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(7) ABSTRACT

Recombinant DNA compounds that encode all or a portion
of the narbonolide polyketide synthase are used to express
recombinant polyketide synthase genes in host cells for the
production of narbonolide, narbonolide derivatives, and
polyketides that are useful as antibiotics and as intermedi-
ates in the synthesis of compounds with pharmaceutical
value.



Patent Application Publication Feb. 3, 2005 Sheet 1 of 6 US 2005/0026244 A1

[+

N(CH

Nad
Y o

10-OH methymycin

glycosylation /

10-deoxy methynolide » YC17
S. narbonensis TT— neomethymycin

S. venezuselae 12-OH
Y - )
glycosylation : 12.0H
narbonolide —> narbomycin —» picromycin
S. narbonensis S. venezuelae

S. venezuelae

Figure 1



Patent Application Publication Feb. 3, 2005 Sheet 2 of 6 US 2005/0026244 A1

EcoRl 0.00
FcoR! 0.10

Bgill 42.80

Pstl 42.60
Pstl 41.70

Pstt 45.20‘

Pstl 39.30 supercos

pKOS023-27
45.40 kb

Xho! 13.10

Figure 2 .



Patent Application Publication Feb. 3, 2005 Sheet 3 of 6

US 2005/0026244 A1
EcoRl 0.00
Bglll 44.40
g /\ ///////////////
7
/////,/////
SUpercos /////,///
&
EcoRI 40.20 “y,,
“z
%,
%
Z,

¥ Contig 004 //’é/

2 ///é

Z

Z,
pKOS023-26 Z

7

47.00 Kb é

cosmid pKOS023-27 7

Contigs 002, 005 overlap %

)

Contig 003
Contig 001 // ,' EcoRl 17.40
onti .
It 28.40 N NP Vi
89 8 L ////////// (
Bglll 20.40

Figure 3



US 2005/0026244 A1

Feb. 3, 2005 Sheet 4 of 6

Patent Application Publication

£0-6£01
IB[INZIUIA °S

LT-€70SOMNd

6EVSIDILY
JB]PNZAUA S

p 2and1 .m

1noad

< <€

“- : -
SUNUESOSIP-

wd

<< <e—= - e
npad gad Apvad  qrrvad nvad vady
i2AGsS010 u_asi /
P /3 ‘
. i ez
_ _ L 1
mig o3 104x qudy 11124 udy g0
wpad gad  pyyoud =_§._A1 1yad 1vaid
‘ _ IT T
uxd | LHL ._u<~__g _ .G<_ a z_x a_u_< o
*
a i LEW S ol Ha ¥
v Ly Ly 1v Ly v | odvs
3 ¥ 3 X s Y I
L R | — L 1 L ;) L L N
9 S ¥ £ [ 1 Jnpous
H-  H apijouoquey
H- apyoudyidop Junuesos3p- H-  uRdwoeqieN
' HO- unkwigopW aunwesossp-  HO-  upiurotay)
q 2! 1y
(v )y




US 2005/0026244 A1

Patent Application Publication Feb. 3, 2005 Sheet 5 of 6

G ainbiy

AwHTI v ov E_ET. @«. s HaHajvioH o<_E 53 K dov{ i 1v L%Li I m.fo«—?
En ganpoyy S OMPOW pempoy PN T gnpoyy  HOIMPON
81-6€0SONd
se3a []
OH S)d eptjouoqieu [
€ o)
0 I
m o . MﬂuO
Gau o v Kaav o F<T. dovii ETo_.E kovhy wiA%_mx_:n_E S %.*iimx dov Ly
3 gempoyy 5 OIPOW pompow  C PN T PN
98-6£0SONd



Patent Application Publication Feb. 3, 2005 Sheet 6 of 6 US 2005/0026244 A1

Bglli 0.01
. desViil

actll-4 R
desVll

Xbal 17.80

int C31

autp pK0OS039-104

Sphi 15.40
oriT 20.80 Kb Pstl 6.05
Nhel 14.60 Xbal 6.15
 des] Sphi 6.45

Xho! 14.00
. ori puC18

RI 12.30 :
EcoRIl 12.30 desV desiV desiil

Bgill 10.87

Figure 6



US 2005/0026244 A1l

RECOMBINANT NARBONOLIDE POLYKETIDE
SYNTHASE

REFERENCE TO GOVERNMENT FUNDING

[0001] This invention was supported in part by SBIR grant
1R43-CA75792-01. The U.S. government has certain rights
in this invention.

FIELD OF THE INVENTION

[0002] The present invention provides recombinant meth-
ods and materials for producing polyketides by recombinant
DNA technology. The invention relates to the fields of
agriculture, animal husbandry, chemistry, medicinal chem-
istry, medicine, molecular biology, pharmacology, and vet-
erinary technology.

BACKGROUND OF THE INVENTION

[0003] Polyketides represent a large family of diverse
compounds synthesized from 2-carbon units through a series
of condensations and subsequent modifications. Polyketides
occur in many types of organisms, including fungi and
mycelial bacteria, in particular, the actinomycetes. There are
a wide variety of polyketide structures, and the class of
polyketides encompasses numerous compounds with
diverse activities. Tetracycline, erythromycin, FK506,
FK520, narbomycin, picromycin, rapamycin, spinocyn, and
tylosin, are examples of such compounds. Given the diffi-
culty in producing polyketide compounds by traditional
chemical methodology, and the typically low production of
polyketides in wild-type cells, there has been considerable
interest in finding improved or alternate means to produce
polyketide compounds. See PCT publication Nos. WO
93/13663; WO 95/08548;, WO 96/40968; 97/02358; and
98/27203; U.S. Pat. Nos. 4,874,748; 5,063,155; 5,098,837,
5,149,639; 5,672,491; and 5,712,146, Fu et al., 1994, Bio-
chemistry 33: 9321-9326; McDaniel et al., 1993, Science
262: 1546-1550; and Rohr, 1995, Angew. Chem. Int. Ed.
Engl. 34(8): 881-888, each of which is incorporated herein
by reference.

[0004] Polyketides are synthesized in nature by polyketide
synthase (PKS) enzymes. These enzymes, which are com-
plexes of multiple large proteins, are similar to the synthases
that catalyze condensation of 2-carbon units in the biosyn-
thesis of fatty acids. PKS enzymes are encoded by PKS
genes that usually consist of three or more open reading
frames (ORFs). Each ORF typically comprises two or more
“modules” of ketosynthase activity, each module of which
consists of at least two (if a loading module) and more
typically three or more enzymatic activities or “domains.”
Two major types of PKS enzymes are known; these differ in
their composition and mode of synthesis. These two major
types of PKS enzymes are commonly referred to as Type 1
or “modular” and Type II “iterative” PKS enzymes.

[0005] Modular PKSs are responsible for producing a
large number of 12, 14, and 16-membered macrolide anti-
biotics including methymycin, erythromycin, narbomycin,
picromycin, and tylosin. These large multifunctional
enzymes (>300,000 kDa) catalyze the biosynthesis of
polyketide macrolactones through multistep pathways
involving decarboxylative condensations between acyl
thioesters followed by cycles of varying [-carbon process-
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ing activities (see O’Hagan, D. The polyketide metabolites;
E. Horwood: New York, 1991, incorporated herein by ref-
erence).

[0006] During the past half decade, the study of modular
PKS function and specificity has been greatly facilitated by
the plasmid-based Strepromyces coelicolor expression sys-
tem developed with the 6-deoxyerythronolide B (6-dEB)
synthase (DEBS) genes (see Kao et al., 1994, Science, 265:
509-512, McDaniel et al., 1993, Science 262: 1546-1557,
and U.S. Pat. Nos. 5,672,491 and 5,712,146, each of which
is incorporated herein by reference). The advantages to this
plasmid-based genetic system for DEBS were that it over-
came the tedious and limited techniques for manipulating
the natural DEBS host organism, Saccharopolyspora
erythaea, allowed more facile construction of recombinant
PKSs, and reduced the complexity of PKS analysis by
providing a “clean” host background. This system also
expedited construction of the first combinatorial modular
polyketide library in Streptomyces (see PCT publication No.
WO 98/49315, incorporated herein by reference).

[0007] The ability to control aspects of polyketide biosyn-
thesis, such as monomer selection and degree of p-carbon
processing, by genetic manipulation of PKSs has stimulated
great interest in the combinatorial engineering of novel
antibiotics (see Hutchinson, 1998, Curr. Opin. Microbiol. 1:
319-329; Carreras and Santi, 1998, Curr. Opin. Biotech. 9:
403-411; and U.S. Pat. Nos. 5,712,146 and 5,672,491, each
of which is incorporated herein by reference). This interest
has resulted in the cloning, analysis, and manipulation by
recombinant DNA technology of genes that encode PKS
enzymes. The resulting technology allows one to manipulate
a known PKS gene cluster either to produce the polyketide
synthesized by that PKS at higher levels than occur in nature
or in hosts that otherwise do not produce the polyketide. The
technology also allows one to produce molecules that are
structurally related to, but distinct from, the polyketides
produced from known PKS gene clusters.

[0008] The present invention provides methods and
reagents relating to the PKS gene cluster for the polyketide
antibiotics known as narbomycin and picromycin. Narbo-
mycin is produced in Strepfomyces narbonensis, and both
narbomycin and picromycin are produced in S. venezuelae.
These species are unique among macrolide producing organ-
isms in that they produce, in addition to the 14-membered
macrolides narbomycin and picromycin (picromycin is
shown in FIG. 1, compound 1), the 12-membered mac-
rolides neomethymycin and methymycin (methymycin is
shown in FIG. 1, compound 2). Based on the structural
similarities between picromycin and methymycin, it was
speculated that methymycin would result from premature
cyclization of a hexaketide intermediate in the picromycin
pathway.

[0009] Glycosylation of the C5 hydroxyl group of the
polyketide precursor, narbonolide, is achieved through an
endogenous desosaminyl transferase to produce narbomy-
cin. In Strepromyces venezuelae, narbomycin is then con-
verted to picromycin by the endogenously produced narbo-
mycin hydroxylase. Thus, as in the case of other macrolide
antibiotics, the macrolide product of the narbonolide PKS is
further modified by hydroxylation and glycosylation.

[0010] Picromycin (FIG. 1, compound 1) is of particular
interest because of its close structural relationship to
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ketolide compounds (e.g. HMR 3004, FIG. 1, compound 3).
The ketolides are a new class of semi-synthetic macrolides
with activity against pathogens resistant to erythromycin
(see Agouridas et al., 1998, J. Med. Chem. 41: 4080-4100,
incorporated herein by reference). Thus, genetic systems
that allow rapid engineering of the narbonolide PKS would
be valuable for creating novel ketolide analogs for pharma-
ceutical applications. Furthermore, the production of picro-
mycin as well as novel compounds with useful activity could
be accomplished if the heterologous expression of the nar-
bonolide PKS in Strepromyces lividans and other host cells
were possible. The present invention meets these and other
needs.

SUMMARY OF THE INVENTION

[0011] The present invention provides recombinant meth-
ods and materials for expressing PKSs derived in whole and
in part from the narbonolide PKS and other genes involved
in narbomycin and picromycin biosynthesis in recombinant
host cells. The invention also provides the polyketides
derived from the narbonolide PKS. The invention provides
the complete PKS gene cluster that ultimately results, in
Streptomyces venezuelae, in the production of picromycin.
The ketolide product of this PKS is narbonolide. Narbono-
lide is glycosylated to obtain narbomycin and then hydroxy-
lated at C12 to obtain picromycin. The enzymes responsible
for the glycosylation and hydroxylation are also provided in
recombinant form by the invention.

[0012] Thus, in one embodiment, the invention is directed
to recombinant materials that contain nucleotide sequences
encoding at least one domain, module, or protein encoded by
anarbonolide PKS gene. The invention also provides recom-
binant materials useful for conversion of ketolides to anti-
biotics. These materials include recombinant DNA com-
pounds that encode the C12 hydroxylase (the picK gene), the
desosamine biosynthesis and desosaminyl transferase
enzymes, and the beta-glucosidase enzyme involved in
picromycin biosynthesis in S. venezuelae and the recombi-
nant proteins that can be produced from these nucleic acids
in the recombinant host cells of the invention.

[0013] In one embodiment, the invention provides a
recombinant expression vector that comprises a heterolo-
gous promoter positioned to drive expression of the nar-
bonolide PKS. In a preferred embodiment, the promoter is
derived from a PKS gene. In a related embodiment, the
invention provides recombinant host cells comprising the
vector that produces narbonolide. In a preferred embodi-
ment, the host cell is Strepromyces lividans or S. coelicolor:

[0014] In another embodiment, the invention provides a
recombinant expression vector that comprises the desos-
amine biosynthetic genes as well as the desosaminyl trans-
ferase gene. In a related embodiment, the invention provides
recombinant host cells comprising the vector that produces
the desosamine biosynthetic gene products and desosaminyl
transferase gene product. In a preferred embodiment, the
host cell is Streptomyces lividans or S. coelicolor.

[0015] In another embodiment, the invention provides a
method for desosaminylating polyketide compounds in
recombinant host cells, which method comprises expressing
the PKS for the polyketide and the desosaminyl transferase
and desosamine biosynthetic genes in a host cell. In a
preferred embodiment, the host cell expresses a beta-glu-
cosidase gene as well. This preferred method is especially
advantageous when producing desosaminylated polyketides
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in Strepromyces host cells, because such host cells typically
glucosylate desosamine residues of polyketides, which can
decrease desired activity, such as antibiotic activity. By
coexpression of beta-glucosidase, the glucose residue is
removed from the polyketide.

[0016] In another embodiment, the invention provides the
picK hydroxylase gene in recombinant form and methods
for hydroxylating polyketides with the recombinant gene
product. The invention also provides polyketides thus pro-
duced and the antibiotics or other useful compounds derived
therefrom.

[0017] In another embodiment, the invention provides a
recombinant expression vector that comprises a promoter
positioned to drive expression of a hybrid PKS comprising
all or part of the narbonolide PKS and at least a part of a
second PKS. In a related embodiment, the invention pro-
vides recombinant host cells comprising the vector that
produces the hybrid PKS and its corresponding polyketide.
In a preferred embodiment, the host cell is Strepromyces
lividans or S. coelicolor.

[0018] In a related embodiment, the invention provides
recombinant materials for the production of libraries of
polyketides wherein the polyketide members of the library
are synthesized by hybrid PKS enzymes of the invention.
The resulting polyketides can be further modified to convert
them to other useful compounds, such as antibiotics, typi-
cally through hydroxylation and/or glycosylation. Modified
macrolides provided by the invention that are useful inter-
mediates in the preparation of antibiotics are of particular
benefit.

[0019] In another related embodiment, the invention pro-
vides a method to prepare a nucleic acid that encodes a
modified PKS, which method comprises using the narbono-
lide PKS encoding sequence as a scaffold and modifying the
portions of the nucleotide sequence that encode enzymatic
activities, either by mutagenesis, inactivation, insertion, or
replacement. The thus modified narbonolide PKS encoding
nucleotide sequence can then be expressed in a suitable host
cell and the cell employed to produce a polyketide different
from that produced by the narbonolide PKS. In addition,
portions of the narbonolide PKS coding sequence can be
inserted into other PKS coding sequences to modify the
products thereof. The narbonolide PKS can itself be manipu-
lated, for example, by fusing two or more of its open reading
frames, particularly those for extender modules 5 and 6, to
make more efficient the production of 14-membered as
opposed to 12-membered macrolides.

[0020] In another related embodiment, the invention is
directed to a multiplicity of cell colonies, constituting a
library of colonies, wherein each colony of the library
contains an expression vector for the production of a modu-
lar PKS derived in whole or in part from the narbonolide
PKS. Thus, at least a portion of the modular PKS is identical
to that found in the PKS that produces narbonolide and is
identifiable as such. The derived portion can be prepared
synthetically or directly from DNA derived from organisms
that produce narbonolide. In addition, the invention provides
methods to screen the resulting polyketide and antibiotic
libraries.

[0021] The invention also provides novel polyketides and
antibiotics or other useful compounds derived therefrom.
The compounds of the invention can be used in the manu-
facture of another compound. In a preferred embodiment,
the antibiotic compounds of the invention are formulated in
a mixture or solution for administration to an animal or
human.
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[0022] These and other embodiments of the invention are
described in more detail in the following description, the
examples, and claims set forth below.

BRIEF DESCRIPTION OF THE FIGURES

[0023] FIG. 1 shows the structures of picromycin (com-
pound 1), methymycin (compound 2), and the ketolide HMR
3004 (compound 3).

[0024] FIG. 2 shows a restriction site and function map of
cosmid pKOS023-27.

[0025] FIG. 3 shows a restriction site and function map of
cosmid pKOS023-26.

[0026] FIG. 4 has three parts. In Part A, the structures of
picromycin (A(a)) and methymycin (A(b)) are shown, as
well as the related structures of narbomycin, narbonolide,
and methynolide. In the structures, the bolded lines indicate
the two or three carbon chains produced by each module
(loading and extender) of the narbonolide PKS. Part B
shows the organization of the narbonolide PKS genes on the
chromosome of Strepromyces venezuelae, including the
location of the various module encoding sequences (the
loading module domains are identified as sKS*, sAT, and
SACP), as well as the picB thioesterase gene and two
desosamine biosynthesis genes (picCII and picCIII). Part C
shows the engineering of the S. venezuelae host of the
invention in which the picAl gene has been deleted. In the
Figure, ACP is acyl carrier protein; AT is acyltransferase;
DH is dehydratase; ER is enoylreductase; KR is ketoreduc-
tase; KS is ketosynthase; and TE is thioesterase.

[0027] FIG. 5 shows the narbonolide PKS genes encoded
by plasmid pKOS039-86, the compounds synthesized by
each module of that PKS and the narbonolide (compound 4)
and 10-deoxymethynolide (compound 5) products produced
in heterologous host cells transformed with the plasmid. The
Figure also shows a hybrid PKS of the invention produced
by plasmid pKOS038-18, which encodes a hybrid of DEBS
and the narbonolide PKS. The Figure also shows the com-
pound, 3,6-dideoxy-3-oxo-erythronolide B (compound 6),
produced in heterologous host cells comprising the plasmid.

[0028] FIG. 6 shows a restriction site and function map of
plasmid pKOS039-104, which contains the desosamine bio-
synthetic, beta-glucosidase, and desosaminyl transferase
genes under transcriptional control of actll-4.

DETAILED DESCRIPTION OF THE
INVENTION

[0029] The present invention provides useful compounds
and methods for producing polyketides in recombinant host
cells. As used herein, the term recombinant refers to a
compound or composition produced by human intervention.
The invention provides recombinant DNA compounds
encoding all or a portion of the narbonolide PKS. The
invention also provides recombinant DNA compounds
encoding the enzymes that catalyze the further modification
of the ketolides produced by the narbonolide PKS. The
invention provides recombinant expression vectors useful in
producing the narbonolide PKS and hybrid PKSs composed
of a portion of the narbonolide PKS in recombinant host
cells. Thus, the invention also provides the narbonolide
PKS, hybrid PKSs, and polyketide modification enzymes in
recombinant form. The invention provides the polyketides
produced by the recombinant PKS and polyketide modifi-
cation enzymes. In particular, the invention provides meth-
ods for producing the polyketides 10-deoxymethynolide,
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narbonolide, YC17, narbomycin, methymycin, neomethy-
mycin, and picromycin in recombinant host cells.

[0030] To appreciate the many and diverse benefits and
applications of the invention, the description of the inven-
tion below is organized as follows. First, a general descrip-
tion of polyketide biosynthesis and an overview of the
synthesis of narbonolide and compounds derived therefrom
in Streptomyces venezuelae are provided. This general
description and overview are followed by a detailed descrip-
tion of the invention in six sections. In Section I, the
recombinant narbonolide PKS provided by the invention is
described. In Section II, the recombinant desosamine bio-
synthesis genes, the desosaminyl transferase gene, and the
beta-glucosidase gene provided by the invention are
described. In Section III, the recombinant picK hydroxylase
gene provided by the invention is described. In Section IV,
methods for heterologous expression of the narbonolide
PKS and narbonolide modification enzymes provided by the
invention are described. In Section V, the hybrid PKS genes
provided by the invention and the polyketides produced
thereby are described. In Section VI, the polyketide com-
pounds provided by use invention and pharmaceutical com-
positions of those compounds are described. The detailed
description is followed by a variety of working examples
illustrating the invention.

[0031] The narbonolide synthase gene, like other PKS
genes, is composed of coding sequences organized in a
loading module, a number of extender modules, and a
thioesterase domain. As described more fully below, each of
these domains and modules is a polypeptide with one or
more specific functions. Generally, the loading module is
responsible for binding the first building block used to
synthesize the polyketide and transferring it to the first
extender module. The building blocks used to form complex
polyketides are typically acylthioesters, most commonly
acetyl, propionyl, malonyl, methylmalonyl, and ethylmalo-
nyl CoA. Other building blocks include amino acid like
acylthioesters. PKSs catalyze the biosynthesis of
polyketides through repeated, decarboxylative Claisen con-
densations between the acylthioester building blocks. Each
module is responsible for binding a building block, perform-
ing one or more functions on that building block, and
transferring the resulting compound to the next module. The
next module, in turn, is responsible for attaching the next
building block and transferring the growing compound to
the next module until synthesis is complete. At that point, an
enzymatic thioesterase activity cleaves the polyketide from
the PKS.

