 367

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

PRT

<400> SEQUENCE: 44

Val Lys Leu
1

Ala Ile Val
Ala Asp Pro
35

Leu Phe Pro
50

Leu Val Ile
65

Ala Arg Tyr

Ala Asp Ser

Ser Leu Leu
115

Cys Trp Le

Glu Glu Al
20

Ala Asp Le

gttegetegt
cgtecegete
gcteggtgag
gcacgtcgac
ceggcacgec
getgggegece
gatcgecgac
catggtgtac
cgecegegacy
gecegageag
cecegegeteg
cgtggceggg
cgeegeegty

cgaccggete

u Asp Ile

a Val His

u Glu Thr
40

Gln Gly Gly Pro Leu

Val Glu Pr
70

Pro Glu Va
85

55

o Ala Arg

1 Glu Phe

Leu Glu Asp Ala Cys

100

Tyr Phe Ar

g Asp Pro
120

265

ggcetgegte
gaccactccyg
ctegeeggea
cacggetggt
ceggaccegyg
gacgcggtca
ctggeggegy
gecegeggge
ctegeegegy
atggccgagg
gecgacacte
atggccatgg
gcacggctgg

geccttacgt

Arg Asn Val

10

Gln Arg Val

25

Leu Pro Pro

Pro Glu Lys

His Gly Glu

75

Gly Arg Phe

Arg Ser Ala

105

Thr Lys Ile

270

strain 046-ECO11

tgcgcecgact

tcaccgacgyg

ccggcgtgga

tcggcgacat

acgcgaagta

gegtgcacgt

tggcggggga

cgcagatcac

accteggege

tggtgcgegg

cgacggtget

gecgcaacgt

tgcacgagece

cctga

strain 046-ECO11

Asn Gly Ala
Asp Ala Val
30

Thr Val Lys
45

Leu Glu Pro
60

Pro Ala Glu

Val Glu Ile

Arg His Asp
110

Pro Leu Glu
125

gttecgacge
geegetgege
cgcegtggty
gtcegetgate
cctggtegeyg
caacctegge
gtgcgaccge
cgactecegyg
cgacatcgte
ctgeccegate
cgecctacgte
gttcecaggece

acggcacgtyg

Lys Glu
15

Val Ala

Lys Val

Ala Asp

Leu Ala

80

Val Asp
95

Arg Trp

Ile Val

60

120

180

240

300

360

420

480

540

600

660

720

780

825
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Leu Ala Ala Ala Ala Gly Ala Glu Gly Ser Ile Ile Thr Gln Val Ala
130 135 140

Asp Val Glu Glu Ala Glu Ile Val Phe Gly Val Leu Glu His Gly Ser
145 150 155 160

Asp Gly Val Met Leu Ala Pro Arg Ala Val Gly Glu Ala Thr Glu Leu
165 170 175

Arg Thr Ala Ala Val Ser Thr Ala Ala Asp Leu Ser Leu Val Glu Leu
180 185 190

Glu Val Thr Gly Ile Arg Arg Val Gly Met Gly Glu Arg Ala Cys Val
195 200 205

Asp Thr Cys Thr Asn Phe Arg Leu Asp Glu Gly Ile Leu Val Gly Ser
210 215 220

His Ser Thr Gly Met Ile Leu Cys Cys Ser Glu Thr His Pro Leu Pro
225 230 235 240

Tyr Met Pro Thr Arg Pro Phe Arg Val Asn Ala Gly Ala Leu His Ser
245 250 255

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

Ser Gly Gly Arg Val Leu Ala Val Asp Ser Gln Gly Lys Ser Arg Val
275 280 285

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

Asp Ala Val Ser Pro Ser Gly Thr Arg Val Asn Leu Ile Val Gln Asp
305 310 315 320

Asp Trp His Val Arg Val Leu Gly Pro Gly Gly Thr Val Leu Asn Val
325 330 335

Thr Glu Leu Thr Ala Gly Thr Lys Val Leu Gly Tyr Leu Pro Val Glu
340 345 350

Lys Arg His Val Gly Tyr Pro Ile Asp Glu Phe Cys Ile Glu Lys
355 360 365

<210> SEQ ID NO 45

<211> LENGTH: 1104

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 45

gtgaagctgt gctggctgga catccgtaac gtcaacggeg ccaaggaggce aatcgtegag 60

gaggcggtcee accagegggt ggacgcecgte gtggeggeeg atccggecga cctggagacyg 120

cttecccega cggtgaagaa ggtgetgtte cegecagggeg ggceegetgee ggagaagetg 180
gaaccggecg acctggtgat cgtegageeg geccggcacg gcegageccge cgagetggeg 240
geceggtace cggaggtgga gtteggecegyg ttegtcegaga tegtegacge ggacagectg 300
gaggacgcect geeggtecge gegecacgac cggtggagee tgetgtactt cegegaccec 360
accaagatce cgctggagat cgtgetggeg geegeggegg gegeggaggg cagcatcate 420
acccaggteg ccgacgtega ggaggceggag ategtcetteg gegteetgga gcacggeteg 480

gacggagtga tgctggegee cegegecegtyg ggggaggcca ccgagctgeg gaccgecgeg 540
gtgagcacgg cggcggacct gtcgetegtyg gagctggagg tcaccggeat ceggegggtyg 600

ggcatgggeyg agegegectg cgtegacacyg tgcacgaact tcegtetgga cgagggeatc 660
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ctggtcegget cgcactccac cggcatgatce ctgtgctgeca gegagacgca tccegetgecg 720
tacatgccga ccecggecgtt cecgggtcaac gcececggegege tgcactegta cacgetctcece 780
gccggeggge ggaccaacta cctcagegag ctggtctecg geggcegggt getcgecgtg 840
gactcgcagg ggaagtcccg cgtcegtcaca gtgggacggg tcaagatcga gacgcegtceg 900
ctgctggega tcgacgceggt ctcccectec gggacacgeg tcaacctcat cgtccaggac 960

gactggcacyg tgcgegtgcet cgggecggge ggcaccgtge tcaacgtgac cgagetgacce 1020
geeggcacga aggtgctcegg ttacctgecg gtggagaage ggcacgtegg ctacccgatce 1080
gacgagttct gcatcgagaa gtga 1104
<210> SEQ ID NO 46

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 46

Met Thr Ala Gln Pro Val Leu Asp Phe His Val Arg Leu Ala Pro Arg
1 5 10 15

Pro Gly Ala Arg Glu Arg Leu Leu Ala Ala Leu Arg Glu Cys Gly Leu
20 25 30

Ala Arg Ala Val Val Cys Ala Gly Gly Thr Ile Asp Leu Asp Arg Leu
35 40 45

Ser Arg Gln Leu Val Thr Gly Gly His Val Glu Thr Asp Ala Asp Asn
50 55 60

Asp Ala Val Ala Ala Ala Cys Ala Gly Thr Asp Gly Arg Leu Val Pro
Phe Phe Phe Ala Asn Pro His Arg Pro Ala Glu Ala Tyr Arg Ala Arg
85 90 95

Ala Ala Glu Phe Arg Gly Leu Glu Ile Ser Pro Ala Val His Gly Val
100 105 110

Ala Leu Thr Asp Pro Arg Val Ala Asp Leu Val Ala Val Ala Ala Glu
115 120 125

Phe Asp His Pro Val Tyr Val Val Cys Leu Asp Arg Pro Gly Ala Gly
130 135 140

Val Ala Asp Leu Val Gly Leu Ser Arg Arg Phe Pro Gln Val Ser Phe
145 150 155 160

Val Leu Gly His Ser Gly Val Gly Asn Ile Asp Leu Tyr Ala Leu Thr
165 170 175

Leu Ile Gln Asp Glu Pro Asn Ile Ser Leu Glu Thr Ser Gly Gly Tyr
180 185 190

Thr Cys Val Ala Glu Ala Ala Leu Arg Arg Leu Gly Asp Asp Arg Val
195 200 205

Val Phe Gly Ser Glu Tyr Pro Leu Gln His Pro Ala Val Glu Leu Ala
210 215 220

Lys Phe Gln Ala Leu Arg Leu Pro Pro Glu Arg Trp Arg Arg Ile Ala
225 230 235 240

Trp Asp Asn Ala His Arg Leu Leu Gly Glu Glu Lys Arg
245 250

<210> SEQ ID NO 47
<211> LENGTH: 762
<212> TYPE: DNA
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<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 47

atgaccgege agccggtget ggacttecac gtacgectgg cgecceggee cggggegegg 60
gagcggctge tcgecgeget gegegagtge gggctggege gggeggtggt gtgegeggge 120
ggcaccatcg acctggacceg getgtecege cagetegtcea ceggeggeca cgtegagace 180

gacgccgaca acgacgeggt ggeggeggece tgegecggea ccgacggecyg getggtgeeg 240

ttcttetteg ccaaccegea ceggecggee gaggegtace gggecegege cgecgagtte 300
cgeggectgyg agatctcace cgecgtecac ggegtegece tgaccgacce gegggtegece 360
gacctegtgg cegtggegge ggagttcegac catcceggtgt acgtggtetyg cctggaccga 420
ceceggegegyg gegtggecga cctggtegge ctgagecgee ggttceecgea ggtgagette 480
gtgcteggge acageggegt cggcaacatce gacctctacg cectgaccct gatccaggac 540
gagccgaaca tctegetgga gaccteegge ggctacacct gegtggecega ggeggegeta 600
cgeegecteg gegacgaceg ggtggtgtte ggetecgagt accegetgca gcacceggec 660

gtggaactgyg ccaagttcca ggcgttgcga ctgccgecgyg ageggtggeg geggatcegee 720
tgggacaacg cgcatcgact gctaggagag gagaagcggt ga 762
<210> SEQ ID NO 48

<211> LENGTH: 438

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 48

Val Ser Glu Pro Ser Ser Ser Leu Pro Arg Leu Gly Gln Trp His Gly
1 5 10 15

Leu Glu Asp Leu Arg Arg Leu Gln Glu Lys Gln Leu Ala Glu Thr Phe
20 25 30

Thr Trp Ala Ala Arg Ser Pro Phe Tyr Arg Ala Arg Leu Ala Ser Gly
35 40 45

Ala Pro Pro Val Thr Pro Ala Asp Leu Ala Asp Leu Pro Leu Thr Thr
50 55 60

Lys Gln Asp Leu Arg Asp Asn Tyr Pro Phe Gly Met Leu Ala Val Pro
65 70 75 80

Arg Glu Arg Leu Ala Thr Tyr His Glu Ser Ser Gly Thr Ala Gly Lys
85 90 95

Pro Thr Pro Ser Tyr Tyr Thr Ala Glu Asp Trp Thr Asp Leu Ala Glu
100 105 110

Arg Phe Ala Arg Lys Trp Ile Gly Met Ser Ala Asp Asp Val Phe Leu
115 120 125

Val Arg Thr Pro Tyr Ala Leu Leu Leu Thr Gly His Leu Ala His Ala
130 135 140

Ala Ala Arg Leu Arg Gly Ala Thr Val Val Pro Gly Asp Asn Arg Ser
145 150 155 160

Leu Ala Met Pro Tyr Ala Arg Val Val Arg Val Met His Asp Leu Asp
165 170 175

Val Thr Leu Thr Trp Ser Val Pro Thr Glu Cys Leu Ile Trp Ala Ala
180 185 190

Ala Ala Ile Ala Ala Gly His Arg Pro Asp Ile Asp Phe Pro Ala Leu
195 200 205



US 2008/0131943 Al Jun. 5, 2008
&3

-continued

Arg Ala Leu Phe Val Gly Gly Glu Pro Met Thr Asp Ala Arg Arg Arg
210 215 220

Arg Ile Ser Arg Leu Trp Gly Val Pro Val Ile Glu Glu Tyr Gly Ser
225 230 235 240

Thr Glu Thr Gly Ser Leu Ala Gly Glu Cys Pro Glu Gly Arg Leu His
245 250 255

Leu Trp Ala Asp Arg Ala Leu Phe Glu Val Tyr Asp Pro Asp Thr Gly
260 265 270

Ala Val Arg Ala Asp Gly Asp Gly Gln Leu Val Val Thr Pro Leu Phe
275 280 285

Arg Glu Ala Met Pro Leu Leu Arg Tyr Asn Leu Glu Asp Asn Val Ser
290 295 300

Val Ser Tyr Asp Asp Cys Gly Cys Gly Trp Lys Leu Pro Thr Val Arg
305 310 315 320

Val Leu Gly Arg Ser Ala Phe Gly Tyr Arg Val Gly Gly Thr Thr Ile
325 330 335

Thr Gln His Gln Leu Glu Glu Leu Val Phe Ser Leu Pro Glu Ala His
340 345 350

Arg Val Met Phe Trp Arg Ala Lys Ala Glu Pro Ala Leu Leu Arg Val
355 360 365

Glu Ile Glu Val Ala Ala Ala His Arg Val Ala Ala Glu Ala Glu Leu
370 375 380

Thr Ala Ala Ile Arg Ala Ala Phe Gly Val Asp Ser Glu Val Thr Gly
385 390 395 400

Leu Ala Pro Gly Thr Leu Ile Pro Leu Asp Ala Leu Thr Ser Met Pro
405 410 415

Asp Val Val Lys Pro Arg Ser Leu Phe Gly Pro Asp Glu Asp Trp Ser
420 425 430

Lys Ala Leu Leu Tyr Tyr
435

<210> SEQ ID NO 49

<211> LENGTH: 1317

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 49

gtgagcgage caagttcgag cctgeccegyg cteggecagt ggcacggect cgaggacctg 60
cggegectee aggagaagca actggeggag acgttcaccet gggeggeccg gtegecgtte 120
taccgggege ggctggecte cggegegecg ceggtgacge cegecgacct ggecgacctg 180
ccgetgacca ccaagcagga cctgegggac aactaccecet teggeatget cgecgtgecce 240
cgcgaacgge tggcgaccta ccacgagteg agegggaceg cegggaagece caccccectece 300
tactacaccg cggaggactg gaccgacctyg geggageget tegecegcaa gtggatcegge 360
atgtcegeeg acgacgtett cetggteege acgeegtacg cgetgetget gaccgggeat 420
ctegeccacyg ccgcageceg getgegtggg gecacggtgg tacctggega caaccggteg 480
ctggcegatge cgtacgeceg ggtggteegg gtgatgecacg acctggacgt cacgctcace 540

tggtcggtge cgacggagtyg cctgatetgg geegecgegg cgatcgegge cgggcaccegg 600

cccgacateg acttecegge getgegegeg ctgttegteg geggegagee gatgaccgac 660
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gecegecgge ggeggatcag cegectgtgyg ggggtgcecegg tcatcgagga gtacggeteg 720
acggagaccg gcagectgge cggggagtge ccegagggac gectgecacct gtgggecgac 780
cgggegetgt tcegaggtgta cgacceggac accggegeeg tecgegegga cggcgacgge 840
cagctegtgyg tcacgecget gttecgggag gegatgecge tgetgeggta caacctggag 900
gacaacgtgt cggtctecta cgacgactge ggatgegget ggaagctgeco caccgtgegg 960
gtgcteggee ggteggegtt cggcetaccegyg gteggeggca ccaccatcac ccageaccag 1020
ctggaggaac tggtcttcte cctgccggag gcgcacceggg tgatgttctg gegggccaag 1080
geggageegg cgetgttgeg ggtegagate gaggtggeeg cegegeacceyg ggtegecgec 1140
gaggcggage tgaccgecge gatccgggece gectteggeg tggacagcega ggtcacegge 1200
ctggegeegyg gaaccctgat ceegetegac gegetgacca geatgecgga cgtggtgaag 1260
ccacgcagcce tgttecggtec ggacgaggac tggagcaaag cgctcctcta ctactga 1317
<210> SEQ ID NO 50

<211> LENGTH: 396

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 50

Met Pro Gln Met Arg Val Ala Val Ala Gly Ala Gly Ile Ala Gly Leu
1 5 10 15

Ala Phe Ala Ala Ala Leu Arg Arg Thr Gly Ile Asp Cys His Val Tyr
20 25 30

Glu Gln Ala Asp Gln Leu Met Glu Val Gly Ala Gly Val Gln Val Ala
Pro Asn Ala Thr Arg Leu Leu His Arg Leu Gly Leu Arg Asp Arg Leu
50 55 60

Arg Thr Val Ala Val Ala Pro Gln Ala Ile Glu Met Arg Arg Trp Asp
65 70 75 80

Asp Gly Thr Leu Leu Gln Arg Thr Gln Leu Gly Ser Val Cys Gly Arg
85 90 95

Arg Phe Gly Ala Pro Tyr Tyr Val Val His Arg Ala Asp Leu His Ser
100 105 110

Ser Leu Leu Ser Leu Val Pro Pro Asp Arg Val His Leu Gly Ala Arg
115 120 125

Leu Thr Ala Val Thr Gln Thr Ala Asp Glu Ala Tyr Leu His Leu Ser
130 135 140

Asn Gly Thr Thr Val Ala Ala Asp Leu Val Val Gly Ala Asp Gly Ile
145 150 155 160

His Ser Val Ala Arg Glu Gln Ile Val Ala Asp Arg Pro Arg Phe Ser
165 170 175

Gly Gln Ser Ile Tyr Arg Gly Leu Val Pro Ala Glu Arg Val Pro Phe
180 185 190

Leu Leu Thr Glu Pro Arg Val Gln Leu Trp Phe Gly Pro Asp Gln His
195 200 205

Cys Val Cys Tyr Pro Val Ser Ala Gly Arg Gln Val Ser Phe Gly Ala
210 215 220

Thr Val Pro Ala Thr Asp Trp Arg Gln Glu Ser Trp Ser Gly Arg Gly
225 230 235 240

Asp Val Thr Gln Leu Ala Ala Ala Tyr Ala Gly Trp His Pro Asp Val
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245 250 255

Thr Arg Leu Ile Ala Ala Ala Asp Arg Val Gly Arg Trp Ala Leu His
260 265 270

Asp Arg Asp Ser Ile Asp Arg Leu Ser Ala Gly Arg Val Thr Leu Ile
275 280 285

Gly Asp Ala Ala His Pro Met Leu Pro Phe Gln Ala Gln Gly Ala Asn
290 295 300

Gln Ala Val Glu Asp Ala Val Val Leu Ala Val Cys Leu Ala Gly Val
305 310 315 320

Glu Pro Ala Gly Leu Gly Ala Ala Leu Arg Arg Tyr Glu Arg Ile Arg
325 330 335

Leu Pro Arg Thr Thr Arg Ile Gln Arg Gln Ser Arg Ala Asn Ala Glu
340 345 350

Met Phe His Leu Ala Asp Gly Ala Asp Gln Arg Arg Arg Asp Val Ala
355 360 365

Ala Gln Ser Ser Ser Gly Leu Asp Arg His Glu Trp Leu Phe Gly Tyr
370 375 380

Asp Ala Glu Lys Ala Thr Thr Thr Ser Gly Ser Ala
385 390 395

<210> SEQ ID NO 51

<211> LENGTH: 1191

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 51

atgccgcaga tgagggtege cgtggecgge geeggeateg cegggetege cttegecgece 60

geectgegee ggaccgggat cgactgecac gtgtacgaac aggccgacca gctcatggag 120

gtgggegegyg gegtgcaggt cgcegecgaac gecaccegge tgetgeacceyg getgggectg 180

cgtgaccgece tgcegtacggt ggetgtegeg ccgeaggega tegagatgeg ccgetgggac 240
gacggcacge tgctgcaacg cacccagctyg ggcagegtgt geggacgecyg ctteggegeg 300
cegtactacyg tggtgecacceg cgeggacctyg cacagcagece tgetgteget ggtgecgecg 360
gaccgggtge acctgggege cegectcace gecegtgacge agaccgecga cgaggegtac 420
ctgcacctgt ccaacggcac cacggtegeg geggateteg tegtgggege cgacggeate 480
cactcggteg cgcegggagca gatcegtggeg gaccggecge gettcteegg acagtccate 540
taccgeggge tggtgeegge cgagegggtyg cegttectge tcaccgaace ccgggtgcag 600
ttgtggtteg ggccggacca gcactgegte tgetaccegg tgtecgeegg ccggcaggtg 660

agctteggeg cgacggtgece cgecaccgac tggeggeagg agtegtggte gggecgggge 720
gacgtgacge aactcgegge cgcegtacgeg ggctggcace cggacgtcac ccggetgatce 780
geegeggeeyg accgggtegg caggtgggeyg ctgcacgace gggacagcat cgaceggetc 840
agcgegggac gggtgaccct gatcggegac gecgegeace cgatgetgee gttcecaggeg 900
cagggcgega accaggecgt cgaggacgeg gtggtgeteg cggtcetgect ggecggegtg 960
gaaccggegg gectgggege cgegetgege cgctacgaac ggatcegect gecceggace 1020
acccggatce ageggcagte cegggecaac gecgagatgt tecacctgge cgacggegec 1080
gaccagegee gecgggacgt cgccgcacaa tcctegteeg gectggacceyg ccacgaatgg 1140

ctettegggt acgacgccga gaaagccacce acgaccagcg ggagcgcectg a 1191
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<210>
<211>
<212>
<213>

SEQ ID NO 52
LENGTH: 261
TYPE: PRT

<400> SEQUENCE: 52
Met Glu Leu Thr Gly
1 5
Gln Ile

Gly Gly

Ala Gln Val

35

Ala Ala

Val Thr

50

Lys Leu Ala

Asp Val Cys Asp Ser

Glu Met Pro

85

Asp Gly

Thr Gly Arg Val

100
Phe Val
115

Ser Asn Ala

Arg Arg Met Val

130

Asn Ala
145

Ala Gly Val

Ala Ala Ser Ala

165

Lys

Gly Tyr Gly Ile Arg

180
Met

Pro Leu Arg Ala

195
Ile Glu
210

Gly Thr Pro

Leu Ala
225

Gln Pro Arg

Asp Gln Ala Gly His

245
Ala Ala

His Val

260

Leu

<210> SEQ ID NO 53
<211> LENGTH: 786
<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp.

<400> SEQUENCE: 53

atggaactga ccggaatcga
ggegeegecyg tggeeggtgt
aacgccgagyg cgctgaccac

gectactgeg tcegacgtgty

ORGANISM: Micromonospora sp.