[0032] Such modular organization is characteristic of the
class of PKS enzymes that synthesize complex polyketides
and is well known in the art. The polyketide known as
6-deoxyerythronolide B is a classic example of this type of
complex polyketide. The genes, known as eryAl, eryAll,
and eryAlll (also referred to herein as the DEBS genes, for
the proteins, known as DEBS1, DEBS2, and DEBS3, that
comprise the 6-dEB synthase), that code for the multi-
subunit protein known as DEBS that synthesizes 6-dEB are
described in U.S. Pat. No. 5,824,513, incorporated herein by
reference. Recombinant methods for manipulating modular
PKS genes are described in U.S. Pat. Nos. 5,672,491;
5,843,718; 5,830,750; and 5,712,146; and in PCT publica-
tion Nos. 98/49315 and 97/02358, each of which is incor-
porated herein by reference.

[0033] The loading module of DEBS consists of two
domains, an acyl-transferase (AT) domain and an acyl
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carrier protein (ACP) domain. Each extender module of
DEBS, like those of other modular PKS enzymes, contains
a ketosynthase (KS), AT, and ACP domains, and zero, one,
two, or three domains for enzymatic activities that modify
the beta-carbon of the growing polyketide chain. A module
can also contain domains for other enzymatic activities, such
as, for example, a methyltransferase or dimethyltransferase
activity. Finally, the releasing domain contains a thioesterase
and, often, a cyclase activity.

[0034] The AT domain of the loading module recognizes
a particular acyl-CoA (usually acetyl or propionyl but some-
times butyryl) and transfers it as a thiol ester to the ACP of
the loading module. Concurrently, the AT on each of the
extender modules recognizes a particular extender-CoA
(malonyl or alpha-substituted malonyl, i.e., methylmalonyl,
ethylmalonyl, and carboxylglycolyl) and transfers it to the
ACP of that module to form a thioester. Once the PKS is
primed with acyl- and malonyl-ACPs, the acyl group of the
loading module migrates to form a thiol ester (trans-esteri-
fication) at the KS of the first extender module; at this stage,
extender module 1 possesses an acyl-KS adjacent to a
malonyl (or substituted malonyl) ACP. The acyl group
derived from the loading module is then covalently attached
to the alpha-carbon of the malonyl group to form a carbon-
carbon bond, driven by concomitant decarboxylation, and
generating a new acyl-ACP that has a backbone two carbons
longer than the loading unit (elongation or extension). The
growing polyketide chain is transferred from the ACP to the
KS of the next module, and the process continues.

[0035] The polyketide chain, growing by two carbons
each module, is sequentially passed as covalently bound
thiol esters from module to module, in an assembly line-like
process. The carbon chain produced by this process alone
would possess a ketone at every other carbon atom, produc-
ing a polyketone, from which the name polyketide arises.
Most commonly, however, additional enzymatic activities
modify the beta keto group of each two-carbon unit just after
it has been added to the growing polyketide chain but before
it is transferred to the next module. Thus, in addition to the
minimal module containing KS, AT, and ACP domains
necessary to form the carbon-carbon bond, modules may
contain a ketoreductase (ICR) that reduces the keto group to
an alcohol. Modules may also contain a KR plus a dehy-
dratase (DH) that dehydrates the alcohol to a double bond.
Modules may also contain a KR, a DH, and an enoylreduc-
tase (ER) that converts the double bond to a saturated single
bond using the beta carbon as a methylene function. As
noted above, modules may contain additional enzymatic
activities as well.

[0036] Once a polyketide chain traverses the final extender
module of a PKS, it encounters the releasing domain or
thioesterase found at the carboxyl end of most PKSs. Here,
the polyketide is cleaved from the enzyme and cyclyzed.
The resulting polyketide can be modified further by tailoring
enzymes; these enzymes add carbohydrate groups or methyl
groups, or make other modifications, i.e., oxidation or reduc-
tion, on the polyketide core molecule.

[0037] While the above description applies generally to
modular PKS enzymes, there are a number of variations that
exist in nature. For example, some polyketides, such as
epothilone, incorporate a building block that is derived from
an amino acid. PKS enzymes for such polyketides include an
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activity that functions as an amino acid ligase or as a
non-ribosomal peptide synthetase (NRPS). Another example
of a variation, which is actually found more often than the
two domain loading module construct found in DEBS,
occurs when the loading module of the PKS is not composed
of an AT and an ACP but instead utilizes an inactivated KS,
an AT, and an ACP. This inactivated KS is in most instances
called KSQ, where the superscript letter is the abbreviation
for the amino acid, glutamine, that is present instead of the
active site cysteine required for activity. For example, the
narbonolide PKS loading module contains aKS®. Yet
another example of a variation has been mentioned above in
the context of modules that include a methyltransferase or
dimethyltransferase activity; modules can also include an
epimerase activity. These variations will be described further
below in specific reference to the narbonolide PKS and the
various recombinant and hybrid PKSs provided by the
invention.

[0038] With this general description of polyketide biosyn-
thesis, one can better appreciate the biosynthesis of nar-
bonolide related polyketides in Strepromyces venezuelae and
S. narbonensis. The narbonolide PKS produces two
polyketide products, narbonolide and 10-deoxymethynolide.
Narbonolide is the polyketide product of all six extender
modules of the narbonolide PKS. 10-deoxymethynolide is
the polyketide product of only the first five extender mod-
ules of the narbonolide PKS. These two polyketides are
desosaminylated to yield narbomycin and YC17, respec-
tively. These two glycosylated polyketides are the final
products produced in S. narbonensis. In S. venezuelae, these
products are hydroxylated by the picK gene product to yield
picromycin and either methymycin (hydroxylation at the
C10 position of YC7) or neomethymycin (hydroxylation at
the C12 position of YC17). The present invention provides
the genes required for the biosynthesis of all of these
polyketides in recombinant form.

[0039] Section 1: The Narbonolide PKS

[0040] The narbonolide PKS is composed of a loading
module, six extender modules, and a thioesterase domain.
FIG. 4, part B, shows the organization of the narbonolide
PKS genes on the Strepromyces venezuelae chromosome, as
well as the location of the module encoding sequences in
those genes, and the various domains within those modules.
In the Figure, the loading module is not numbered, and its
domains are indicated as sKS*, sAT, and ACP. Also shown
in the Figure, part A, are the structures of picromycin and
methymycin.

[0041] The loading and six extender modules and the
thioesterase domain of the narbonolide PKS reside on four
proteins, designated PICAI, PICAII, PICAII, and PICAIV.
PICAI includes the loading module and extender modules 1
and 2 of the PKS. PICAII includes extender modules 3 and
4. PICAIII includes extender module 5. PICAIV includes
extender module 6 and a thioesterase domain. There is a
second thioesterase domain (TEII) on a separate protein,
designated PICB. The amino acid sequences of these pro-
teins are shown below.
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Amino acid sequence of narbonolide synthase subunit 1, PICAI
SAHGTAEPVA VVGISCRVPG ARDPPEFWEL

1 MSTVSKSESE

61 VPADRWNAGD

121 LGWEALERAG

181 LSYTLGLRGP

241 GGLSPDGRAY

301 MTTPDAQAQE

361 PLLVGSVKTN

421 YLPWEPEHDG

481 VVSAKSAAAL

541 VVGSGPDDLA

601 ECEAALSPYV

661 HSQGEIAAAY

721 LSVAAVNGPT

781 AGLSPQAPRV

841 SAHPVLTMAL

901 PTYAFQTERH

961 VLGYATGGQI

1021 LVVHGEAAAN

1081 EFPQDRGWDV

1141 LETSWEAVED

1201 RVSYTLGLEG

1261 QRGLAGDGRS

1321 GLTAPNGPSQ

1381 QPLRLGSLKS

1441 EAVDWPEKQD

1501 WVVSAKSAAA

1561 GADDLVQALA

1621 ALSPYVDWSL

1681 EIAAAYVAGA

1741 AVNGPTATVV

1801 PQAPRVPFFS

1861 VLTMTLPETV

1921 QAERYWLENT

1981 TALVDAGAKV

2041 GIKAPLWSVT

2101 AHLVTALSGA

2161 AARWMAHHGA

2221 PAETPLTAVV

EFVSVSNDAG

FYDPDRSAPG

IDPSSLTGTR

SMVVDSGQSS

TFDARANGYV

AVLREAHERA

IGHLEGAAGI

QRMVVGVSSF

DAQIERLAAF

AAT.AAPEGLV

DWSLEAVVRQ

VAGALSLDDA

ATVVSGDPVQ

PFFSTLEGAW

PGTVTGLATL

WLGEIEALAP

EVDRTFREAG

PAGAEPAPVA

EGLYHPDPEH

AGIDPTSLRG

PALTVDTACS

KAFAASADGT

ORVIRRALAD

NIGHTQAAAG

GGLRRAAVSS

LDAQIERLAA

DPDGLIRGTA

EAVVRQAPGA

LPLDDAARVV

SGDPVQIEEL

RSNSRWGGF I

TGVFAGAIWD

SLVAVHLACE

RGEGGGFVVL

GTAPADVRYV

AGLIKAVLAV

GMGGTNAHVV

ASRDRTDGVD

RGVASGVGRV

APGAPTLERV

ARVVTLRSKS

IEELARACEA

ITEPVLDGGY

RRDNGGQDRL

AGEPAVQPAV

CTSLTGVDLR

AAGAVDEPVA

PGTSYVRQGG

RQVGVFTGAM

SSLVALHLAV

SWSEGVGVLL

ARLTTSDVDV

VSGVIKMVQA

FGISGTNAHV

FASRDRTDDA

SGVGRVAFVF

PTLERVDVVQ

TLRSKSIAAH

AQACKADGFR

TLEGTWITEP

TGLGTLRREQ

PAALATGDDW

EVLTAGADDD

QGAVSVGRLD

TGEDQIAIRT

EHLLLVSRSG

HTAGALDDGI

VLDGTYWYRN

GGQERLVTSL

RYRIDWKRLP

REALAARLTA

TPADPDRAML

TGLHARRLAR

EQAPGATQLT

VDTLTAEQVR

EDVDRFDAAF

DYATLKHRQG

SLRRGESELA

KRLSRAVADG

ELHGTGTPVG

RGRALPASLN

LEEAPGVVEG

AGAVDAGAVD

AFVFPGQGTQ

DVVQPVTFAV

TAAHLAGKGG

DGVRARVIPV

WYRNLRHRVG

VASLAEAWAN

LRTEAAEPAE

NRINAAFGVR

IVGMACRLPG

FIENVAGFDA

THEYGPSLRD

QALRKGEVDM

VERLSDARRN

VEAHGTGTRL

MRHGLLPKTL

VLEEAPVVVE

DAGAVDAGAV

PGQGTQOWAGM

PVTFAVMVSL

LAGKGGMLSL

ARIIPVDYAS

LRHRVGFAPA

AEAWVNGLPV

AAEGSERTGL

LTTGDGFTGV

WGLGRVVALE

APLHGRRPTR

AELTASGARV

RAHRAKAVGA

FGISPREAAE

GAAITPHTVT

LAGGVSLNLV

DPVLAVIRGS

DPIEAAALGA

YETPNPAIPF

ASVVESTVGG

AGAVARVLAG

WAGMGAELLD

MVSLARVWQH

MLSLALSEDA

DYASHSRQVE

FAPAVETLAT

GLAVDWSPLL

LDRDEQLRVI

MAPSMIFDFP

GVASPEDLWR

AFFGISPREA

GGEGLDGYLL

ALAGGVAVMP

GHQVLAVVRG

GDPIEAQALI

HVDEPSDQID

GASVVEPSVG

AHVLADGRAQ

GAELLDSSAV

ARVWQHHGVT

ALNEDAVLER

HSRQVEIIES

IETLAVDEGF

AWTSLLPATA

SGRWLAVTPE

VSLLDGLVPQ

HPERWAGLVD

DWQPHGTVLI

TIAACDVADP

SVLDELTRDL

LAAGGQAVTD

MDPQQRLALE

GLHRGIIANR

PDSIIGASKF

AVNNGGAAQG

ALGTGRPAGQ

EELNLRVNTE

SAVGGGVVPW

GRAQFEHRAV

SSAVFAAAMA

HGVTPQAVVG

VLERLAGFDG

IIESELAEVL

DEGFTHFVEV

PSATGHHSDL

LDKVRAQTAQ

TPEALAEQLL

LVAGGGDAIS

LAMDPQQRLL

TGNTASVMSG

TPGMFVEFSR

SAVNQDGASN

ATYGQGRDDE

WSAGAVELLT

GSAVGGGVTP

FEHRAVALGA

FAAAMAECEA

PQAVVGHSQG

LSDFDGLSVA

ELAQVLAGLS

THFVEVSAHP

SRPGLPTYAF

DHSAQAAAVL

VAWVQALGDA

LPAQPDAAAL

TGGTGALGSH

HAMRTLLDAI

DLDAFVLFSS

Feb. 3, 2005
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2281 VSSTLGIPGQ

2341 GVPGMDPELA

2401 RDSATSGQGG

2461 FKDIGFDSLA

2521 AATLPATVGAG

2581 RGWDLDGLYD

2641 EAFERAGIEP

2701 FGLEGPATTV

2761 PDGRSKAFSA

2821 NGPSQQRVIR

2881 GSVKSNIGHT

2941 PAGTGPRRAA

3001 EGSEASEAPA

3061 RLRDVGYTLA

3121 TGQGSQRPGA

3181 YTQCALFALE

3241 QELPAGGAML

3301 SGLGRRTRAL

3361 PEYWVRHVRG

3421 SPAGSPADSA

3481 RVDLPTYSFR

3541 RTHPWLADHA

3601 VGAPAGEPGG

3661 PPQGAEEVPL

3721 GGGSAAAAPY

3781 SAGTDAVSLS

3841 DPHATSYGPT

3901 GPADGGAEGV

3961 AAAWGLVRTA

4021 ASVRPETGTA

4081 ELVHELEALG

4141 DVEHVLRPKV

4201 RRRAAGLPAL

4261 HPVLLPLRLD

4321 DGAAETAAVT

4381 LTAVELRNRL

4441 TASRSTAETD

4501 PDGAGSGAED

GNYAPHNAYL

LAALESALGR

SSAQGANPLA

GVELRNRLTR

AGAGAGTDAD

ADPDALGRAY

ASLRGSSTGV

DTACSSSLTA

DADGFGAAEG

QALADARLAP

QAAAGAAGII

VSSFGISGTN

APGSREASLP

TSRTAFAHRA

GRELYDRHPV

VALFRLVESW

AVQAAEDEIR

RVSHAFHSAH

TVRFLDGVRV

AGALRPRPLL

RDRYWLDAPA

VLGSVLLPGA

ESAGDGARPV

DGLYERLDGN

GIHPALLDAS

LTDGEGRPLV

AVLGKDELKV

RGTVARTLEL

QTENPGRFGL

APALAPEGTV

ADVSVAACDV

DAAFLLDELT

SLGWGLWAET

AAGLRDAAGN

LADRAATVDG

NSAGGLALPA

ALLAQLTRLE

RPWAAGDGAG

-continued

DALAARRRAT

DETAITVADI

RRLAAAAPGE

ATGLQLPATL

DDPIAIVAMS

VREGGFLHDA

FIGLSYQDYA

LHLAVRALRS

VGLLLVERLS

GDIDAVETHG

KMVLAMRHGT

AHVVLEQAPD

GHLPWVLSAK

AVTAADRDGF

FARALDEICA

GMRPAALLGH

VWLETEERYA

MDGMLDGFRA

LRDLGVRTCL

VALLRRKRSE

ADTAVDTAGL

AMVELAAHAA

SLHSRLADAP

GLAFGPLFQG

LHAIAVGGLV

SVERLTLRPV

AAALESAGVE

LOAWLADEHL

LDLADDASSY

LLTGGTGGLG

ADREALTAVL

STPAYDLAAF

SGMTGELGQA

DPAGIPALFR

PARQRLLLEF

TLVFDHPSPA

GALVLTGLSD

GGSEDGAGVP

GRSAVSVAWG

DWDRFYLAYS

RTEILLGLVR

VFDHPTPLAL

CRYPGDIRSP

AEFDAEFFGV

ARVPNAPRGV

GECTMALAGG

DARRNGHPVL

TGTSLGDPIE

LPKTLHADEP

AAGEVLGADE

DEQSLRGQAA

LDGLATLAQG

HLDGHLELPL

SVGEIAAAHV

GRLDVAAVNG

VLETVEFRRP

ELGPDGVLTA

TETVADALGR

GLGTADHPLL

ESAGLRDVRE

AGTAWSCHAT

LNAVWRYEGE

DEPELVRVPF

TADQAAASRV

VGLYPDLAAL

AGTRLLLVTR

RTLPSVLSDA

GLVARHVVGE

DAIPAEHPLT

VMFSSAAAVF

DLRRMSRAGI

DVVGARTVRA

VVGEVAEVLG

ALASHLDAEL

APGSEEVLEH

DFMNASAEEL

Amino acid sequence of narbonolide synthase

PWDGGGMAAG
SGRPQPLVEE
AQARAVLRMR
VSLLRSEFLG
EDLWRMLSEG
SPREALAMDP
EGYLLTGSTP
VAMMATPHMF
AVVRGTAVNQ
AQGLQATYGK
SPHVDWANSG
VPEVSETVAM
ALHAWLSEPA
GTSAHVHLDT
LDVMFAAEGS
AGVFSLADAA
PEAAVLSGDA
SLTVVSNVTG
MAADGLADTP
AHAHGTGPDW
GAVVSLPDRD
LTLLEPLVLP
GLLATDRPEL
VFADIALPAT
HWSGVTVHAA
GGLMHRVAWR
SQDVAAGAPA
GAVRDPEGSG
GLRDEPQLAL
WGVRRLLLVS
AVVHTAGVLS
GGAGQGAYAA
GGISDAEGIA
RPSAASASTT
HARGHRIDAE
PRGASDQDGA
LRSLRSMVTG
FGLLDQDPST