Ile

Gly Ala

Val

Ala

Glu Ala

65 70

Val

Val

Asp

Gly Arg

Pro

150

Gln

Cys

Met

Gly Ala

Asp

230

Val

Glu Val

10

Ser Lys Ala

Ala Val Ala Gly Val

Asp Arg Asn Ala Glu

40

Glu
55

Gly Asp Ser Ala

Val Ala Leu

75

Asp

Ala Ile Leu Val Asn

Glu Ser

105

Leu Asp Arg

Gly Val Phe His Val

120
Arg Ile
135

Arg Gly Ala

Thr Glu Ala

155

Arg Met

Phe Thr Arg Cys Leu

170
Asn Val Val
185

Ser Pro

Leu Gly Glu

200

Gly Ala

Tyr Arg Val Gly

215
Val Ala

Glu Ala Val

235

Thr Met His Asp Leu

250

gtcgaaggte gccctggtea
cectggegagg gegggegege
cgtegtgacyg aagcetegeceg

cgacagcgag gcggtggacg

strain 046-ECO11

Leu Val Thr Gly Ala

15

Leu Ala Arg Ala Gly

Ala Leu Thr Thr Val

45
Ala

Arg Val

60

Tyr Cys

Val Val Glu

80

Arg Arg

Ala Ala Gly Val Leu

Gln Trp Arg Thr

110

Arg

Ser Arg Ala Val Ala

125

Val
140

Thr Val Ala Ser

Ala Ala Ala Ser

160

Tyr

Glu Leu Ser

175

Gly Leu

Thr
190

Gly Ser Asp Thr

Pro Ser Ala Val

205

Asp

Ile
220

Pro Leu Arg Lys

Ala Leu Val Ser

240

Tyr

Tyr Val Asp Gly

255

Gly

strain 046-ECO11

cgggegeggg gcagggcatc

aggtggcgge ggtggaccgce

ccgagggega cteggegege

cgctggtgcg ccgggtcgag

60

120

180

240

Jun. 5, 2008
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gacgagatgg ggccggtege catcctggte aacgccgecg gegtgectgea caccggacgg 300
gtcgtcegage tgtcggaccg gcagtggege cggaccttet cggtgaacgce cgacggegtg 360

ttccacgtgt ccegggeggt ggegeggegyg atggtgggece gecgtegtgg cgegategte 420

accgtggegt cgaacgecge cggggtgecg cgtaccgaga tggecgegta cgecgectece 480
aaggccgegt ccgegeagtt caccegetge ctggggettg agetgteegg ctacggeate 540
cggtgcaacyg tggtctegee cggctcocace gacaccecca tgetgeggge catgetegge 600

gagggcegecg acccgagege ggtgatcgag ggcacgecegg gegegtacceyg cgteggeatc 660

cegetgegea agetggecca gecgcegegac gtggecgagyg cggtegecta tetggtgtcee 720
gaccaggcegyg gccacgtgac catgcacgac ctgtacgteg acggceggege ggecctgeac 780
gtgtga 786

<210> SEQ ID NO 54

<211> LENGTH: 224

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 54

Met Ala Met Thr Pro Ile Ala Pro Tyr Arg Met Pro Gly Asp Gly Asp
1 5 10 15

Leu Pro Gly Thr Ala Leu Pro Trp Arg Pro His Pro Asp Arg Ala Ala
20 25 30

Val Leu Val His Asp Leu Gln Arg Tyr Phe Leu Arg Pro Phe Glu Ala
35 40 45

Gly Glu Ser Pro Met Ala Glu Leu Leu Pro Asn Val Ala Lys Leu Leu
50 55 60

Ala Thr Ala Arg Ala Ala Gly Val Pro Val Leu Tyr Thr Ala Gln Pro
65 70 75 80

Gly Gly Met Ser Arg Gln Asp Arg Gly Leu Leu His Asp Leu Trp Gly
85 90 95

Pro Gly Met Ser Ser Ala Glu Asp Asp Arg Gly Ile Val Asp Asp Val
100 105 110

Ala Pro Gln Pro Gly Asp Thr Val Leu Thr Lys Trp Arg Tyr Ser Ala
115 120 125

Phe Phe Arg Ser Asp Leu Glu Glu Arg Leu Arg Gly Ala Gly Arg Asp
130 135 140

Gln Leu Val Val Cys Gly Val Tyr Ala His Met Gly Cys Leu Ile Thr
145 150 155 160

Ala Cys Asp Ala Phe Ser Arg Asp Ile Glu Ala Phe Leu Val Ala Asp
165 170 175

Ala Leu Ala Asp Leu Ser Arg Glu Asp His Leu Met Ala Leu Arg Tyr
180 185 190

Ala Ala Asp Arg Cys Ala Val Pro Leu Trp Thr Ala Asp Val Leu Asp
195 200 205

Gly Leu Ala Asp Ala Ala Gly Arg Pro Asp Gln Ser Ser Thr Gln Arg
210 215 220

<210> SEQ ID NO 55

<211> LENGTH: 675

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11
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<400> SEQUENCE: 55
atggccatga ccccgatcge gecgtaccge atgcceggeg acggcgacct gcccggcacce 60
gcgetgecct ggcegtcoegca cecggacegg gecgecegtge tggtgcacga cctgcaacgce 120
tacttcctge gecccgttecga ggcceggggag tccccgatgg ccgaactgcet ccccaacgtce 180
gcgaagctge tcgecacgge gegggceggec ggegtgcegg tgctgtacac cgegcagecc 240

ggcggcatga gecceggcagga cegegggttyg ctgcacgace tgtggggecce cggcatgage 300

agcgecgagyg acgaccgggg catcgtegac gacgtegece cgcagecggdg cgacacggtg 360
ctgaccaagt ggcgctacag cgegttette cgecagegace tggaggageg actgegeggt 420
gegggacggg accagcetcegt ggtetgegge gtgtacgege acatggggtyg cctgatcacce 480
gectgegacyg cgttcageeg cgacatcgag gegttectgg tggeggacge getggecgac 540
ctatcgegeg aggaccacct gatggegetyg cgetacgeeg cggacegetyg cgeggtgecg 600

ttgtggacgg cggatgtgct ggacgggetyg geggacgecyg cegggcegtece ggatcagage 660
agcacccaac gatga 675
<210> SEQ ID NO 56

<211> LENGTH: 233

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 56

Met Ser Asp Arg Thr Arg Val Val Val Val Gly Gly Thr Ser Gly Ile
1 5 10 15

Gly Arg His Phe Ala Arg Phe Cys Ala Glu Arg Gly Asp Asp Val Val
20 25 30

Ile Thr Gly Arg Ser Ala Ala Arg Thr Lys Thr Val Ala Asp Glu Ile
35 40 45

Gly Gly Arg Thr Arg Gly Leu Ala Leu Asp Leu Ala Glu Pro Glu Thr
50 55 60

Ile Ala Asp Ala Leu Ala Asp Val Pro His Val Asp Arg Leu Val Val
Ala Ala Leu Asp Arg Asp Tyr Asn Thr Val Arg Ala Tyr Arg Pro Gly
85 90 95

Asp Ala Ala Arg Leu Leu Thr Val Lys Leu Val Gly Tyr Thr Ala Val
100 105 110

Leu His Ala Leu Ala Pro Arg Met Thr Asp Glu Ser Ala Val Val Leu
115 120 125

Leu Gly Gly Leu Ala Ser His Arg Pro Tyr Pro Gly Ser Thr Ser Val
130 135 140

Thr Thr Ala Asn Gly Gly Ile Ser Ala Leu Val Arg Thr Leu Ala Val
145 150 155 160

Glu Leu Ser Pro Val Arg Val Asn Ala Leu His Pro Ser Ile Val Ser
165 170 175

Asp Thr Pro Phe Trp Ser Asp Lys Pro Ala Ala Arg Glu Ala Ala Ala
180 185 190

Thr Arg Ala Leu Ser Arg Arg Pro Val Thr Met Gln Asp Cys Ala Glu
195 200 205

Ala Ile Asp Phe Leu Leu Thr Asn Arg Ser Ile Asn Gly Val Asn Leu
210 215 220
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Asn Ile Asp Gly Gly Asp Val Leu Ile
230

225

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

<400>

SEQ ID NO 57
LENGTH: 702
TYPE: DNA
ORGANISM: Micromonospora sp.

SEQUENCE: 57

atgtcggatce ggacccgggt

geccgattet

accaagaccg

gagccggaga

geggegetgg

ctgetgaceyg

accgacgaga

tccacctecyg

gaactctege

tggagcgaca

gtcaccatge

ggggtcaacce

gegecgaacyg

tggcggacga

cgatcgegga

accgcgacta

tcaagctggt

gegeagtegt

tcacgaccge

cggtccgggt

agceccgeage

aggactgege

tgaacatcga

<210> SEQ ID NO 58
<211> LENGTH: 246
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 58

cgtggtegte

cggagacgac

gatcggcggg

cgegetegee

caacaccgte

cggctacacyg

getgetegge

caacggcggyg

caacgcectyg

dcgggaggcec

cgaggcgatce

¢ggcggggac

Micromonospora sp.

Met Thr Ser Ala Leu Arg Thr Ser

1

Ser

Ala

Thr

His

65

Val

Glu

Ala

Asn

Val

145

Val

Arg

Asp

Gly

50

Asp

Arg

Met

Phe

Ala

130

Leu

Leu

Glu

Gly

35

Asp

Thr

Arg

Gly

Gly

115

Ala

Pro

Asp

Leu Asp Pro Ala Arg

20

Gln Thr His Arg Tyr

40

Gly Arg Leu Glu Leu

55

Asp Pro Arg Gln Asn

70

Phe Ala Val Pro Ala

85

Val Arg Thr Tyr Arg

100

Thr Val Asn Leu Phe

120

Ala Thr Asn Asp Thr

135

Gly Val Thr Gln Pro
150

Val Pro Thr Glu Pro

165

ggcggaacct
gtggtgatca
cggaccegty
gacgtgcege
cgegegtace
geggtectge
ggcetggeca
atcagcgege
cacccgagea
gecgegacee
gacttectge

gtgctcatcet

Ala Trp Thr
10

Trp Ala Ile

Gln Asp Arg

Thr Val Asp

Asn Ala Lys
75

Glu Gly Ser

Gln Ile Pro
105

Asp Leu Glu

Val Tyr Ala

His Glu His
155

Gly Arg Ala
170

strain 046-ECO11

cggggatcgg

ceggeegtte

ggctegetet

acgtcgaccyg

dgccgggcga

acgcectege

gecaceggece

tggtgcggac

tcgtetecga

gegegetcag

tgacgaaccyg

ga

Tyr

Met

Asn

Pro

60

Gln

Leu

His

Thr

Thr

140

Tyr

His

strain 046-ECO11

Asp

Ser

Ala

45

Phe

Met

Thr

Asp

Gly

125

Val

Ile

Gly

Asp

Ile

Gln

Thr

Tyr

Val

Leu

110

Val

Glu

His

Tyr

geggecactte
ggeggecegg
cgacctggece
getegtggte
cgeggegegy
ccegeggatyg
gtatccegge
cctggetgty
cacgcegtte
ccgacggecyg

ctcgataaac

Phe Thr
15

Ala Gly

Val Arg

Arg Phe

Arg Ser
80

Glu Val
95

Leu Asp

Val Phe

Arg Leu

Arg Val

160

Ala Ile
175

60

120

180

240

300

360

420

480

540

600

660

702



US 2008/0131943 Al Jun. 5, 2008
90

-continued

Thr Tyr Arg Ala Pro Thr Ser Glu Val Glu Phe His Val Asp Gly Arg
180 185 190

Leu Ala Tyr Trp Ala Arg Val Pro Val Pro Val Thr Gly Phe His Ala
195 200 205

Gly Met Ala Leu Phe Ser Ala Arg Asp Leu Ala Arg Tyr Pro Arg Glu
210 215 220

Gln Arg Glu His Gly Gln Gly Ala Thr Gly Trp Trp Gly Pro Trp Arg
225 230 235 240

Ile Ala Ser Gly Val Arg
245

<210> SEQ ID NO 59

<211> LENGTH: 741

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 59

atgacgtcgg cactgagaac cagcgegtgg acgtacgacg acttcaccag ccgcgagetg 60
gacccegece getgggegat catgtegate geceggegegg acgggcagac ccacaggtac 120
caggaccgca acgcccaggt ccgeaccgge gacgggegge tggagetgac cgtcegacceg 180
ttcacceget tccacgacac cgatcccegg cagaacaacg ccaagcagat gtaccggteg 240

gtgcggeget tegeegtgee ggeggaggge tegetgaceg tegaggtgga gatgggegtyg 300

cggacgtace ggcagatccee geacgacctg ctggacgegt teggcacggt gaacctgtte 360
gacctggaga ccggegtegt gttcaacgee gecgecacga acgacaccegt gtacgegacyg 420
gtcgagegee tggtgctgee cggegtgace cagccgcacg agcactacat ccacegggtyg 480
gteetggacyg tgccgacgga gecgggeaegyg gcegcacggat acgccatcac ctacegggeg 540
ccgacgtegyg aggtggagtt ccacgtegac ggecggeteg cetactggge gegggteceg 600
gtgceggtga ccggattcca cgceggecatyg gegetettet cegecegega cctggecegyg 660

taccececcgeg agcageggga gcacgggceag ggcgcgaceg ggtggtgggyg gcecgtggegyg 720
atcgccteeg gcgtcagatg a 741
<210> SEQ ID NO 60

<211> LENGTH: 111

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 60

Met Asp Thr Ala Ala Pro Ala Thr Asp Gly Gly Arg Tyr Leu Ala Val
1 5 10 15

His His Ser Ala Glu Phe Arg Glu Leu Arg Arg Arg Ser Ser Thr Phe
Thr Leu Trp Ala Ser Val Ala Phe Phe Gly Trp Trp Phe Leu Gly Ser
35 40 45

Leu Leu Ala Thr Tyr Ala Pro Asp Phe Phe Arg Glu Lys Val Ala Gly
50 55 60

Pro Val Asn Val Gly Leu Leu Phe Val Phe Leu Ser Phe Ala Phe Val
65 70 75 80

Val Thr Leu Ala Ala Phe Tyr Leu Arg Tyr Ala Arg Thr His Leu Asp
85 90 95

Pro Leu Ser Glu Lys Ile Arg Ala Asp Leu Glu Gly Ala Ser Arg
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<210> SEQ ID NO 61
<211> LENGTH: 336
<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp.

<400> SEQUENCE: 61

atggacacgyg cagctccgge

gagttcaggg

ttceggetggt

aaggtggccg

gtgacgcteyg

aagatcecgtyg

aactacggceg
ggttcctegy
geceggtcaa
ccgectteta

ccgacctgga

<210> SEQ ID NO 62
<211> LENGTH: 559
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 62

aacggacggc
acgatcgage
cagcctgete
cgtgggtctg
cctgegttac

aggagcgtec

Micromonospora sp.

Met Ser Val Ile Leu Ala Asp Pro

1

Ala

Val

Gly

Ala

65

Gly

Phe

Arg

Arg

Tyr

145

Asn

Phe

Leu

Val

Leu

225

Ser

Thr

Leu

Phe

50

Val

His

Thr

Asn

Glu

130

Val

Arg

Val

Gly

Val

210

Phe

Gly

Pro

Tyr

35

Leu

Ala

Ile

Met

Val

115

Arg

Met

Trp

Val

Val

195

Gly

Ser

Ser

Ala Ile Ala Val Pro

20

Leu Val Arg Ser Ala

Leu Ala Asp Arg Arg

55

Ser Ala Pro Leu Met

70

Ala Leu Ser Gly Tyr

85

Gly Thr Met Leu Ala

100

Gly Gly Tyr Thr Leu

120

Pro Ala Arg Ile Ala

135

Leu Thr Val Ile Met
150

Phe Gly Val Asp Ala

165

Gly Leu Ile Thr Val

180

Thr Arg Ile Leu Val

200

Val Leu Thr Ala Trp

215

Leu Leu Glu Arg Ala
230

Asp Leu Leu Gly Pro

105

ggtegetace
acgttcacge
gccacctacy
ctcttegtet
gecegeacge

cgatga

Pro Pro Pro
10

Val Thr Ile
25

Arg Ala Ser

Ile Gly Pro

Tyr Ser Thr

75

Asp Ala Ile
90

Leu Phe Leu
105

Gly Asp Leu

Ser Ala Val

Met Ala Ala

155

Leu Val Gly
170

Gly Tyr Val
185

Phe Lys Leu

Val Leu Ala

Glu Ala Asn

235

Gly Arg Leu

strain 046-ECO11

110

tcgecgteca

tctgggecag

cgceggactt

tcetgtegtt

atctcgatce

Val

Val

Thr

Val

60

Met

Leu

Phe

Leu

Leu

140

Ile

Leu

Tyr

Val

Arg

220

Ala

Phe

strain 046-ECO11

Asp

Leu

Thr

45

Gln

Tyr

Leu

Ala

Ala

125

Thr

Ala

Val

Leu

Leu

205

Phe

Ala

Gly

Asn

Ala

30

Thr

Asn

Ile

Met

Gly

110

Val

Leu

Phe

Leu

Gly

190

Ser

Asp

Pro

Glu

tcacagcgca
cgtegectte
cttecegggag
cgecttegty

gctcagegag

Thr Trp
15

Leu Ala

Ala Asp

Ala Leu

Ile Thr
80

Thr Ala
95

Pro Val

Arg Thr

Leu Thr

Ile Phe

160

Pro Val
175

Gly Met

Val Val

Leu Asn

Val Pro

240

Gly Ala

60

120

180

240

300

336
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245 250 255

Thr Thr Leu Val His Leu Ser Lys Leu Phe Ala Ile Ala Val Gly Val
260 265 270

Ala Ala Ile Pro Phe Leu Phe Met Arg Asn Phe Ala Val Thr Ser Gly
275 280 285

Arg Asp Ala Arg Arg Ser Thr Gly Trp Ala Ser Met Ile Ile Val Gly
290 295 300

Phe Tyr Leu Cys Leu Ser Val Val Gly Leu Gly Ala Val Ala Ile Leu
305 310 315 320

Gly Arg Asp Asn Ile Gly Val Ile Lys Ala His Arg Asp Ile Ser Phe
325 330 335

Pro Lys Leu Ala Asp Glu Leu Gly Gly Pro Val Met Val Gly Ser Leu
340 345 350

Ala Gly Val Ala Val Leu Thr Ile Val Gly Val Phe Ala Pro Leu Leu
355 360 365

His Ser Ala Val Thr Thr Val Thr Lys Asp Leu Asn Val Ile Arg Gly
370 375 380

Arg Arg Leu Asp Pro Ala Ala Glu Leu Arg Asp Ile Lys Arg Asn Thr
385 390 395 400

Leu Ile Ile Gly Val Gly Ser Val Leu Leu Ala Val Val Met Leu Pro
405 410 415

Val Arg Thr His Ile Phe Ile Pro Thr Ser Ile Asp Ile Ala Gly Ala
420 425 430

Val Val Leu Pro Ile Val Val Tyr Ala Leu Phe Trp Arg Arg Phe Asn
435 440 445

Thr Arg Gly Leu Gln Trp Thr Val Tyr Gly Gly Leu Ala Leu Thr Ala
450 455 460

Phe Leu Val Leu Phe Ser Asn Gly Val Ser Gly Glu Pro Asp Ala Ile
465 470 475 480

Phe Pro Asp Arg Asn Phe Lys Phe Val Asp Val Glu Pro Ala Leu Ile
485 490 495

Thr Val Pro Val Gly Phe Leu Leu Gly Tyr Leu Gly Ser Ile Thr Ser
500 505 510

Arg Glu Arg Asp Asp Ala Ala Phe Ala Glu Met Gln Val Arg Ser Leu
515 520 525

Thr Gly Ala Val Val Thr Gly Pro Pro Arg Pro Ala Ala Val Asp Asp
530 535 540

Glu Asp Arg Asp Gly Arg Gln Asp Arg Ala Pro Ser Pro Val Ser
545 550 555

<210> SEQ ID NO 63

<211> LENGTH: 1680

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 63

atgagcgtca tcctegecga cecgecaccee ccggtegaca acacgtggge gacgeccegeg 60
atcgcegtge cggtcaccat cgtectegeg ctegeggtge tetacetggt ceggteggeg 120
cgegecagca ccaccaccge ggacggette ctgetggeeg accggeggat cgggecggtg 180
cagaacgcge tggeggtgge cteegegecg ctgatgtact cgacgatgta catcatcacce 240

ggccacatceg cgctcagegg ctacgacgece atcctgetga tgaccgectt caccatggge 300
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accatgcteg cgetgttect cttegeeggg ccggtgegea acgtgggegyg ctacacgcete 360

ggtgacctge tcegeggtceg tacccgggag cggceceggege ggatcgegte ggeggtgete 420

acgctgctga cgtacgtecat getgacggtg atcatgatgg cegecatege gttcatctte 480
aaccgetggt teggegtega cgecctegte ggectggtece teceggtgtt cgtegteggt 540
ctgatcacgyg tggggtacgt gtacctegge gggatgeteg gggtcacceg catcetggtg 600

ttcaagctgg tgctgteggt ggtcgtegtyg ggegtgctga cegectgggt getggeccge 660
ttcgacctga acctettcag cctgctggag cgggcecgagyg cgaacgcegge gcecggtgece 720
agcggcageg acctgetggg cccgggecgg ctgtteggeg agggcgcegac cacgetegtg 780
cacctgtcega agetgttege catcgeegte ggagtggegyg ccattcegtt cctgttceatg 840
cgcaactteg cggtgaccag cgggcgggac gegegcecggt cgaccgggtyg ggcgtcegatg 900
atcatcgteg ggttctacct gtgcctgtee gtegteggge teggtgceegt cgcegatecte 960
ggcecgggaca acatcggcegt catcaaggcce caccgcgaca tcagcttecc caagetcgece 1020
gacgagcteg geggteeggt gatggtegge tccctggceeg gegtcegeggt cctgacgatce 1080
gteggegtet tegegecget getgecacage gecgtgacga cggtgaccaa ggacctgaac 1140
gtgatcegeyg gecggegget ggatccggece gecgagetge gggacatcaa gegcaacace 1200
ctgatcatcg gecgteggete cgtgctgcectg gcggtecgtga tgctgecggt acggacccac 1260
atcttcatcce cgacctcgat cgacattgce ggegeggtgg tcctgeccgat cgtegtcetac 1320
gcgttgttet ggeggegttt caacacccge ggactgcagt ggacggtcta cggeggectce 1380
gcgetcacceg cgttectggt gcectgttetece aacggtgtet cgggcgagcece ggacgccatce 1440
ttccecggace gcaacttcaa gttegtggac gtcgageccg cgctgatcac ggtgcecggte 1500
ggcttecctge teggctacct cggctcgatce accagecggg agcgcgacga cgccgcegtte 1560
geecgagatge aggtccggte cctcaccgga getgtegtca cgggaccgece geggecggec 1620
geegtggacyg acgaggaccg cgacggecge caggaccggg cgcccagecce ggtgagetga 1680
<210> SEQ ID NO 64

<211> LENGTH: 5960

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 64

ccacaccect cgggaggcaa ctgtggatce ggtaccggtt ctggtegtgg gegegggecce 60
ggtcggecatyg gtcaccgege tggegetege cegtcacgge gtegectgeg tectegtega 120
ccagggcette gagacgtegg tcecatcccaa getggactac gtcaacgece gcagcatgga 180
gttecteege cagtteggee tegecgacga cgtcegtgee gecggegteyg cgeccgagea 240
cegggecgac gtcatetggt cgaccggect ggecggtgag cegatcacca ggtggggget 300
geccteggty acgcaggagt ggcgcecgcat cgccgagcac aacgacggca cccageegge 360
cgageccegge cagcggatct cccagatega cctggaaceg gteetgeggg ccegetgecg 420
gegggagece cttgtcgace tgcgectegyg cgtacggtte gactegetga cccaggacga 480

cgegggggte accagegtece tegecgacga caccggegge gaggtecggg tgeggtegga 540
gtacgtggte gggtgcgacg gegegtcegag ccaggtecge cgggecegtgyg geateggtga 600

ggaggggttce gacgtgecceg gectgeeggyg cgecttcatg gtgcacttea ccagecggga 660
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cctggacage ctgcaccgge acggccggtt ctggcactac ttcecgegttcece ggtacgtgat 720
catcgeccag gacgaggtcg acacctggac cgcgcacgtce aacggcgtcg acccgaacga 780
gttcgacgag ccgccggecg acccggaggce gttcoctgete gacacgatcce gcaccgaget 840
gcggatcgac aaggtgctge tcacctegeg ctggegtcce ggettcatge tcgccgacag 900
gtaccgegee ggcegggtge tgctegecgg tgactceggece caccggatgt tccccaccegg 960

cgegtacgge atgaacaccg gcatcggega cgecgtegac gtggectgga agetggecge 1020
tgtegtcegyg ggctteggeg gecceggget getcgacage tacgacgecg aacgcecgecce 1080
ggtggggegyg cgcaacatge gcacctegea ccggcacctg ggegtgeace tgegggeggyg 1140
cgagectectyg cgeggeggeg cecegetgee gteegtegeg gecttecteg acgccgageg 1200
gggcgagaac gagtaccggg ggatcgaget cggctaccge tactcegget cgecggtget 1260
ctggeeggag ggcceggggg agecctegga cgaccegegg gegtacgece cgacgacctg 1320
geceggegee cgtceegecca gectectget gagegacggg cagcagatcet tcgacceggtt 1380
cgaccceggece tegttcacce tegtggactt caccggtgac ggcgccgceeg gteccgetget 1440
ggeggeggeyg geegegeggg ggctceeeggt cacccacace gtggtgaccyg accceeggge 1500
tcgtgagetg tgggaacgceg acctcegtcect gctgeggecg gaccaccacg tegectggeg 1560
gggaaacacc gtgccgecgg acccecgacge cgtggtecag cgegtgeggyg gtggeggata 1620
ggcgegacgt geegtcaceg geggeceggyg tcacgegcac acgcgaccgyg ccggtecgge 1680
tgactctega ctggaggaca gatgcagcaa tceggttcaa cggeggaacyg cagceccacte 1740
gggcegtggyg agggcatgee ggceggtccag caaccggact ggcaggacca cceggegtac 1800

geggagacct gtcaggegtt ggegteggece cegecegetgg teccaccegyg ggaggtacgg 1860

gggttcecgge agetgttgte ggagctggeg tcgaccgacyg ggctcectget gcagttggge 1920
gactgegecg agagectcta cgagtgcacce ccccggcaca ccteggacaa gatcgaggte 1980
atcgaccgge tgggggaccg getcagegag ctcaccggge gecaacgtget gegggtggge 2040
cggatggeeg ggcagttege caageccegg tegcaggega cggagtggea cgacgegetg 2100
agcatccect cecttecgegg ccacatgate aattccgage tggccgcecgece cggtacgegce 2160
aaggccgace ctegecgeat gtggtgggeg tacgaggega gegacegggt gcagegggte 2220
ctgegegece accgggaggg caaccggegt geegegegga cegaggggee gtggtcegage 2280
cacgaggccce tggtegtega ctacgagtee cgectgatece gecgggacce ggacacggge 2340
gagcactace tggegtcgac ccacctgeeg tgggtggggg ageggacceyg ccggtecgec 2400
gaggcgcacg tggccatget gtccacggtyg gtgaaccegg teggetgcaa gatcgggecyg 2460
gacgccgace cggacgacgt cctgegggtyg tgcgaggege tcgaccegeyg gegegatceg 2520
ggcegteteg tectgatcee geggatggge cgggaccegga tecgggagtce cctgecgecyg 2580
atcgteegeg cggtggtgaa cgcggggcac ccegtgcetet ggctgagcga tceccatgcac 2640
ggcaacaccg tcaaggccte ggteggectyg aagacgcegece acctetecga cgtggtcacce 2700
gaggcgetgt ggttecgega catcctegac cagcagegge agcacgecge cgggetgeac 2760
atcgaggtcg ccgcecaccga cgtgaccgag tgegteggeg gtteggtgge cggcgaggag 2820
gacctggege ggcactacac ctegetgtge gaccegegge tcaacceggyg tcaggecacc 2880

gagctgatceg aagegtggge caaggacacce gcgacggteg geccgggacce geggegetec 2940
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ggcecttegyg cgcggecgga ggtegecgece tgacgtcgec ggtcectttgeg ccggeccgttt 3000
ccgaactgeg ggaaaattga cagaaggaga cctgecggag caaattcegge caggctagece 3060
gcgeecgtagt tegtegtcca ctacttgegt gggtagtgte aactaccegt gccgggaccy 3120
tcggtggtgt tgctcagcag gaatcccatce gcaatgatgt gtgagaaggce gtaatccttce 3180
gatcggtgac gcgcgtacct catcctatcce gcactgaatce ctgtctcagce tgaagcgagt 3240
gtttccaatg tggggcagct caaacacgct ggaagtgaag ggcaacgacg agagattccce 3300
cctgecccgat gecagctacgg aggatcggte tgtgecttgge gagacggtte cggtttecge 3360
getgetgece ggtgactcee cgeggetgge gggcgagaac gtcgagcaca tceggetget 3420
ggcegegatyg cacgacctee cgcecgatect ggtgcaacge ggcacgatge gggtgatcga 3480
cggcatgcac cggetgeggg cegecaaget gegeggegac gagacegtge gggtgacgtt 3540
cttegacggyg gacgacgecg cggegttect getcteggte gacgccaaca tcaaacacgg 3600
gctgecgttyg tececgegecg accgggaggce cgccgccacce cgcatcctge ggttgtatcece 3660
gecagtggteg gaccgegeeg tegecgegge ggcecgggetyg tcaccgacca cggegagegyg 3720
catcecggege cgectgetge aaccggegge gegggaggge ageegggtgg gacgggacgg 3780
gegggtgege cegetggacg geteggeggyg ccegacggegg gecagegegyg tcategeget 3840
ceggecggac gegeccctge gtgecatege geaggaggece ggggtgtegyg tgggcacgge 3900
gegggacgtyg cgegeceggt tgcaggeggyg ccegggaccee gtectgacct cgeagegace 3960
ggeggecgag cccgagecgg cegecgacga cgggcecggag goegegeagac geeggetegg 4020
ccageectee gtgeegectyg tegactggee ggeggtacgg ggcaacctga tcegggacece 4080
cgeggtgaag tacgecgage tgggecggge cttegtecge tgggecgacyg ggcacgtggt 4140
ggatccggeg gectggegeg agttegtega cgccecgtgceg ccegtactggce gcaaatceggt 4200
ggccgagetyg gecegttegt gegecagege ctggetggeg ttegeccagyg aactggagga 4260
ccgggegtga aaatggcgge cggcatattt acggtggttg ccgacagcge gtcgcattcece 4320
actgtcgegg ccactacceg atcgagtagt ggaccggcett gaataacgcg cgttaatgtt 4380
ccttecgatce getgeccteca ttttteggtg agcacatttt tgcggeggte caatggagag 4440
gagaattccc ggtgaacatt ctgaggcggce cgcggaaacg gcatcteggg ggtgtcecgegg 4500
cegtegeage ggegategece ctggtggegt cgetgacaaa cggtgtggeg getgeccege 4560
aggcgccgac cttcgaccte gacaacggga acgcectgac cgacgtcate taccceggecce 4620
tcaacaccga gccgegggte gagtacageg geeggecegg gteetgggee geggaccegeg 4680
ccatgctcat cgaactgceg tggttcgacg ccctggegge gtaccaccece accgeggteg 4740
gecatcttete caccategge cgcegteceg ccgaggagca cacgacgcegce aacaagaaca 4800
tcgcegtecat ctactcggece tacacctcge tcagcaagcet ctacccecccag cacgaggcga 4860
cctggeageg gatgatggece accgegggece tggaccegge cgtcaccgeg gaggaccgga 4920
ccaccgecag cggcategge atcctegect cgaagaacge gatggeggeg cgcecggaacg 4980
acggcacgaa ccgcgacgge gacgegggeg geegtegeta caaccgtgag ccgtacgecg 5040
accacaccgg ctaccggecg gtcaacagece cgtacgaget gegettceeg tegegetgge 5100
agccgaacac catctccaag cgcgaggteg tcectgacgea ggagttegeg acgccccagt 5160

tcggeegggt caagecgate accttegage ggeccgagea gttecggete acccegecge 5220
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cgaaccacca cctgttgaac ccgaaggget accggaagea ggcecgacgag gtgctgegeg 5280
ccteggeggyg cctggacgac cgcaagaaga tgagcegcegga gatcttcage gacaacatca 5340
cgecgtacgg cgccategeg cacacgetece tgeggggecg gtacaacacce gaggactccg 5400
tceggttecat cgtgatgact gacgtcegceccg ggttcgacgt ggcgatcgeg tectggtact 5460
acatgcgcaa gtacgactcg gtgcagecgt tcagegcgat cegecacctyg tacccgaaca 5520
agaagctgac cgcgtggggce ggcccgggece ggggcaccegt caacgacatc accggcacce 5580
agtggcgcag ctacctcage teggtcegcca tcegeggetee ggattacceg teggtcaacg 5640
cggeggtetyg cgtegectac geccaggteg cgegecggtt caccggcacyg gacaagcetga 5700
cegtegtgat cccggtecge aagggctect cgatcegtgga accgggegtyg accecggecyg 5760
ccgacatgat gctcacctgg aacagctact cggagtggge cgecgagtge gggcagagece 5820
gggtcetggge cggcgagaac ttceccgect cggtegegge cgecgaccag tacgegecge 5880
agatcggcega ccgtgectte gacttegtee agagcaaget gaacgggege tgacgceccge 5940
gtaccggtec gtgectgecgg 5960
<210> SEQ ID NO 65

<211> LENGTH: 532

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 65

Val Asp Pro Val Pro Val Leu Val Val Gly Ala Gly Pro Val Gly Met
1 5 10 15

Val Thr Ala Leu Ala Leu Ala Arg His Gly Val Ala Cys Val Leu Val
20 25 30

Asp Gln Gly Phe Glu Thr Ser Val His Pro Lys Leu Asp Tyr Val Asn
35 40 45

Ala Arg Ser Met Glu Phe Leu Arg Gln Phe Gly Leu Ala Asp Asp Val
50 55 60

Arg Ala Ala Gly Val Ala Pro Glu His Arg Ala Asp Val Ile Trp Ser
Thr Gly Leu Ala Gly Glu Pro Ile Thr Arg Trp Gly Leu Pro Ser Val
85 90 95

Thr Gln Glu Trp Arg Arg Ile Ala Glu His Asn Asp Gly Thr Gln Pro
100 105 110

Ala Glu Pro Gly Gln Arg Ile Ser Gln Ile Asp Leu Glu Pro Val Leu
115 120 125

Arg Ala Arg Cys Arg Arg Glu Pro Leu Val Asp Leu Arg Leu Gly Val
130 135 140

Arg Phe Asp Ser Leu Thr Gln Asp Asp Ala Gly Val Thr Ser Val Leu
145 150 155 160

Ala Asp Asp Thr Gly Gly Glu Val Arg Val Arg Ser Glu Tyr Val Val
165 170 175

Gly Cys Asp Gly Ala Ser Ser Gln Val Arg Arg Ala Val Gly Ile Gly
180 185 190

Glu Glu Gly Phe Asp Val Pro Gly Leu Pro Gly Ala Phe Met Val His
195 200 205

Phe Thr Ser Arg Asp Leu Asp Ser Leu His Arg His Gly Arg Phe Trp
210 215 220
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His Tyr Phe Ala Phe Arg Tyr Val Ile Ile Ala Gln Asp Glu Val Asp
225 230 235 240

Thr Trp Thr Ala His Val Asn Gly Val Asp Pro Asn Glu Phe Asp Glu
245 250 255

Pro Pro Ala Asp Pro Glu Ala Phe Leu Leu Asp Thr Ile Arg Thr Glu
260 265 270

Leu Arg Ile Asp Lys Val Leu Leu Thr Ser Arg Trp Arg Pro Gly Phe
275 280 285

Met Leu Ala Asp Arg Tyr Arg Ala Gly Arg Val Leu Leu Ala Gly Asp
290 295 300

Ser Ala His Arg Met Phe Pro Thr Gly Ala Tyr Gly Met Asn Thr Gly
305 310 315 320

Ile Gly Asp Ala Val Asp Val Ala Trp Lys Leu Ala Ala Val Val Arg
325 330 335

Gly Phe Gly Gly Pro Gly Leu Leu Asp Ser Tyr Asp Ala Glu Arg Arg
340 345 350

Pro Val Gly Arg Arg Asn Met Arg Thr Ser His Arg His Leu Gly Val
355 360 365

His Leu Arg Ala Gly Glu Leu Leu Arg Gly Gly Ala Pro Leu Pro Ser
370 375 380

Val Ala Ala Phe Leu Asp Ala Glu Arg Gly Glu Asn Glu Tyr Arg Gly
385 390 395 400

Ile Glu Leu Gly Tyr Arg Tyr Ser Gly Ser Pro Val Leu Trp Pro Glu
405 410 415

Gly Pro Gly Glu Pro Ser Asp Asp Pro Arg Ala Tyr Ala Pro Thr Thr
420 425 430

Trp Pro Gly Ala Arg Pro Pro Ser Leu Leu Leu Ser Asp Gly Gln Gln
435 440 445

Ile Phe Asp Arg Phe Asp Pro Ala Ser Phe Thr Leu Val Asp Phe Thr
450 455 460

Gly Asp Gly Ala Ala Gly Pro Leu Leu Ala Ala Ala Ala Ala Arg Gly
465 470 475 480

Leu Pro Val Thr His Thr Val Val Thr Asp Pro Arg Ala Arg Glu Leu
485 490 495

Trp Glu Arg Asp Leu Val Leu Leu Arg Pro Asp His His Val Ala Trp
500 505 510

Arg Gly Asn Thr Val Pro Pro Asp Pro Asp Ala Val Val Gln Arg Val
515 520 525

Arg Gly Gly Gly
530

<210> SEQ ID NO 66

<211> LENGTH: 1599

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 66

gtggatcegg taccggttet ggtegtggge gegggeccegg teggecatggt caccgegetg 60
gegetegece gtcacggegt cgectgegte ctegtegace agggettega gacgteggte 120
catcccaage tggactacgt caacgccege agecatggagt tectcegeca gtteggecte 180

gecgacgacyg tcegtgecge cggegtegeg cccgagcace gggecgacgt catctggteg 240
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accggectgyg ceggtgagece gatcaccagg tgggggetge ceteggtgac gcaggagtgg 300

cgecegeateg ccgagcacaa cgacggcace cageeggeeg agceecggeca geggatctece 360
cagatcgacce tggaaccggt cctgegggee cgetgeegge gggagecect tgtcgacctg 420
cgecteggeg tacggttega ctegetgace caggacgacg cgggggtcac cagegtecte 480

gecgacgaca ccggeggcega ggtecegggtyg cggteggagt acgtggtegyg gtgegacgge 540

gegtegagee aggtcecgeeg ggcegtggge atceggtgagg aggggttega cgtgecegge 600

ctgcegggeg cctteatggt geacttcace agecgggace tggacagect gcaccggeac 660
ggceggttet ggcactactt cgegttcegyg tacgtgatca tegeccagga cgaggtegac 720
acctggaccg cgcacgtcaa cggegtegac ccgaacgagt tegacgagee gecggecgac 780
ccggaggegt tectgetega cacgatcege accgagetge ggatcgacaa ggtgetgete 840
acctecgeget ggegtecegg ctteatgete gecgacaggt accgegeegg cegggtgetg 900
ctegeeggtyg actcggecca ceggatgtte cccaccggeg cgtacggeat gaacaccgge 960

atcggcgacg ccgtcgacgt ggcctggaag ctggccgcetg tegtecegggg ctteggeggce 1020
ccegggetge tegacageta cgacgecgaa cgecgeccegg tggggeggeg caacatgege 1080
acctcgeace ggcacctggg cgtgcacctyg cgggegggeg agetceetgeg cggeggegec 1140
cegetgeegt cegtegegge cttectegac gecgageggg gegagaacga gtaceggggg 1200
atcgagcteg gctaccgeta cteeggeteg ceggtgetet ggeeggaggg cccgggggag 1260
cecteggacy accegeggge gtacgeceeg acgacctgge ceggegeecg tceegeccage 1320
ctecctgetga gecgacgggca gcagatctte gaccggtteg acccecggecte gttcacccte 1380
gtggacttca ccggtgacgg cgcegecggt cegetgetgg cggeggegge cgegeggggy 1440
ctceceggtea cccacaccgt ggtgaccgac ccecgggete gtgagetgtyg ggaacgcegac 1500
ctegtectge tgeggecgga ccaccacgte gectggeggg gaaacacegt gecgecggac 1560
ccecgacgecg tggtccageg cgtgceggggt ggcggatag 1599
<210> SEQ ID NO 67

<211> LENGTH: 423

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 67

Met Gln Gln Ser Gly Ser Thr Ala Glu Arg Ser Pro Leu Gly Pro Trp
1 5 10 15

Glu Gly Met Pro Ala Val Gln Gln Pro Asp Trp Gln Asp His Pro Ala
20 25 30

Tyr Ala Glu Thr Cys Gln Ala Leu Ala Ser Ala Pro Pro Leu Val Pro
35 40 45

Pro Gly Glu Val Arg Gly Phe Arg Gln Leu Leu Ser Glu Leu Ala Ser
50 55 60

Thr Asp Gly Leu Leu Leu Gln Leu Gly Asp Cys Ala Glu Ser Leu Tyr
65 70 75 80

Glu Cys Thr Pro Arg His Thr Ser Asp Lys Ile Glu Val Ile Asp Arg

Leu Gly Asp Arg Leu Ser Glu Leu Thr Gly Arg Asn Val Leu Arg Val
100 105 110
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Gly Arg Met Ala Gly Gln Phe Ala Lys Pro Arg Ser Gln Ala Thr Glu
115 120 125