subunit 2,

DGVAERLRNH

LPEVRRIIDA

SPEDVAADRA

DEETADARRS

GEGITPFPTD

QORMLLTTSW

SVASGRIAYT

VEFSRQRALA

DGASNGLTAP

ERPAERPLAI

LALVTEPIDW

AGTAGTSEVA

ADLSDADGPA

ARDGTTAFLF

AEAALLDETR

RLVAARGRLM

DAAREAEAYW

LAAGPDDLCD

ADSAAGSPVG

HAWFAGSGAH

GLLLTGRLSL

EHGGVELRVT

PVAPDRAAMW

TNATAPATAN

GAAAARVRLA

PYALASSGEQ

PRTVLAPLPA

ADDGGEDLSH

HDGTIRLARL

RRGTDAPGAD

DGTLPSMTTE

ANATLDALAW

LLDAALRDDR

AGTAGTPGTA

RGFLDLGFDS

GNRNGNENGT

ETGTGTASGA

D

PICAII

Feb. 3, 2005
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1 VSTVNEEKYL

61 VAGGEDAISE

121 AMDPQQRLLL

181 GNSGSVASGR

241 PSTFVEFSRQ

301 AVNQDGASSG

361 TYGQGRDGEQ

421 SAGAVELLTE

481 PSVGAGLVPW

541 VLGTGQDDFA

601 ECESALSRYV

661 HSQGEIAAAY

721 LSIAAVNGPT

781 AGLSPRTPEV

841 SAHPVLTMTL

901 PTYAFQRRHY

961 EAAPVLAALS

1021 GHPAPFTRGT

1081 ALEHPERWGG

1141 TASPWWQADG

1201 LAGLVAELAD

1261 ADALARVVTA

1321 DALAGQHRAD

1381 DTAVTIADVD

1441 AEQQRRMQEL

1501 TLVFDYPTPR

1561 LWRLVAGGED

1621 REALAMDPQQ

1681 YVGTGNAAST

1741 VMSTPTTFVE

1801 VRGSAVNQDG

1861 ALIATYGQGR

1921 QIDWSAGTVE

1981 VGGVVPWLVS

2041 TGODDLAAAL

2101 AATAPYVDWS

2161 GEIAAAYVAG

2221 AAVNGPTATV

2281 SPQTPQVPFF

DYLRRATADL

FPQDRGWDVE

EASWEAFEHA

VAYTLGLEGP

RGLAPDGRSK

LTAPNGPSQQ

PLRLGSLKSN

AMDWPDKGDG

LVSAKTPAAL

QALTAPEGLI

DWSLEAVVRQ

VAGALTLDDA

ATVVSGDPTQ

PFFSTLEGAW

PETVTGLGTL

WLHDSPAVQG

GAGADPVQLD

GATLTLVQAL

LIDLPSDADR

TVLVTGAEEP

LGATATVVTC

KATAALHLDR

GPTVTSVAWS

WSSFAPGFTT

VREHLAVVLN

TLAEFLLAETI

ATSGFPQDRG

RLLLETSWEA

MSGRVSYTLG

FSRQRGLAED

ASNGLTAPNG

DTEQPLRLGS

LLTEAMDWPR

AKTPAALDAQ

AAPEGLVRGV

LEAVVRQAPG

ALSLDDAARV

VSGDPTQIQE

STLEGAWITE

-continued

HEARGRLREL

GLYDPNPEAT

GIPAATARGT

AVTVDTACSS

SFSSTADGTS

RVIRRALADA

IGHTQAAAGV

GLRRAAVSSF

DAQIGRLAAF

RGTPSDVGRV

APGAPTLERV

ARVVTLRSKS

IQELAQACEA

ITEPVLDGTY

RREQGGQERL

SVQDSWRYRI

VSPLGDRQRL

EDAGVAAPLW

AALDRMTTVL

AAAFEAARRLA

DLTDAEAAAR

LLREAAAAGG

PWEGSRVTEG

ARPGTLLADL

HPSPEAVDTG

LGEQAGAGEQ

WDVEGLYDPD

VEDAGIDPTS

LEGPAVTVDT

GRSKAFAASA

PSQQRVIRRA

LKSNIGHTQA

KQEGGLRRAA

IGRLAAFASQ

ASGVGRVAFV

APTLERVDVV

VTLRSKSIGA

LAQACEADGV

PALDGGYWYR

EAKAGEPVAI

GKSYAREAGF

SVGVFTGVMY

SLVALHLAVQ

WSEGVGVLLV

RLTTSDVDVV

SGVIKMVQAM

GVSGTNAHVV

ASQGRTDAAD

AFVFPGQGTQ

DVVQPVTFAV

TAAHLAGKGG

DGVRARIIPV

WYRNLRHRVG

VTSLAEAWTN

DWKRLAVADA

AATLGEALAA

CVTHGAVSVG

AGGTGEDQVA

RDGAGHLLLH

LLAGVSDAHP

RPPVLVLFSS

ATGERLRRLG

PEARRALDEQ

RAFRDLGFDS

LPVDGGVDDE

PDASGRTYCR

LQGQQVGVFA

ACSSSLVALH

DGFGPAEGVG

LADARLTTAD

AAGVSGIIKM

VSSFGISGTN

GRTDAADPGA

FPGQGTQWAG

QPVTFAVMVS

HLAGQGGMLS

RARIIPVDYA

NLRHRVGFAP

VGMACRLPGG

LYEAGEFDAD

HDYATRLTDV

ATL.RKGEVDMA

ERLSDARRKG

EAHGTGTRLG

RHGVLPKTLH

LEEAPAAEET

PGAVARVLAG

WAGMGAELLD

MVSLAKVWQH

MISLALSEEA

DYASHSAHVE

FAPAVETLAT

GLTIDWAPVL

SERAGLSGRW

AGGAVDGVLS

RADHVTSPAQ

VRASGLLARR

TTPSGSEGAE

LSAVLHLPPT

VAATWGGAGQ

LRPLAPATAL

QSTTAADDTV

LTAVELRNRL

PVAIVGMACR

AGGFLDEAGE

GTNGPHYEPL

LAVQATLRKGE

MLLVERLSDA

VDVVEAHGTG

VQAMRHGVLP

AHIVLEEAPV

VARVLAGGRA

MGAELLDVSK

LAKVWQHHGV

LALSEAAVVE

SHSAHVETIE

AVETLATDEG

VASPEDLWRL

FFGISPREAL

PEGIEGYLGT

LAGGVTVMST

HRILAVVRGT

DPIEAQAVIA

VEKPTDQVDW

PASEATPAVE

GRAEFEHRAV

VSKEFAAAMA

HGVTPQAVVG

TRQRIENLHG

TIESELAEVL

DEGFTHFIEV

PTATGHHPEL

LVVVPEDRSA

LLAWDESAHP

AMVWGMGRVA

LVRASLPAHG

GTSGAAEDSG

VDSEPLAATD

GAYAAGTAFL

TALDTALGHG

LSRELGALTG

KNATGLALPA

LPGGVASPED

FDADFFGISP

LRNTAEDLEG

CGLALAGGVT

RRNGHRVLAV

TRLGDPIEAQ

KTLHVDRPSD

DEDAPADEPS

QFEHRAVALG

EFAAAMAECE

TPQAVVGHSQ

RLAGFDGLSV

SELADVLAGL

FTHFVEVSAH
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2341 PVLTMALPET

2401 FQTERYWPQP

2461 AVAGTVLLPG

2521 RTFGLYAHPE

2581 ANGYGYGPLF

2641 FGAGTRLPFA

2701 PAQLAAFSDP

2761 TDLVEAVDRG

2821 VTRDAVAARS

2881 GDATVGGTSG

2941 ALPLPAAPAL

3001 ALGMYPDPAL

3061 WTFAQGASVP

3121 SHGKWDALRA

3181 GGRFVEMGKT

3241 VITWDVRRAR

3301 GVRRLLLVSR

3361 VVHTAGVLSD

3421 GAGQGAYAAA

3481 PMDSELTLSL

3541 QRRAAAGGAG

3601 TGFDSLTAVE

3661 DTASATDRQT

3721 ASDDDLFSFI

Amino acid
1 MANNEDKLRD

61 AGDGDAISEF

121 MDPQQRLSLT

181 SGAALGFLSG

241 NADLFVQFSR

301 SAVNQDGASN

361 ATYGQEKSSE

421 WSAGTVELLT

481 GVVPWPVSAK

541 ALRDALRMPE

601 RYVDWSLEAV

661 AAYVAGALTL

721 GPTATVVSGD

781 PHVPFFSTLE

VTGLGTLRRD

DLSAAGDITS

TAFVELAFRA

DAPGEAEWTR

QGVRGVWRRG

WSGISLYAVG

TLDALHLLEW

ETPAPATVLV

GDGLRSTGQA

DAALGSALAT

WRLEPGTDGS

MGTEGAGVVT

VVFLTAVYAL

LGLDDAHIAS

DVRDAERVAA

DAFRHVSQAR

RGTDAPGAGE

GTLPSMTAED

NATLDALAWR

LDAAMRRDDP

EADTDLGGRL

LRNRLNAATG

TAALAELDRL

DKELGDSDF

-continued

NGGQHRLTTS

AGLGAAEHPL

GDQVGCDLVE

HATGVLAARA

DEVFADVALP

ATALRVRLAP

TAWDGAAQAL

ACPAAGPGGP

AVWGLGRSAQ

ALGSGEPQLA

LESLTAAPGD

ATGPGVTHLA

RDLADVKPGE

SRTLDFESAF

DHPGVGYRAF

HTGKVVLTMP

LVHELEALGA

VEHVLRPKVD

RRTAGLPALS

ALVPIALDVA

AAMTPDDRVA

LRLPATLVFD

EGVLASLAPA

LAEAWANGLT

LGAAVALADS

ELTLDAPLVL

DRTAPVADPE

AEVAGAEGAR

AGPDTVSVSA

PGAVVLGGDA

EHVREALHGS

TESPGRFVLL

LRDGALLVPR

AETLAPEPLG

PGDRVMGLLS

RLLVHSAAGG

RAASGGAGMD

DLGEAGPERI

SGLDPEGTVL

DVSVAACDVA

AAFLLDELTS

LGWGLWAETS

ALRAQQRDGM

HLRDLVRTHV

HPTPGELAGH

AGGRPELAAR

sequence of narbonolide synthase

YLKRVTAELQ

PQDRGWDVEG

TAWEAIESAG

RIAYVLGTDG

QRGLAADGRS

GLTAPHGPSQ

QPLRLGALKS

EAVDWPEKQD

TPAALDAQIG

GLVRGTSSDV

VRQEPGAPTL

DDAARVVTLR

PTQIEELART

ONTRRLREIE

LYDPDPDASG

IDPTALKGSG

PALTVDTACS

KAFATSADGF

QRVIRRALAD

NIGHTQAAAG

GGLRRAAVSS

QLAAYADGRT

GRVAFVFPGQ

DRVDVVQPVT

SKSIAAHLAG

CEADGVRARI

GTWITEPVLD

GTYWYRNLRH

GRTHEPVAIV

RTYCRSGGFL

LGVFVGGWHT

SSLVALHLAV

GPAEGAGVLL

ARLAPGDVDV

VAGVIKMVQA

FGISGTNAHV

DVDPAVAARA

GTQWAGMGAE

FAVMVSLAKV

KGGMISLALD

IPVDYASHSR

RVGFAPAVET

VDWASLLPTT TTHPDLPTYA
DGCLLTGSLS LRTHPWLADH
PRRGAVRVQL SVGASDESGR
AWPPPGAEPV DVDGLYERFA
FGLHPALLDA AVQAAGAGGA
ADSSGQPVFA ADSLTVLPVD
DGLAAAL.RAG GTEVLSFPDL
LALMQAWLAD ERFTDGRLVL
DLAGEARTAG DATAGDGLTT
LARAAAPAAA DGLAAADGLA
PGQVRIAIRA TGLNFRDVLI
GAYAPVVVAD ARTVARMPEG
VGMAAVQLAR HWGVEVHGTA
VVLNSLAREF VDASLRLLGP
GEMLAEVIAL FEDGVLRHLP
LTGGTGALGG IVARHVVGEW
DREALTAVLD SIPAEHPLTA
TPGYDLAAFV MFSSAAAVFG
GMTGGLSDTD RSRLARSGAT
LAPLLSGLTR GSRVGGAPVN
ATVLGHGTPS RVDLERAFRD
LLDELATAAG GSWAEGTGSG

LRALAAALGD DGDDATDLDE

subunit 3, PICAIII
GMACRLPGGV ASPEDLWQLV

HDAGEFDADF FGISPREALA
GYTSGQTTAV QSPELEGHLV
QALRKGECDM ALAGGVTVMP
VERLSDARRN GHRILAVVRG
VEAHGTGTRL GDPIEAQALT
MRHGLLPKTL HVDEPSDQID
VLEEAPAVED SPAVEPPAGG
LVDSRTAMEH RAVAVGDSRE
LLDSSPEFAA SMAECETALS
WOQHHGITPQA VVGHSQGEIA
EAAVLKRLSD FDGLSVAAVN
QVEIIEKELA EVLAGLAPQA

LAVDGFTHFI EVSAHPVLTM
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841 TLPETVTGLG TLRREQGGQE
901 RFWLQSSAPT SAADDWRYRV
961 DVLEAGADDD REALAARLTA
1021 QGAVSVGRLD TPADPDRAML
1081 TGEDQIAIRT TGLHARRLAR
1141 EHLLLVSRSG EQAPGATQLT
1201 HTAGAPGGDP LDVTGPEDIA
1261 GVYAAANAHL DALAARRRAR
1321 DELAKALSHD ETFVAVADVD
1381 VAPTGQSSAL AAITALPEPE
1441 AVQLRNQLST VVGNRLPATT
1501 PLDRLRDAGV LDTVLRLTGI

1561 NT

-continued

RLVTSLAEAW

EWKPLTASGQ

LTTGDGFTGV

WGLGRVVALE

APLHGRRPTR

AELTASGARV

RILGAKTSGA

GETATSVAWG

WERFAPAFTV

RRPALLTLVR

VFDHPTPAAL

EPEPGSGGSD

ANGLTIDWAP

ADLSGRWIVA

VSLLDDLVPQ

HPERWAGLVD

DWQPHGTVLI

TIAACDVADP

EVLDDLLRGT

LWAGDGMGRG

SRPSLLLDGV

THAAAVLGHS

AAHLHEAYLA

GGAADPGAEP

Amino acid sequence of narbonolide synthase

1 MTSSNEQLVD ALRASLKENE

61 AAGKDLVSEV PEERGWDIDS
121 MDPQQRQLLE ASWEVFERAG
181 NSSAVASGRI AYSLGLEGPA
241 GAFIEFSSQQ AMAADGRTKG
301 INQDGASNGL TAPHGPSQQR
361 YGQGRAPGQP LRLGTLKSNI
421 AGSVELLTEA VDWPERPGRL
481 PWPVSAKTSA ALDAQIGQLA
541 DALRMPEGLV RGTVTDPGRV
601 DWSLEAVVRQ APSAPTLDRV
661 VAGALTLDDA ARVVTLRSKS
721 ATVVSGDPTQ IQELAQACEA
781 PFFSTLEGTW ITEPALDGGY
841 PDKVTGLATL RREDGGQHRL
901 RSYWISPAGP GEAPAHTASG
961 CDSPEEVPVD RPLREIGFDS
1021 AERNWAVAEP SDHEQAEEEK
1081 AEASAFRPQF ASPEACSERL
1141 FQEERDFLAV PLPGYGTGTG
1201 LAHELAFRLE RAHGAPPAGI
1261 MGRYARFLAG PRPGRSSAPV

1321 RDHAPAVAEA VLSWLDAIEG

Amino acid sequence of typeII thiocesterase, PICB

ELRKESRRRA

LYDPVPGRKG

IDPASVRGTD

VTVDTACSSS

FASAADGLAW

LIRQALADAR

GHTQAASGVA

RRAGVSAFGV

AYAEDRTDVD

AFVFPGQGTQ

DVVQPVTFAV

TAAHLAGKGG

DGIRARIIPV

WYRNLRHRVG

TTSLAEAWAN

REAVAETGLA

LTAVDFRNRV

AAAPAGARSG

DPVLLAGGPT

TGTALLPADL

VLVDPYPPGH

LLVRASEPLG

IEGAGK

DRRQEPMAIV

TTYVRNAAFL

VGVYVGCGYQ

LVALHLALKG

GEGVAVLLLE

LTSSDVDVVE

GVIKMVQALR

GGTNAHVVLE

PAVAARALVD

WAGMGAELLD

MVSLAKVWQH

MISLALSEEA

DYASHSAHVE

FAPAVETLAT

GLALDWASLL

WGPGAEDLDE

NRLTGLQLPP

ADTGAGAGMF

DRAEGRAVLV

DTALDAQARA

QEPIEVWSRQ

DWQEERGDWR

ILPTATGHHP
VGSEPEAELL
VAWVQALGDA
LPAQPDAAAL
TGGTGALGSH
HAMRTLLDATI
PLDAFVLYSS
ADDAYWQRRG
PEARQALAAP
SPDRVAPGRA
PAEPAPTDWE

EASIDDLDAE

subunit 4,
GMSCRFAGGI

DDAAGFDAAF
DYAPDIRVAP
LRNGDCSTAL
RLSDARRKGH
GHGTGTRLGD
HGVLPKTLHV
EAPAVEESPA
SRTAMEHRAV
SSPEFAAAMA
HGITPEAVIG
TRQRIENLHG
TIENELADVL
DEGFTHFIEV
PATGALSPAV
EGRRSAVLAM
TVVFEHPTPV
RALFRQAVED
GCTGTAANGG
ILRAAGDAPV
LGEGLFAGEL

AHWDLPHTVA

ELPTYAFQTE

GALKAAGAEV

GIKAPLWSVT

AHLVTALSGA

AARWMAHHGA

PAETPLTAVV

NAGVWGSGSQ

IRPMSPDRAL

VGAPAPGDAA

FTELGFDSLT

GRVRRALAEL

AL.IRMALGPR

PICAIV
RSPEDLWDAV

FGISPREALA

EGTGGYVVTG

VGGVAVLATP

RVLAVVRGSA

PIEAQALLAT

DEPTDQVDWS

VEPPAGGGVV

AVGDSREALR

ECETALSPYV

HSQGEIAAAY

LSTIAAVNGPT

AGLSPQTPQV

SAHPVLTMTL

PDLPTYAFQH

VMRQAASVLR

ALAERISDEL

DRYGEFLDVL

PHEFLRLSTS

VLLGHSGGAL

EPMSDARLLA

DVPGDHFTMM

1 VIDRPLNVDS GLWIRRFHPA PNSAVRLVCL PHAGGSASYF FRFSEELHPS VEALSVQYPG
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-continued

61 RQDRRAEPCL ESVEELAEHV VAATEPWWQE GRLAFFGHSL GASVAFETAR ILEQRHGVRP

121 EGLYVSGRRA PSLAPDRLVH QLDDRAFLAE IRRLSGTDER FLQDDELLRL VLPALRSDYK

181 AAETYLHRPS AKLTCPVMAL AGDRDPKAPL NEVAEWRRHT SGPFCLRAYS GGHFYLNDQW

241 HEICNDISDH LLVTRGAPDA RVVQPPTSLI EGAAKRWQNP R

[0042] The DNA encoding the above proteins can be
isolated in recombinant form from the recombinant cosmid
pKOS023-27 of the invention, which was deposited with the
American Type Culture Collection under the terms of the
Budapest Treaty on 20 Aug. 1998 and is available under
accession number ATCC 203141. Cosmid pKOS023-27
contains an insert of Strepromyces venezuelae DNA of
-38506 nucleotides. The complete sequence of the insert
from cosmid pKOS023-27 is shown below. The location of
the various ORFs in the insert, as well as the boundaries of
the sequences that encode the various domains of the
multiple modules of the PKS, are summarized in the Table
below. FIG. 2 shows a restriction site and function map of
pKOS023-27, which contains the complete coding sequence
for the four proteins that constitute narbonolide PKS and
four additional ORFs. One of these additional ORFs encodes
the picB gene product, the type II thioesterase mentioned
above. PICB shows a high degree of similarity to other type
II thioesterases, with an identity of 51%, 49%, 45% and 40%
as compared to those of Amycolatopsis mediterranae, S.
griseus, S. fradiae and Saccharopolyspora erythraea,
respectively. The three additional ORFs in the cosmid
pKOS023-27 insert DNA sequence, from the picCIl, pic-
CIII, and picCVI, genes, are involved in desosamine bio-
synthesis and transfer and described in the following sec-
tion.

From Nucleotide = To Nucleotide Description
70 13725 picAI
70 13725 narbonolide synthase 1 (PICAI)
148 3141 loading module
148 1434 KS loading module
1780 2802 AT loading module
2869 3141 ACP loading module
3208 7593 extender module 1
3208 4497 KS1
4828 5847 AT1
6499 7257 KR1
7336 7593 ACP1
7693 13332 extender module 2
7693 8974 KS2

10
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-continued
From Nucleotide = To Nucleotide Description

9418 10554 AT2
10594 11160 DH2
12175 12960 KR2
13063 13332 ACP2
13830 25049 picAIl
13830 25049 narbonolide synthase 2 (PICAII)
13935 18392 extender module 3
13935 15224 KS3
15540 16562 AT3
17271 18071 KR3 (inactive)
18123 18392 ACP3
18447 24767 extender module 4
18447 19736 KS4
20031 21050 AT4
21093 21626 DH4
22620 23588 ER4
23652 24423 KR4
24498 24765 ACP4
25133 20821 picAIIL
25133 29821 narbonolide synthase 3 (PICAIII)
25235 29567 extender module 5
25235 26530 KSs
26822 27841 ATS
28474 29227 KRS
29302 29569 ACP5
29924 33964 picAIV
29924 33964 narbonolide synthase 4 (PICAIV)
30026 32986 extender module 6
30026 31312 KS6
31604 32635 AT6
32708 32986 ACP6
33068 33961 PKS thioesterase domain
33961 34806 picB
33961 34806 type II thioesterase homolog
34863 36011 picCII
34863 36011 4-keto-6-deoxyglucose isomerase
36159 37439 picCIII
36159 37439 desosaminyl transferase
37529 38242 picCVI
37529 38242 3-amino dimethyltransferase

[0043]

Sequence of the Insert DNA in Cosmid pK0S023-27
1 GATCATGCGG AGCACTCCTT CTCTCGTGCT CCTACCGGTG ATGTGCGCGC CGAATTGATT

61 CGTGGAGAGA

121 GACGCCGGTT

181 GTGCCCGGCG

241 GTCACCGACG

301 GCCCCCGGCC

TGTCGACAGT

CCGCGCACGG

CCCGGGACCC

TCCCCGCGGA

GCTCGAACAG

GTCCAAGAGT

CACAGCGGAA

GAGAGAGTTC

CCGCTGGAAC

CCGGTGGGGC

GAGTCCGAGG AATTCGTGTC CGTGTCGAAC

CCCGTCGCCG TCGTCGGCAT CTCCTGCCGG

TGGGAACTCC TGGCGGCAGG CGGCCAGGCC

GCCGGCGACT TCTACGACCC GGACCGCTCC

GGGTTCATCG AGGACGTCGA CCGGTTCGAC
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361

421

481

541

601

661

721

781

841

901

961

1021

1081

1141

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

1981

2041

2101

2161

2221

2281

2341

2401

2461

2521

2581

GCCGCCTTCT

GCCCTGGAGC

GGCACCCGCA

CGCCAGGGCG

GCGAACCGAC

CAGTCCTCGT

GAGCTCGCCC

AGCAAGTTCG

GGCTACGTAC

GCCGACGGCG

GCCCAGGGCA

GAGCGGGCCG

CCCGTGGGCG

GCCGGACAGC

GCCGGCATCG

AGCCTGAACT

AACACGGAGT

TCCTCGTTCG

GTCGAGGGTG

GTGCCGTGGG

GCCGCGTTCG

GCTGTCGATG

CGGGCCGTCG

GGTCTGGTCC

GGCACGCAGT

GCCATGGCCG

GTACGGCAGG

TTCGCCGTCA

GTCGTCGGCC

GACGACGCCG

AAGGGCGGCA

TTCGACGGGC

CCCGTACAGA

ATTCCCGTCG

GAGGTCCTCG

GGCGCCTGGA

CGTGTGGGCT

GTCGAGGTCA

TCGGCATCTC

TGGGCTGGGA

CCGGCGTCTT

GCGCCGCGAT

TCTCGTACAC

CGCTCGTCGC

TCGCCGGCGG

GCGGCCTCTC

GCGGCGAGGG

ACCCGGTGCT

TGACGACCCC

GGACCGCGCC

ACCCGATCGA

CGCTCCTGGT

CCGGCCTCAT

ACGAGACCCC

ACCTGCCGTG

GCATGGGCGG

CTTCGGTCGT

TGGTGTCGGC

CCTCGCGGGA

CGGGTGCTGT

TCGTCGGCAG

GGGGCGTGGC

GGGCCGGCAT

AATGCGAGGC

CCCCCGGTGC

TGGTCTCGCT

ACTCGCAGGG

CTCGTGTCGT

TGCTGTCCCT

TGTCCGTCGC

TCGAAGAGCT

ACTACGCGTC

CCGGGCTCAG

TCACCGAGCC

TCGCCCCGGC

CCGCCCACCC

-continued

GCCCCGCGAG

GGCCCTGGAG

CGCCGGLCGCCe

CACCCCGCAC

GCTCGGGCTC

CGTCCACCTC

CGTCTCGCTC

CCCCGACGGC

CGGCGGTTTC

CGCCGTGATC

CGACGCGCAG

GGCCGACGTG

GGCCGCTGCG

CGGCTCGGTC

CAAGGCCGTC

GAACCCGGCG

GGAGCCGGAG

CACGAACGCG

GGAGTCGACG

GAAGTCCGCT

TCGTACGGAT

CGCTCGCGTA

CGGGCCGGAC

TTCCGGTGTC

GGGTGCCGAA

CGCACTCTCC

GCCCACGCTG

GGCTCGCGTG

CGAGATCGCC

GACCCTGCGC

CGCGCTGAGC

CGCTGTGAAC

TGCTCGGGCG

CCACAGCCGG

CCCGCAGGCT

CGTGCTCGAC

CGTCGAGACC

CGTCCTCACC

GCCGCGGAGA

CGCGCCGGGA

ATCTGGGACG

ACCGTCACCG

CGCGGCCCCA

GCGTGCGAGA

AACCTGGTGC

CGCGCCTACA

GTCGTCCTGA

CGGGGCAGCG

GCGCAGGAGG

CGGTACGTCG

CTCGGCGCCG

AAGACGAACA

CTGGCGGTCC

ATCCCGTTCG

CACGACGGGC

CATGTCGTGC

GTCGGCGGGT

GCCGCGCTGG

GGTGTCGACG

CTGGCCGGCG

GATCTGGCGG

GGGCGAGTGG

CTGCTGGACT

CCGTACGTCG

GAGCGGGTCG

TGGCAGCACC

GCCGCGTACG

AGCAAGTCCA

GAGGACGCCG

GGGCCCACCG

TGTGAGGCCG

CAGGTCGAGA

CCGCGCGTGC

GGCGGCTACT

CTGGCCACCG

ATGGCCCTCC

11

TGGACCCGCA
TCGACCCGTC
ACTACGCCAC
GCCTCCACCG
GCATGGTCGT
GCCTGCGGCG
CGGACAGCAT
CCTTCGACGC
AGCGCCTCTC
CCGTCAACAA
CCGTGCTCCG
AGCTGCACGG
CCCTCGGCAC
TCGGCCACCT
GCGGTCGCGC
AGGAACTGAA
AGCGGATGGT
TCGAAGAGGC
CGGCGGTCGG
ACGCGCAGAT
CGGGCGCTGT
GGCGTGCTCA
CAGCGCTGGC
CGTTCGTGTT
CTTCCGCGGT
ACTGGTCGCT
ATGTCGTGCA
ACGGGGTGAC
TCGCCGGTGC
TCGCCGCCCA
TCCTGGAGCG
CCACCGTGGT
ATGGGGTCCG
TCATCGAGAG
CGTTCTTCTC
GGTACCGCAA
ACGAGGGCTT

CCGGGACCGT

GCAGCGGCTC

CTCGCTCACC

CCTGAAGCAC

CGGCATCATC

CGACTCCGGC

CGGCGAGTCC

CATCGGGGCG

GCGCGCCAAC

CCGGGCCGTC

CGGCGGCGCC

CGAGGCCCAC

CACCGGCACC

CGGCCGCCCG

GGAGGGCGCG

GCTGCCCGCC

CCTCCGGGTG

CGTCGGCGTG

CCCGGGGGTT

CGGCGGTGTG

CGAGCGGCTT

CGATGCGGGT

GTTCGAGCAC

CGCGCCTGAG

CCCCGGGCAG

GTTCGCGGCG

GGAGGCCGTC

GCCTGTGACG

GCCCCAGGCG

CCTGAGCCTG

CCTCGCCGGC

ACTGGCCGGG

CTCCGGTGAC

TGCGCGGGTC

CGAGCTCGCC

GACACTCGAA

CCTGCGCCAT

CACCCACTTC

CACCGGTCTG
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2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

3661

3721

3781

3841

3901

3961

4021

4081

4141

4201

4261

4321

4381

4441

4501

4561

4621

4681

4741

4801

4861

4921

GCGACCCTGC

TGGGCCAACG

TCCGACCTCC

CTCGCCCCGG

CCGGCGGAGC

ACGGCCCAGG

GAGGCCGGTT

GGCGTACGGA

CAGCTGCTCC

CCGGTGGCGG

CTGCCCGGTG

GCGATCTCGG

CCCGAGCACC

TTCGACGCGG

CGGCTCCTCC

CTGCGGGGAC

CTGCGGGACG

ATGTCGGGCC

GCCTGCTCGT

GTCGACATGG

TTCAGCCGGC

GACCGGACCA

CGCCGCAACG

GCGAGCAACG

CTGGCGGACG

ACGCGACTCG

GACGACGAAC

GCGGCCGGCG

AAGACGCTGC

CTCCTCACCG

GTCTCCTCCT

GTTGTCGAGG

GTGACGCCTT

CTTGCCGCAT

GGCGCTGTCG

CTCGGCGCCG

GGAACGGCTT

GCTGGCATGG

TGTGAGGCCG

GTCGCGACAA

GACTCGCGGT

CCACCTACGC

CGGGCGAGCC

TCGACCGGGA

TGCTGGGGTA

GCACCTCCCT

TGGCGCCGTC

TCGTCGTGCA

CGGCCGGTGC

GGGTCGCCTC

AGTTCCCGCA

CCGGCACGTC

CCTTCTTCGG

TCGAAACCTC

GGCAGGTCGG

GCGGGGAAGG

GCGTCTCGTA

CGTCGCTGGT

CGCTCGCCGG

AGCGCGGGCT

GCTGGTCCGA

GACACCAGGT

GCCTCACGGC

CCCGGCTGAC

GCGACCCGAT

AGCCGCTGCG

TCTCCGGTGT

ACGTCGACGA

AGGCCGTCGA

TCGGGATCAG

GTGCTTCGGT

GGGTGGTGTC

TCGCCTCGCG

CTCACGTACT

GGGCGGACGA

CCGGTGTCGG

GTGCCGAACT

CGCTGTCCCC

-continued

CGGCGGTCAG

CGACTGGAGC

GTTCCAGACC

GGCGGTGCAG

CGAGCAGCTG

CGCGACAGGC

GACCGGCGTG

CATGATCTTC

CGGGGAGGCG

CGTCGACGAG

GCCGGAGGAC

GGACCGCGGC

GTACGTCCGC

GATCTCGCCG

CTGGGAGGCC

CGTCTTCACT

CCTCGACGGC

CACACTCGGC

CGCCCTGCAC

CGGCGTGGCC

GGCCGGGGAC

GGGCGTCGGC

CCTCGCGGTC

TCCGAACGGG

GACCTCCGAC

CGAGGCGCAG

CCTCGGGTCG

CATCAAGATG

GCCCTCGGAC

CTGGCCGGAG

CGGCACCAAT

CGTCGAGCCG

GGCGAAGTCC

GGATCGTACG

GGCTGACGGG

CCTCGTACAG

GCGAGTGGCG

GCTGGACTCT

GTACGTCGAC

GACCGCCTCG

CCGCTCCTCC

GAGCGCCACT

CCCGCCGTCC

CGCGTGATCC

GGGCAGATCG

GACCTGCGCA

GACTTCCCCA

GCGGCGAACC

CCGGTGGCGA

CTGTGGCGGC

TGGGACGTGG

CAGGGCGGTT

CGCGAGGCCC

GTCGAGGACG

GGGGCGATGA

TACCTGCTGA

CTTGAGGGCC

CTCGCCGTGC

GTGATGCCCA

GGCCGGTCGA

GTCCTCCTCG

GTCCGCGGCA

CCCTCGCAGC

GTGGACGTCG

GCCCTGATCG

TTGAAGTCCA

GTCCAGGCGA

CAGATCGACT

AAGCAGGACG

GCGCATGTGG

TCGGTTGGCG

GCTGCCGCGC

GATGACGCCG

CGTGCTCAGT

GCGCTGGCCG

TTCGTGTTCC

TCCGCGGTGT

TGGTCGCTGG

12

TCGCCTCCCT
CCTCCGCGAC
GGCTGGGCGA
TCCGCACGGA
TGGACAAGGT
AGGTCGACCG
ACCGGATCAA
CCCCCGAGGC
CGGCCGGTGC
TCGTCGGCAT
TGGTGGCCGG
AGGGGCTGTA
TCATCGAGAA
TCGCCATGGA
CCGGGATCGA
CCCACGAGTA
CCGGCAACAC
CCGCCCTGAC
AGGCCCTGCG
CGCCCGGGAT
AGGCGTTCGC
TCGAGCGCCT
GCGCCGTGAA
AGCGCGTCAT
TCGAGGCACA
CCACCTACGG
ACATCGGGCA
TGCGCCACGG
GGTCGGCTGG
GCGGGCTGCG
TGCTCGAAGA
GGTCGGCGGT
TCGACGCGCA
ACGCCGGTGC
TCGAGCACCG
ATCCGGACGG
CCGGTCAGGG
TCGCGGCGGC

AGGCCGTCGT

CGCCGAAGCA

CGGCCACCAC

GATCGAGGCG

GGCGGCCGAG

CCGGGCGCAG

GACCTTCCGT

CGCCGCCTTC

TCTCGCGGAG

GGAGCCGGCT

GGCCTGCCGC

CGGCGGGGAC

CCACCCGGAT

CGTCGCCGGC

CCCGCAGCAG

CCCGACCTCC

CGGGCCGAGC

GGCCAGCGTG

GGTGGACACG

CAAGGGCGAG

GTTCGTCGAG

CGCGTCGGCG

GTCGGACGCC

CCAGGACGGC

CCGGCGCGCG

CGGCACGGGC

CCAGGGCCGT

CACCCAGGCC

ACTGCTGCCG

CGCCGTGGAA

CCGGGCCGCe

GGCCCCGGTG

CGGCGGCGGET

GATCGAGCGG

TGTCGACGCG

GGCCGTCGCG

GCTGATACGC

CACGCAGTGG

CATGGCCGAG

ACGGCAGGCC
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4981

5041

5101

5161

5221

5281

5341

5401

5461

5521

5581

5641

5701

5761

5821

5881

5941

6001

6061

6121

6181

6241

6301

6361

6421

6481

6541

6601

6661

6721

6781

6841

6901

6961

7021

7081

7141

7201

CCCGGTGCGC

GTCTCGCTGG

TCGCAGGGCG

CGCGTCGTCA

CTGTCCCTCG

TCCGTCGCCG

GAAGAGCTTG

TACGCGTCCC

GGTCTCAGCC

ACCGAGCCCG

GCCCCCGCCA

GCCCACCCCG

CGCGAACAGG

CTTCCCGTGG

TACGCCTTCC

GACGACTGGC

ACCGGCCTGT

GCCGTGCTCA

GACGACGACC

ACCGGCGTGG

GGCGACGCCG

CGTCTCGACA

GCCCTTGAGC

GCCGCCCTCG

ATCCGCACCA

CCCACCCGCG

GGCAGCCACG

CGCAGCGGCG

GCCCGCGTCA

GACGCCATCC

GACGGCATCG

GTCGGCGCCT

TTCTCGTCCG

GCCTACCTCG

GCCTGGGGAC

CGCAACCACG

CTCGGCCGGG

GCGTACTCCT

CCACGCTGGA

CTCGCGTGTG

AGATCGCCGC

CCCTGCGCAG

CGCTGAACGA

CCGTCAACGG

CTCAGGCGTG

ACAGCCGGCA

CGCAGGCCCC

TCCTCGACGG

TCGAGACCCT

TCCTCACCAT

GAGGCCAAGA

CATGGACTTC

AGGCCGAGCG

GCTACCGCAT

CCGGCCGCTG

CCGCGCTGGT

GTGAGGCCCT

TCTCGCTCCT

GAATCAAGGC

CCCCCGCCGA

ACCCCGAACG

CCCACCTCGT

CCGGACTCCA

ACTGGCAGCC

CCGCACGCTG

AACAAGCCCC

CCATCGCCGC

CCGCCGAGAC

TGGACACGCT

CGGTGCTCGA

TGTCGAGCAC

ACGCCCTCGC

CGTGGGACGG

GCGTGCCCGG

ACGAGACCGC

CCGGTCGCCC

-continued

GCGGGTCGAT

GCAGCACCAC

CGCGTACGTC

CAAGTCCATC

GGACGCCGTC

GCCCACCGCC

CAAGGCGGAC

GGTCGAGATC

GCGCGTGCCG

CACCTACTGG

GGCCGTCGAC

GACCCTCCCC

GCGTCTGGTC

GCTCCTGCCC

CTACTGGCTC

CGACTGGAAG

GCTCGCCGTC

CGACGCCGGG

CGCCGCCCGG

CGACGGACTC

GCCCCTGTGG

CCCCGACCGG

CTGGGCCGGC

CACCGCACTC

CGCCCGCCGC

CCACGGCACC

GATGGCCCAC

CGGAGCCACC

CTGCGACGTC

GCCCGTCACC

GACCGCCGAG

CGAGCTGACC

TCTGGGCATC

GGCTCGCCGC

TGGCGGCATG

CATGGACCCG

GATCACCGTC

GCAGCCCCTC

GTCGTGCAGC

GGTGTGACGC

GCCGGAGCCC

GCCGCCCACC

CTGGAGCGAC

ACTGTCGTGT

GGATTCCGCG

ATCGAGAGCG

TTCTTCTCGA

TACCGCAACC

GAGGGCTTCA

GAGACCGTCA

ACCTCGCTCG

GCCACGGCCT

GAGAACACTC

CGCCTCCCGG

ACGCCGGAGG

GCGAAGGTCG

CTCACCGCAC

GTACCGCAGG

TCCGTCACCC

GCCATGCTCT

CTCGTCGACC

TCCGGCGCCA

CTCGCCCGCG

GTCCTCATCA

CACGGAGCCG

CAACTCACCG

GCCGACCcCcC

GCCGTCGTCC

CAGGTCCGGC

CGGGACCTCG

CCCGGTCAGG

CGGGCCACCG

GCCGCCGGTG

GAACTCGCCC

GCGGACATCG

GTCGAGGAGC

13

CTGTGACGTT
CCCAGGCGGT
TGCCCCTGGA
TCGCCGGCAA
TGAGTGACTT
CGGGTGACCC
CGCGGATCAT
AGCTCGCCCA
CGCTCGAAGG
TCCGTCACCG
CGCACTTCGT
CCGGCCTCGG
CCGAGGCGTG
CCCGCCCCGG
CCGCCGCCCT
CCGCCGAGGG
ACCACTCCGC
AGGTGCTGAC
TGACGACCGG
TCGCCTGGGT
AGGGCGCGGT
GGGGCCTCGG
TCCCCGCCCA
CCGGCGAGGA
CACCCCTCCA
CCGGCGGCAC
AACACCTCCT
CCGAACTCAC
ACGCCATGCG
ACACCGCCGG
GGGCCCACCG
ACCTCGACGC
GCAACTACGC
GCCGGTCCGC
ACGGCGTGGC
TGGCCGCACT
ACTGGGACCG

TGCCCGAGGT

CGCCGTCATG

CGTCGGCCAC

CGACGCCGCC

GGGCGGCATG

CGACGGGCTG

CGTACAGATC

TCCCGTCGAC

GGTCCTCGCC

CACCTGGATC

CGTCGGCTTC

CGAGGTCAGC

CACCCTCCGT

GGTCAACGGG

TCTGCCCACC

GGCCACCGGC

GTCCGAGCGC

GCAGGCCGCC

GGCCGGGGCG

TGACGGCTTC

CCAGGCGCTC

CTCCGTCGGA

CCGCGTCGTC

GCCCGATGCC

CCAGATCGCC

CGGACGTCGG

CGGAGCCCTC

CCTCGTCAGC

CGCATCGGGC

CACCCTCCTC

CGCGCTCGAC

TGCGAAGGCC

GTTCGTGCTC

CCCGCACAAC

CGTCTCGGTG

CGAGCGGCTG

GGAGTCCGCG

CTTCTACCTC

GCGGCGCATC
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7261

7321

7381

7441

7501

7561

7621

7681

7741

7801

7861

7921

7981

8041

8101

8l61l

8221

8281

8341

8401

8461

8521

8581

8641

8701

8761

8821

8881

8941

9001

9061

9121

9181

9241

9301

9361

9421

9481

9541

ATCGACGCAC

CCCCTGGCCG

CTCGTACGGG

GACCGCGCCT

CTGACCCGGG

CTGGCCCTCG

CGGCGGTCCG

GATGCCGACG

CGCAGCCCGG

CCCACCGACC

AGGGCGTACG

TTCGGCGTCT

ACGTCCTGGG

ACCGGTGTCT

CGTGGCGTGG

GCGTACACCT

CTGACCGCCC

GCCGGTGGCG

GCGCTCGCCC

GCGGAGGGCG

CCGGTGCTCG

ACCGCGCCCA

CTGGCACCCG

CCCATCGAGG

CTCGCCATCG

GGCATCATCA

GACGAGCCGA

ATCGACTGGC

GGGACGAACG

GCCGATGAGG

GAGGTCGCTG

TCCCTCCCCG

CAGGCCGCCG

GGACCGGCCC

CACCGCGCCG

GCCCAGGGCG

TTCCTCTTCA

CACCCCGTCT

CTGCCCCTGC

GGGACAGCGC

AGCGGCTGGC

CGCAGGCCGC

TCAAGGACAT

CGACCGGGCT

TGTCGCTGCT

CGGCGCTGCC

ACGATCCGAT

AGGACCTGTG

GCGGCTGGGA

TCCGCGAGGG

CGCCGCGCGA

AGGCCTTCGA

TCATCGGCCT

AGGGTTACCT

TCGGTCTCGA

TGCACCTGGC

TGGCGATGAT

CGGACGGCCG

TCGGCCTGCT

CCGTGGTCCG

ACGGACCCTC

GCGACATCGA

CCCAGGGCCT

GCTCCGTGAA

AGATGGTCCT

GCCCGCACGT

CGGCCGGCAC

CGCACGTCGT

TGCCTGAGGT

AGGGCTCTGA

GGCACCTGCC

CCCTGCACGC

GCCTGCGGGA

CCGTGACCGC

GCACCTCGGC

CCGGCCAGGG

TCGCCCGGGC

TCGACGTGAT

-continued

CACGTCCGGA

CGCCGCGGCT

CGCCGTGCTC

CGGCTTCGAC

CCAGCTGCCC

CCGCAGCGAG

CGCGACTGTC

CGCGATCGTC

GCGGATGCTG

CCTCGACGGC

CGGGTTCCTG

GGCGCTGGCC

GCGGGCCGGC

CTCCTACCAG

GCTGACCGGC

AGGGCCCGCG

GGTGCGGGCG

GGCGACCCCG

CAGCAAGGCC

GCTCGTGGAG

CGGTACCGCC

GCAGCAGCGG

CGCCGTCGAG

CCAGGCCACG

GTCCAACATC

CAGGGCGGGA

CCCGGCGAGC

CGGATGCGTT

TCGCTCGCCG

GCGACGCTCG

TTCCTCGGTG

GGTGCCGGTG

GCGATGAGCT

TCCGAGGGCG

CTGTACGACG

CACGACGCGG

ATGGACCCGC

ATCGAGCCGG

GACTACGCGG

AGCACGCCGA

ACGACCGTCG

CTGCGCAGCG

CACATGTTCG

TTCTCGGCGG

CGGCTCTCGG

GTCAACCAGG

GTGATCCGGC

ACGCACGGCA

TACGGCAAGG

GGACACACCC

CGCGATGCGC

CGACTGGGCG

CGGTCCGCGC

GCTGGAGCAG

GTCTGAGACG

GGCCTCCGAG

CTGGGTGCTG

GTGGCTGTCC

CGTCGGGTAC

CGCCGACCGG

CCACGTCCAC

CAGTCAGCGC

GCTCGACGAG

GTTCGCGGCC

CACGGCACCC

AACAGCGGCC

CGCGCCGCCG

GCGCCGGATG

GTAGCGATGG

GCCCCCGCGG

TCCGCCAAGG

GAGCCCGCCG

ACGCTCGCCA

GACGGGTTCC

CTGGACACCG

CCCGGCGCCG

ATCTGCGCCC

GAGGGCAGCG

14

GCTCCGCCCA
GTACGGAGAT
CGCCGGAGGA
GTGTCGAGCT
TCTTCGACCA
ACGAGGAGAC
CCGGCGCCGG
GCCGCTACCC
GCGAGGGCAT
CCGACCCGGA
CCGAGTTCGA
AGCAGCGGAT
CATCGCTGCG
CCCGCGTCCC
GCGTCGCGTC
ACACCGCCTG
GCGAGTGCAC
TGGAGTTCAG
ACGCCGACGG
ACGCGCGGCG
ACGGCGCCAG
AGGCGCTCGC
CGGGAACCTC
AGCGGCCCGC
AGGCCGCGGC
TGCCGAAGAC
TGGCCCTCGT
TCTCCTCCTT
CTGCTGGTGA
CTGGGACGGC
CCCCCGGCAG
ACGAGCAGTC
CCGACCTGTC
CGAGCCGTAC
TGGACGGGCT
CCCGGGACGG
GCCGTGAGCT
ACCTCGACGG