Trp His Asp Ala Leu Ser Ile Pro Ser Phe Arg Gly His Met Ile Asn
130 135 140

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

Trp Trp Ala Tyr Glu Ala Ser Asp Arg Val Gln Arg Val Leu Arg Ala
165 170 175

His Arg Glu Gly Asn Arg Arg Ala Ala Arg Thr Glu Gly Pro Trp Ser
180 185 190

Ser His Glu Ala Leu Val Val Asp Tyr Glu Ser Arg Leu Ile Arg Arg
195 200 205

Asp Pro Asp Thr Gly Glu His Tyr Leu Ala Ser Thr His Leu Pro Trp
210 215 220

Val Gly Glu Arg Thr Arg Arg Ser Ala Glu Ala His Val Ala Met Leu
225 230 235 240

Ser Thr Val Val Asn Pro Val Gly Cys Lys Ile Gly Pro Asp Ala Asp
245 250 255

Pro Asp Asp Val Leu Arg Val Cys Glu Ala Leu Asp Pro Arg Arg Asp
260 265 270

Pro Gly Arg Leu Val Leu Ile Pro Arg Met Gly Arg Asp Arg Ile Arg
275 280 285

Glu Ser Leu Pro Pro Ile Val Arg Ala Val Val Asn Ala Gly His Pro
290 295 300

Val Leu Trp Leu Ser Asp Pro Met His Gly Asn Thr Val Lys Ala Ser
305 310 315 320

Val Gly Leu Lys Thr Arg His Leu Ser Asp Val Val Thr Glu Ala Leu
325 330 335

Trp Phe Arg Asp Ile Leu Asp Gln Gln Arg Gln His Ala Ala Gly Leu
340 345 350

His Ile Glu Val Ala Ala Thr Asp Val Thr Glu Cys Val Gly Gly Ser
355 360 365

Val Ala Gly Glu Glu Asp Leu Ala Arg His Tyr Thr Ser Leu Cys Asp
370 375 380

Pro Arg Leu Asn Pro Gly Gln Ala Thr Glu Leu Ile Glu Ala Trp Ala
385 390 395 400

Lys Asp Thr Ala Thr Val Gly Pro Gly Pro Arg Arg Ser Gly Pro Ser
405 410 415

Ala Arg Pro Glu Val Ala Ala
420

<210> SEQ ID NO 68

<211> LENGTH: 1272

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 68

atgcagcaat ccggttcaac ggcggaacge ageccacteg ggeegtggga gggcatgecg 60
geggtecage aaccggactg gcaggaccac ccggcegtacg cggagacctyg tcaggegttg 120

gegteggece cgecgetggt ceccacceggyg gaggtacggg ggtteeggea getgttgteg 180

gagctggegt cgaccgacgg getectgetyg cagttgggeg actgegecga gagectctac 240
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gagtgcacce cceggcacac ctcggacaag atcgaggtca tegaccgget gggggaccgg 300
ctcagegage tcaccgggeg caacgtgetyg cgggtgggec ggatggeegg gcagttegece 360
aagccceggt cgcaggegac ggagtggeac gacgegetga geatceccte ctteegegge 420
cacatgatca attcecgaget ggeccgegece ggtacgegea aggecgacce tcegecgeatg 480
tggtgggegt acgaggegag cgaccgggtyg cagegggtece tgegegecca ccgggaggge 540
aaccggegtyg ccgegeggac cgaggggecg tggtegagece acgaggecect ggtegtcegac 600
tacgagtcce gectgateeg cegggacceg gacacgggeg agcactacct ggegtcegace 660
cacctgeegt gggtggggga geggaccege cggtecgeeg aggegcacgt ggcecatgetg 720
tccacggtgg tgaacceggt cggctgecaag ategggecgg acgecgacce ggacgacgte 780
ctgegggtgt gegaggeget cgaccegegg cgegateegg gecgtetegt cctgatceceg 840
cggatgggee gggaccggat cegggagtcee ctgeegecga tegtceegege ggtggtgaac 900
geggggcace ccegtgcetetg getgagegat cccatgcacg gcaacaccgt caaggecteg 960
gtcggectga agacgcgceca ccteteccgac gtggtcaceg aggcgctgtg gttecgegac 1020
atcctegace agcageggea gcacgecgece gggctgeaca tegaggtege cgecaccgac 1080
gtgaccgagt gegteggegg tteggtggee ggcgaggagg acctggegeg gcactacacc 1140
tegetgtgeg acccgegget caaccegggt caggecaceg agetgatega agegtgggece 1200

aaggacaccyg cgacggtegg cecgggaceg cggegeteeg geccttegge geggecggag 1260

gtcgecgect ga 1272

<210> SEQ ID NO 69

<211> LENGTH: 340

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 69

Met Trp Gly Ser Ser Asn Thr Leu Glu Val Lys Gly Asn Asp Glu Arg
1 5 10 15

Phe Pro Leu Pro Asp Ala Ala Thr Glu Asp Arg Ser Val Leu Gly Glu
20 25 30

Thr Val Pro Val Ser Ala Leu Leu Pro Gly Asp Ser Pro Arg Leu Ala
35 40 45

Gly Glu Asn Val Glu His Ile Arg Leu Leu Ala Ala Met His Asp Leu
50 55 60

Pro Pro Ile Leu Val Gln Arg Gly Thr Met Arg Val Ile Asp Gly Met
65 70 75 80

His Arg Leu Arg Ala Ala Lys Leu Arg Gly Asp Glu Thr Val Arg Val
85 90 95

Thr Phe Phe Asp Gly Asp Asp Ala Ala Ala Phe Leu Leu Ser Val Asp
100 105 110

Ala Asn Ile Lys His Gly Leu Pro Leu Ser Arg Ala Asp Arg Glu Ala
115 120 125

Ala Ala Thr Arg Ile Leu Arg Leu Tyr Pro Gln Trp Ser Asp Arg Ala
130 135 140

Val Ala Ala Ala Ala Gly Leu Ser Pro Thr Thr Ala Ser Gly Ile Arg
145 150 155 160

Arg Arg Leu Leu Gln Pro Ala Ala Arg Glu Gly Ser Arg Val Gly Arg
165 170 175
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Asp Gly Arg Val Arg Pro Leu Asp Gly Ser Ala Gly Arg Arg Arg Ala
180 185 190

Ser Ala Val Ile Ala Leu Arg Pro Asp Ala Pro Leu Arg Ala Ile Ala
195 200 205

Gln Glu Ala Gly Val Ser Val Gly Thr Ala Arg Asp Val Arg Ala Arg
210 215 220

Leu Gln Ala Gly Arg Asp Pro Val Leu Thr Ser Gln Arg Pro Ala Ala
225 230 235 240

Glu Pro Glu Pro Ala Ala Asp Asp Gly Pro Glu Ala Arg Arg Arg Arg
245 250 255

Leu Gly Gln Pro Ser Val Pro Pro Val Asp Trp Pro Ala Val Arg Gly
260 265 270

Asn Leu Ile Arg Asp Pro Ala Val Lys Tyr Ala Glu Leu Gly Arg Ala
275 280 285

Phe Val Arg Trp Ala Asp Gly His Val Val Asp Pro Ala Ala Trp Arg
290 295 300

Glu Phe Val Asp Ala Val Pro Pro Tyr Trp Arg Lys Ser Val Ala Glu
305 310 315 320

Leu Ala Arg Ser Cys Ala Ser Ala Trp Leu Ala Phe Ala Gln Glu Leu
325 330 335

Glu Asp Arg Ala
340

<210> SEQ ID NO 70

<211> LENGTH: 1023

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 70

atgtggggca gctcaaacac gctggaagtg aagggcaacg acgagagatt ccccctgecce 60
gatgcagcta cggaggatcg gtctgtgett ggcegagacgg tteeggttte cgegetgetg 120
cceggtgact ccccgegget ggegggegag aacgtcgage acatcegget getggecgeg 180
atgcacgacce tcccgecgat cctggtgeaa cgeggcacga tgegggtgat cgacggcatg 240
caccggetge gggecgecaa getgegegge gacgagaceg tgegggtgac gttettegac 300
ggggacgacg ccgeggegtt cctgeteteg gtcegacgcca acatcaaaca cgggetgecg 360
ttgtcecegeg ccgaccggga ggccgecgee acccgeatece tgeggttgta tcegeagtgg 420
tcggaccgeg cegtegecge ggeggecggg ctgtcaccga ccacggegag cggcatcegg 480

cgcegectge tgcaaccgge ggcgcgggag ggcagceeggg tgggacggga cgggcegggtyg 540
cgecegetgyg acggetegge gggecgacgg cgggecageg cggtcatege getceggecg 600
gacgcgeccee tgegtgecat cgcgcaggag gceceggggtgt cggtgggeac ggegegggac 660
gtgcgegece ggttgcagge gggecgggac cccegtectga cctegeageyg accggeggec 720
gagccegage cggccgecga cgacgggcecyg gaggcegcegca gacgecegget cggecagecc 780
tcegtgeege ctgtegactyg gecggeggta cggggcaace tgatceggga ccccegeggtyg 840
aagtacgceg agctgggecg ggecttegte cgetgggeeg acgggeacgt ggtggatceg 900
geggectgge gegagttegt cgacgecegtyg cegecegtact ggegcaaatce ggtggecgag 960

ctggecegtt cgtgegecag cgectggetyg gegttegece aggaactgga ggaccegggeg 1020
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tga 1023

<210> SEQ ID NO 71

<211> LENGTH: 493

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 71

Val Asn Ile Leu Arg Arg Pro Arg Lys Arg His Leu Gly Gly Val Ala
1 5 10 15

Ala Val Ala Ala Ala Ile Ala Leu Val Ala Ser Leu Thr Asn Gly Val
Ala Ala Ala Pro Gln Ala Pro Thr Phe Asp Leu Asp Asn Gly Asn Ala
35 40 45

Leu Thr Asp Val Ile Tyr Pro Ala Leu Asn Thr Glu Pro Arg Val Glu
50 55 60

Tyr Ser Gly Arg Pro Gly Ser Trp Ala Ala Asp Arg Ala Met Leu Ile
65 70 75 80

Glu Leu Pro Trp Phe Asp Ala Leu Ala Ala Tyr His Pro Thr Ala Val
85 90 95

Gly Ile Phe Ser Thr Ile Gly Arg Arg Pro Ala Glu Glu His Thr Thr
100 105 110

Arg Asn Lys Asn Ile Ala Val Ile Tyr Ser Ala Tyr Thr Ser Leu Ser
115 120 125

Lys Leu Tyr Pro Gln His Glu Ala Thr Trp Gln Arg Met Met Ala Thr
130 135 140

Ala Gly Leu Asp Pro Ala Val Thr Ala Glu Asp Arg Thr Thr Ala Ser
145 150 155 160

Gly Ile Gly Ile Leu Ala Ser Lys Asn Ala Met Ala Ala Arg Arg Asn
165 170 175

Asp Gly Thr Asn Arg Asp Gly Asp Ala Gly Gly Arg Arg Tyr Asn Arg
180 185 190

Glu Pro Tyr Ala Asp His Thr Gly Tyr Arg Pro Val Asn Ser Pro Tyr
195 200 205

Glu Leu Arg Phe Pro Ser Arg Trp Gln Pro Asn Thr Ile Ser Lys Arg
210 215 220

Glu Val Val Leu Thr Gln Glu Phe Ala Thr Pro Gln Phe Gly Arg Val
225 230 235 240

Lys Pro Ile Thr Phe Glu Arg Pro Glu Gln Phe Arg Leu Thr Pro Pro
245 250 255

Pro Asn His His Leu Leu Asn Pro Lys Gly Tyr Arg Lys Gln Ala Asp
260 265 270

Glu Val Leu Arg Ala Ser Ala Gly Leu Asp Asp Arg Lys Lys Met Ser
275 280 285

Ala Glu Ile Phe Ser Asp Asn Ile Thr Pro Tyr Gly Ala Ile Ala His
290 295 300

Thr Leu Leu Arg Gly Arg Tyr Asn Thr Glu Asp Ser Val Arg Phe Ile
305 310 315 320

Val Met Thr Asp Val Ala Gly Phe Asp Val Ala Ile Ala Ser Trp Tyr
325 330 335

Tyr Met Arg Lys Tyr Asp Ser Val Gln Pro Phe Ser Ala Ile Arg His
340 345 350
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Leu Tyr Pro Asn Lys Lys Leu Thr Ala Trp Gly Gly Pro Gly Arg Gly
355 360 365

Thr Val Asn Asp Ile Thr Gly Thr Gln Trp Arg Ser Tyr Leu Ser Ser
370 375 380

Val Ala Ile Ala Ala Pro Asp Tyr Pro Ser Val Asn Ala Ala Val Cys
385 390 395 400

Val Ala Tyr Ala Gln Val Ala Arg Arg Phe Thr Gly Thr Asp Lys Leu
405 410 415

Thr Val Val Ile Pro Val Arg Lys Gly Ser Ser Ile Val Glu Pro Gly
420 425 430

Val Thr Pro Ala Ala Asp Met Met Leu Thr Trp Asn Ser Tyr Ser Glu
435 440 445

Trp Ala Ala Glu Cys Gly Gln Ser Arg Val Trp Ala Gly Glu Asn Phe
450 455 460

Pro Ala Ser Val Ala Ala Ala Asp Gln Tyr Ala Pro Gln Ile Gly Asp
465 470 475 480

Arg Ala Phe Asp Phe Val Gln Ser Lys Leu Asn Gly Arg
485 490

<210> SEQ ID NO 72

<211> LENGTH: 1482

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 72

gtgaacattc tgaggcggcece geggaaacgyg catctegggg gtgtegegge cgtegecgeg 60
gegatcegece tggtggegte getgacaaac ggtgtggegg ctgecccgea ggegecgace 120
ttcgaccteg acaacgggaa cgccctgace gacgtcatet acceggeect caacaccgag 180
cegegggteg agtacagegg ceggeceggg tectgggeeg cggacegege catgetcate 240
gaactgcegt ggttegacge cectggeggeg taccacccca cegeggtegyg catcttetec 300
accatcggee gecegteocge cgaggageac acgacgegea acaagaacat cgecgtcate 360
tactcggect acaccteget cagcaagete tacceccage acgaggcegac ctggcagegg 420
atgatggcca ccgegggect ggacceggece gtcaccgegg aggaceggac caccgecage 480
ggcatcggeca tcctegecte gaagaacgeg atggceggege gecggaacga cggcacgaac 540
cgcgacggeg acgcegggegg cegtegetac aaccgtgage cgtacgecga ccacaccgge 600
taccggeegyg tcaacagecce gtacgagetg cgetteeegt cgegetggea gecgaacace 660
atctccaage gcgaggtegt cctgacgeag gagttegega cgccccagtt cggecgggte 720
aagccgatca ccttegageg geccgageag ttecggeteca cecegecgee gaaccaccac 780
ctgttgaacce cgaagggcta ccggaageag gecgacgagg tgctgegege cteggeggge 840
ctggacgacce gcaagaagat gagcgeggag atcttcageg acaacatcac gecgtacgge 900
gecategege acacgctect geggggecegyg tacaacacceg aggactcegt ceggtteatc 960

gtgatgactg acgtcgccgg gttcgacgtg gcgatcgegt cctggtacta catgcgcaag 1020
tacgactcgg tgcageegtt cagcgegatce cgecacctgt acccgaacaa gaagctgace 1080
gegtggggeyg gecegggceceg gggcaccgtce aacgacatca cecggcaccca gtggegcage 1140
tacctcagct cggtcecgccat cgcggctceccecg gattaccegt cggtcaacge ggcggtetgce 1200

gtegectacyg cccaggtege gegecggtte accggcacgg acaagctgac cgtegtgatce 1260
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ceggtecgea agggetecte gatcgtggaa cegggcegtga ceceggecge cgacatgatg 1320
ctcacctgga acagctactc ggagtgggece gecgagtgeg ggcagagecyg ggtctgggece 1380
ggcgagaact tcccecgecte ggtegeggece gecgaccagt acgcgecgca gatcggcegac 1440
cgtgectteg acttegteca gagcaagctg aacgggcgct ga 1482
<210> SEQ ID NO 73

<211> LENGTH: 9762

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 73

cagccacgge gttccgacce cecgcaagat ggettgtata gcaaggtate ttgcgatgca 60
tggacgggge acgtgagegg atcactacga acatccgcaa gggegtgetyg gagtactgeg 120
tgctegeect getectegegg cgcgacatgt acggectgga actggecgac tggcetegecg 180
tcegeggtet gaccgegage gagggcagece tgtatceget getegecege atgeggcagg 240
ceggeteegt geagaccegg tgggtggece ccgagcaggg geacgecedg cggtactacg 300

cgatcaccga ccaggggegg gegcacctge gggtgttege ggeggtgtgg caggagatcce 360

agccgcacgt ggacgacctyg atgggggagg aagcatgage gacgacggece tcccggagge 420

ggcegtggace tatctgegeg cgctcgacge ggagttgtee gacgtecegt ceggecacgge 480
ggaggagatc gtcgeggatg tecgegegea catcgecgac gecctegaca geggacggag 540
cgecccacgag atcctegeeg gecteggege cgegegggac gtggeecgge aggegegega 600

ggagctgggg ctgceggece aggaccgece ggceccegggee ggccggaccce tgteectgge 660

cgeggtggeg gteggegtge tgatcgeegt gtgegtgage tteetgetge cgtcegeagt 720
geeggtggag ccgatccagg ceggeccegyg cgagcaggge gtecteegece ggeteggecc 780
cggaatcgeg ctgctcacge tgetgecgge getegtegeg gecgegeege tegtggegece 840

cgecegggea cgtgeegggg tacggttege cggegeggeg gtectgacga tgttegectg 900
cgeggecgge gagacgggece tgtactactt ccegetegeg ctgatggect gggeggegge 960
gatcgtgeeg tgggccctge ggcegcggage cggtggacgg tggtggcget atctgaccgg 1020
tggattegtg gecgatgceceg gegtgetggt ggeggtegeg teggeceggtg geteggtegg 1080
cgteggetgyg gteggegegg cgetgtggat cgecgggeeg ctegeggecyg gegegetgtg 1140
cgectacggyg atccgggecg getacgeegt gaccgegetg gecggegege tggcecatage 1200
gctetegatyg gecgagegeg gcttectgtt cgceccgectte tggectgtteg gecgggctgta 1260
cctggegete ggegecgetyg cgtacacege ctegegggece gtegacggeg acgcecgecge 1320
gacgccegge cegecggece ggccggaace cgegecggee cocggagget gacceggggyg 1380
cegtggegee ggecggetag geggggacgg cctgegggte gecggeggeg tegtgegegg 1440
ccategtete ctgeceggacg ggctectege geaggatege cgegtgcage cacgegtecg 1500
ggatggcgaa gccgtccacg agegtgegea tgtccegggeg cagctecttyg agecagecegt 1560
tcaccacgct ggtgatggte ttcgageggg ccggggtgag ccggccgtge tcegagcagcece 1620
agcccttgtt cgectcgate acggtgagcg cgtacaggtce gcagacccgg gacagcagtt 1680
ccttgacege cgggteggeg atggegtega tcecggegac gaacgectcee agegtcaccce 1740

ggtcgatgtyg cgccgecggceg acggcgagga cgtggtcecctg gacgtegttg aagatgtcega 1800
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aggggeggte cttettggtg gacgegecac cgegeaggeg geggaccgeg ctgtcegagea 1860
ggtgctcecete geggtecteg aagagcttga gectgccagec cceggtceggtg acggcgacct 1920
cgtegtegeg ccegggeacg goegctgacca gacgtgegat cagegecege geggeggtge 1980
gttccagcac catctcgegt acctgetegyg ccacgaagga ggcgegtecce cagecgtega 2040
gecgagecgaa ctegtcecegg tagecggtca gecageccctt ggegaccagt tgcagcagea 2100
ccgtgttgte gecctcgaag gtggtgaaga catcggtgte ggceccttgagg ctgggcaggce 2160
ggttctegga caggtageeg gegecgecac acgecteceg gcagatetgyg atggtgeggg 2220
tggcegtgeca ggtctgegee gectteagac cggeggeceg ggactecage tcecegetgece 2280
ggtgctegte gaccggeceg tegecgeect ggatgtegte gagegecgeyg accageteceg 2340
cctgggegaa ggtcagegeg tacgtggtgg ccagegeggg cageagettyg cgetggtgeg 2400
ccaggtagte gttgagcage acctegeggt cgecgtegge gteggegaac tgecggegga 2460
tgtcegeegta gegcaccgeg atggecageg ccgacttggt ggeegecgac geggegecge 2520
ccacgctceac ccggeccegg accagggtge ccageatggt gaagaagege cgggagtegt 2580
tctegategg getggagtac gtgccegtect cggcgacctg cgcecgtactgg tecagcagca 2640
tctecegegyg caccegeacg tggtecgaage tgagecgece gttgtecacyg ccgagcagge 2700
cggccttggg ceccggcgteg ccgatggtca cgecgggcat cggcttgceeg tgctegtege 2760
ggatcggcac cagccaggeg tgcacccegt ggeggegecoe gecggtgacy agetgggega 2820
acaccacagc catccgceeg tececgggcecg cgttgccgat gtagtecttg cgegeggect 2880
cgtgcggggt gtgcaggtceg aaggtctgcg tctgecgggte gtagacgcag gtggtgcgca 2940
gttgctgcac gtccgageeg tggecggtet cggtcatege gaagcagecg aagagecgge 3000
cegegacgat gtocegeagg taggegtegt ggtgecgett cgtgeegagg geggegacceg 3060
cgecegecgaa caggecccac tgcacgeegg ccttcaccat cagtgacagg tccacctggg 3120
ccagcatete ggtggegacg atcgaggege ccacgtegece geggeegecg tacteggegg 3180
ggaaaccgga ggcgatgcce agctcgacgyg ggagttcegga cagcagecegyg gtgatgeget 3240
cgegggectg gtcaccggte tegeccgtaca ccgggaggaa gcgttegteg aggtgttege 3300
ggtgcgeceyg geggaccteg geccaccegge cgtcegagege tteccgeagyg cgtgtgacgt 3360
cgatgcggcece ggatgcgtga tcgagcattg tcactceccteg gggcagcgga catttgegta 3420
tactctegge ctgatcaaca ttaccggcgg tgatcgcacce cecgctggcegg agcegegtggt 3480
gagceccggece acccccggceg gtteggecac ccgtgaaget gaggttaggce tgtcectcact 3540
tcacagcact ggaggcatce cctegtgtee cegettecee ceggecagege cgtcaccegece 3600
cggcacgtge tcegecagge getgegeege cagegecgece cggtgetgat cggegtgace 3660
ctgcteggge tgcaccaggt caccgaggcg ctegtgecegg tggcgatcgg cgtcatcatce 3720
gaccgggecyg tggtgaccgg cgaccegtgyg gegetegegt actcegtege cggectegec 3780
gcceetgttea cegtgetgge gttegectac cgcaacggeg ccecgceccaggce gttegeggeg 3840
gtggaacggg aggcgcacct getgegggte gagetggeeg agegegeget cgaccegege 3900
gggcaccget ceggectgeg cgacggcegag ctgctcetegg tegecgecte cgacgecgaa 3960
ctectecgegt acgtggtecg ggtggcecgge tteggcegteg cecgcecggtgag cgcgcetgace 4020

gtcgeggegyg tegegetgcet ggtcatcecgac gtceccecgceteg gactceggegt gctcecategge 4080
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gtaccggtge tggtcctgge gctgcaacgg atggcgccge tgctgtcccg gcgcagegeco 4140
tcccagecagyg aggcectege ggagaccacg gegetegeeg tggacctegt cteeggectg 4200
cgegtgetge geggeategg cgeccageac cacgecgeeg gecggtacge cgaggcecage 4260
cgacgegece tegeegtgac getgegegee gocaacacca agggectgea cctegggete 4320
accaccgeceg cgaacggect cttectegee geegtegeeg gggtegeegg ctggetegeg 4380
ctgcgeggece ggctcaccat cggcgagctg gtcaccgtgg tegggctcege gcagttegte 4440
gccgageegg tgcagacgct gggctactge gtgcagcectgt tegecgatggce ccgegectece 4500
gecgeceggyg tegggegegt geteggegeo gagecgetga cecggecggyg cagegegeod 4560
cggecggace gcacggacgg gecgeggete gtectegace acgtceggeca cgecgegetg 4620
gacggggtgt gcctgegegt cgacceggga gagatcegteg gegtectgge gtacgacceg 4680
gecgacgegg acgegcetggt ggegetgetyg teegggeggg tgcccgegga ccggegecgyg 4740
ggcacggtac gcgtcgacgg ggtacccgece gacgacctgg acgtegacge getgegegge 4800
geegtectgyg tcgagecgea cgacgtgacyg ctgttegagg gaaccgtgge cgecaaccte 4860
gecgecggga gcaggaccga ggaggggcege ctgegegeeg cggteeggge ggecgeggeg 4920
gacgacgtgg tggacgcgca ccceggegge cteggecace ggctegtega geggggegec 4980
aaccteteeg gegggeageg ccageggete gggetggege gggegetgea cgecgacceg 5040
ceggtgetgyg tgctgecacga ceccaccace geegtggacg cggecaccega ggceccaacte 5100
gecgacggac tggceggege gegecgegaa gegecceggg gcacgcetget ggtcaccage 5160
agcccagece tgctgeggat caccgacegg gtggtggtga tegecgacgg ccgggtgace 5220
gecgagggga cgcacgagca cctgetggece accgacgece gctaccgega ggagacactg 5280
cggtgaccge tgaccegegt accgecgaac ccaccegggt gttgetgece accgegacceg 5340
ceceggeggac ctggacgacg cteggegegg agttecgeeg geggeccgge ctcagegecg 5400
cegegacege cgtgetegte gecgecgeca ceggeggget ggtegegece tgggtgeteg 5460
gecgectegt cgacgacgte atcgecgacyg ccccggtete ceggategece ggecegggtgg 5520
cggtgatege cggegeggea gtgctcaceg gactgctcac cgeegecggg gecgegeteg 5580
cgtecegect gggggagacg gtgctggece ggetgegega gegggtecte gaccgggege 5640
tgcacctgee cteggegacg ctggaacggg ccggecaccegg cgacctgetyg gecegggteg 5700
gegacgacgt ggeggtggtg acgaacgtga tcgeggtcag cggeccggeyg ttegteggeg 5760
cgectgetgte cgtggtgetyg accgtgttceg ggetggtege getcgactgg cggcteggece 5820
tcgececggget ggtcegceccgeg ccecgectacg cgetggeget gegcectggtac ctgegecggt 5880
cggegecgta ctacgeccge gagegegteg ccaccggega geggacgeag gegatggecg 5940
gegegetgeg tggegeggee accgtgegeg cgtaccggac cgaggacgeyg cacgtegegg 6000
cgatcgcecga gecgctceccecgge gtggcegegeg acctgteget ggagatctte aacctgcaca 6060
cceggttegg getgeggate aacaggtcecgg agttectegg cectggecgeg gtgctegteg 6120
cegggttett cctggtecge gecgacctgg tcacagtggg cgeggegace accgecgege 6180
tctacttecca cecggetgtte aacccgatcg gcecctgctget gatggagtece gactceggtgce 6240
tgcaggcegyg cgcgagecte geceggetgg teggegtgge cacgetgece gacaccgecce 6300

cgteegggee cgegecgteg geggeoggge ggegeggece ggeggegetyg gacgtcacgg 6360
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tcegeeggea ccgctacgac gacgacggece ctetggtect ggeegacgte gacctgegece 6420
tggccceggyg cgagegggte gegetegtgg gegecagegg cgegggcaag agcacgeteg 6480
ceggeatege cgecgggate atcgegecca ccgacgggte ggtacgectyg ggeggegtge 6540
cgctgacega geggggegag cacgeccegtge ggegegacgt cgegetggte agecaggagg 6600
tgcacgtectt cgctggaccg ctecgecgagg atctgcgect ggctgecceg gacgccaccyg 6660
acgccgaact gctcgacgeg ctggacceggg teggegecac cacctggetyg cgegegetge 6720
cggacgggcet ggccacageg gteggegagg geggecaceg getcaccgee gegcaggecce 6780
agcaggtege cctggecegg ctggtgetgg cegegeccege cgtegecgtyg ctggacgagg 6840
ccaccgecga ggccggeage gecggagege gtgacctgga cegggeggeg ctggecgeca 6900
ccgagggacg gaccacgetg ategtggege accggetcag ccaggeggte gecgecgace 6960
ggatcgtect gctcgaccac gggeggatceg tggagcaggg cacgcactceyg gaactgeteg 7020
ccgccgacgg ccggtacggg catctgtgge gctectggag cgtceccecggta tgatcgegca 7080
ccgeccateg geccaggtga ggggaacatg accgacgege cggecegett cgtgetette 7140
ceggggegge accacctget gacceggtte caggecgact acctgeggeg getggecggg 7200
gacgacgcca cagtggtctg ggcggtgacyg tcggccaace acgagaacac caggcgcaac 7260
ceggtgecct accaccggeg ggaggecgeg atcgaacgat tcagegtget gagegggetg 7320
cgcteggtgg tggtgccgat cttcecgacacce gcgtacaccg acgcegttcecge cgaggtgacg 7380
ctgaagtcca tecgeggtgge caccgggete gaactcaccee cegecgacac cgtgetggece 7440
tgctccacge cggaggtege gaagctgtac gagcagcteg gettttcecgat cgegecggte 7500
gaggcggace cggacctgee cgagcegece gaacggcecegt gggacgtget getgegectg 7560
geegeegggyg acgagacctg gegegegete acccaccegg ccaccatcega cgtgttegag 7620
cgctaccgece tggtcgagte gatccecggtceg gtggtgaacg acccgcectcegt cggcgacgag 7680
ggcggtcetca cagtgacceg cgactaccgg acctacgteg aggegttege cacggecgeg 7740
cagcgcaagt gggacteggt acgecggtac gtgcageceg gecgcategt ggacatcegge 7800
tgcggegegyg gegeaegtect ggaactegee gaccgggagg cegegetgeg tgagagegac 7860
ctgateggeg tggaggtege ccgecaccte taccaggagt gectgcacaa gaaggcgcag 7920
ggcgtgttec gcaacgccaa cgtctactte ttccaccgca acgtcectegg cggcgcggty 7980
ttcaaggacc gctcggtega caccacgcte acgttcecgege tgacccacga gatctggtceg 8040
tacgggegge ggcgggagte getgetgeag ttegecegece geatccacga ccacacggtg 8100
ceceggeggeyg tetggatcaa cagegacgtyg tgeggtecegg acgacccecg geggcaggtg 8160
ctecectgegac tgtccaccga cgacggegac aacceggeeg cgcccegece cgacctegece 8220
gagctgacct cggcggaggt ceggegttac gteggeggge tgtegacgeyg ggegeggetg 8280
gaccagttecg ccgtcgactt cgegttcegac ttcgactacg agccgctecce cgacggcegcey 8340
gtacgectga cgetgggege cgcgatggac tacctgacce gcaaggacta cacggacaac 8400
tggctgtegg agacgcagga gcagttcectge ggectgaget tegcecgactg gacggacctg 8460
ctcaccgagyg cggggttega gatcggeceg gegteggege cggtgegeaa cgagtgggtg 8520
atcgacaacc ggatcgegece agtegegtee ctcaccgace tegacggecg gecgetggac 8580

tggccgacca cccacgtect caccgtegece caccgeccece geaaccagtyg agaccgacgg 8640
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cgeecgeage gtteggeggg cgecgtegte getcacegge tcagegegat cceggatcegece 8700
aggacgatca ggatgagcce ggtcageegt tcgatcacca geagcacgga cggccegggte 8760
agccaggget gcaacctgte gatgagecatg atgtagecagg ccecaccagag caccgcegagg 8820
ccgatgaacg tggeggegag caccgecgta cgggecgeeg cecectegee gggcttgacg 8880
aactgcggca cgaacgagac gtagaagacg accaccttga cgttcagecag ctggetggtg 8940
acgcccatga cgaacgageg gegggecacg tgeggetegt cggeggeegg ggtgtecegge 9000
accggegegyg ggccggtgte cgtgteegge ceggegecge cegegecgac agtgaccegge 9060
tgcgeegeeg ggaccegteeg gegeggeegg gtegeccaga ggatcegtgee geccaggtag 9120
agcaggtaca gcgcgeogge gacgcgcage accgtgtaga gegteggega ggagaccage 9180
agggcggaca ggccggeggt cgcgaacgac gegtgcacca gegeggegac gaacagecceg 9240
gccagcacca cgaaccegge cegecggecg tacctgacgg tetgeegggt gacgagegeg 9300
aagtcgacge ccggcacgat gatgatgage aggetggegg cgacgaaact gatgatctgg 9360
atgtcagaca cgacgccggce tcectectgtcee tcececggcgage gecggcactg cctectegat 9420
gacggagacg ccgctgtcect ggegtggtcece gtgcecggcege cactgttceccce gcageccggat 9480
ccggecgtee ggcagecgtt cgggcecggga ctegcacteg ccgatgacta tggtgccgte 9540
ggtgagcace tccaggtagg cgaagcegcac gacgccctge gegtegeagyg tgecggecag 9600
ceggeegtge cggaccggge cgecggtgat ctecgeccag accaggtege cacgetggtg 9660
gtagtgccee cgcagegget cggegecgte accggegteg tggtccaccyg agacgaagac 9720
gcggecgteg tagtcgaatg tcecgtcatcge gectcacgcece ac 9762
<210> SEQ ID NO 74

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 74

Met Asp Gly Ala Arg Glu Arg Ile Thr Thr Asn Ile Arg Lys Gly Val
1 5 10 15

Leu Glu Tyr Cys Val Leu Ala Leu Leu Ser Arg Arg Asp Met Tyr Gly
20 25 30

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

Gly Ser Leu Tyr Pro Leu Leu Ala Arg Met Arg Gln Ala Gly Ser Val
50 55 60

Gln Thr Arg Trp Val Ala Pro Glu Gln Gly His Ala Arg Arg Tyr Tyr
65 70 75 80

Ala Ile Thr Asp Gln Gly Arg Ala His Leu Arg Val Phe Ala Ala Val
85 90 95

Trp Gln Glu Ile Gln Pro His Val Asp Asp Leu Met Gly Glu Glu Ala
100 105 110

<210> SEQ ID NO 75

<211> LENGTH: 339

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 75
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atggacgggg cacgtgagcg gatcactacg aacatccgca agggcgtgcet ggagtactgce 60
gtgctcgece tgctctegeg gegegacatg tacggectgg aactggcecga ctggcetegec 120
gtcecgeggte tgaccgcgag cgagggcagce ctgtatcege tgctcgeceg catgceggcag 180
gccggeteeg tgcagacccg gtgggtggec cccgagcagg ggcacgcccg gcggtactac 240

gegatcaceyg accaggggceg ggcgcacctg cgggtgtteg cggeggtgtg gcaggagatce 300
cagccgcacg tggacgacct gatgggggag gaagcatga 339
<210> SEQ ID NO 76

<211> LENGTH: 325

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 76

Met Ser Asp Asp Gly Leu Pro Glu Ala Ala Trp Thr Tyr Leu Arg Ala
1 5 10 15

Leu Asp Ala Glu Leu Ser Asp Val Pro Ser Gly Thr Ala Glu Glu Ile
20 25 30

Val Ala Asp Val Arg Ala His Ile Ala Asp Ala Leu Asp Ser Gly Arg
35 40 45

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

Arg Gln Ala Arg Glu Glu Leu Gly Leu Pro Ala Gln Asp Arg Pro Ala
65 70 75 80

Arg Ala Gly Arg Thr Leu Ser Leu Ala Ala Val Ala Val Gly Val Leu
85 90 95

Ile Ala Val Cys Val Ser Phe Leu Leu Pro Ser Ala Val Pro Val Glu
100 105 110

Pro Ile Gln Ala Gly Pro Gly Glu Gln Gly Val Leu Arg Arg Leu Gly
115 120 125

Pro Gly Ile Ala Leu Leu Thr Leu Leu Pro Ala Leu Val Ala Ala Ala
130 135 140

Pro Leu Val Ala Pro Ala Arg Ala Arg Ala Gly Val Arg Phe Ala Gly
145 150 155 160

Ala Ala Val Leu Thr Met Phe Ala Cys Ala Ala Gly Glu Thr Gly Leu
165 170 175

Tyr Tyr Phe Pro Leu Ala Leu Met Ala Trp Ala Ala Ala Ile Val Pro
180 185 190

Trp Ala Leu Arg Arg Gly Ala Gly Gly Arg Trp Trp Arg Tyr Leu Thr
195 200 205

Gly Gly Phe Val Ala Met Pro Gly Val Leu Val Ala Val Ala Ser Ala
210 215 220

Gly Gly Ser Val Gly Val Gly Trp Val Gly Ala Ala Leu Trp Ile Ala
225 230 235 240

Gly Pro Leu Ala Ala Gly Ala Leu Cys Ala Tyr Gly Ile Arg Ala Gly
245 250 255

Tyr Ala Val Thr Ala Leu Ala Gly Ala Leu Ala Ile Ala Leu Ser Met
260 265 270

Ala Glu Arg Gly Phe Leu Phe Ala Ala Phe Trp Leu Phe Gly Gly Leu
275 280 285

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

305

Pro Ala Pro

31

Gly Gly
325

<210> SEQ ID NO 77
<211> LENGTH: 978

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

DNA

<400> SEQUENCE: 77

atgagcgacyg
ttgtccgacy
gecgacgece
cgggacgtgg
cgggeeggec
gtgagcttee
cagggegtec
gtegeggeeg
geggeggtee
ctegegetga
ggacggtggt
gtegegtegg
gggcegceteg
gegetggecy
gecttetgge
cgggecgteg

ceggecceayg

acggectece

tccegteegy

tcgacagegyg

cceggcagge

ggaccetgte

tgctgeegte

tcegeegget

cgecegetegt

tgacgatgtt

tggCCtgggC

ggcgctatet

ceggtggete

cggccggcege

gegegetgge

tgttcggcgg

acggcgacge

gaggctga

<210> SEQ ID NO 78
<211> LENGTH: 663

<212> TYPE:

<213> ORGANISM: Micromonospora sp.

PRT

<400> SEQUENCE: 78

Met Leu Asp
1

Ala Leu Asp

Leu Asp Glu
35

Arg Glu Arg
50
Ile Ala Ser

Ala Ser Ile

Met Val Lys

His Ala Se

Gly Arg Tr

Arg Phe Le

Ile Thr Ar

Gly Phe Pr
70

0

ggaggeggceg
cacggcggag
acggagecgec
gegegaggag
cectggecgeyg
cgcagtgecyg
cggeceegga
ggcgeecgee
cgectgegeyg
ggcggegate
gaccggtgga
ggtcggegte
getgtgegee
catagecgete
getgtaccetyg

cgecegegacy

r Gly Arg

p Ala Glu

u Pro Val
40

g Leu Leu
55

o Ala Glu

Val Ala Thr Glu Met

85

Ala Gly Va

1 Gln Trp

315

tggacctatce

gagatcgteg

cacgagatcc

ctggggctgc

gtggeggteg

gtggagccga

atcgcgetge

cgggcacgtg

gccggcgaga

gtgcegtggg

ttcgtggega

ggctgggteg

tacgggatcc

tcgatggeeyg

gegeteggeg

ceceggeccge

Ile Asp

10

Val Arg

Tyr Gly

Ser Glu

Tyr Gly

Leu Ala

90

Gly Leu

Val

Arg

Glu

Leu

Gly

Gln

Phe

strain 046-ECO11

tgcgegeget

cggatgteeg

tegecggect

cggeccagga

gegtgetgat

tccaggeegy

tcacgetget

Cngggtan

cgggectgta

cectgeggey

tgcceggegt

gegeggeget

gggccggcta

agcgcggett

ccgetgegta

cggeceggece

Thr

Ala

Thr

Pro

60

Arg

Val

Gly

strain 046-ECO11

Arg

His

Gly

45

Val

Gly

Asp

Gly

Leu

Arg

Asp

Glu

Asp

Leu

Ala

320

cgacgcggag
cgcgcacate
cggegecgeg
cegeceggec
cgecegtgtyge
cceceggegag
geeggegete
gttegeegge
ctacttceeg
cggagecggt
getggtggeg
gtggatcgee
cgecegtgace
cctgttegee
caccgecteg

ggaacccgeg

Arg Glu

15

Glu His

Gln Ala

Leu Gly

Val Gly

Ser Leu

95

Val Ala

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

978
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100 105 110

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

Ala Gly Arg Leu Phe Gly Cys Phe Ala Met Thr Glu Thr Gly His Gly
130 135 140

Ser Asp Val Gln Gln Leu Arg Thr Thr Cys Val Tyr Asp Pro Gln Thr
145 150 155 160

Gln Thr Phe Asp Leu His Thr Pro His Glu Ala Ala Arg Lys Asp Tyr
165 170 175

Ile Gly Asn Ala Ala Arg Asp Gly Arg Met Ala Val Val Phe Ala Gln
180 185 190

Leu Val Thr Gly Gly Arg Arg His Gly Val His Ala Trp Leu Val Pro
195 200 205

Ile Arg Asp Glu His Gly Lys Pro Met Pro Gly Val Thr Ile Gly Asp
210 215 220

Ala Gly Pro Lys Ala Gly Leu Leu Gly Val Asp Asn Gly Arg Leu Ser
225 230 235 240

Phe Asp His Val Arg Val Pro Arg Glu Met Leu Leu Asp Gln Tyr Ala
245 250 255

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

Arg Arg Phe Phe Thr Met Leu Gly Thr Leu Val Arg Gly Arg Val Ser
275 280 285

Val Gly Gly Ala Ala Ser Ala Ala Thr Lys Ser Ala Leu Ala Ile Ala
290 295 300

Val Arg Tyr Gly Asp Ile Arg Arg Gln Phe Ala Asp Ala Asp Gly Asp
305 310 315 320

Arg Glu Val Leu Leu Asn Asp Tyr Leu Ala His Gln Arg Lys Leu Leu
325 330 335

Pro Ala Leu Ala Thr Thr Tyr Ala Leu Thr Phe Ala Gln Ala Glu Leu
340 345 350

Val Ala Ala Leu Asp Asp Ile Gln Gly Gly Asp Gly Pro Val Asp Glu
355 360 365

His Arg Gln Arg Glu Leu Glu Ser Arg Ala Ala Gly Leu Lys Ala Ala
370 375 380

Gln Thr Trp His Ala Thr Arg Thr Ile Gln Ile Cys Arg Glu Ala Cys
385 390 395 400

Gly Gly Ala Gly Tyr Leu Ser Glu Asn Arg Leu Pro Ser Leu Lys Ala
405 410 415

Asp Thr Asp Val Phe Thr Thr Phe Glu Gly Asp Asn Thr Val Leu Leu
420 425 430

Gln Leu Val Ala Lys Gly Leu Leu Thr Gly Tyr Arg Asp Glu Phe Gly
435 440 445

Ser Leu Asp Gly Trp Gly Arg Ala Ser Phe Val Ala Glu Gln Val Arg
450 455 460

Glu Met Val Leu Glu Arg Thr Ala Ala Arg Ala Leu Ile Ala Arg Leu
465 470 475 480

Val Ser Ala Val Pro Gly Arg Asp Asp Glu Val Ala Val Thr Asp Arg
485 490 495

Gly Trp Gln Leu Lys Leu Phe Glu Asp Arg Glu Glu His Leu Leu Asp
500 505 510
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Ser Ala Val Arg Arg Leu Arg Gly Gly Ala Ser Thr Lys Lys Asp Arg
515 520 525

Pro Phe Asp Ile Phe Asn Asp Val Gln Asp His Val Leu Ala Val Ala
530 535 540

Ala Ala His Ile Asp Arg Val Thr Leu Glu Ala Phe Val Ala Gly Ile
545 550 555 560

Asp Ala Ile Ala Asp Pro Ala Val Lys Glu Leu Leu Ser Arg Val Cys
565 570 575

Asp Leu Tyr Ala Leu Thr Val Ile Glu Ala Asn Lys Gly Trp Leu Leu
580 585 590

Glu His Gly Arg Leu Thr Pro Ala Arg Ser Lys Thr Ile Thr Ser Val
595 600 605

Val Asn Gly Leu Leu Lys Glu Leu Arg Pro Asp Met Arg Thr Leu Val
610 615 620

Asp Gly Phe Ala Ile Pro Asp Ala Trp Leu His Ala Ala Ile Leu Arg
625 630 635 640

Glu Glu Pro Val Arg Gln Glu Thr Met Ala Ala His Asp Ala Ala Gly
645 650 655

Asp Pro Gln Ala Val Pro Ala
660

<210> SEQ ID NO 79

<211> LENGTH: 1992

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 79

atgctegate acgcatcegg ccgcategac gtcacacgece tgegggaage getcgacgge 60
cggtgggecg aggtecgeog ggcgcacege gaacaccteg acgaacgett cctceceggtg 120
tacggcgaga ccggtgacca ggcccgegag cgcatcaccee ggetgetgte cgaactcccce 180
gtcgagetgg gcatcegecte cggtttecce gecgagtacyg geggecegegyg cgacgtggge 240
gectegateg tegccaccga gatgetggee caggtggacce tgtcactgat ggtgaaggec 300

ggegtgcagt ggggectgtt cggeggegeyg gtegecgeoe teggcacgaa geggeaccac 360

gacgcctace tgegggacat cgtegeggge cggetcetteg getgettege gatgaccgag 420
accggecacyg gcteggacgt geagcaactg cgcaccacct gegtctacga ccegcagacg 480
cagacctteg acctgecacac cccgcacgag gocgegegea aggactacat cggcaacgceg 540

gecegggacyg ggeggatgge tgtggtgtte geccageteg tcaccggegyg gegecgecac 600

ggggtgcacyg cctggcetggt gecgatcege gacgagcacg gcaagecgat geceggegtyg 660
accatcggeg acgcegggece caaggecgge ctgcteggeg tggacaacgg geggcetcage 720
ttcgaccacyg tgcgggtgee gegggagatg ctgctggace agtacgegca ggtcgecgag 780
gacggcacgt actccagcce gatcgagaac gactcccegge gettettcac catgetggge 840

accctggtee ggggecegggt gagegtggge ggegecgegt cggeggecac caagteggeg 900
ctggccateg cggtgegeta cggegacate cgecggeagt tegecgacge cgacggcegac 960
cgcgaggtge tgctcaacga ctacctggeg caccagegea agetgetgee cgegetggece 1020
accacgtacyg cgctgacctt cgeccaggeg gagetggteg cggegetega cgacatccag 1080

ggeggegacyg ggccggtcega cgagcaccegyg cagcegggage tggagtcccyg ggecgecggt 1140



US 2008/0131943 Al Jun. 5, 2008
113

-continued

ctgaaggcegg cgcagacctg gcacgccacce cgcaccatee agatctgecyg ggaggegtgt 1200
ggeggegeeyg gctacctgte cgagaaccge ctgcccagec tcaaggcecga caccgatgte 1260
ttcaccacct tcgagggcga caacacggtg ctgctgcaac tggtcgccaa ggggctgetg 1320
accggctace gggacgagtt cggctcegcecte gacggctggg gacgcgcecte cttegtggece 1380
gagcaggtac gcgagatggt gctggaacgce accgcegege gggcegcetgat cgcacgtetg 1440
gtecagegeeyg tgcccgggeg cgacgacgag gtegeegtca ccgaccegggg ctggcagetce 1500
aagctetteg aggaccgcga ggagcacctyg ctegacageg cggtecgecyg cctgegeggt 1560
ggcgegteca ccaagaagga ccgeccctte gacatcttca acgacgtceca ggaccacgtce 1620
ctegecgteg ccegeggegca catcgaccgg gtgacgetgyg aggegttegt cgecgggate 1680
gacgccateg ccgacccegge ggtcaaggaa ctgctgtcece gggtetgega cetgtacgeg 1740
ctcaccgtga tcgaggcgaa caagggcetgg ctgctcegage acggecgget cacccecggece 1800
cgctegaaga ccatcaccag cgtggtgaac gggetgctea aggagcetgeyg cccggacatg 1860
cgcacgeteg tggacggett cgccatecceg gacgegtgge tgcacgcegge gatcctgege 1920
gaggagcceeyg tcecggcagga gacgatggcece gegcacgacg ccgecggega ccecgcaggec 1980
gtceceecgect ag 1992
<210> SEQ ID NO 80