CGGAGGCCGC

GGGCGCCAAC

CCTCCTCGGT

CGTCGCCGCC

GCGCAACAGG

CCCGACGCCG

GGCGGACGCC

CGCCGGCACC

CGGTGACATC

CACGCCGTTC

CGCGCTCGGC

CGCGGAGTTC

GCTCCTGACG

CGGCAGCAGC

GAACGCCCCG

GGGCCGTATC

CTCGTCGTCG

GATGGCGCTC

CCGTCAGCGG

GTTCGGCGCC

CAACGGTCAC

CAACGGGCTG

CGACGCCCGG

GCTGGGCGAC

GGAACGGCCG

CGGTGCGGCG

CCTCCACGCC

CACCGAGCCG

CGGCATCAGC

GGTGCTTGGG

TGGGACCTCC

CCGTGAGGCG

GCTGCGCGGC

GGACGCGGAC

CGCCTTCGCG

GGCCACGCTG

CACCACCGCG

GTACGACCGG

TCACCTCGAA

GCTGCTCGAC
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9601

9661

9721

9781

9841

9901

9961

10021

10081

10141

10201

10261

10321

10381

10441

10501

10561

10621

10681

10741

10801

10861

10921

10981

11041

11101

11161

11221

11281

11341

11401

11461

11521

11581

11641

11701

11761

11821

GAGACGCGGT

GAGAGCTGGG

GCGCACGTCG

CGGCTCATGC

GAGATCCGCG

GTCAACGGCC

GCGTACTGGT

TCCGCGCACA

CGGCGCCCCT

CTGTGCGACC

GTCCGTGTCC

CTCACCGCCA

CCCGTCGGCT

CCGCTGCTCG

CTCGGCAGGG

GGGGCGCACC

GCCCCGGCGG

CCGCTGCTCG

CTCTCCCTGC

CCCGGCGCCG

GTGCGGGAGC

CGCGTGACGG

CGGCCCGTCT

CACGCGACCG

GCCATGTGGC

GACGGGAACG

GAGGGTGAGG

ACCGCGAACG

GACGCTTCGC

GTCCCCTTCC

CGTCTCGCCT

CCGCTGGTCT

AGCCGCGTCG

GGCGAACAGG

CTGAAGGTCG

GCCGCGCTGT

CTGCCCGCGG

CTGGAGCTGC

ACACGCAGTG

GCATGCGGCC

CCGGTGTGTT

AGGAGCTGCC

TGTGGCTGGA

CCGAGGCCGC

CCGGGCTCGG

TGGACGGCAT

CCCTGACCGT

CCGAGTACTG

TGCGCGACCT

TGGCGGCCGA

CTCCCGCCGG

TGGCGCTGCT

CGCACGCCCA

GCGTGGACCT

CCGACACCGC

GCGCCGTGGT

GCACCCACCC

CGATGGTCGA

TGACCCTCCT

TCGGGGCGCC

CCCTCCACTC

GTCTGCTGGC

CGCCGCAGGG

GCCTCGCCTT

TCTTCGCCGA

GCGGCGGGAG

TGCACGCCAT

ACTGGAGCGG

CCGCGGGGAC

CCGTGGAACG

GCGGGCTGAT

ACCCGCACGC

CCGCCGCCCT

CCCAGGACGT

GTCCCGCCGA

TCCAGGCCTG

-continued

CGCGCTGTTC

GGCCGCACTG

CTCGCTCGCC

CGCCGGTGGC

GACGGAGGAG

CGTCCTGTCC

CCGCAGGACC

GCTCGACGGG

GGTCTCGAAC

GGTCCGGCAC

CGGCGTGCGG

CGGCCTCGCG

CTCTCCCGCC

GCGCCGCAAG

CGGCACCGGA

GCCCACGTAC

GGTGGACACC

CAGCCTTCCG

GTGGCTCGCG

ACTCGCCGCG

TGAACCGCTG

GGCCGGAGAG

GCGGCTCGCC

CACCGACCGG

CGCCGAGGAG

CGGTCCGCTG

CATCGCGCTC

TGCGGCGGCG

CGCGGTCGGC

TGTCACCGTG

GGACGCCGTC

GCTCACGCTG

GCACCGGGTG

CACTTCGTAC

GGAGTCCGCG

GGCGGCCGGC

CGGCGGCGCG

GCTGGCCGAC

GCCCTGGAGG

CTCGGTCACT

GACGCCGCCC

GCGATGCTCG

CGGTACGCGG

GGCGACGCGG

CGCGCGCTGC

TTCCGCGCCG

GTCACCGGCC

GTCCGCGGCA

ACCTGCCTGG

GACACCCCCG

GACTCCGCCG

CGGTCGGAGA

CCCGACTGGC

TCCTTCCGGC

GCCGGCCTCG

GACCGGGACG

GACCACGCCG

CACGCTGCGG

GTACTGCCCG

CCCGGTGGCG

GACGCGCCCG

CCCGAGCTTC

GTGCCGCTCG

TTCCAGGGGC

CCCGCCACCA

GCCCCCTACG

GGTCTCGTCG

CACGCGGCCG

TCGCTGTCCC

CGCCCGGTCA

GCCTGGCGTC

GGGCCGACCG

GGCGTCGAAG

GCCCCGGCGC

GAGGGTGTAC

GAGCACCTCG

15

TCGCGCTCTT
CGGTCGGCGA
GCCTGGTCGC
CCGTCCAGGC
GACGTCTGGA
ACGCGGCGCG
GGGTCAGCCA
TCCTGGAGAC
TGGCCGCCGG
CCGTCCGCTT
AGCTGGGCCC
CGGATTCCGC
CCGGCGCGCT
CCGAGACCGT
ACGCCTGGTT
GCGACCGCTA
GTCTCGGCAC
GCCTGCTGCT
TCCTGGGGAG
AGTCCGCCGG
AGCACGGTGG
AGTCGGCCGG
CCGGTACCGC
CCGTCGCGCC
ACGGTCTCTA
TGAACGCGGT
CGAATGCGAC
GCATCCACCC
ACGAGCCCGA
GTGCCGCGGC
TGACGGACGG
CCGCCGATCA
CGTACGCCCT
CCGTCCTCGG
TCGGGCTCTA
CCCGTACCGT
GGGGCACGGT

CGGGCACCCG

CCGGCTCGTC

GATCGCCGCC

CGCGCGCGGC

CGCGGAGGAC

CGTCGCCGCC

GGAGGCGGAG

CGCCTTCCAC

GGTGGAGTTC

CCCGGACGAC

CCTCGACGGC

CGACGGGGTC

TGCCGGCTCC

CCGGCCCCGG

CGCGGACGCC

CGCCGGCTCC

CTGGCTGGAC

CGCCGACCAC

CACCGGCCGC

CGTCCTGCTC

TCTGCGTGAC

CGTCGAGCTG

GGACGGCGCA

CTGGTCCTGC

CGACCGTGCG

CGAGCGGCTC

GTGGCGGTAC

CGCGCCCGCG

CGCCCTGCTC

GCTCGTCCGC

GGCCCGGGTC

CGAGGGACGC

GGCGGCGGCG

CGCCTCGTCC

CAAGGACGAG

CCCCGACCTG

CCTTGCGCCG

GGCCCGGACG

CCTGCTCCTG
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11941

12001

12061

12121

12181

12241

12301

12361

12421

12481

12541
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12661

12721

12781

12841

12901

12961

13021

13081

13141

13201

13261
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13741

13801

13861

13921

13981

14041

14101

14161

GTCACCCGCG

CTGTCGCACG

TTCGGCCTTC

TCCGACGCGG

GCCCGCCTGG

GGCACGGTCC

GTGGGCGAGT

GGCGCCGACG

TGCGACGTCG

CCGCTCACCG

ACGACGGAGG

GAACTCACCT

GCCGTCTTCG

CTCGCCTGGC

GCCGAGACCA

GCGGGCATCG

GACGACCGCC

GCCGGGAACG

GTCCGGGCCC

GGGACGGCGG

GTGGACGGGC

GTACTCGGCC

TTCGACTCCC

CTCCCGGCGA

GCCGAGCTGC

AACGGGACGA

CGCCTGGAAG

CTGGAGCACC

TCCGGAGCCC

GGAGCCGGGG

GAGGAACTCT

CGCCTCCCGC

GGGCGCCTCC

ACTACCTGCG

AGGCGAAGGC

TCGCCTCGCC

TCCCCCAGGA

GCAAGAGTTA

TCTTCGGGAT

GTGCGGTGCG

CGGCCGCCTG

TCGACCTGGC

GCCTGCGCGA

CCTCCGTCCG

TGCTGACCGG

GGGGCGTACG

AGCTCGTGCA

CCGACCGCGA

CGGTCGTCCA

ACGTGGAACA

CGACGCCCGC

GTGGCGCGGG

GCCGCCGGGC

GCGGCATGAC

GCGGGATCAG

ACCCGGTCCT

ACCCGGCCGG

GGCCGTCCGC

ACGGCGCGGC

CCGCACGGCA

ACGCCCGCGG

TGACCGCCGT

CCCTGGTCTT

CGCGCGGCGC

CGGCGTCCCG

GCGCCTTGGT

TGCGGTCCCT

CGGACGGCGC

GCGGGAGTGA

TCGGCCTCCT

CCCGGACCCC

AGGAACTCAA

TCGTGCCACG

GGGCGAGCCG

CGAGGACCTG

CCGCGGCTGG

CGCCCGCGAG

CTCGCCGCGC

-continued

GGACCCCGAG

GGGTCTCGTA

CGACGACGCC

CGAACCGCAG

GCCCGAGACC

CGGCACCGGC

ACGCCTGCTG

CGAGCTGGAG

AGCCCTCACC

CACGGCAGGC

CGTACTGCGG

ATACGACCTG

GCAGGGCGCC

AGCCGGACTC

CGGCGAGCTC

CGACGCCGAG

GCTGCCCCTG

AATCCCGGCG

GGCCTCCGCC

GGAAACGGCG

GCGCCTGCTG

TCACCGGATC

CGAACTCCGC

CGACCACCCA

CTCGGACCAG

GAGCACCGCC

GCTGACGGGC

GCGCTCGATG

CGGGTCCGGC

GGACGGCGCG

CGACCAGGAC

GTCCCGGGCA

GGGGACAGCG

GCGGACCTCC

GTGGCGATCG

TGGCGGCTGG

GACGTGGAGG

GCCGGATTCC

GAGGCCCTCG

GGGTCCGGCG

CGGACCGCGC

TCGTCGTACC

CTCGCCCTGC

GGCACCGCCG

GGCCTGGGCG

CTGGTGAGCC

GCCCTGGGAG

GCCGTACTCG

GTCCTCTCCG

CCCAAGGTCG

GCAGCGTTCG

TACGCCGCCG

CCCGCCCTCT

GGCCAGGCGG

GGCATCGCGC

CGGCTCGACG

CTCTTCCGGG

TCGACGACAG

GCGGTCACGC

CTCGAGTTCG

GACGCCGAAC

AACCGGCTCA

AGCCCGGCGG

GACGGAGCCG

GAGACGGACG

CTCTCGGACG

GTCACGGGCG

GCCGAGGACC

GGAGTGCCGG

CCCAGCACGG

CCTCGACTCG

TGTCCACGGT

ACGAGGCCCG

TCGGCATGGC

TGGCCGGCGG

GCCTGTACGA

TGTACGAGGC

CCATGGACCC

16

CCGACGATGG
AGACCGAGAA
GGACCCTGCC
ACGACGGCAC
CACCGGCGCT
GACTGGTCGC
GGCGGGGCAC
CCGACGTCTC
ACGCCATCCC
ACGGCACCCT
ACGCCGCGTT
TCATGTTCTC
CCAACGCCAC
CCCTCGGCTG
ACCTGCGCCG
TCCTCGACGC
CCGCCGGGCT
ACGTCGTCGG
CCGGGACGGC
TCGCCGACCG
TCGTCGGCGA
GGGGCTTCCT
ACTCCGCCGG
CACTCGCCTC
GGAACCGGAA
CGCTGCTGGC
CCCCCGGGAG
AGACCGGGAC
GGCCCTGGGC
ACTTCATGAA
ACTGATCCCT
AATCACTTCA
GAACGAAGAG
TGGCCGCCTC
CTGCCGCCTG
CGAGGACGCG
CCCGAACCCG
GGGCGAGTTC

GCAGCAGCGT

CGGCGAGGAC

CCCCGGLeGe

GTCGGTGCTC

CATCAGGCTG

CGCCCCGGAG

CCGGCACGTG

GGACGCCCCG

GGTGGCCGCG

CGCCGAACAC

CCCGTCCATG

CCTCCTCGAC

CTCCGCCGCC

CCTCGACGCC

GGGCCTCTGG

GATGAGCCGC

CGCCCTCCGC

GCGGGACGCG

CGCCAGGACC

CGGCACGCCG

GGCCGCCACC

GGTCGCCGAA

CGACCTCGGC

TGGCCTCGCC

CCACCTGGAC

CGGGAACGAG

ACAACTGACC

CGAAGAAGTC

CGGGACCGCG

GGCCGGGGAC

CGCCTCGGCC

GCCGCACGGT

TGCGCGCCTC

AAGTACCTCG

CGCGAGCTGG

CCCGGCGGCG

ATCTCGGAGT

GAGGCCACGG

GACGCCGACT

CTCCTCCTGG
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AGGCCTCCTG

CGGTCGGCGT

CGGAGGGCAT

TCGCGTACAC

CGCTGGTCGC

TCGCCGGCGG

GCGGGCTGGC

GGTCCGAGGG

ATCGGATCCT

TCACGGCTCC

GGCTCACGAC

ACCCGATCGA

CGCTGCGCCT

CCGGCGTGAT

TGGAGAAGCC

CCATGGACTG

GCGTCAGCGG

CTGCCTCCGA

TGGTGTCGGC

CCTCGCAGGG

GGCGCGCCGA

AGGCGCTGAC

CGTTCGTGTT

TGTCGAAGGA

ACTGGTCGCT

ACGTCGTCCA

ACGGCGTGAC

TCGCCGGTGC

TCGCCGCCCA

CCCGGCAGCG

CCACCGTGGT

ACGGGGTCCG

CCATCGAGAG

CGTTCTTCTC

GGTACCGCAA

ACGAAGGCTT

CCGAGACCGT

TCACCTCACT

GGAGGCGTTC

CTTCACCGGC

CGAGGGCTAC

GCTTGGCCTG

CCTGCACCTC

CGTGACGGTC

GCCGGACGGC

CGTCGGCGTC

CGCCGTGGTC

GAACGGGCCG

CTCCGACGTG

GGCGCAGGCC

CGGGTCGTTG

CAAGATGGTC

GACGGACCAG

GCCGGACAAG

GACGAACGCG

GGCGACCCCG

GAAGACTCCG

CCGTACGGAC

GTTCGAGCAC

CGCTCCGGAA

CCCCGGTCAG

GTTCGCGGCG

GGAGGCCGTC

GCCCGTGACC

GCCGCAGGCC

CCTCACCCTC

CCTCGCCGGC

CATCGAGAAC

TTCGGGCGAC

CGCACGGATC

CGAACTCGCC

GACACTCGAA

CCTCCGCCAC

CACCCACTTC

CACCGGCCTC

CGCCGAAGCC

-continued

GAGCACGCCG

GTGATGTACC

CTGGGCACCG

GAGGGGCCGG

GCCGTGCAGG

ATGTCGACGC

CGGTCGAAGT

CTCCTCGTCG

CGGGGCACCG

TCGCAGCAGC

GACGTCGTCG

GTCATCGCCA

AAGTCCAACA

CAGGCGATGC

GTGGACTGGT

GGCGACGGCG

CACGTCGTGC

GCCGTCGAGC

GCCGCGCTGG

GCCGCCGATC

CGGGCCGTCG

GGACTGATAC

GGCACGCAGT

GCCATGGCCG

GTCCGGCAGG

TTCGCTGTCA

GTCGTCGGCC

GACGACGCCG

AAGGGCGGCA

CTCCACGGAC

CCCACCCAGA

ATCCCCGTCG

GAGGTCCTCG

GGCGCCTGGA

CGCGTCGGCT

ATCGAGGTCA

GGCACCCTCC

TGGACCAACG

GGATCCCGGC

ACGACTACGC

GCAACTCCGG

CCGTCACGGT

CCCTGCGCAA

CCAGCACCTT

CCTTCTCGTC

AGCGCCTGTC

CCGTCAACCA

GCGTCATCCG

AGGCCCACGG

CGTACGGGCA

TCGGACACAC

GCCACGGCGT

CCGCGGGCGC

GACTGCGCAG

TCGAAGAGGC

CGTCGGTCGG

ACGCCCAGAT

CGGGCGCGGT

TGCTCGGCAC

GCGGCACGCC

GGGCCGGGAT

AGTGCGAGAG

CGCCGGGCGC

TGGTTTCGCT

ACTCGCAGGG

CCCGCGTCGT

TGATCTCCCT

TGTCGATCGC

TCCAAGAGCT

ACTACGCCTC

CCGGGCTCAG

TCACCGAGCC

TCGCCCCCGC

GCGCCCACCC

GCCGCGAACA

GCCTCACCAT

17

GGCCACCGCG
CACCCGTCTC
CAGTGTCGCC
CGACACCGCC
GGGCGAGGTC
CGTCGAGTTC
GACGGCCGAC
CGACGCGCGT
GGACGGCGCC
ACGTGCCCTG
CACGGGTACG
GGGCCGTGAC
CCAGGCCGCC
CCTGCCGAAG
GGTCGAGCTG
GGCCGCGGTC
CCCGGCGGCC
CGCCGGCCTG
CGGACGCCTC
CGCTCGCGTA
CGGACAGGAC
CTCGGACGTG
GGGCGCCGAA
CGCGCTCTCC
GCCCACGCTG
GGCGAAGGTC
CGAGATCGCC
CACCCTGCGC
CGCCCTCAGC
CGCCGTCAAC
CGCTCAGGCG
CCACAGCGCC
CCCGCGGACA
GGTGCTCGAC
CGTCGAGACC
CGTCCTCACC
GGGAGGCCAG

CGACTCGGCG

CGCGGCACCT

ACCGATGTCC

TCGGGCCGCG

TGCTCGTCCT

GACATGGCGC

AGCCGTCAGC

GGCACCAGCT

CGCAAGGGCC

AGCAGCGGCC

GCGGACGCCC

CGACTCGGCG

GGCGAACAGC

GCCGGTGTCT

ACGCTCCACG

CTCACCGAGG

TCCTCCTTCG

GAGGAGACCC

GTGCCGTGGC

GCCGCGTTCG

CTGGCCGGCG

GATTTCGCGC

GGCCGGGTGG

CTCCTCGACG

CGCTATGTCG

GAGCGGGTCG

TGGCAGCACC

GCCGCGTACG

AGCAAGTCCA

GAGGAAGCCA

GGCCCCACCG

TGTGAGGCCG

CACGTCGAGA

CCTGAGGTGC

GGCACCTACT

CTCGCCACCG

ATGACCCTCC

GAGCGTCTGG

CCCGTCCTCC
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CCACCGCAAC

GGCTCCACGA

ACTGGAAGCG

TCGTCGTCGT

GCGCCGGCGC

CCGCGACGCT

TGCTCGCGTG

GCGCCACCCT

GCGTGACCCA

CCATGGTGTG

TGATCGACCT

CCGGCGGTAC

TCGTCCGCGC

CGGTGCTCGT

GCGACGGCGC

GCACCTCCGG

TGGGCGCGAC

TGCTCGCCGG

TCGACTCCGA

AGGCCACCGC

GTCCGCCCGT

GCGCGTACGC

GCCCCACCGT

CGACCGGGGA

CCGCCCTGGA

GGTCGAGCTT

CCGAGGCGCG

TGAGCCGCGA

TCCGCGAGCA

GGGCCTTCCG

AGAACGCCAC

CGCTGGCGGA

TTCCGGTGGA

TGCCGGGCGG

CGATCTCCGG

CGGACGCGTC

TCGACGCCGA

GGCTCCTCCT

TTCAGGGGCA

CGGCCACCAC

CTCCCCCGCC

CCTCGCGGTC

CCCCGAGGAC

CGACCCCGTA

GGGCGAGGCC

GGACGAGAGC

CACCCTGGTG

CGGCGCGGTG

GGGCATGGGC

GCCCTCGGAC

GGGTGAGGAC

CTCCCTCCCG

CACCGGTGCC

CGGACACCTC

TGCCGCCGAG

GGCCACCGTC

CGTCTCCGAC

GCCGCTCGCC

CGCGCTCCAC

CCTGGTCCTC

CGCCGGTACG

GACCTCGGTG

GCGGCTGCGC

CACCGCGCTC

CGCCCCCGGC

CCGCGCGCTC

GCTCGGTGCG

CCTCGCCGTG

TGACCTCGGA

CGGCCTGGCC

GTTCCTCCTC

CGGCGGGGTC

TGTCGCCTCG

CTTCCCGCAG

CGGGCGGACG

CTTCTTCGGG

GGAGACCTCC

GCAGGTCGGC

-continued

CCCGAGCTCC

GTCCAGGGCT

GCCGACGCGT

CGTTCCGCCG

CAGCTGGACG

CTGGCGGCGG

GCGCACCCCG

CAGGCGCTGG

TCCGTCGGCC

CGGGTCGCCG

GCCGACCGGG

CAGGTCGCGG

GCGCACGGCA

GAGGAGCCTG

CTCCTCCACA

GACTCCGGCC

GTGACCTGCG

GCGCACCCGC

GCGACCGACG

CTGGACCGCC

TTCTCCTCGG

GCCTTCCTCG

GCCTGGAGCC

CGCCTCGGCC

GGCCACGGCG

TTCACCACGG

GACGAGCAGC

CTCACCGGCG

GTCCTCAACC

TTCGACTCGC

CTCCCGGCCA

GCGGAGATCC

GACGACGAGC

CCGGAGGACC

GACCGCGGCT

TACTGCCGTG

ATCTCGCCGC

TGGGAGGCCG

GTGTTCGCGG

CCACCTACGC

CCGTGCAGGA

CCGAGCGCGC

AGGCCGCCCC

TGTCCCCGCT

CCGGTGGAGC

GCCACCCCGC

AGGACGCCGG

GGGCCGACCA

CCCTGGAGCA

CGGCCCTGGA

TACGCGCCTC

CGGCTTCGCC

CGGCCGCCGA

CCACCCCCTC

TCGCCGGGCT

ACCTCACGGA

TCAGCGCCGT

CGGACGCGCT

TCCTGCGGGA

TCGCCGCGAT

ACGCCCTCGC

CCTGGGAGGG

TGCGCCCCCT

ACACCGCCGT

CCCGGCCGGG

AGTCGACGAC

CCGAACAGCA

ACCCCTCCCC

TGACGGCGGT

CTCTGGTCTT

TGGGCGAGCA

CCGTCGCGAT

TGTGGCGGCT

GGGACGTGGA

CCGGTGGCTT

GCGAGGCCCT

TCGAGGACGC

GCACCAACGG

18

CTTCCAGCGC
CTCCTGGCGC
CGGGCTGTCC
GGTGCTCGCC
GGGCGACCGG
CGTCGACGGC
CCCCTTCACC
CGTCGCCGCC
CGTCACCTCC
CCCCGAGCGG
CCGCATGACC
CGGGCTGCTC
GTGGTGGCAG
GGCCGCACGC
CGGCAGCGAA
CGTCGCCGAA
CGCGGAGGCG
CCTCCACCTG
CGCCCGTGTC
GGCCGCGGCT
CTGGGGCGGC
CGGTCAGCAC
CAGCCGCGTC
CGCCCCCGCG
CACGATCGCC
CACCCTCCTC
GGCCGCCGAC
GCGCCGTATG
CGAGGCCGTC
CGAGCTCCGC
CGACTACCCG
GGCCGGTGCC
CGTCGGCATG
GGTGGCCGGC
GGGGCTGTAC
CCTCGACGAG
CGCCATGGAC
CGGGATCGAC