<211> LENGTH: 573

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 80

Val Ser Pro Leu Pro Pro Gly Ser Ala Val Thr Ala Arg His Val Leu
1 5 10 15

Arg Gln Ala Leu Arg Arg Gln Arg Arg Pro Val Leu Ile Gly Val Thr
20 25 30

Leu Leu Gly Leu His Gln Val Thr Glu Ala Leu Val Pro Val Ala Ile
35 40 45

Gly Val Ile Ile Asp Arg Ala Val Val Thr Gly Asp Pro Trp Ala Leu
Ala Tyr Ser Val Ala Gly Leu Ala Ala Leu Phe Thr Val Leu Ala Phe
65 70 75 80

Ala Tyr Arg Asn Gly Ala Arg Gln Ala Phe Ala Ala Val Glu Arg Glu
85 90 95

Ala His Leu Leu Arg Val Glu Leu Ala Glu Arg Ala Leu Asp Pro Arg
100 105 110

Gly His Arg Ser Gly Leu Arg Asp Gly Glu Leu Leu Ser Val Ala Ala
115 120 125

Ser Asp Ala Glu Leu Ser Ala Tyr Val Val Arg Val Ala Gly Phe Gly
130 135 140

Val Ala Ala Val Ser Ala Leu Thr Val Ala Ala Val Ala Leu Leu Val
145 150 155 160

Ile Asp Val Pro Leu Gly Leu Gly Val Leu Ile Gly Val Pro Val Leu
165 170 175

Val Leu Ala Leu Gln Arg Met Ala Pro Leu Leu Ser Arg Arg Ser Ala
180 185 190

Ser Gln Gln Glu Ala Leu Ala Glu Thr Thr Ala Leu Ala Val Asp Leu
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195 200 205

Val Ser Gly Leu Arg Val Leu Arg Gly Ile Gly Ala Gln His His Ala
210 215 220

Ala Gly Arg Tyr Ala Glu Ala Ser Arg Arg Ala Leu Ala Val Thr Leu
225 230 235 240

Arg Ala Ala Asn Thr Lys Gly Leu His Leu Gly Leu Thr Thr Ala Ala
245 250 255

Asn Gly Leu Phe Leu Ala Ala Val Ala Gly Val Ala Gly Trp Leu Ala
260 265 270

Leu Arg Gly Arg Leu Thr Ile Gly Glu Leu Val Thr Val Val Gly Leu
275 280 285

Ala Gln Phe Val Ala Glu Pro Val Gln Thr Leu Gly Tyr Cys Val Gln
290 295 300

Leu Phe Ala Met Ala Arg Ala Ser Ala Ala Arg Val Gly Arg Val Leu
305 310 315 320

Gly Ala Glu Pro Leu Thr Arg Pro Gly Ser Ala Pro Arg Pro Asp Arg
325 330 335

Thr Asp Gly Pro Arg Leu Val Leu Asp His Val Gly His Ala Ala Leu
340 345 350

Asp Gly Val Cys Leu Arg Val Asp Pro Gly Glu Ile Val Gly Val Leu
355 360 365

Ala Tyr Asp Pro Ala Asp Ala Asp Ala Leu Val Ala Leu Leu Ser Gly
370 375 380

Arg Val Pro Ala Asp Arg Arg Arg Gly Thr Val Arg Val Asp Gly Val
385 390 395 400

Pro Ala Asp Asp Leu Asp Val Asp Ala Leu Arg Gly Ala Val Leu Val
405 410 415

Glu Pro His Asp Val Thr Leu Phe Glu Gly Thr Val Ala Ala Asn Leu
420 425 430

Ala Ala Gly Ser Arg Thr Glu Glu Gly Arg Leu Arg Ala Ala Val Arg
435 440 445

Ala Ala Ala Ala Asp Asp Val Val Asp Ala His Pro Gly Gly Leu Gly
450 455 460

His Arg Leu Val Glu Arg Gly Ala Asn Leu Ser Gly Gly Gln Arg Gln
465 470 475 480

Arg Leu Gly Leu Ala Arg Ala Leu His Ala Asp Pro Pro Val Leu Val
485 490 495

Leu His Asp Pro Thr Thr Ala Val Asp Ala Ala Thr Glu Ala Gln Leu
500 505 510

Ala Asp Gly Leu Ala Gly Ala Arg Arg Glu Ala Pro Arg Gly Thr Leu
515 520 525

Leu Val Thr Ser Ser Pro Ala Leu Leu Arg Ile Thr Asp Arg Val Val
530 535 540

Val Ile Ala Asp Gly Arg Val Thr Ala Glu Gly Thr His Glu His Leu
545 550 555 560

Leu Ala Thr Asp Ala Arg Tyr Arg Glu Glu Thr Leu Arg
565 570

<210> SEQ ID NO 81

<211> LENGTH: 1722

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11
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<400> SEQUENCE: 81
gtgtccecege ttcecccecegg cagegecegte accgcccgge acgtgcteeg ccaggegetg 60
cgecegecage gccgeccggt gcectgatcegge gtgaccctge tcegggctgca ccaggtcacce 120

gaggcgceteg tgceggtgge gateggegte atcatcgace gggeegtggt gaccggegac 180

cegtgggege tegegtacte cgtegecgge ctegecgece tgttcacegt getggegtte 240
gectaccgea acggegeceg ccaggegtte geggeggtgg aacgggagge geacctgetg 300
cgggtegage tggccgageg cgegetegac ccgegeggge accgetceegg cctgegegac 360
ggcgagetge tcteggtege cgectecgac gecgaactcet cegegtacgt ggteegggtyg 420

geeggetteg gegtegecge ggtgagegeyg ctgaccgteg cggeggtege getgetggte 480

atcgacgtce cgcteggact cggegtgete ateggegtac cggtgetggt cctggegetg 540
caacggatgg cgccgetget gtececggege agegecteece agcaggagge cctcegeggag 600
accacggege tcgeegtgga cctegtetee ggectgegeg tgetgegegyg catceggegece 660
cagcaccacg ccgeeggeag gtacgecgag gecagecgac gegecctege cgtgacgetg 720
cgecgeagaca acaccaaggg cctgcaccte gggctcacca cegecgegaa cggectette 780
ctegeegeceg tegeeggggt cgeeggetgg ctegegetge geggeegget caccatcegge 840

gagctggtca cegtggtcegg getegegcag ttegtegeeg ageceggtgca gacgetggge 900
tactgegtge agetgttege gatggecege gectecgeeg cecgggtegyg gegegtgete 960
ggcgecgage cgcetgacceg gecgggcage gegeccegge cggaccgcac ggacgggecyg 1020
cggetegtee tegaccacgt cggecacgee gegetggacg gggtgtgect gegegtcegac 1080
cegggagaga tegteggegt cctggegtac gacceggeeg acgeggacge getggtggeg 1140
ctgetgtecg ggegggtgece cgeggacegg cgecggggea cggtacgegt cgacggggta 1200
ccegecgacyg acctggacgt cgacgegetyg cgeggegeeg tectggtega gecgcacgac 1260
gtgacgctgt tcgagggaac cgtggecgece aacctegeeg cegggagcag gaccgaggag 1320
gggcegectge gegeegeggt cegggeggee geggceggacg acgtggtgga cgegeaccec 1380
ggeggecteg gecaccgget cgtegagegyg ggcegccaacce tceteeggegyg geagegecag 1440
cggeteggge tggegeggge getgcacgee gaccegecgg tgetggtget gcacgaccece 1500
accaccgeceg tggacgegge caccgaggece caactegeeg acggactgge cggegegege 1560
cgcgaagege cccggggeac getgetggte accagcagec cegecctget geggatcace 1620
gaccgggtgg tggtgatcege cgacggecegyg gtgaccgeeg aggggacgca cgageacctg 1680
ctggccaccg acgcccgcta ccgcgaggag acactgceggt ga 1722
<210> SEQ ID NO 82

<211> LENGTH: 596

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 82

Val Thr Ala Asp Pro Arg Thr Ala Glu Pro Thr Arg Val Leu Leu Pro
1 5 10 15

Thr Ala Thr Ala Arg Arg Thr Trp Thr Thr Leu Gly Ala Glu Phe Arg
20 25 30

Arg Arg Pro Gly Leu Ser Ala Ala Ala Thr Ala Val Leu Val Ala Ala
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35 40 45

Ala Thr Gly Gly Leu Val Ala Pro Trp Val Leu Gly Arg Leu Val Asp
50 55 60

Asp Val Ile Ala Asp Ala Pro Val Ser Arg Ile Ala Gly Arg Val Ala
65 70 75 80

Val Ile Ala Gly Ala Ala Val Leu Thr Gly Leu Leu Thr Ala Ala Gly
85 90 95

Ala Ala Leu Ala Ser Arg Leu Gly Glu Thr Val Leu Ala Arg Leu Arg
100 105 110

Glu Arg Val Leu Asp Arg Ala Leu His Leu Pro Ser Ala Thr Leu Glu
115 120 125

Arg Ala Gly Thr Gly Asp Leu Leu Ala Arg Val Gly Asp Asp Val Ala
130 135 140

Val Val Thr Asn Val Ile Ala Val Ser Gly Pro Ala Phe Val Gly Ala
145 150 155 160

Leu Leu Ser Val Val Leu Thr Val Phe Gly Leu Val Ala Leu Asp Trp
165 170 175

Arg Leu Gly Leu Ala Gly Leu Val Ala Ala Pro Ala Tyr Ala Leu Ala
180 185 190

Leu Arg Trp Tyr Leu Arg Arg Ser Ala Pro Tyr Tyr Ala Arg Glu Arg
195 200 205

Val Ala Thr Gly Glu Arg Thr Gln Ala Met Ala Gly Ala Leu Arg Gly
210 215 220

Ala Ala Thr Val Arg Ala Tyr Arg Thr Glu Asp Ala His Val Ala Ala
225 230 235 240

Ile Ala Glu Arg Ser Gly Val Ala Arg Asp Leu Ser Leu Glu Ile Phe
245 250 255

Asn Leu His Thr Arg Phe Gly Leu Arg Ile Asn Arg Ser Glu Phe Leu
260 265 270

Gly Leu Ala Ala Val Leu Val Ala Gly Phe Phe Leu Val Arg Ala Asp
275 280 285

Leu Val Thr Val Gly Ala Ala Thr Thr Ala Ala Leu Tyr Phe His Arg
290 295 300

Leu Phe Asn Pro Ile Gly Leu Leu Leu Met Glu Ser Asp Ser Val Leu
305 310 315 320

Gln Ala Gly Ala Ser Leu Ala Arg Leu Val Gly Val Ala Thr Leu Pro
325 330 335

Asp Thr Ala Pro Ser Gly Pro Ala Pro Ser Ala Ala Gly Arg Arg Gly
340 345 350

Pro Ala Ala Leu Asp Val Thr Val Arg Arg His Arg Tyr Asp Asp Asp
355 360 365

Gly Pro Leu Val Leu Ala Asp Val Asp Leu Arg Leu Ala Pro Gly Glu
370 375 380

Arg Val Ala Leu Val Gly Ala Ser Gly Ala Gly Lys Ser Thr Leu Ala
385 390 395 400

Gly Ile Ala Ala Gly Ile Ile Ala Pro Thr Asp Gly Ser Val Arg Leu
405 410 415

Gly Gly Val Pro Leu Thr Glu Arg Gly Glu His Ala Val Arg Arg Asp
420 425 430

Val Ala Leu Val Ser Gln Glu Val His Val Phe Ala Gly Pro Leu Ala
435 440 445
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Glu Asp Leu Arg Leu Ala Ala Pro Asp Ala Thr Asp Ala Glu Leu Leu
450 455 460

Asp Ala Leu Asp Arg Val Gly Ala Thr Thr Trp Leu Arg Ala Leu Pro
465 470 475 480

Asp Gly Leu Ala Thr Ala Val Gly Glu Gly Gly His Arg Leu Thr Ala
485 490 495

Ala Gln Ala Gln Gln Val Ala Leu Ala Arg Leu Val Leu Ala Ala Pro
500 505 510

Ala Val Ala Val Leu Asp Glu Ala Thr Ala Glu Ala Gly Ser Ala Gly
515 520 525

Ala Arg Asp Leu Asp Arg Ala Ala Leu Ala Ala Thr Glu Gly Arg Thr
530 535 540

Thr Leu Ile Val Ala His Arg Leu Ser Gln Ala Val Ala Ala Asp Arg
545 550 555 560

Ile Val Leu Leu Asp His Gly Arg Ile Val Glu Gln Gly Thr His Ser
565 570 575

Glu Leu Leu Ala Ala Asp Gly Arg Tyr Gly His Leu Trp Arg Ser Trp
580 585 590

Ser Val Pro Val
595

<210> SEQ ID NO 83

<211> LENGTH: 1791

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 83

gtgaccgetyg acccegegtac cgccgaacce accegggtgt tgetgeccac cgegacegec 60
cggeggacct ggacgacget cggegeggag ttecgeegge ggeccggect cagegecgec 120
gegaccegecg tgctegtege cgcegecace ggegggcetgg tegegecctyg ggtgetegge 180
cgectegteg acgacgtecat cgecgacgee ccggtctece ggatcgeegg cegggtggeg 240
gtgatcgeeg gegeggcagt getcaccgga ctgctcaceg cegecgggge cgegetegeg 300

tcecegectgyg gggagacggt getggecegg ctgegegage gggtcectega cegggegetg 360
cacctgeect cggecgacget ggaacgggece ggcaccggeg acctgetgge cegggtegge 420

gacgacgtgg cggtggtgac gaacgtgatc geggtcageg geccggegtt cgteggegeg 480

ctgetgteeg tggtgetgac cgtgtteggg ctggtegege tegactggeg geteggecte 540
geegggetgyg tegeegegee cgectacgeyg ctggegetge getggtaccet gegeeggteg 600
gegecgtact acgcccgega gegegtegeo accggegage ggacgcaggce gatggecgge 660

gegetgegty gegeggecac cgtgegegeg taccggaceg aggacgegca cgtegeggeg 720

atcgccgage gecteeggegt ggegegegac ctgtegetgg agatcttcaa cctgcacace 780
cggtteggge tgcggatcaa caggteggag ttecteggece tggecgeggt getegtegece 840
gggttettee tggtecegege cgacctggte acagtgggeg cggcgaccac cgecgegeta 900
tacttccace ggctgttcaa cccgategge ctgetgetga tggagtcega cteggtgetg 960

caggceggeyg cgagectege ceggetggte ggegtggeca cgetgecega caccgecceg 1020

tcegggeceg cgecgtaegge ggcogggegyg cgeggeccegg cggegetgga cgtcacggte 1080

cgeeggeace gctacgacga cgacggeect ctggtectgg cegacgtega cctgegectg 1140
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geccegggeyg agegggtege getegtggge gecageggeg cgggcaagag cacgetegec 1200
ggcatcgeeg ccgggatcat cgegeccace gacgggtegg tacgectggyg cggegtgecg 1260
ctgaccgage ggggcgagca cgeccegtgegg cgegacgteg cgetggtecag ccaggaggtg 1320
cacgtetteg ctggaccget cgeccgaggat ctgegectgg ctgececgga cgecaccgac 1380
gecgaactge tcgacgeget ggaccgggte ggegecacca cctggetgeyg cgegetgeeg 1440
gacgggctgg ccacageggt cggegaggge ggccaccgge tcaccgecge geaggeccag 1500
caggtegece tggecegget ggtgetggee gegeccgeeg tegecgtget ggacgaggece 1560
accgecegagyg ccggcagege cggagegegt gacctggace gggeggeget ggecgecace 1620
gagggacgga ccacgctgat cgtggegcac cggctcagee aggeggtege cgecgaccgg 1680
atcgtectge tcgaccacgg geggategtyg gagcagggea cgcactcegga actgetegece 1740
gccgacggece ggtacgggca tctgtggege tectggageg tcececggtatg a 1791
<210> SEQ ID NO 84

<211> LENGTH: 507

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 84

Met Thr Asp Ala Pro Ala Arg Phe Val Leu Phe Pro Gly Arg His His
1 5 10 15

Leu Leu Thr Arg Phe Gln Ala Asp Tyr Leu Arg Arg Leu Ala Gly Asp
20 25 30

Asp Ala Thr Val Val Trp Ala Val Thr Ser Ala Asn His Glu Asn Thr
35 40 45

Arg Arg Asn Pro Val Pro Tyr His Arg Arg Glu Ala Ala Ile Glu Arg
50 55 60

Phe Ser Val Leu Ser Gly Leu Arg Ser Val Val Val Pro Ile Phe Asp
65 70 75 80

Thr Ala Tyr Thr Asp Ala Phe Ala Glu Val Thr Leu Lys Ser Ile Ala
Val Ala Thr Gly Leu Glu Leu Thr Pro Ala Asp Thr Val Leu Ala Cys
100 105 110

Ser Thr Pro Glu Val Ala Lys Leu Tyr Glu Gln Leu Gly Phe Ser Ile
115 120 125

Ala Pro Val Glu Ala Asp Pro Asp Leu Pro Glu Pro Pro Glu Arg Pro
130 135 140

Trp Asp Val Leu Leu Arg Leu Ala Ala Gly Asp Glu Thr Trp Arg Ala
145 150 155 160

Leu Thr His Pro Ala Thr Ile Asp Val Phe Glu Arg Tyr Arg Leu Val
165 170 175

Glu Ser Ile Arg Ser Val Val Asn Asp Pro Leu Val Gly Asp Glu Gly
180 185 190

Gly Leu Thr Val Thr Arg Asp Tyr Arg Thr Tyr Val Glu Ala Phe Ala
195 200 205

Thr Ala Ala Gln Arg Lys Trp Asp Ser Val Arg Arg Tyr Val Gln Pro
210 215 220

Gly Arg Ile Val Asp Ile Gly Cys Gly Ala Gly Ala Val Leu Glu Leu
225 230 235 240
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Ala Asp Arg Glu Ala Ala Leu Arg Glu Ser Asp Leu Ile Gly Val Glu
245 250 255