CCCCCACTAC

CGTCACTACT

TACCGCATCG

GGGCGCTGGC

GCGCTGTCCG

CAGCGGCTCG

GTCCTCTCGC

CGGGGCACCG

CCGCTGTGGT

CCCGCCCAGG

TGGGGCGGCC

ACGGTCCTCG

GCCCGCCeee

GCCGACGGCA

CGGCTGGCCC

GGCGCCGAAG

CTCGCGGACC

GCCGCCCGGC

CCGCCCACCG

GTGACCGCGA

GCCGGAGGCC

GCCGGTCAGG

CGGGCCGACG

ACCGAGGGTG

ACGGCGCTCA

GACGTCGACT

GCCGATCTGC

GACACCGTCC

CAGGAGTTGG

GACACGGGGC

AACCGCCTCA

ACCCCCCGGA

GGCGAGCAGC

GCGTGCCGCC

GGCGAGGACG

GACCCGGACC

GCGGGCGAGT

CCGCAGCAGC

CCGACCTCCC

GAGCCGCTGC
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18841

18901

18961

19021

19081

19141

19201

19261

19321

19381

19441

19501

19561

19621

19681

19741

19801

19861

19921

19981

20041

20101

20161

20221

20281

20341

20401

20461

20521

20581

20641

20701

20761

20821

20881

20941

21001

21061

TCCGCAACAC

TGTCGGGCCG

CCTGCTCCTC

GCGGACTGGC

TCAGCCGGCA

ACGGCTTCGG

GCCGCAACGG

CGAGCAACGG

TCGCGGACGC

CGCGACTCGG

ACACCGAACA

CCGCCGGTGT

AGACGCTCCA

TGCTCACCGA

TCTCCTCCTT

ACGAGGACGC

CGAAGACTCC

GCCGTACGGA

AGTTCGAGCA

CCGCGCCTGA

TCCCGGGACA

AGTTCGCGGC

TGGAGGCCGT

AGCCCGTGAC

CCCCGCAAGC

CCCTGAGCCT

ACCTCGCGGG

GACTGGCCGG

TTTCGGGCGA

GCGCACGGAT

GCGAACTCGC

CCACCCTCGA

ACCTCCGCCA

TCACCCACTT

TCACCGGCCT

TCGCCGAGGC

CCACCCACCC

ACCTCTCCGC

CGCCGAGGAT

TGTCTCGTAC

CTCGCTGGTC

GCTCGCGGGC

GCGCGGGCTC

CCCGGCGGAG

ACACCGTGTG

CCTGACCGCC

CCGACTGACG

CGACCCGATC

GCCGCTGCGC

CTCCGGCATC

CGTGGACCGG

GGCCATGGAC

CGGCATCAGC

CCCGGCGGAC

GGCCGCGCTG

CGCCGCCGAT

CCGGGCCGTC

GGGTCTGGTC

GGGCACGCAG

GGCCATGGCC

CGTCCGACAG

GTTCGCCGTC

CGTCGTCGGC

GGACGACGCC

CCAGGGCGGC

GTTCGACGGG

CCCGACCCAG

CATCCCCGTC

CGACGTCCTG

AGGCGCCTGG

TCGTGTGGGC

CGTCGAGGTC

CGGCACCCTC

CTGGGCCAAC

CGATCTGCCC

CGCCGGTGAC

-continued

CTTGAGGGTT

ACCCTCGGCC

GCCCTGCACC

GGTGTGACGG

GCGGAGGACG

GGCGTCGGCA

CTGGCGGTCG

CCGAACGGGC

ACCGCCGACG

GAGGCACAGG

CTGGGGTCGT

ATCAAGATGG

CCGTCGGACC

TGGCCGAGGA

GGCACGAACG

GAGCCGTCGG

GACGCCCAGA

CCGGGCGCGG

GCGCTCGGCA

CGGGGTGTGG

TGGGCCGGGA

GAGTGCGAGG

GCCCCCGGCG

ATGGTCTCGC

CACTCGCAGG

GCTCGTGTCG

ATGCTGTCCC

CTGTCCGTCG

ATCCAAGAGC

GACTACGCCT

GCGGGGTTGT

ATCACCGAAC

TTCGCCCCGG

AGCGCCCACC

CGCCGTGACA

GGCCTCACCG

ACCTACGCCT

ATCACCTCCG

ACGTCGGGAC

TGGAGGGCCC

TCGCCGTGCA

TCATGTCGAC

GCCGGTCGAA

TGCTCCTCGT

TGCGCGGCAG

CCTCGCAGCA

TGGACGTCGT

CCCTCATCGC

TGAAGTCCAA

TCCAGGCGAT

AGATCGACTG

AGCAGGAGGG

CGCACATCGT

TCGGCGGTGT

TCGGACGCCT

TCGCTCGCGT

CCGGACAGGA

CCTCCGGTGT

TGGGTGCCGA

CCGCGCTCGC

CGCCCACGCT

TGGCGAAGGT

GCGAGATCGC

TGACCCTGCG

TCGCGCTGAG

CCGCCGTCAA

TCGCTCAGGC

CCCACAGCGC

CCCCCCAGAC

CCGCCCTCGA

CCGTCGAAAC

CCGTCCTCAC

ACGGCGGACA

TCGACTGGGC

TCCAGACCGA

CCGGTCTCGG

19

GGGCAACGCC
GGCCGTCACG
GGCCCTGCGC
GCCCACGACG
GGCGTTCGCC
CGAGCGCCTG
CGCGGTCAAC
GCGCGTCATC
CGAGGCCCAC
CACCTACGGC
CATCGGACAC
GCGCCACGGC
GTCGCCGGGC
CGGGCTGCGC
GCTCGAAGAA
GGTGCCGTGG
CGCCGCGTTC
ACTGGCCGGC
CGACCTGGCG
GGGTCGAGTG
ACTCCTCGAC
TCCGTACGTG
GGAGCGGGTC
CTGGCAGCAC
CGCCGCGTAC
CAGCAAGTCC
CGAGGCGGCC
CGGGCCTACC
GTGTGAGGCC
CCACGTCGAG
ACCCCAGGTC
CGGCGGCTAC
CCTGGCCACC
CATGGCCCTG
GCACCGCCTC
CTCTCTCCTC
GCGCTACTGG

GGCGGCCGAG

GCCAGCATCA

GTCGACACCG

AAGGGCGAAT

TTCGTGGAGT

GCGTCGGCGG

TCGGACGCCC

CAGGACGGCG

CGGCGCGCGC

GGCACGGGCA

CAGGGGCGCG

ACCCAGGCCG

GTCCTGCCGA

ACGGTCGAGC

CGCGCGGCCG

GCCCCGGTCG

CTCGTGTCCG

GCCTCGCAGG

GGGCGTGCGC

GCCGCACTGG

GCGTTCGTGT

GTGTCGAAGG

GACTGGTCGC

GATGTCGTCC

CACGGGGTGA

GTCGCCGGTG

ATCGGCGCCC

GTTGTGGAGC

GCCACCGTGG

GACGGGGTCC

ACCATCGAGA

CCCTTCTTCT

TGGTACCGCA

GACGAAGGCT

CCCGAGACCG

ACCACCTCCC

CCCACCACGA

CCGCAGCCCG

CACCCGCTGC
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21121

21181

21241

21301

21361

21421

21481

21541

21601

21661

21721

21781

21841

21901

21961

22021

22081

22141

22201

22261

22321

22381

22441

22501

22561

22621

22681

22741

22801

22861

22921

22981

23041

23101

23161

23221

23281

23341

23401

TCGGCGCGGC

TCCGTACGCA

CGGCGTTCGT

AGCTCACCCT

CCGTCGGCGC

ACGCGCCGGG

ACCGCACCGC

ACGTGGACGG

AGGGCGTCCG

CCGAGGTCGC

CCGTGCAGGC

GGAGCGGGAT

CCGGCCCGGA

CGGACTCCCT

CTCTGGACGC

CCGGCGCGGT

GCACCGAGGT

AGACCCCGGC

AGCATGTCCG

AGCGGTTCAC

GCGACGGCCT

CGGAGAGCCC

ACGCCACCGC

ACGCCGCCCT

TCCGGGACGG

ACGGCCTCGC

GGCGTCTGGA

CCGAGACCCT

CCGGTCTCAA

TGGGCACCGA

CCGGCGACCG

CGCGGACCGT

TGGTGTTCCT

GCCTCCTGGT

ACTGGGGCGT

TCGGCCTGGA

GTGCCGCTTC

TCGACGCCTC

ACGTCCGCGA

CGTGGCGCTC

CCCCTGGCTG

GGAGCTGGCG

CGACGCGCCG

GAGCGACGAG

CGAGGCGGAG

CCCCGTCGCC

TCTGTACGAG

TGGTGTCTGG

CGGTGCCGAG

GGCCGGTGCG

CTCCCTGTAC

CACGGTGTCC

CACGGTGCTG

GCTGCACCTG

CGTGCTGGGC

CCTGTCCTTC

CCCGGCGACC

CGAGGCCCTG

CGATGGGCGC

GCGGTCCACG

GGGCCGGTTC

CGGGGACGGC

CGGCAGCGCC

GGCGCTCCTC

CGCGGCCGAC

GCCCGGTACG

CGCCCCGGAG

CTTCCGCGAC

GGGAGCCGGC

GGTCATGGGC

CGCGCGGATG

GACGGCCGTC

CCACTCCGCC

GGAGGTCCAC

CGACGCGCAC

CGGCGGGGCG

GCTGCGCCTG

CGCGGAGCGG

-continued

GCGGACTCCG

GCGGACCACG

TTCCGAGCCG

CTCGTGCTGC

TCCGGGCGTC

TGGACGCGGC

GACCCGGAGG

CGCTTCGCGG

CGGCGTGGCG

GGCGCGCGGT

GGCGGGGCGT

GCGGTCGGCG

GTGAGCGCCG

CCCGTCGACC

CTGGAGTGGA

GGCGACGCCG

CCGGACCTTA

GTCCTGGTGG

CACGGGTCGC

CTGGTGCTCG

GGACAGGCCG

GTCCTGCTCG

CTGACGACCG

CTCGCGACCG

GTACCCCGCC

GGCCTCGCCG

GACGGCAGCC

CCGCTCGGCC

GTCCTGATCG

GTGGTCACCG

CTGCTCTCCG

CCCGAGGGGT

TACGCCCTGC

GCCGGTGGCG

GGCACGGCGA

ATCGCCTCCT

GGCATGGACG

CTCGGGCCGG

GTCGCCGCCG

ACGGCTGCCT

CGGTGGCCGG

GGGACCAGGT

CCCGTCGTGG

GTACCTTCGG

ACGCCACCGG

CCTGGCCGCC

CGAACGGCTA

ACGAGGTGTT

TCGGCCTTCA

TCGGCGCGGG

CCACCGCCCT

CCGACTCCTC

CCGCGCAGCT

CCGCCTGGGA

ACGGTCTCGC

CGGACCTGGT

CCTGCCCCGC

TCGCGCTGAT

TGACCCGCGA

CCGTCTGGGG

ACCTCGCCGG

GGGACGCCAC

CCCTCGGCTC

TGGCGCGGGC

CTCTGCCGCT

TGGAGAGCCT

CGGGACAGGT

CCCTCGGCAT

CGACCGGCCC

GCGCGTACGC

GGACGTTCGC

GCGACCTGGC

TGGGCATGGC

GTCACGGGAA

CCCGCACCCT

TCGTACTGAA

GCGGCCGGTT

ACCACCCCGG

20

GCTCACGGGG
CACCGTGCTG
CGGTTGCGAT
CGCGGTCCGT
GCTCTACGCG
TGTGCTGGCC
GCCGGGCGCC
CGGCTACGGC
CGCCGACGTG
CCCGGCGCTG
CACGCGGCTG
CCGCGTGCGG
CGGGCAGCCG
GGCGGCCTTC
CGGTGCCGCG
CGCGGCGCTG
GGAGGCCGTC
CGCCGGLecee
GCAGGCCTGG
CGCGGTCGCC
CCTCGGCCGG
GGAAGCCCGG
CGTCGGCGGC
GGGCGAGCCG
CGCCGCGLcee
GCCCGCCGCT
CACGGCGGCG
CCGCATCGCG
GTACCCCGAT
CGGCGTCACG
CCCGGTCGTC
CCAGGGCGCC
GGACGTCAAG
CGCCGTGCAG
GTGGGACGCC
GGACTTCGAG
CTCGCTCGCC
CGTGGAGATG

TGTCGGCTAC

AGCCTCTCCC

CTGCCGGGAA

CTGGTCGAGG

GTGCAGCTGT

CACCCGGAGG

GCCCGTGCGG

GAGCCGGTGG

CCCCTCTTCC

GCCCTGCCGG

CTCGACGCCG

CCGTTCGCCT

CTGGCCCCCG

GTGTTCGCCG

AGCGACCCGA

CACGCCCTGC

CGCGCCGGTG

GACCGGGGCG

GGTGGGCCGG

CTGGCCGACG

GCCCGTTCCG

TCCGCGCAGA

ACGGCCGGGG

ACCTCTGGAG

CAGCTCGCCC

GCCGCGGCCG

CCGGCCCTCT

CCCGGCGACG

ATCCGGGCCA

CCGGCGCTGA

CACCTCGCCC

GTGGCGGACG

TCCGTGCCGG

CCCGGCGAGC

CTCGCCCGGC

CTGCGCGCGC

TCCGCGTTCC

CGCGAGTTCG

GGGAAGACCG

CGCGCCTTCG
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23461

23521

23581

23641

23701

23761

23821

23881

23941

24001

24061

24121

24181

24241

24301

24361

24421

24481

24541

24601

24661

24721

24781

24841

24901

24961

25021

25081

25141

25201

25261

25321

25381

25441

25501

25561

25621

25681

ACCTGGGCGA

TCGAGGACGG

ACGCCTTCCG

CGGGCCTCGA

TCGTGGCCCG

GGGGCACGGA

ACGTCTCGGT

CGATCCCCGC

GCACCCTCCC

CCGCGTTCCT

TGTTCTCCTC

ACGCCACCCT

TCGGCTGGGG

GCTCGCGGCT

TGGACGCGGC

CGCTCCGCGC

GATCGCGGGT

AGGCGGACAC

ACCTGCGGGA

GGGTGGACCT

TCCGCAACCG

ACCCCACCCC

GGTCCTGGGC

CGGCGGCCCT

CCGGCGGCCG

ACGGCGACGA

ACAAGGAGCT

ACCAGCCCCC

CAACGAAGAC

CAGGCGTCTG

CTGCCGCCTG

CGGGGACGCG

CCCCGACCCG

CGGCGAGTTC

GCAGCAGCGA

GACGGCCCTG

CTCGGGGCAG

GGCGCTGGGC

GGCCGGGCCG

GGTGCTCCGG

GCACGTCAGC

CCCGGAGGGT

GCACGTGGTG

CGCCCCGGGC

GGCCGCGTGC

CGAACACCCG

CTCGATGACA

CCTCGACGAA

CGCCGCCGee

CGACGCCCTC

CCTCTGGGCC

GGCCCGTTCC

CATGCGCCGC

CCAGCAGCGC

CGGCGGCGCG

GGACCTCGGC

CCTCGTCCGT

GGAGCGGGCC

TCTCAACGCC

GGGGGAGCTC

GGAAGGCACC

CGCCGAACTC

TCCGGAGCTC

CGCCACCGAC

GGGCGACTCC

CTCACACACG

-continued

GAGCGGATCG

CACCTGCCCG

CAGGCCCGCC

ACGGTCCTGC

GGCGAGTGGG

GCCGGCGAGC

GACGTCGCCG

CTCACCGCGG

GCGGAGGATG

CTCACCTCGA

GTCTTCGGTG

GCCTGGCGCC

GAGACCAGCG

GGGGCGACGC

GACGACCCGG

GACGGCATGC

CCGGTCAACC

GGGCGGCTCG

ACGCACGTGG

TTCCGCGACA

GCGACCGGGC

GCCGGGCACC

GGGTCCGGAG

GACCGGCTGG

GCCGCCCGGC

CTGGACGAGG

GACTTCTGAC

GAACACGGAA

GCGAGATGCT

TCACGACCTG

ACACGGGCAA

TGACCGGCGG

GCGTACGACG

TCGTGCACGA

ACCGCGAAGC

TCGTCCACAC

TGGAACACGT

CGCCCGGCTA

GCGCGGGGCA

GCCGGACAGC

GCATGACCGG

CCATGGACAG

CGCTCGTCCC

TGGCGCCGCT

AGCGCAGGGC

CCGCGATGAC

CGACCGTCCT

CCGGTTTCGA

TGCGGCTGCC

TGCTCGACGA

ACACGGCCTC

AAGGCGTGCT

TCAGGGCGCT

CGTCCGACGA

CTGCCCGACA

CGGACAGGCG

21

CGCCGAGGTC
GGACGTGCGC
GGTCGTCCTC
CACCGGTGCG
CCTGCTGCTC
GCTGGAGGCC
CCTCACCGCC
GGCAGGCGTC
ACTGCGTCCC
CGACCTGGCA
GGGCGCCTAC
CGGACTCCCC
CGGACTCAGC
CGAGCTGACC
GATCGCCCTG
GCTCAGCGGG
AGCCGCCGGA
ACCGGACGAC
GGGACACGGC
CTCGCTCACC
GGCCACGCTG
ACTCGCCACG
GGCGACCGAT
CGCCTCCCTC
GGCCGCGGCC
CGACCTCTTC
CCACCGGCAC

AGAACGGGAG

AAGCTCCGCG

CGCGAGATCG

CCGGGCGGTG

ATCTCGGAGT

GACGCGTCCG

GACGCCGACT

CTGTCCCTCA

AAGGGCAGCG

ACCACCGCCG

TTCCTGTCCG

ACTACCTCAA

AGGGACGCAC

TCGCCTCGCC

TCCCGCAGGA

GCAGGACGTA

TCTTCGGGAT

CCACCGCGTG

GCCTCGGCGT

TGCAGTCGCC

GCCGTATCGC

GCGCGTCACC

GCACGAGCCG

CGAGGACCTG

CCGCGGCTGG

CTGCCGGTCC

CTCGCCGCGC

GGAGGCGATC

CTTCGTCGGC

CGAGCTGGAG

GTACGTCCTC

GCCGAGCTGC

GTGGCGATCG

TGGCAGCTGG

GACGTGGAGG

GGCGGATTCC

GAGGCCCTCG

GAGAGCGCGG

GGCTGGCACA

GGCCACCTGG

GGTACGGACG

ATCGCCCTCT

CGGGCCCGCG

ACGATGCCGT

CTGGGGGGCA

GTGAGCCGGC

CTGGGAGCCG

GTACTCGACT

CTCTCCGACG

AAGGTCGACG

GCGTTCGTCA

GCCGCCGCCA

GCCCTCTCCC

GACACCGACC

CTGTCCCTCC

GACGTCGCCG

CTCACCCGCG

GGCGCGGGCG

CGGGTCGCGC

ACCCCGAGCC

GCCGTCGAAC

GTCTTCGACC

GCCGCGGGCG

CGGCAGACCA

GCGCCCGCCG

CTGGGGGACG

TCCTTCATCG

CACCGGCACC

CCATGGCGAA

AGCAGAACAC

TGGGCATGGC

TGGCCGGGGA

GGCTGTACGA

TGCACGACGC

CCATGGACCC

GCATCGACCC

CCGGCTACAC

TCAGCGGCGC

GACCGGCCCT
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25741

25801

25861

25921

25981

26041

26101

26161

26221

26281

26341

26401

26461

26521

26581

26641

26701

26761

26821

26881

26941

27001

27061

27121

27181

27241

27301

27361

27421

27481

27541

27601

27661

27721

27781

27841

27901

27961

28021

GACCGTGGAC

CCGCAAGGGC

CCTGTTCGTG

CGCCACCTCG

CCTGTCGGAC

CAACCAGGAC

CATCCGACGG

GCACGGCACG

CGGCCAGGAG

GCACACGCAG

CGGACTGCTG

GGGCACGGTG

GCGCCGCGCG

GGAGGCCCCG

GCCGTGGCCG

CGCGTACGCG

CAGCCGTACG

GGACGCCCTG

GGCGTTCGTC

CAGCTCACCG

CGACTGGTCT

CGACGTCGTC

CCACGGCATC

CGTCGCCGGT

CATCGCCGCC

CGTCCTGAAG

CGCCACCGTC

CGACGGCGTC

GATCATCGAG

GCCGTTCTTC

CTGGTACCGC

TGACGGCTTC

CGAGACCGTC

CACCTCACTC

CACCGCAACC

GCTGCAGAGC

GCCGCTGACG

CGAGCCAGAA

GGAAGCCGGG

ACGGCCTGCT

GAGTGCGACA

CAGTTCAGCC

GCGGACGGCT

GCCCGCCGCA

GGCGCCAGCA

GCCCTGGCGG

GGCACGCGGC

AAGAGCAGCG

GCCGCGGCCG

CCGAAGACGC

GAACTCCTCA

GCTGTCTCCT

GCGGTCGAGG

GTGTCCGCGA

GACGGTCGTA

GCGATGGAGC

CGGATGCCGG

TTCCCCGGCC

GAGTTCGCTG

CTTGAAGCCG

CAGCCCGTGA

ACCCCCCAGG

GCACTCACCC

CACCTCGCCG

CGACTGAGCG

GTCTCCGGCG

CGTGCGCGGA

AAGGAGCTGG

TCCACCCTCG

AACCTGCGCC

ACCCACTTCA

ACCGGCCTCG

GCGGAAGCCT

GGCCACCACC

TCCGCGCCCA

GCCTCCGGCC

GCCGAGCTGC

GCGGACGACG

-continued

CGTCCTCGCT

TGGCCCTCGC

GGCAGCGCGG

TCGGCCCCGC

ACGGACACCG

ACGGCCTCAC

ACGCCCGGCT

TCGGCGACCC

AACAGCCGCT

GTGTCGCAGG

TGCACGTCGA

CCGAGGCCGT

CCTTCGGCAT

ACTCCCCGGC

AGACTCCGGC

CGGACGTGGA

ACCGCGCGGT

AAGGACTGGT

AGGGCACGCA

CCTCGATGGC

TCGTCCGACA

CCTTCGCTGT

CCGTCGTCGG

TCGACGACGC

GCAAGGGCGG

ACTTCGACGG

ACCCGACCCA

TCATCCCGGT

CCGAGGTCCT

AAGGCACCTG

ATCGCGTGGG

TCGAGGTCAG

GCACCCTCCG

GGGCCAACGG

CCGAGCTCCC

CCAGCGCCGC

AGGCGGACCT

TGGGCGCGCT

ACCGTGAGGC

GGTCGCCCTG

CGGTGGTGTC

GCTGGCCGCG

GGAGGGCGCC

GATCCTCGCG

GGCTCCGCAC

CGCGCCGGGT

GATCGAGGCG

GAGGCTGGGC

TGTCATCAAG

CGAGCCCTCG

CGACTGGCCG

CAGCGGGACG

CGTCGAGCCG

CGCGCTGGAC

TCCGGCGGTG

CGCGGTCGGC

ACGCGGCACG

GTGGGCCGGC

CGAATGCGAG

GGAACCCGGC

CATGGTCTCG

CCACTCGCAG

CGCCCGCGTC

CATGATCTCC

ACTCTCCGTC

GATCGAGGAA

CGACTACGCC

CGCCGGACTC

GATCACCGAG

CTTCGCCCCC

CGCCCACCCC

CCGCGAACAG

CCTCACCATC

CACCTACGCC

CGACGACTGG

GTCCGGGCGG

GAAGGCCGCG

CCTCGCCGCC

22

CACCTCGCCG
ACGGTCATGC
GACGGCCGGT
GGAGTCCTGC
GTCGTCCGCG
GGGCCCTCCC
GACGTGGACG
CAGGCCCTCA
GCGTTGAAGT
ATGGTCCAGG
GACCAGATCG
GAGAAGCAGG
AACGCGCACG
CCGGCCGGTG
GCCCAGATCG
GCCGCCCGCG
GACAGCCGGG
TCCTCGGACG
ATGGGCGCCG
ACCGCGCTCT
GCACCCACGC
CTGGCGAAGG
GGCGAGATCG
GTCACCCTGC
CTCGCCCTCG
GCCGCCGTCA
CTCGCCCGCA
TCCCACAGCC
GCCCCGCAGG
CCGGTGCTCG
GCCGTGGAGA
GTCCTCACCA
GGAGGCCAGG
GACTGGGCGC
TTCCAGACCG
CGTTACCGCG
TGGATCGTCG
GGAGCGGAGG

CGGCTCACCG

TGCAGGCCCT

CCAACGCGGA

CGAAGGCGTT

TGGTGGAGCG

GCAGCGCGGT

AGCAGCGCGT

TCGTCGAGGC

TCGCCACCTA

CGAACATCGG

CGATGCGCCA

ACTGGTCGGC

ACGGCGGGCT

TCGTCCTGGA

GCGGTGTGGT

GGCAGCTCGC

CCCTGGTCGA

AGGCACTGCG

TGGGCCGGGT

AACTCCTTGA

CCCGCTACGT

TCGACCGCGT

TCTGGCAGCA

CCGCCGCGTA

GCAGCAAGTC

ACGAGGCGGC

ACGGCCCCAC

CCTGCGAGGC

GGCAGGTCGA

CTCCGCACGT

ACGGCACCTA

CCTTGGCGGT

TGACCCTCCC

AGCGTCTGGT

CCATCCTCCC

AGCGCTTCTG

TCGAGTGGAA

CCGTCGGGAG

TCGACGTACT

CACTGACGAC
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28081

28141

28201

28261

28321

28381

28441

28501

28561

28621

28681

28741

28801

28861

28921

28981

29041

29101

29161

29221

29281

29341

29401

29461

29521

29581

29641

29701

29761

29821

29881

29941

30001

30061

30121

30181

30241

30301

CGGCGACGGC

GGTGCAGGCA

GGTCTCCGTC

CGGCCGCGTC

CCAGCCCGAT

GGACCAGATC

CCACGGACGT

CACCGGAGCC

CCTCCTCGTC

CACCGCATCG

GCGCACCCTC

CGGCGCACCG

GGGCGCGAAG

CGCCTTCGTC

CGCGGCGGCC

GGCGACCTCG

CGCGTACTGG

GGCCAAGGCC

GTTCGCGCCC

CCGGCAGGCG

GACCGGGCAG

GGCGCTCCTC

CCGGGTGGCC

GCTCCGCAAC

CCACCCGACG

GCCGGCCCCG

CCGGCTGCGG

GCCGGGTTCC

GATCGACGAC

ACCCGACCGC

CACACGCCCA

ACAGTTGGTG

CCGTCGCCGG

CGCGGGCGGA

GGTCTCCGAG

CGGGCGCAAG

CGACGCGGCC

GCAGCTCCTC

TTCACCGGCG

CTCGGCGACG

GGACGTCTCG

GTCGCCCTTG

GCCGCCGecece

GCCATCCGCA

CGGCCCACCC

CTCGGCAGCC

AGCCGCAGCG

GGCGCCCGCG

CTCGACGCCA

GGCGGCGATC

ACGAGCGGCG

CTCTACTCCT

AACGCCCACC

GTCGCCTGGG

CAGCGTCGCG

CTGAGCCACG

GCGTTCACGG

CTCGCCGCAC

TCGTCGGCGC

ACCCTCGTCC

CCCGGCCGTG

CAGCTCTCCA

CCCGCCGCAC

ACGGACTGGG

GACGCGGGGG

GGCGGTTCGG

CTGGACGCCG

GGTCCTGCCC

CAACCCCATC

GACGCTCTGC

GCCGACCGTC

ATCCGGTCCC

GTACCGGAGG

GGCACGACGT

TTCTTCGGGA

GAAGCCTCCT

-continued

TGGTCTCGCT

CCGGAATCAA

ACACCCCCGC

AGCACCCCGA

TCGCCCACCT

CCACCGGACT

GCGACTGGCA

ACGCCGCACG

GCGAACAAGC

TCACCATCGC

TCCCCGCCGA

CGCTGGACGT

CCGAGGTCCT

CGAACGCCGG

TCGACGCGCT

GCCTCTGGGC

GCATCCGTCC

ACGAGACCTT

TGTCCCGTCC

CCGTCGGTGC

TGGCCGCGAT

GTACCCACGC

CCTTCACCGA

CGGTGGTCGG

TCGCCGCGCA

AGGGGCGGGT

TCCTCGACAC

ACGGCGGCGC

AGGCCCTGAT

CACGCGCCGC

CACGAGCGGA

GCGCCTCTCT

GGCAGGAGCC

CCGAGGACCT

AGCGCGGCTG

ACGTCCGCAA

TCTCGCCGCG

GGGAGGTCTT

CCTCGACGAC

GGCGCCCCTG

CGACCCCGAC

ACGCTGGGCC

CGTCACCGCA

CCACGCCCGC

GCCCCACGGC

CTGGATGGCC

CCCCGGAGCC

CGCCTGCGAC

GACGCCCCTC

CACCGGCCCG

CGACGACCTG

GGTCTGGGGC

CGCCGCCCGG

CGGCGACGGC

GATGAGCCCC

CGTCGCCGTG

CAGCCTTCTG

CCCGGCTCCC

CACCGCGCTC

GGCGGCCGTA

GCTCGGCTTC

CAACAGGCTC

CCTCCACGAG

GCGCCGGGCC

CGTCCTGCGC

CGCCGACCCT

CCGGATGGCT

ACCCCGCGCA

AGACCACACC

CAAGGAGAAC

CATGGCGATC

CTGGGACGCC

GGACATCGAC

CGCCGCGTTC

CGAGGCCCTC

CGAGCGGGCC

23

CTCGTGCCAC
TGGTCCGTCA
CGGGCCATGC
GGCCTCGTCG
CTCTCCGGCG
CGCCTCGCCC
ACCGTCCTCA
CACCACGGAG
ACCCAACTCA
GTCGCCGACC
ACCGCCGTCG
GAGGACATCG
CTCCGCGGCA
AGCGGCAGCC
CGCCGCGLcee
ATGGGCCGGG
GACCGCGCCC
GCCGATGTCG
CTCGACGGCG
GGCGACGCCG
CCCGAGCCCG
CTCGGCCATT
GACTCGCTGA
CCCGCCACCA
GCGTACCTCG
CTGGCCGAAC
CTCACCGGCA
GGTGCGGAGC
CTCGGCCCCC
TCCCGCGCAC
CAGATGACGA
GAAGAACTCC
GTCGGCATGA
GTCGCCGCGG
TCCCTCTACG
CTCGACGACG
GCCATGGACC

GGCATCGACC

AGGTCGCCTG

CCCAGGGCGC

TCTGGGGCCT

ACCTCCCCGC

CCACCGGCGA

GCGCACCCCT

TCACCGGCGG

CCGAACACCT

CCGCCGAACT

CCCACGCCAT

TCCACACCGC

CCCGCATCCT

CTCCGCTGGA

AGGGCGTCTA

GGGGCGAGAC

GCGCCGACGA

TGGACGAACT

ACTGGGAGCG

TCCCGGAGGC

CCGTGGCGCC

AGCGCCGGCC

CCTCCCCCGA

CGGCCGTGCA

CGGTCTTCGA

CACCGGCCGA

TGCCCCTCGA

TCGAGCCCGA

CGGAGGCGTC

GTAACACCTQ

CACCCGCCCC

GTTCCAACGA

GGAAAGAGAG

GCTGCCGGTT

GCAAGGACCT

ACCCGGTGCC

CCGCCGGATT

CGCAGCAGCG

CCGCGTCGGT
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30361

30421

30481

30541

30601

30661

30721

30781

30841

30901

30961

31021

31081

31141

31201

31261

31321

31381

31441

31501

31561

31621

31681

31741

31801

31861

31921

31981

32041

32101

32161

32221

32281

32341

32401

32461

32521

32581

32641

CCGCGGCACC

CCGGGTCGCC

CTCCGGGCGC

GTGCTCCTCT

CTCGACGGCA

CAGCAGCCAG

CGGCCTCGCC

GCGCAAGGGC

GAGCAACGGC

GGCCGACGCG

CCGTCTCGGC

CCCGGGGCAG

TTCGGGTGTC

GACCCTGCAC

GCTCACCGAG

CGCGTTCGGC

GGAGTCCCCT

GAAGACCTCG

CACGGACGTG

GCACCGCGCG

GGAAGGACTG

CCAGGGCACG

CGCCGCCATG

CGTCGTCCGA

CACCTTCGCC

GGCCGTCATC

CCTCGACGAC

CGGCAAGGGC

GAACCTCCAC

CGACCCCACC

GATCATCCCC

CGCCGACGTC

CGAAGGCACC

CCATCGTGTG

CTTCATCGAG

CCTGGCCACC

GGCCTGGGCC

CAGCCCCGCC

CCCCGCGGGT

GACGTCGGCG

CCCGAAGGCA

ATCGCGTACT

TCGCTCGTCG

CTCGTGGGCG

CAGGCCATGG

TGGGGCGAGG

CACCGGGTCC

CTCACGGCTC

CGGCTCACGT

GACCCGATCG

CCGCTGCGGC

GCCGGTGTCA

GTGGACGAGC

GCCGTGGACT

GTGGGCGGGA

GCCGTCGAGC

GCCGCACTGG

GATCCGGCGG

GTCGCGGTCG

GTACGGGGCA

CAGTGGGCCG

GCCGAATGCG

CAGGCTCCCA

GTCATGGTCT

GGCCACTCCC

GCCGCTCGTG

GGCATGATCT

GGACTGTCGA

CAGATCCAAG

GTCGACTACG

CTGGCGGGGT

TGGATCACCG

GGCTTCGCCC

GTCAGCGCCC

CTCCGACGCG

AACGGCCTCG

GTCCCCGACC

CCCGGCGAGG

-continued

TGTACGTGGG

CCGGCGGTTA

CCCTCGGCCT

CCCTGCACCT

GCGTGGCCGT

CCGCCGACGG

GCGTCGCCGT

TGGCCGTCGT

CGCACGGGCC

CGAGCGACGT

AGGCGCAGGC

TGGGGACGCT

TCAAGATGGT

CGACGGACCA

GGCCGGAGCG

CGAACGCGCA

CGCCGGCCGG

ACGCCCAGAT

TGGCCGCCCG

GCGACAGCCG

CGGTCACCGA

GCATGGGCGC

AGACCGCACT

GCGCACCGAC

CCCTCGCCAA

AGGGCGAGAT

TCGTGACCCT

CCCTCGCCCT

TCGCCGCCGT

AACTTGCTCA

CCTCCCACAG

TGTCCCCCCA

AACCCGCCCT

CGGCCGTCGA

ACCCCGTCCT

AGGACGGCGG

CCCTCGACTG

TCCCGACGTA

CGCCCGCGCA

CTGTGGCTAC

CGTCGTCACC

GGAGGGACCC

CGCCCTGAAG

CCTCGCGACG

CCGGACCAAG

ACTCCTCCTC

GCGCGGCAGC

CTCCCAGCAG

GGACGTCGTG

GCTGCTCGCC

GAAGTCGAAC

GCAGGCGCTG

GGTCGACTGG

GCCGGGCCGG

CGTCGTCCTG

TGGCGGCGTG

CGGGCAGCTC

CGCCCTGGTC

GGAGGCACTG

TCCGGGCCGG

CGAACTCCTC

CTCCCCGTAC

ACTCGACCGC

GGTCTGGCAG

CGCCGCCGCG

CCGCAGCAAG

CAGCGAGGAA

CAACGGGCCT

GGCGTGTGAG

CGCCCACGTC

GACACCCCAG

CGACGGCGGC

GACCCTCGCC

CACCATGACC

ACAGCACCGC

GGCCTCCCTC

CGCCTTCCAG

CACCGCTTCC

24

CAGGACTACG
GGCAACTCCT
GCCGTGACCG
GGCCTGCGGA
CCGGGCGCGT
GGCTTCGCCT
GAACGGCTCT
GCCATCAACC
CGCCTGATCC
GAGGGCCACG
ACGTACGGGC
ATCGGGCACA
CGCCACGGGG
TCGGCCGGTT
CTCCGCCGGG
GAGGAGGCCC
GTGCCGTGGC
GCCGCATACG
GACAGCCGTA
CGGGACGCCC
GTGGCGTTCG
GACAGCTCAC
GTCGACTGGT
GTCGACGTCG
CACCACGGCA
TACGTCGCCG
TCCATCGCCG
GCCACCCGGC
ACCGCCACCG
GCCGACGGCA

GAGACCATCG

CGCCGGACAT

CCGCCGTGGC

TGGACACGGC

ACGGCGACTG

TCATCGAGTT

CGGCGGCGGA

CCGACGCGCG

AGGACGGCGC

GCCAGGCCCT

GCACGGGGAC

AGGGGCGCGC

CGCAGGCCGC

TGCTGCCGAA

CGGTCGAGCT

CGGGCGTCTC

CGGCGGTCGA

CGGTGTCCGC

CGGAAGACCG

CGGCGATGGA

TGCGGATGCC

TCTTCCCCGG

CCGAATTCGC

CTCTCGAAGC

TCCAGCCCGT

TCACCCCCGA

GTGCCCTCAC

CCCACCTCGC

AGCGCATCGA

TGGTTTCGGG

TCCGCGCACG

AGAACGAACT

GTCCCCTTCT

TACTGGTACC

ACCGACGAAG

CTCCCCGACA

CTCACCACCT

CTGCCCGCCA

CACCGCTCGT

GGGCGCGAGG

TCTCCACCCT

GCAACCTCCG

GCTTCACCCA

AGGTCACCGG

CCCTTGCCGA

CGGGCGCCCT

ACTGGATCAG

CCGTCGCCGA
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32701

32761

32821

32881

32941

33001

33061

33121

33181

33241

33301

33361

33421

33481

33541

33601

33661

33721

33781

33841

33901

33961

34021

34081

34141

34201

34261

34321

34381

34441

34501

34561

34621

34681

34741

34801

34861

34921

GACGGGGCTC

CGTACTCGCG

GGTCCCCGTC

CCGCAACCGC

CCCGACGCCC

CGTCGCCGAG

GGCCCGCTCC

GGCCGTGGAG

CCGCCCGCAG

CGGCGGTCCG

GGCGAACGGC

CTTCCTCGCC

CCCGGCCGAT

GGACGCCCCG

CTTCCGCCTG

TCCGCCGGGC

CGCGGGCGAG

GTTCCTCGCC

CGAACCGCTG

GCACACCGTC

CGTCGCCGAG

GTGACCGACA

CCGAACAGCG

TTCCGCTTCT

CGCCAGGACC

GTCGCGGCCA

GGCGCCTCCG

GAGGGCCTGT

CAGCTGGACG

TTCCTCCAGG

GCGGCCGAGA

GCCGGCCACC

AGCGGGCCGT

CACGAGATCT

CGCGTCGTGC

CGGTGACCGA

CGGTGGCCGA

ACGCCGCGAA

GCGTGGGGCC

ATGGTGATGC

GACCGCCCGC

GTCAACCGGC

GTCGCGCTCG

CCGTCGGATC

GGGGCCGACA

GACGACCGGT

TTCGCCTCGC

ACGGACCGGG

GGCCCGCACG

GTACCTCTCC

CTCGACACCG

GTCGTCCTGC

GAGCGGGCGC

CATCAGCAGC

CTGGAGCCGA

GGCCCGCGGC

GGCGACTGGC

GCGGACGTGC

GCCGTCCTCT

GACCTCTGAA

CGGTGCGGCT

CGGAGGAGCT

GGCGTGCCGA

CCGAACCCTG

TCGCCTTCGA

ACGTCTCCGG

ACCGGGCGTT

ACGACGAGCT

CGTACCTGCA

GTGACCCGAA

TCTGCCTCCG

GCAACGACAT

AGCCCCCGAC

CGACCTGACG

CCGTGAACTC

CGGCGACCCG

-continued

CGGCTGCCGA

GGCAGGCGGC

TGCGGGAGAT

TGACCGGTCT

CCGAGCGCAT

ACGAGCAGGC

CCGGCGCCGG

ACGGCGAGTT

CCGAGGCCTG

CGGAAGGCCG

AGTTCCTGCG

CCGGCTACGG

CGCTCGACGC

TCGGGCACTC

ACGGCGCGCC

CCATCGAGGT

TGTCCGATGC

CGGGCCGCAG

AGGAGGAGCG

CGGGCGACCA

CCTGGCTCGA

CGTGGACAGC

GGTCTGCCTG

GCACCCCTCC

GCCGTGTCTG

GTGGCAGGAG

GACGGCCCGC

TCGGCGCGCC

CCTGGCCGAG

GCTGCGGCTG

CCGGCCGTCC

GGCGCCGCTG

GGCGTACTCC

CTCCGACCAC

CAGCCTTATC

GGGGCCCTCA

GGCACCCACC

TACGCCACCG

GGACCTCGAC

CTCCGTGCTC

CGGCTTCGAC

CCAGCTGCCG

CAGCGACGAG

GGAGGAGGAG

CGCCGGGATG

CCTCGACGTC

CTCGGAGCGG

TGCCGTTCTC

GCTCAGCACC

CACGGGTACG

CCAGGCCCGG

CGGCGGLCGCC

GCCGGCCGGG

GTGGAGCAGG

GCGGCTGCTG

CAGCGCGCCC

GGGCGACTGG

CTTCACGATG

CGCCATCGAG

GGACTGTGGA

CCGCACGCCG

GTCGAGGCCC

GAGAGCGTCG

GGCCGGCTGG

ATCCTGGAAC

CCGTCGCTGG

ATCCGGCGGC

GTGCTGCCCG

GCCAAGCTCA

AACGAGGTGG

GGCGGCCACT

CTGCTCGTCA

GAAGGAGCGG

CGCAGCCCcC

TCCTGGAGAC

TGCTGCGCGG

25

GAGGAGGGCC
CGGTGCGACT
TCGCTGACCG
CCCACCGTCG
CTGGCCGAGC
AAGGCCGCCG
TTCCGCGCCC
CTCGCCGAAG
CTCGACCCGG
GTCGGCTGCA
TCCTTCCAGG
GGCACCGGCA
GCGATCCTCC
CTGCTCGCGC
ATCGTCCTGG
CAGCTGGGCG
GCCATGGGCC
GTGCTTCTGG
CGTGCCCACT
ATGCGGGACC
GGCATCGAGG
TCCGGCGCTT
GCGGCTCCGC
TGTCGGTGCA
AGGAGCTCGC
CCTTCTTCGG
AGCGGCACGG
CGCCGGACCG
TCAGCGGCAC
CGCTGCGCAG
CCTGCCCGGT
CCGAGTGGCG
TCTACCTCAA
CCCGCGGCGC
CGAAGAGATG
GCTGGGCCGC
CCGCGGCATC