Val Ala Arg His Leu Tyr Gln Glu Cys Leu His Lys Lys Ala Gln Gly
260 265 270

Val Phe Arg Asn Ala Asn Val Tyr Phe Phe His Arg Asn Val Leu Gly
275 280 285

Gly Ala Val Phe Lys Asp Arg Ser Val Asp Thr Thr Leu Thr Phe Ala
290 295 300

Leu Thr His Glu Ile Trp Ser Tyr Gly Arg Arg Arg Glu Ser Leu Leu
305 310 315 320

Gln Phe Ala Arg Arg Ile His Asp His Thr Val Pro Gly Gly Val Trp
325 330 335

Ile Asn Ser Asp Val Cys Gly Pro Asp Asp Pro Arg Arg Gln Val Leu
340 345 350

Leu Arg Leu Ser Thr Asp Asp Gly Asp Asn Pro Ala Ala Pro Arg Pro
355 360 365

Asp Leu Ala Glu Leu Thr Ser Ala Glu Val Arg Arg Tyr Val Gly Gly
370 375 380

Leu Ser Thr Arg Ala Arg Leu Asp Gln Phe Ala Val Asp Phe Ala Phe
385 390 395 400

Asp Phe Asp Tyr Glu Pro Leu Pro Asp Gly Ala Val Arg Leu Thr Leu
405 410 415

Gly Ala Ala Met Asp Tyr Leu Thr Arg Lys Asp Tyr Thr Asp Asn Trp
420 425 430

Leu Ser Glu Thr Gln Glu Gln Phe Cys Gly Leu Ser Phe Ala Asp Trp
435 440 445

Thr Asp Leu Leu Thr Glu Ala Gly Phe Glu Ile Gly Pro Ala Ser Ala
450 455 460

Pro Val Arg Asn Glu Trp Val Ile Asp Asn Arg Ile Ala Pro Val Ala
465 470 475 480

Ser Leu Thr Asp Leu Asp Gly Arg Pro Leu Asp Trp Pro Thr Thr His
485 490 495

Val Leu Thr Val Ala His Arg Pro Arg Asn Gln
500 505

<210> SEQ ID NO 85

<211> LENGTH: 1524

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 85

atgaccgacyg cgccggeceg cttegtgete ttecegggge ggcaccacct getgaccegg 60

ttccaggeeg actacctgeg geggetggee ggggacgacg ccacagtggt ctgggeggtg 120

acgtcggeca accacgagaa caccaggege aacceggtge cctaccacceg gegggaggece 180
gegatcgaac gattcagegt getgageggyg ctgegetegg tggtggtgec gatcttegac 240
accgegtaca ccgacgegtt cgecgaggtyg acgctgaagt ccatcgeggt ggccacceggg 300
ctcgaactca ccccegecga caccgtgetyg gectgeteca cgeeggaggt cgegaagetg 360
tacgagcage tcggetttte gatcegegeeg gtegaggegg acceggacct geccgagecg 420

ccecgaacgge cgtgggacgt getgetgege ctggecgeeg gggacgagac ctggegegeg 480

ctcacccace cggcecaccat cgacgtgtte gagegctace gectggtega gtcegatcegg 540
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tceggtggtga acgacccgcet cgtceggcegac gagggeggtce tcacagtgac ccgcgactac 600
cggacctacg tcgaggcegtt cgccacggec gcegcagegca agtgggactc ggtacgccgg 660
tacgtgcagc ccggccgcat cgtggacatc ggetgeggeg cgggcgecgt cctggaactce 720

gecgaceggyg aggccegeget gegtgagage gacctgateg gegtggaggt cgeccegecac 780

ctctaccagg agtgectgea caagaaggeg cagggegtgt tecgcaacge caacgtctac 840
ttcttecace gcaacgtect cggeggegeg gtgttcaagg accgeteggt cgacaccacg 900
ctcacgtteg cgctgaccca cgagatctgg tegtacggge ggeggeggga gtegetgetg 960

cagttecgece gccgeatcca cgaccacacg gtgcceggeg gegtetggat caacagcgac 1020
gtgtgceggte cggacgacce ccggeggcag gtgctectge gactgtecac cgacgacgge 1080
gacaaccegyg cegegecceg ccoccgaccte gecgagetga ccteggegga ggteceggegt 1140
tacgtcggeg ggctgtcgac gegggcegcegg ctggaccagt tcgccgtcga cttegegtte 1200
gacttcgact acgagccgcet cccecgacgge geggtacgece tgacgetggg cgecgcgatg 1260
gactacctga cccgcaagga ctacacggac aactggetgt cggagacgca ggagcagttce 1320
tgcggectga gettegcecega ctggacggac ctgctcaccg aggcggggtt cgagatcggce 1380
ceggegtegyg cgceggtgeg caacgagtgg gtgatcgaca accggatcege gccagtegeg 1440
tcectecaceg acctegacgg ccggcecgetg gactggecga ccacccacgt cctcaccgte 1500
gcccaccgece cccgcaacca gtga 1524
<210> SEQ ID NO 86

<211> LENGTH: 232

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 86

Val Ser Asp Ile Gln Ile Ile Ser Phe Val Ala Ala Ser Leu Leu Ile
1 5 10 15

Ile Ile Val Pro Gly Val Asp Phe Ala Leu Val Thr Arg Gln Thr Val
20 25 30

Arg Tyr Gly Arg Arg Ala Gly Phe Val Val Leu Ala Gly Leu Phe Val
35 40 45

Ala Ala Leu Val His Ala Ser Phe Ala Thr Ala Gly Leu Ser Ala Leu
50 55 60

Leu Val Ser Ser Pro Thr Leu Tyr Thr Val Leu Arg Val Ala Gly Ala
65 70 75 80

Leu Tyr Leu Leu Tyr Leu Gly Gly Thr Ile Leu Trp Ala Thr Arg Pro
85 90 95

Arg Arg Thr Val Pro Ala Ala Gln Pro Val Thr Val Gly Ala Gly Gly
100 105 110

Ala Gly Pro Asp Thr Asp Thr Gly Pro Ala Pro Val Pro Asp Thr Pro
115 120 125

Ala Ala Asp Glu Pro His Val Ala Arg Arg Ser Phe Val Met Gly Val
130 135 140

Thr Ser Gln Leu Leu Asn Val Lys Val Val Val Phe Tyr Val Ser Phe
145 150 155 160

Val Pro Gln Phe Val Lys Pro Gly Glu Gly Ala Ala Ala Arg Thr Ala
165 170 175
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Val Leu Ala Ala Thr Phe Ile Gly Leu Ala Val Leu Trp Trp Ala Cys
180 185 190

Tyr Ile Met Leu Ile Asp Arg Leu Gln Pro Trp Leu Thr Arg Pro Ser
195 200 205

Val Leu Leu Val Ile Glu Arg Leu Thr Gly Leu Ile Leu Ile Val Leu
210 215 220

Ala Ile Arg Ile Ala Leu Ser Arg
225 230

<210> SEQ ID NO 87

<211> LENGTH: 699

<212> TYPE: DNA

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 87

gtgtctgaca tccagatcat cagtttegte geccegecagece tgctcatcat categtgeceg
ggegtegact tegegetegt cacccggcag accgtcaggt acggecggeyg ggecgggtte
gtggtgctgg ccgggetgtt cgtegecgeyg ctggtgcacyg cgtegttege gaccgecgge
ctgtcegece tgectggtete ctegecgacyg ctetacacgg tgetgegegt cgecggegeg
ctgtacctge tctacctggg cggcacgate ctetgggega cecggecgeg ccggacggte
ceggeggege agcecggteac tgteggegeg ggeggegeeg ggceggacac ggacaccegge
cecegegeagyg tgccggacac cecggocgee gacgagecge acgtggeccg ccegetegtte
gtcatgggceg tcaccagcca getgctgaac gtcaaggtgg tegtetteta cgtetegtte
gtgccgcagt tcegtcaagece cggegagggyg geggceggeoe gtacggeggt getegecgec
acgttcatcg gectegeggt getetggtgg gectgetaca tcatgetcat cgacaggttg
cagcectgge tgacceggece gteegtgetyg ctggtgateg aacggetgac cgggetcate
ctgategtee tggcgateeg gatcgegetg ageeggtga

<210> SEQ ID NO 88

<211> LENGTH: 132

<212> TYPE: PRT

<213> ORGANISM: Micromonospora sp. strain 046-ECO11

<400> SEQUENCE: 88

Val Gly Val Ser Ala Met Thr Thr Phe Asp Tyr Asp Gly Arg Val Phe
1 5 10 15

Val Ser Val Asp His Asp Ala Gly Asp Gly Ala Glu Pro Leu Arg Gly
20 25 30

His Tyr His Gln Arg Gly Asp Leu Val Trp Ala Glu Ile Thr Gly Gly
Pro Val Arg His Gly Arg Leu Ala Gly Thr Cys Asp Ala Gln Gly Val
50 55 60

Val Arg Phe Ala Tyr Leu Glu Val Leu Thr Asp Gly Thr Ile Val Ile
65 70 75 80

Gly Glu Cys Glu Ser Arg Pro Glu Arg Leu Pro Asp Gly Arg Ile Arg
85 90 95

Leu Arg Glu Gln Trp Arg Arg His Gly Pro Arg Gln Asp Ser Gly Val
100 105 110

Ser Val Ile Glu Glu Ala Val Pro Ala Leu Ala Gly Gly Gln Glu Ser
115 120 125

60

120

180

240

300

360

420

480

540

600

660

699
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Arg Arg Arg Val

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

<400>

130

SEQ ID NO 89
LENGTH: 399
TYPE: DNA
ORGANISM: Micromonospora sp.

SEQUENCE: 89

gtgggegtga gegegatgac

cacgacgecg

gtetgggegy

dcgcagggceyg

ggcgagtgeg

tggCgCngC

gtgacggcge
agatcaccgg
tcegtgegett
agtcceggec

acggaccacg

gegetegeeyg gaggacagga

<210> SEQ ID NO 90
<211> LENGTH: 296
<212> TYPE:

<213> ORGANISM:

PRT

<400> SEQUENCE: 90

gacattcgac
cgagcegety
cggeceggte
cgectacetyg
cgaacggetyg
ccaggacage

gagccggegt

Met Pro Gly Thr Ser Glu Ala Val

1

Ser

Leu

Ala

Arg

65

Ser

Ser

Gly

Asp

Ser

145

Arg

Tyr

Ser

Lys

Ser

Ala

Leu

Phe

50

Phe

Arg

Glu

Val

Leu

130

Leu

Val

Phe

Thr

Leu

210

Ser

Arg

Ser

35

Arg

Thr

Gly

Val

Val

115

Gln

Ala

Gly

Asn

Leu

195

Gly

Arg

Leu Leu Asn Val Ala

20

Ala Tyr Gly Asp Ala

40

Val Ala Thr Ala Met

55

Thr His Pro Asp Asp

70

Leu Thr Pro Glu Thr

85

Gln Gly Arg Cys Pro

100

Gly Gly Phe Lys Lys

120

Glu Thr Ser Lys Leu

135

Gly Asn Val Glu Phe
150

Val Phe Gly Ile Asp

165

Asp Val Pro Ala Glu

180

Arg Glu Ile Gly Met

200

Glu Lys Ala Phe Gly

215

Ile Glu Arg Ile Cys

tacgacggec
cgggggcact
cggcacggec
gaggtgctca
ceggacggec
ggcegtetecy

cgtgtetga

Glu Leu Cys
10

Cys Ser Arg
25

Phe Ala His

Arg His Val

Arg Asp Pro

75

Asp His Pro

Val Glu Ser
105

Ile Tyr Ala

Ala Glu Ile

Phe Ala Arg
155

Tyr Pro Ser
170

Ser Phe His
185
Ala Glu Pro

Leu Tyr Val

Tyr Ala Ala

strain 046-ECO11

gegtettegt

accaccagcg

ggctggeegg

ccgacggeac

ggatcegget

tcatcgagga

Ser

Asp

Pro

Gly

60

Tyr

Val

His

Phe

Pro

140

His

Arg

Ser

Ser

Thr

220

Ala

Thr

Arg

Gly

45

Glu

Ala

Gly

Gly

Phe

125

Ala

Gly

Thr

Glu

Glu

205

Leu

Thr

Micromonospora echinospora challisensis

Ile

Val

Ala

Leu

Arg

Thr

Ile

110

Thr

Met

Leu

Val

Thr

190

Arg

Gly

Thr

ctcggtggac
tggcgaccty
cacctgcgac
catagtcatc
gegggaacag

ggcagtgccg

Glu Glu
15

Trp Ser

Val Val

Agsp Cys

Ala Leu

80

Leu Leu

95

Asp Phe

Pro Asp

Pro Arg

Asp Asp
160

Asn Val

175

Ile Arg

Met Leu

Trp Asp

Asp Leu

60

120

180

240

300

360

399
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225 230 235 240

Thr Thr Leu Pro Val Pro Val Glu Pro Glu Ile Glu Lys Phe Val Arg
245 250 255

Ser Val Pro Tyr Gly Gly Glu Asp Arg Lys Phe Val Tyr Gly Val Ala
260 265 270

Leu Thr Pro His Gly Glu Tyr Tyr Lys Leu Glu Ser His Tyr Arg Trp
275 280 285

Lys Pro Gly Ala Met Asp Phe Ile
290 295

<210> SEQ ID NO 91

<211> LENGTH: 891

<212> TYPE: PRT

<213> ORGANISM: Micromonospora echinospora challisensis

<400> SEQUENCE: 91

Ala Thr Gly Cys Cys Cys Gly Gly Ala Ala Cys Gly Thr Cys Cys Gly
1 5 10 15

Ala Gly Gly Cys Gly Gly Thr Gly Gly Ala Ala Cys Thr Cys Thr Gly
20 25 30

Thr Thr Cys Cys Ala Cys Cys Ala Thr Cys Gly Ala Gly Gly Ala Ala
35 40 45

Thr Cys Gly Gly Cys Cys Cys Gly Gly Cys Thr Gly Cys Thr Gly Ala
50 55 60

Ala Cys Gly Thr Gly Gly Cys Cys Thr Gly Cys Thr Cys Gly Cys Gly
65 70 75 80

Thr Gly Ala Cys Ala Gly Gly Gly Thr Cys Thr Gly Gly Thr Cys Cys
85 90 95

Cys Thr Gly Cys Thr Cys Thr Cys Cys Gly Cys Gly Thr Ala Cys Gly
100 105 110

Gly Thr Gly Ala Cys Gly Cys Gly Thr Thr Cys Gly Cys Gly Cys Ala
115 120 125

Cys Cys Cys Cys Gly Gly Thr Gly Cys Cys Gly Thr Gly Gly Thr Cys
130 135 140

Gly Cys Cys Thr Thr Cys Cys Gly Gly Gly Thr Gly Gly Cys Gly Ala
145 150 155 160

Cys Cys Gly Cys Gly Ala Thr Gly Cys Gly Cys Cys Ala Cys Gly Thr
165 170 175

Gly Gly Gly Ala Gly Ala Gly Cys Thr Cys Gly Ala Cys Thr Gly Thr
180 185 190

Cys Gly Gly Thr Thr Cys Ala Cys Gly Ala Cys Gly Cys Ala Cys Cys
195 200 205

Cys Gly Gly Ala Cys Gly Ala Cys Cys Gly Cys Gly Ala Cys Cys Cys
210 215 220

Cys Thr Ala Cys Gly Cys Cys Cys Gly Thr Gly Cys Gly Cys Thr Gly
225 230 235 240

Thr Cys Gly Cys Gly Cys Gly Gly Cys Cys Thr Cys Ala Cys Cys Cys
245 250 255

Cys Gly Gly Ala Gly Ala Cys Gly Gly Ala Cys Cys Ala Cys Cys Cys
260 265 270

Gly Gly Thr Cys Gly Gly Cys Ala Cys Cys Cys Thr Gly Cys Thr Cys
275 280 285
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Thr Cys Cys Gly Ala Gly Gly Thr Cys Cys Ala Gly Gly Gly Ala Cys
290 295 300

Gly Thr Thr Gly Thr Cys Cys Gly Gly Thr Gly Gly Ala Gly Ala Gly
305 310 315 320

Cys Cys Ala Cys Gly Gly Cys Ala Thr Cys Gly Ala Cys Thr Thr Cys
325 330 335

Gly Gly Gly Gly Thr Cys Gly Thr Cys Gly Gly Cys Gly Gly Cys Thr
340 345 350

Thr Cys Ala Ala Gly Ala Ala Gly Ala Thr Cys Thr Ala Cys Gly Cys
355 360 365

Gly Thr Thr Cys Thr Thr Cys Ala Cys Cys Cys Cys Gly Gly Ala Cys
370 375 380

Gly Ala Cys Cys Thr Gly Cys Ala Gly Gly Ala Gly Ala Cys Gly Thr
385 390 395 400

Cys Gly Ala Ala Gly Cys Thr Cys Gly Cys Cys Gly Ala Gly Ala Thr
405 410 415

Cys Cys Cys Cys Gly Cys Cys Ala Thr Gly Cys Cys Gly Cys Gly Cys
420 425 430

Ala Gly Cys Cys Thr Gly Gly Cys Cys Gly Gly Gly Ala Ala Cys Gly
435 440 445

Thr Cys Gly Ala Gly Thr Thr Cys Thr Thr Cys Gly Cys Cys Cys Gly
450 455 460

Thr Cys Ala Cys Gly Gly Ala Cys Thr Gly Gly Ala Cys Gly Ala Cys
465 470 475 480

Cys Gly Gly Gly Thr Cys Gly Gly Gly Gly Thr Gly Thr Thr Cys Gly
485 490 495

Gly Gly Ala Thr Cys Gly Ala Cys Thr Ala Cys Cys Cys Gly Ala Gly
500 505 510

Cys Cys Gly Gly Ala Cys Gly Gly Thr Gly Ala Ala Cys Gly Thr Gly
515 520 525

Thr Ala Cys Thr Thr Cys Ala Ala Cys Gly Ala Cys Gly Thr Ala Cys
530 535 540

Cys Cys Gly Cys Cys Gly Ala Gly Ala Gly Cys Thr Thr Cys Cys Ala
545 550 555 560

Cys Thr Cys Gly Gly Ala Gly Ala Cys Gly Ala Thr Cys Cys Gly Gly
565 570 575

Thr Cys Gly Ala Cys Gly Cys Thr Cys Cys Gly Gly Gly Ala Gly Ala
580 585 590

Thr Cys Gly Gly Cys Ala Thr Gly Gly Cys Cys Gly Ala Ala Cys Cys
595 600 605

Cys Ala Gly Thr Gly Ala Gly Cys Gly Gly Ala Thr Gly Cys Thr Cys
610 615 620

Ala Ala Gly Cys Thr Cys Gly Gly Cys Gly Ala Gly Ala Ala Gly Gly
625 630 635 640

Cys Gly Thr Thr Cys Gly Gly Ala Cys Thr Gly Thr Ala Thr Gly Thr
645 650 655

Cys Ala Cys Cys Cys Thr Cys Gly Gly Cys Thr Gly Gly Gly Ala Thr
660 665 670

Thr Cys Gly Thr Cys Gly Ala Gly Gly Ala Thr Cys Gly Ala Gly Cys
675 680 685

Gly Gly Ala Thr Cys Thr Gly Cys Thr Ala Cys Gly Cys Cys Gly Cys
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690 695 700

Cys Gly Cys Gly Ala Cys Cys Ala Cys Cys Gly Ala Cys Cys Thr Gly
705 710 715 720

Ala Cys Gly Ala Cys Cys Cys Thr Gly Cys Cys Cys Gly Thr Thr Cys
725 730 735

Cys Cys Gly Thr Cys Gly Ala Ala Cys Cys Gly Gly Ala Gly Ala Thr
740 745 750

Cys Gly Ala Gly Ala Ala Gly Thr Thr Cys Gly Thr Ala Cys Gly Gly
755 760 765

Ala Gly Cys Gly Thr Thr Cys Cys Gly Thr Ala Cys Gly Gly Thr Gly
770 775 780

Gly Gly Gly Ala Ala Gly Ala Cys Cys Gly Thr Ala Ala Gly Thr Thr
785 790 795 800

Cys Gly Thr Cys Thr Ala Cys Gly Gly Cys Gly Thr Cys Gly Cys Gly
805 810 815

Thr Thr Gly Ala Cys Cys Cys Cys Gly Cys Ala Cys Gly Gly Cys Gly
820 825 830

Ala Gly Thr Ala Cys Thr Ala Cys Ala Ala Gly Cys Thr Cys Gly Ala
835 840 845

Gly Thr Cys Gly Cys Ala Cys Thr Ala Cys Cys Gly Gly Thr Gly Gly
850 855 860

Ala Ala Gly Cys Cys Cys Gly Gly Gly Gly Cys Gly Ala Thr Gly Gly
865 870 875 880

Ala Cys Thr Thr Cys Ala Thr Cys Thr Gly Ala
885 890

<210> SEQ ID NO 92

<211> LENGTH: 438

<212> TYPE: PRT

<213> ORGANISM: Micromonospora echinospora challisensis

<400> SEQUENCE: 92

Val Asn Asp Pro Arg Pro Ser Leu Pro Gln Leu Gly Gln Trp His Gly
1 5 10 15

Pro Glu Asp Leu Gln Arg Leu Gln Glu Lys Gln Leu Ser Gln Thr Val
20 25 30

Thr Trp Ala Thr Arg Ser Pro Phe Tyr Arg Asp Arg Leu Asp Pro Gly
35 40 45

Ala Leu Pro Ala Thr Ala Ala Asp Leu Ala Asp Leu Pro Leu Thr Thr
50 55 60

Lys Gln Asp Leu Arg Asp Asn Tyr Pro Phe Gly Met Leu Ala Val Pro
65 70 75 80

Lys Glu Arg Leu Ala Thr Tyr His Glu Ser Ser Gly Thr Ala Gly Arg
85 90 95

Pro Thr Pro Ser Tyr Tyr Thr Ala Glu Asp Trp Thr Asp Leu Ala Glu
100 105 110

Arg Phe Ala Arg Lys Trp Ile Gly Met Ser Ala Glu Asp Val Phe Leu
115 120 125

Val Arg Thr Pro Tyr Ala Leu Leu Leu Thr Gly His Leu Ala His Ala
130 135 140

Ala Gly Arg Leu Arg Gly Ala Thr Val Val Pro Gly Asp Asn Arg Ser
145 150 155 160
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Leu Ala Met Pro Tyr Ala Arg Val Val Arg Val Met His Asp Leu Gly
165 170 175

Val Thr Leu Thr Trp Ser Val Pro Thr Glu Cys Leu Ile Trp Ala Ala
180 185 190

Ala Ala Thr Ala Ala Gly His Arg Pro Asp Val Asp Phe Pro Ala Leu
195 200 205

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

Arg Ile Ser Arg Leu Trp Gly Val Pro Val Ile Glu Glu Tyr Gly Ser
225 230 235 240

Thr Glu Thr Gly Ser Leu Ala Gly Glu Cys Pro Asn Gly Arg Met His
245 250 255

Leu Trp Ala Asp Arg Ala Leu Phe Glu Val Tyr Asp Pro Arg Thr Gly
260 265 270

Thr Val Ser Ala Asp Gly Asp Gly Gln Leu Val Val Thr Pro Leu Phe
275 280 285

Arg Glu Ala Met Pro Leu Leu Arg Tyr Asn Leu Glu Asp Asp Val Thr
290 295 300

Val Ser Tyr Asp Asp Cys Ala Cys Gly Trp Asn Leu Pro Thr Val Arg
305 310 315 320

Val Leu Gly Arg Ala Ala Phe Gly Tyr Arg Val Gly Ala Ala Thr Ile
325 330 335

Thr Gln His Arg Leu Glu Glu Val Val Phe Ser Leu Pro Glu Ser His
340 345 350

Gly Val Val Phe Trp Arg Ala Lys Ala Glu Pro Thr Val Leu Arg Ile
355 360 365

Glu Ile Glu Val Ala Glu Glu His Arg Thr Ala Ala Gln Ala Glu Leu
370 375 380

Thr Ala Ser Val Arg Ala Thr Phe Gly Ile Asp Ser Glu Val Thr Gly
385 390 395 400

Leu Thr Pro Gly Thr Leu Val Pro Arg Glu Ala Leu Thr Ser Met Pro
405 410 415

Asp Val Val Lys Pro Arg Ser Leu Phe Gly Pro Asp Glu Asp Trp Gly
420 425 430

Lys Ala Leu Leu Tyr Tyr
435

<210> SEQ ID NO 93

<211> LENGTH: 1317

<212> TYPE: DNA

<213> ORGANISM: Miicromonospora echinospora challisensis

<400> SEQUENCE: 93

gtgaacgacc cacgtccgag cctgectcaa cteggecagt ggcacgggeco ggaggacctt 60
cagcgectte aggagaagca getgtegeag acggtcaccet gggegaceceg ctegecgtte 120
taccgegace ggctggaccee gggggecctyg ccegegaceg cegecgacct cgecgacctg 180
cegetgacca cgaagcagga cctgegggac aactaccect teggecatget cgecgteceg 240
aaggagcgge tggccaccta ccacgagteg agegggacgg caggeeggece cacgecctece 300
tactacacgg cggaggactg gaccgacctyg gecgageget tegecegcaa gtggatceggg 360

atgtcegeeg aggacgtett cctggtgegt acgeegtacg cgetgetget gaccgggeac 420
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ctecgegecacg cegceeggecg gcectgcgeggg gccaccgtgg tgcccggcga caaccggteg 480
ctggeccatge cgtacgcceg ggtggtcecgg gtcatgcacg acctgggtgt cacgetgacce 540

tggtcggtge cgaccgagtg ccteatetgg geegecgegg cgaccgegge cgggcaccegg 600
cccgacgteg actteccege getgegegeg ttgttegteg geggegagee getcaccgac 660
gecegeegte gecggatcag ceggetgtgyg ggggtgcecegg tgatcgagga gtacggetec 720
acggagaccyg gcagectege cggggagtge ccgaacggec ggatgcacct ctgggecgac 780
cgggegetgt tcegaggtgta cgaccegegg accggcaceg tcagegegga cggggacgge 840
cagctegtgg tcaccceget gttecgegag gegatgecge tgctgegeta caacctcegag 900
gacgacgtga cggtctecta cgacgactge gegtgegget ggaacctgec gaccgtecgg 960
gtgcteggee gggceggegtt cggttaccegyg gtgggegeeg cgacgatcac ccagcaccgg 1020
ctggaggagg tcgtcttete cctgceccggaa tceccacgggg tggtgttcectg gegggcgaag 1080
geggaaccga cggtgttgeg catcgagate gaggtggeeg aggagcaccyg gaccgecged 1140
caggcggage tgacggegte ggtgegggee acgtteggga tegacagega ggtcacceggg 1200
ttgaccecgg ggactctggt cccgegtgag gcgctgacca gcatgecgga cgtggtcaag 1260
ccgcgeagece tgttegggec cgacgaggac tggggcaaag cgctcectcta ctactga 1317
<210> SEQ ID NO 94

<211> LENGTH: 169

<212> TYPE: PRT

<213> ORGANISM: Streptomyces carzinostaticus neocarzinostaticus

<400> SEQUENCE: 94

Met Phe Ala Thr Ala Gly Ala Ala Glu Leu His Ala Val Val Glu Asp
1 5 10 15

Ser Ala Arg Leu Leu Gly Val Thr Cys Ser Pro Asp Thr Val Ala Pro
20 25 30

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

Ala Phe Arg Val Ala Thr Gly Lys Arg His Ile Gly Glu Leu Asp Cys
50 55 60

Arg Phe Thr Thr His Pro Thr His Arg Asp Pro Tyr Ala Leu Ala Leu
65 70 75 80

Ser Asn Gly Leu Thr Pro Lys Thr Gly His Pro Val Gly Ser Leu Leu
85 90 95

Ser Ala Leu Gln Glu Arg Leu Pro Ile Asp Ser Tyr Gly Ile Asp Phe
100 105 110

Gly Val Val Gly Gly Phe Lys Lys Ile Tyr Ser Phe Phe Thr Pro Asp
115 120 125

Ala Leu Gln Glu Val Ala Ala Leu Ala Gly Ile Pro Ser Met Pro Arg
130 135 140

Ser Leu Ala Gly Arg Asp Phe Phe Glu Arg Tyr Gly Cys Thr Thr Gly
145 150 155 160

Arg Val Ile Gly Ile Asp Tyr Pro His
165

<210> SEQ ID NO 95

<211> LENGTH: 507

<212> TYPE: DNA

<213> ORGANISM: Streptomyces carzinostaticus neocarzinostaticus
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<400> SEQUENCE: 95

atgttcgcaa ctgcegggge ggcagaactt cacgeggteg tagaggactce ggcteggetg 60
ctgggegtcea cctgetegee cgacacggtg gegeccatee tgtecacgta cggcgacace 120
ttecgagcacyg acgccaccgt ggtcgectte cgggtggega ceggcaageyg ccacatcgge 180
gaactcgact gccgettcac gacccatcce acgcaccgeg acccctacge cctegecctg 240
tcgaacggge tcacgccgaa gaccggecat ceegtegget cectgetete cgcectgcag 300
gaacggctyge ccatcgacag ttacgggatc gactteggag tegtgggegg cttcaagaag 360
atctactcgt tcttcaccce ggacgcectg caagaggtgg cggegetege cggcattccg 420
tccatgeege gcagectgge cggacgggac ttettegage ggtacggetyg cacgaccggt 480
cgggtgatcg gcatcgacta cccgcac 507

<210> SEQ ID NO 96

<211> LENGTH: 438

<212> TYPE: PRT

<213> ORGANISM: Streptomyces carzinostaticus neocarzinostaticus

<400> SEQUENCE: 96

Val Asn Pro Thr Arg Ser Ser Leu Pro Arg Leu Gly Gln Trp Asn Gly
1 5 10 15

Pro Glu Asp Leu Arg Leu Leu Gln Glu Lys Gln Leu Gln Gln Thr Val
20 25 30

Gly Trp Ala Ser Arg Ser Pro Phe Tyr Arg Gly Arg Leu Asp Thr Ala
Ala Leu Pro Thr Thr Ile Asp Asp Leu Ala Ser Leu Pro Leu Thr Thr
50 55 60

Lys Gln Asp Leu Arg Asp Asn Tyr Pro Phe Gly Met Leu Ala Val Pro
65 70 75 80

Lys Glu Arg Leu Ala Thr Tyr His Glu Ser Ser Gly Thr Ala Gly Arg
85 90 95

Pro Thr Pro Ser Tyr Tyr Thr Ala Asp Asp Trp Ile Asp Leu Ala Glu
100 105 110

Arg Phe Ala Arg Lys Trp Ile Gly Ile Thr Ala Glu Asp Val Phe Leu
115 120 125

Val Arg Thr Pro Tyr Ala Leu Leu Leu Thr Gly His Leu Ala His Ala
130 135 140

Ala Gly Arg Leu His Gly Ala Thr Val Val Pro Gly Asp Asn Arg Ser
145 150 155 160

Leu Ala Met Pro Tyr Ala Arg Val Val Arg Val Met His Asp Leu Gly
165 170 175

Val Thr Leu Thr Trp Ser Val Pro Thr Glu Cys Leu Ile Trp Ala Ala
180 185 190

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

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

Arg Ile Ser Arg Leu Trp Gly Val Pro Val Ile Glu Glu Tyr Gly Ser
225 230 235 240

Thr Glu Thr Gly Ser Leu Ala Gly Glu Cys Pro His Gly Arg Met His
245 250 255
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Leu Trp Ala Asp Arg Ala Leu Phe Glu Val Tyr Asp Pro Gln Thr Gly
260 265 270

Thr Val Arg Ala Glu Gly Glu Gly Gln Leu Val Val Thr Pro Leu Tyr
275 280 285

Arg Glu Ala Met Pro Leu Leu Arg Tyr Asn Leu Glu Asp Asn Val Ser
290 295 300

Val Ala Tyr Asp Asp Cys Ala Cys Gly Trp Lys Leu Pro Thr Val Gln
305 310 315 320

Val Leu Gly Arg Ala Ala Phe Gly His Arg Val Gly Ala Thr Thr Val
325 330 335

Thr Gln His Arg Leu Glu Glu Leu Val Phe Ser Leu Pro Asp Ala Tyr
340 345 350

Gln Val Val Phe Trp Arg Ala Arg Ala Glu Pro Ala Ala Leu Arg Ile
355 360 365

Glu Ile Glu Val Pro Glu Glu His Arg Ala Ala Ala Glu Ala Glu Leu
370 375 380

Val His Ser Val Arg Thr Ala Phe Gly Val Asp Ser Thr Val Thr Gly
385 390 395 400

Leu Pro Pro Gly Thr Leu Ile Pro His Gly Ala Leu Thr Ala Met Pro
405 410 415

Asp Val Val Lys Pro Arg Ser Leu Phe Gly Pro Asp Glu Asp Trp Gly
420 425 430

Lys Ala Leu Leu Tyr Tyr
435

<210> SEQ ID NO 97

<211> LENGTH: 1317

<212> TYPE: DNA

<213> ORGANISM: Streptomyces carzinostaticus neocarzinostaticus

<400> SEQUENCE: 97

gtgaacccga cacgctegag tetgectegyg cteggecagt ggaacggacce ggaggatctg 60
cggetectte aggagaagca gettcageag accgteggat gggegtcecg ctegecgtte 120
taccgeggee ggctegacac ggecggecctyg cccacgacca tegacgacct cgectceectg 180
ccactgacca ccaaacagga ccttegggac aactacccect tegggatget ggecgteceg 240
aaggagcgge tggccacgta tcacgagteg agegggaceg cgggeeggee cacgeccteg 300
tactacacgg ccgacgactg gatcgacctyg gecgaacget tegecegcaa gtggatcegge 360
atcaccgeeg aggacgtett cctggtgege acaccgtacg cgetgetget gacggggeat 420
ctegeacacyg ccgeeggeag getgecacggg gecaccgteg tgcccggtga caaccgeteg 480
ctggccatge cgtacgecceg cgtggtgegg gtecatgeacg acctgggegt cacgetgace 540
tggtcggtge cgaccgaatg ccteatetgg geegecgegg cgaccgegge cgggcaccegg 600
cectecgagyg acttecegge getgegegea ctgttegteg geggegagee getcaccace 660
gecegecgeg accggatcag ceggttgtgg ggegtecegg tgatcgagga gtacggetec 720
accgagaccg gcagectege cggegagtgt ccgeacggac ggatgecatct gtgggecgac 780

cgggegetgt tcegaggtgta cgaccegeaa accggcaceg tecgegegga gggegaggge 840
cagcetggtgyg tcacgeccct gtaccgegag gegatgecee tgetgegeta caacctcegag 900

gacaacgtgt cggtcgecta cgacgactge gegtgegget ggaagctgeco cacggtecag 960
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gtgcteggea gggecgegtt cggecatcegg gteggegeca cgaccgtcac ccagcaccegyg 1020
ctggaggaac tcgtcttcete getcecccecggac gcecctaccagg tggtgttcectg gegggcegegg 1080
geggagecegyg cegegetgeg catcgagatce gaggtgecceg aggagcaccg ggeggcecgec 1140
gaggcggaac tggtgcacte ggtgeggacce gegtteggtyg tggacagcac ggtcaccgge 1200
cteecteegg gcaccctgat cccccacgge gegetgaceg ccatgceccga cgtggtcaag 1260
ccgcgeagece tettegggece cgacgaggac tggggcaaag cgctcectcta ctactga 1317
<210> SEQ ID NO 98

<211> LENGTH: 290

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<221> NAME/KEY: Miscfeature

<222> LOCATION: (1)..(290)

<223> OTHER INFORMATION: HMM consensus seq based on alignment of Fig 10 IPTN

<400> SEQUENCE: 98

Ala Ala Glu Leu Tyr Ser Val Ile Glu Glu Ser Ala Arg Leu Leu Asp
1 5 10 15

Val Ala Cys Ser Arg Asp Arg Val Trp Pro Ile Leu Ser Ala Tyr Gly
20 25 30

Asp Ala Phe Ala His Pro Ala Ala Val Val Ala Phe Arg Val Ala Thr
35 40 45

Ala Leu Arg His Val Gly Glu Leu Asp Cys Arg Phe Thr Thr His Pro
50 55 60

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

Lys Thr Asp His Pro Val Gly Ser Leu Leu Ser Glu Val Gln Glu Arg
85 90 95

Leu Pro Val Glu Ser Tyr Gly Ile Asp Phe Gly Val Val Gly Gly Phe
100 105 110

Lys Lys Ile Tyr Ala Phe Phe Thr Pro Asp Glu Leu Gln Glu Val Ala
115 120 125

Ala Leu Ala Gly Ile Pro Ala Met Pro Arg Ser Leu Ala Gly Asn Ala
130 135 140

Asp Phe Phe Glu Arg Tyr Gly Leu Asp Asp Arg Val Gly Val Leu Gly
145 150 155 160

Ile Asp Tyr Pro Ala Arg Thr Val Asn Val Tyr Phe Asn Asp Val Pro
165 170 175

Ala Glu Ser Phe Glu Ser Glu Thr Ile Arg Ser Thr Leu Arg Glu Ile
180 185 190

Gly Met Ala Glu Pro Ser Glu Arg Met Leu Lys Leu Gly Glu Lys Ala
195 200 205

Phe Gly Leu Tyr Val Thr Leu Gly Trp Asp Ser Ser Glu Ile Glu Arg
210 215 220

Ile Cys Tyr Ala Ala Ala Thr Thr Asp Leu Thr Thr Leu Pro Val Pro
225 230 235 240

Val Glu Pro Glu Ile Glu Lys Phe Val Lys Ser Val Pro Tyr Gly Gly
245 250 255

Glu Asp Arg Lys Phe Val Tyr Gly Val Ala Leu Thr Pro Lys Gly Glu
260 265 270
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Tyr Tyr Lys Leu Glu Ser His Tyr Lys Trp Lys Pro Gly Ala Val Asp
275 280 285

Phe Ile
290

<210> SEQ ID NO 99

<211> LENGTH: 438

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<221> NAME/KEY: Miscfeature

<222> LOCATION: (1)..(438)

<223> OTHER INFORMATION: HMM consensus seq based on alignment of Fig 11 ADSA

<400> SEQUENCE: 99

Val Asn Glu Pro Arg Ser Ser Leu Pro Arg Leu Gly Gln Trp His Gly
1 5 10 15

Pro Glu Asp Leu Arg Arg Leu Gln Glu Lys Gln Leu Ala Gln Thr Val
20 25 30

Thr Trp Ala Ala Arg Ser Pro Phe Tyr Arg Asp Arg Leu Asp Ser Gly
Ala Leu Pro Val Thr Ala Ala Asp Leu Ala Asp Leu Pro Leu Thr Thr
50 55 60

Lys Gln Asp Leu Arg Asp Asn Tyr Pro Phe Gly Met Leu Ala Val Pro
65 70 75 80

Lys Glu Arg Leu Ala Thr Tyr His Glu Ser Ser Gly Thr Ala Gly Arg
85 90 95

Pro Thr Pro Ser Tyr Tyr Thr Ala Glu Asp Trp Thr Asp Leu Ala Glu
100 105 110

Arg Phe Ala Arg Lys Trp Ile Gly Met Ser Ala Glu Asp Val Phe Leu
115 120 125

Val Arg Thr Pro Tyr Ala Leu Leu Leu Thr Gly His Leu Ala His Ala
130 135 140

Ala Gly Arg Leu Arg Gly Ala Thr Val Val Pro Gly Asp Asn Arg Ser
145 150 155 160

Leu Ala Met Pro Tyr Ala Arg Val Val Arg Val Met His Asp Leu Gly
165 170 175

Val Thr Leu Thr Trp Ser Val Pro Thr Glu Cys Leu Ile Trp Ala Ala
180 185 190

Ala Ala Thr Ala Ala Gly His Arg Pro Asp Val Asp Phe Pro Ala Leu
195 200 205

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

Arg Ile Ser Arg Leu Trp Gly Val Pro Val Ile Glu Glu Tyr Gly Ser
225 230 235 240

Thr Glu Thr Gly Ser Leu Ala Gly Glu Cys Pro Glu Gly Arg Leu His
245 250 255

Leu Trp Ala Asp Arg Ala Leu Phe Glu Val Tyr Asp Pro Asp Thr Gly
260 265 270

Thr Val Arg Ala Asp Gly Asp Gly Gln Leu Val Val Thr Pro Leu Phe
275 280 285

Arg Glu Ala Met Pro Leu Leu Arg Tyr Asn Leu Glu Asp Asn Val Ser
290 295 300

Val Ser Tyr Asp Asp Cys Ala Cys Gly Trp Lys Leu Pro Thr Val Arg
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305 310 315 320

Val Leu Gly Arg Ala Ala Phe Gly Tyr Arg Val Gly Ala Thr Thr Ile
325 330 335

Thr Gln His Arg Leu Glu Glu Leu Val Phe Ser Leu Pro Glu Ala His
340 345 350

Arg Val Val Phe Trp Arg Ala Lys Ala Glu Pro Ala Val Leu Arg Ile
355 360 365

Glu Ile Glu Val Ala Glu Glu His Arg Val Ala Ala Glu Ala Glu Leu
370 375 380

Thr Ala Ser Val Arg Ala Ala Phe Gly Val Asp Ser Glu Val Thr Gly
385 390 395 400

Leu Ala Pro Gly Thr Leu Ile Pro Arg Glu Ala Leu Thr Ser Met Pro
405 410 415

Asp Val Val Lys Pro Arg Ser Leu Phe Gly Pro Asp Glu Asp Trp Gly
420 425 430

Lys Ala Leu Leu Tyr Tyr

435
What is claimed is: a) a polypeptide comprising amino acids 1-290 of SEQ ID

1. An isolated polynucleotide comprising a polynucleotide NO: 22; and
sequence, or a polynucleotide sequence complementary b) a polypeptide having at least 90% sequence identity to a
thereto, selected from the group consisting of: polypeptide comprising amino acids 1-290 of SEQ ID
a) a polynucleotide encoding a polypeptide having at least NO: 22 and having an isoprenyl transferase activity; and
90% sequence identity to a polypeptide consisting of ¢) apolypeptide encoded by a polynucleotide, the comple-
amino acids 1-438 of SEQ ID NO: 48 and having ade- ment of which hybridizes under stringent conditions to a
nylating amide synthetase activity; polynucleotide encoding a polypeptide comprising

b) a polynucleotide encoding a polypeptide having at least amino acids 1-290 of SEQ ID NO: 22, and having an
90% sequence identity to a polypeptide consisting of 1sopre.:nyl transferas.e activity. ) )
amino acids 1-290 of SEQ ID NO: 22 and having iso- 9. A purified polypeptide comprising amino acids 1-290 of
prenyl transferase activity; SEQ ID NO: 22. . . o
¢) a polynucleotide comprising the nucleic acid sequence 10. The purified polypeptide Of Clalm 8, wherein S?lld
of SEQ ID NO:47; and polypeptide of b) has at least 95% identity to a polypeptide

d) a polynucleotide comprising the nucleic acid sequence comprising aminq acids 1-290 of SEQ ID NO-: 22. .
of SEQ ID NO:23. 11. An expression vector comprising a polynucleotide of

claim 1.

2. An isolated pol leotid ising the leic acid
10 e P Y leentide comprising He fucteie act 12. The expression vector of claim 11, wherein said poly-

f SEQ ID NO:47.
sequence? of SEQ . .. . nucleotide encodes a polypeptide having at least 90%
3. An isolated polynucleotide comprising the nucleic acid sequence identity to a polypeptide comprising amino acids
sequence of SEQ ID NO:23.

1-438 of SEQ ID NO: 48 and having adenylating amide
synthetase activity.
13. The expression vector of claim 11, wherein said poly-

4. The isolated polynucleotide of claim 1, wherein said
polypeptide of a) has at least 95% sequence identity to a

polypeptide consisting of amino acids 1-438 of SEQ ID NO: nucleotide encodes a polypeptide having at least 90%

438. sequence identity to a polypeptide comprising amino acids

5. The isolated polynucleotide of claim 1, wherein said 1-290 of SEQ ID NO: 22, and having isoprenyl transferase
polypeptide of a) has at least 99% sequence identity to a activity.

polypeptide consisting of amino acids 1-438 of SEQ ID NO: 14. An isolated host cell transformed with an expression
48. vector of claim 11.
6. The isolated polynucleotide of claim 1, wherein said 15. The isolated host cell of claim 14, wherein said host cell
polypeptide of b) has at least 95% sequence identity to a is a bacterial host cell.
polypeptide consisting of amino acids 1-290 of SEQ ID NO: 16. A method for producing a farnesyl dibenzodiazepinone
22. compound, comprising:
7. The isolated polynucleotide of claim 1, wherein said a) providing a prokaryote transformed with an expression
polypeptide of b) has at least 99% sequence identity to a vector of claim 11; and
polypeptide consisting of amino acids 1-290 of SEQ ID NO: b) culturing the prokaryote under conditions such that (i)
22. an adenylating amide synthetase or an isoprenyl trans-
8. A purified polypeptide selected from the group consist- ferase is expressed, and (ii) a farnesyl dibenzodiazepi-

ing of: none compound is synthesized.
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17. The method of claim 16, wherein said prokaryote is E.

coli.

18. The method of claim 16, wherein said prokaryote is an

actinomycete.

19. An isolated polynucleotide encoding:

a) a polypeptide comprising an amino acid sequence
selected from the group consisting of SEQ ID NOS: 2, 4,
6,8,10,12, 14, 16, 18, 20,22, 24, 26, 28,30, 32, 34, 36,
38,41, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 65, 67,
69,70, 71,74, 76, 78, 80, 82, 84, 86 and 88; or

b) a polypeptide having at least 85% sequence identity to a
polypeptide comprising an amino acid sequence
selected from the group consisting of SEQ ID NOS: 2, 4,
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6,8,10,12,14, 16, 18, 20,22, 24, 26, 28,30, 32, 34, 36,
38,41, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 65, 67,
69,70,71,74,76, 78, 80, 82, 84, 86 and 88, and having
the same biological function as the corresponding
polypeptide.

20. A cosmid selected from the group consisting of cosmid
046KM deposited under IDAC accession no. 250203-06 and
cosmid 046K Q deposited under IDAC accession no. 250203-
07.

21. The cosmid of claim 20, wherein said cosmid is
inserted into a prokaryotic host for expressing a product.
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