CCAGGCGGAC

GGCGCAGCGC

CGCCCGAAGA

CCGTCGACTT

TGTTCGAGCA

GGAACTGGGC

CTCCGGCGGG

TGTTCCGGCA

CCTCCGCGTT

TGCTGCTCGC

CCGGCACCGC

AGGAGCGGGA

CGGCCCTCCT

GGGCCGCCGG

ACGAGCTGGC

TCGACCCCTA

AGGGCCTGTT

GGTACGCGCG

TCCGTGCCTC

GGGACCTTCC

ACGCGCCGGC

GGGCGGGCAA

CCACCCCGCG

CAGCTACTTC

GTATCCGGGC

CGAGCATGTG

GCACAGCCTC

GGTACGGCCC

GCTCGTCCAC

CGACGAGCGG

CGACTACAAG

GATGGCCCTG

TCGGCACACC

CGACCAGTGG

GCCCGATGCC

GCAGAACCCA

ACCGTCCGCG

CACTGGATCC

GACCCGTATC
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34981

35041

35101

35161

35221

35281

35341

35401

35461

35521

35581

35641

35701

35761

35821

35881

35941

36001

36061

36121

36181

36241

36301

36361

36421

36481

36541

36601

36661

36721

36781

36841

36901

36961

37021

37081

37141

37201

37261

CCGCGTACGA

TCACCGCCGA

GCGCCGACGG

AGCGCGAGCA

TCGAGGGGAT

CCTTCGAGCT

TGGGTGTTCC

TGTCCGACAG

TGGCCGAGCT

CGCTCGGGGT

ATCCCGAGCA

AGACCCTCCG

AGCTGGCGGG

GCCGGGACCC

CCGCGCACCT

TTCAGGCGGA

GGGACGTGCT

GCAGCTCCTG

CTCGGACCAC

CATCCCGCCC

TCGCACATCA

GGCACGAGGT

TCGCCGCGGT

GCGAGCCGCG

ACTGGGACCA

ACAACGACTC

TGCTGTGGGA

ACGCCCGGGT

TGCGGGACCG

CGCTCGACCG

ACCCGACCCC

TTCCGTACAA

GGGTCTGCCT

AGGGCGACAT

CGAGTCAGCG

CGATGCACGC

ACGCGACCGC

CGGTCAAGGC

TCACGCCGCA

GCGGGTGCGT

TCACGCCCTG

CGTCCCGGTG

GGTGCTGCCG

CCACCGGGAG

GCTGGGCGGT

CGCGGACCGG

CCTGCTGGCC

CACGGCGCTG

CACCGCAGCC

GTGGCGGGAG

CTACGACCCG

CCGGCGGCTG

GGAGGTCTTC

CGCGCTGCAC

GGTCGCGCTG

CCGCCceeae

AGACACCGGG

GGGGACGGCT

CTCCACCGGC

CACGCACTAC

GCGGGTCGCC

GCCGGTCGGC

CCCGAACCAT

CGCCCTCGGC

GATGGTCGAC

GCCGACCACC

CCTGTGGGGG

GCAGCCGCCC

GTACGGCGCC

GCCGAGCCTG

CGGCACGTCG

GACCCTCGGC

CCTGGAGGCG

CGCCGAGATC

GCTCCTGGCCG AGCTGCTCGG CGATCATCCA CCACGGCGGG GCGGGCACCT

-continued

GCCCGCGGCG

GCGGCGAGCA

CCGCAGCAGG

GCGGCCGGTG

ACGCTGGAGG

TTCGTCCGCC

CGCGCGGACT

CCGCAGTCCC

CTCGCCGATT

GTCCAGCTCA

CTGTGCGACC

CCGGTGCAGC

CCGGCCGGGG

ACGGACCCGG

CCCGCCGGTC

CGGACCCTGG

CGCGCGCCTG

GCCCCGGTCC

CAGACCGTCC

AAGGAAGGAC

TACGGCCTGG

AGCCAGCCCG

ACCGACCACC

CCGGCGATCG

ATCGAGGCGA

GACCTCGTCG

TACGCGGGCG

CCCGACGTGA

GAGCACCGCG

TCCTTCGAAG

CGCCTCGACA

GTCGTGCCGG

GTCTCCGCGC

CTCGCCGACC

CGCAACTACC

CGCTCTCCTT

TCCTCTGCTC

TCCTCTCGTA

ACGTGCCGGA

GTCTCGCGCC

CGGCGGTGAC

TCGCGGATCT

TGCGGACGGT

CGGACGACTC

CCGGGAACGC

GGCCCGGGCT

TCGACGCCCG

CGCATGTCGT

AGCGCTTCGA

CGTACGGCCC

CCGGGCGTTT

TCGGCCGCGG

GCCCGGLecece

CGTGTGTCCC

ACGACGCCAT

TGCCCCTGGC

CGCTCACGGA

TCATCCACGA

CCTTCGACGA

TCCTCGCCCC

ACTTCGCCCG

CCGTCGCCGC

TGGGCAGCGC

AGGACCCCAC

AGGAGCTGCT

CGGGCCTGCC

ACTGGCTGAG

GTGAGGTCCT

TCGACATCGA

CGAAGCACAC

26

CAGCCCGACG
GACGGACTTC
CGGGGAGGGC
GGGCGGGCAG
GGACCCGTCG
GGCCGCTGCC
GCTGGAGCGG
ACGGGCGGCG
CCCCGGGGCC
GGTGCTCGCG
CGCGGCGGCC
GGTGGTCCGC
CGTCCTGACC
CCTCGCGCGC
GGTGGCGTCC
CCCCGGGCTG
GCCGCTGAGC
CCTTCGGACG
CGTCCGGCTC
GCGCGTCCTG
CTGGGCGCTG
CACCATCACC
GTACCGGGTG
GGCCCGTCCC
GTACTTCTAT
GTCCTGGCAG
CCAGGTCACC
CCGCCGCAAG
CGCGGAGTGG
CACCGGCCAG
GACCGTCGGG
TGAGCCGCCC
CGGCGGCGAC
GCTCGTCGCC

CCGGTTCACG

GGCAGCTGGG

GGGGTCTCCG

TGTCCGCTGG

CGTGCCGTGG

GCGTCGTACG

GCCGCCGTGC

CTCCGGCCGC

GACGGCGCGC

CTGCTGTCGG

CTCCTCGCGC

GCGGTGGAGG

GGGGAGACGG

GCCGCGACCG

CCCGACGCCG

CTGGTCCGGC

CGGCAGGCGG

GTCCCGGTCA

GACCGGACGG

CCGTCCGCCC

CTGACCTCGT

CTCGCCGCCG

GGGTCCGGGC

CGGATGGCGG

GAGCCGCTGG

CTGCTCGCCA

CCGGACCTGG

GGTGCCGCGC

TTCGTCGCGC

CTGACGTGGA

TTCACGATCG

ATGCGTTATG

GCGCGGCCCe

GGCGTCTCGC

ACGCTCGACG

GACTTCGTGC

CGTGATCAAC GCGGTGCCGC AGGTCATGCT CGCCGAGCTG TGGGACGCGC

GCGGGCCGTC GCCGAGCAGG GGGCGGGGTT CTTCCTGCCG CCGGCCGAGC

GGCCGTGCGG GACGCCGTCG TCCGCATCCT CGACGACCCC TCGGTCGCCA
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-continued

37321 CCGCCGCGCA CCGGCTGCGC GAGGAGACCT TCGGCGACCC

37381 CCGAGCTGGA GCGGCTCGCC GCGCAGCACC GCCGCCCGCC

37441 CCGCACCCCT CGCCCCAGGC CTCACCCCTG TATCTGCGCC

37501 CCTCCGAAAG ACCGAAAGCA GGAGCACCGT GTACGAAGTC

37561 CCTCTTCTAC CTGGGTCGCG GCAAGGACTA CGCCGCCGAG

37621 GGTGCGCTCC CGTACCCCCG AGGCCTCCTC GCTCCTGGAC

37681 GCATCTGGAG CACTTCACCA AGGAGTTCGG CGACACCGCC

37741 CATGCTCACC CACGCCCGCA AGCGGCTGCC CGACGCCACG

37801 GGACTTCCGG CTCGGCCGGA AGTTCTCCGC CGTGGTCAGC

37861 CCTGAAGACG ACCGAGGAAC TCGGCGCGGC CGTCGCCTCG

37921 CGGTGGCGTC GTCGTCGTCG AGCCGTGGTG GTTCCCGGAG

37981 CAGCGCCGAC GTCGTCCGCC GTGACGGGCG CACCGTGGCC

38041 GGAGGGGAAC GCGACGCGCA TGGAGGTCCA CTTCACCGTG

38101 GCGGCACTTC TCCGACGTCC ATCTCATCAC CCTGTTCCAC

38161 GTTCACGGCC GCCGGGCTGC GCGTCGAGTA CCTGGAGGGC

38221 CTTCGTCGGC GTCCCCGCCT GAGCACCGCC CAAGACCCCC

38281 GCACCAAGCA AAGAGAGAGA AACGAACCGT GACAGGTAAG

38341 CCGCGGCCGC ACCACGCCCA GGGCCTTCAC CCTGGCCGTC

38401 CACCACCGTG GCGGCCGCCG CTCCCGGCGC CGCCGACACG

38461 CCGGGCGGCG GAGCTCGTCG CCCAGATGAC GCTCGACGAG

[0044] Those of skill in the art will recognize that, due to
the degenerate nature of the genetic code, a variety of DNA
compounds differing in their nucleotide sequences can be
used to encode a given amino acid sequence of the inven-
tion. The native DNA sequence encoding the narbonolide
PKS of Streptomyces venezuelae is shown herein merely to
illustrate a preferred embodiment of the invention, and the
invention includes DNA compounds of any sequence that
encode the amino acid sequences of the polypeptides and
proteins of the invention. In similar fashion, a polypeptide
can typically tolerate one or more amino acid substitutions,
deletions, and insertions in its amino acid sequence without
loss or significant loss of a desired activity. The present
invention includes such polypeptides with alternate amino
acid sequences, and the amino acid sequences shown merely
illustrate preferred embodiments of the invention.

[0045] The recombinant nucleic acids, proteins, and pep-
tides of the invention are many and diverse. To facilitate an
understanding of the invention and the diverse compounds
and methods provided thereby, the following description of
the various regions of the narbonolide PKS and correspond-
ing coding sequences is provided.

[0046] The loading module of the narbonolide PKS con-
tains an inactivated KS domain, an AT domain, and an ACP
domain. The AT domain of the loading module binds pro-
pionyl CoA. Sequence analysis of the DNA encoding the KS
domain indicates that this domain is enzymatically inacti-
vated, as a critical cysteine residue in the motif TVDAC-

27

CACCCCGGCC

GGCCGACGCC

GGGGGACGCC

GACCACGCCG

GCCTCCGACA

GTGGCCTGCG

GGCCTGGAGC

CTCCACCAGG

ATGTTCAGCT

TTCGCGGAGC

ACCTTCGCCG

CGTGTCTCGC

GCCGACCCGG

CAGGCCGAGT

GGCCCGTCGG

CGGGGCGGGA

ACCCGAATAC

GTCGGCACCC

GCCAATGTTC
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GGGATCGTCC
CGGCACTGAG
CCCGGCCCAC
ACGTCTACGA
TCGCCGACCT
GTACGGGCAC
TGTCCGAGGA
GCGACATGCG
CCGTCGGCTA
ACCTGGAGCC
ACGGCTGGGT
ACTCGGTGCG
GCAAGGGCGT
ACGAGGCCGC
GCCGTGGCCT
CGTCCCGGGT
CGCGTGTCCG
TGCTGGCGGG

AGTACACGAG

AAGATC

SSSL, which is highly conserved among KS domains, is
replaced by a glutamine and so is referred to as a KSQ
domain. Such inactivated KS domains are also found in the
PKS enzymes that synthesize the 16-membered macrolides
carbomycin, spiromycin, tylosin, and niddamycin. While the
KS domain is inactive for its usual function in extender
modules, it is believed to serve as a decarboxylase in the
loading module.

[0047] The present invention provides recombinant DNA
compounds that encode the loading module of the narbono-
lide PKS and useful portions thereof. These recombinant
DNA compounds are useful in the construction of PKS
coding sequences that encode all or a portion of the nar-
bonolide PKS and in the construction of hybrid PKS encod-
ing DNA compounds of the invention, as described in the
section concerning hybrid PKSs below. To facilitate descrip-
tion of the invention, reference to a PKS, protein, module, or
domain herein can also refer to DNA compounds comprising
coding sequences therefor and vice versa. Also, reference to
a heterologous PKS refers to a PKS or DNA compounds
comprising coding sequences therefor from an organism
other than Strepromyces venezuelae. In addition, reference to
a PKS or its coding sequence includes reference to any
portion thereof.

[0048] The present invention provides recombinant DNA
compounds that encode one or more of the domains of each
of the six extender modules (modules 1-6, inclusive) of the
narbonolide PKS. Modules 1 and 5 of the narbonolide PKS
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are functionally similar. Each of these extender modules
contains a KS domain, an AT domain specific for methyl-
malonyl CoA, a KR domain, and an ACP domain. Module
2 of the narbonolide PKS contains a KS domain, an AT
domain specific for malonyl CoA, a KR domain, a DH
domain, and an ACP domain. Module 3 differs from
extender modules f and 5 only in that it contains an inactive
ketoreductase domain. Module 4 of the narbonolide PKS
contains a KS domain, an AT domain specific for methyl-
malonyl CoA, a IR domain, a DH domain, an ER domain,
and an ACP domain. Module 6 of the narbonolide PKS
contains a KS domain, an AT domain specific for methyl-
malonyl CoA, and an ACP domain.

[0049] In one important embodiment, the invention pro-
vides a recombinant narbonolide PKS that can be used to
express only narbonolide (as opposed to the mixture of
narbonolide and 10-deoxymethynolide that would otherwise
be produced) in recombinant host cells. This recombinant
narbonolide PKS results from a fusion of the coding
sequences of the picAlll and picAIV genes so that extender
modules 5 and 6 are present on a single protein. This
recombinant PKS can be constructed on the Strepromyces
venezuelae or S. narbonensis chromosome by homologous
recombination. Alternatively, the recombinant PKS can be
constructed on an expression vector and introduced into a
heterologous host cell. This recombinant PKS is preferred
for the expression of narbonolide and its glycosylated and/or
hydroxylated derivatives, because a lesser amount or no
10-deoxymethynolide is produced from the recombinant
PKS as compared to the native PKS. In a related embodi-
ment, the invention provides a recombinant narbonolide
PKS in which the picAIV gene has been rendered inactive
by an insertion, deletion, or replacement. This recombinant
PKS of the invention is useful in the production of
10-deoxymethynolide and its derivatives without production
of narbonolide.

[0050] In similar fashion, the invention provides recom-
binant narbonolide PKS in which any of the domains of the
native PKS have been deleted or rendered inactive to make
the corresponding narbonolide or 10-deoxymethynolide
derivative. Thus, the invention also provides recombinant
narbonolide PKS genes that differ from the narbonolide PKS
gene by one or more deletions. The deletions can encompass
one or more modules and/or can be limited to a partial
deletion within one or more modules. When a deletion
encompasses an entire module, the resulting narbonolide
derivative is at least two carbons shorter than the polyketide
produced from the PKS encoded by the gene from which
deleted PKS gene and corresponding polyketide were
derived. When a deletion is within a module, the deletion
typically encompasses a KR, DH, or ER domain, or both DH
and ER domains, or both KR and DH domains, or all three
KR, DH, and ER domains.

[0051] This aspect of the invention is illustrated in FIG. 4,
parts B and C, which shows how a vector of the invention,
plasmid pKOS039-16 (not shown), was used to delete or
“knock out” the picAl gene from the Strepromyces venezu-
elae chromosome. Plasmid pKOS039-16 comprises two
segments (shown as cross-hatched boxes in FIG. 4, part B)
of DNA flanking the picAl gene and isolated from cosmid
pKOS023-27 (shown as a linear segment in the Figure) of
the invention. When plasmid pKOS039-16 was used to
transform S. venezuelae and a double crossover homologous

Feb. 3, 2005

recombination event occurred, the picAl gene was deleted.
The resulting host cell, designated K039-03 in the Figure,
does not produce picromycin unless a functional picAl gene
is introduced.

[0052] This Streptomyces venezuelae K039-03 host cell
and corresponding host cells of the invention are especially
useful for the production of polyketides produced from
hybrid PKS or narbonolide PKS derivatives. Especially
preferred for production in this host cell are narbonolide
derivatives produced by PKS enzymes that differ from the
narbonolide PKS only in the loading module and/or extender
modules 1 and/or 2. These are especially preferred, because
one need only introduce into the host cell the modified picAl
gene or other corresponding gene to produce the desired
PKS and corresponding polyketide. These host cells are also
preferred for desosaminylating polyketides in accordance
with the method of the invention in which a polyketide is
provided to an S. venezuelae cell and desosaminylated by the
endogenous desosamine biosynthesis and desosaminyl
transferase gene products.

[0053] The recombinant DNA compounds of the invention
that encode each of the domains of each of the modules of
the narbonolide PKS are also useful in the construction of
expression vectors for the heterologous expression of the
narbonolide PKS and for the construction of hybrid PKS
expression vectors, as described further below.

[0054] Section II: The Genes for Desosamine Biosynthe-
sis and Transfer and for Beta-glucosidase

[0055] Narbonolide and 10-deoxymethynolide are desos-
aminylated in Streptomyces venezuelae and S. narbonensis
to yield narbomycin and YC-17, respectively. This conver-
sion requires the biosynthesis of desosamine and the transfer
of the desosamine to the substrate polyketides by the
enzyme desosaminyl transferase. Like other Strepromyces,
S. venezuelae and S. narbonensis produce glucose and a
glucosyl transferase enzyme that glucosylates desosamine at
the 2' position. However, S. venezuelae and S. narbonensis
also produce an enzyme called beta-glucosidase, which
removes the glucose residue from the desosamine. The
present invention provides recombinant DNA compounds
and expression vectors for each of the desosamine biosyn-
thesis enzymes, desosaminyl transferase, and beta-glucosi-
dase.

[0056] As noted above, cosmid pKOS023-27 contains
three ORFs that encode proteins involved in desosamine
biosynthesis and transfer. The first ORF is from the picCII
gene, also known as des VIII, a homologue of enyClII,
believed to encode a 4-keto-6-deoxyglucose isomerase. The
second ORF is from the picCIII gene, also known as des VII,
a homologue of eryCIIl, which encodes a desosaminyl
transferase. The third ORF is from the picCVI gene, also
known as desVI, a homologue of eryCVI, which encodes a
3-amino dimethyltransferase.

[0057] The three genes above and the remaining desos-
amine biosynthetic genes can be isolated from cosmid
pKOS023-26, which was deposited with the American Type
Culture Collection on 20 Aug. 1998 under the Budapest
Treaty and is available under the accession number ATCC
203141. FIG. 3 shows a restriction site and function map of
cosmid pKOS023-26. This cosmid contains a region of
overlap with cosmid pKOS02327 representing nucleotides
14252 to nucleotides 38506 of pKOS023-27.
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[0058] The remaining desosamine biosynthesis genes on
cosmid pKOS023-26 include the following genes. ORF11,
also known as desR, encodes beta-glucosidase and has no
ery gene homologue. The picCI gene, also known as desV,
is a homologue of eryCI. ORF14, also known as deslIV, has
no known ery gene homologue and encodes an NDP glucose
4,6-dehydratase. ORF13, also known as deslll, has no
known ery gene homologue and encodes an NDP glucose
synthase. The picCV gene, also known as desll, a homo-
logue of eryCV is required for desosamine biosynthesis. The
picCIV gene also known as desl, is a homologue of eryCIV,
and its product is believed to be a 3,4-dehydratase. Other
ORFs on cosmid pKOS02326 include ORF12, believed to

1VSSRAETPRV
61 AVGVNSGMDA
121 PLLVEKAITP
181GSSVAAFSFY
241MQAAVLRIRL
301DELRSHLDAR

36 1QALRVIDAVR

Feb. 3, 2005

be a regulatory gene; ORF15, which encodes an S-adenosyl
methionine synthase; and ORF16, which is a homolog of the
M. tuberculosis cbhK gene. Cosmid pKOS023-26 also
encodes the picK gene, which encodes the cytochrome P450
hydroxylase that hydroxylates the C12 of narbomycin and
the C10 and C12 positions of YC-17. This gene is described
in more detail in the following section.

[0059] Below, the amino acid sequences or partial amino
acid sequences of the gene products of the desosamine
biosynthesis and transfer and beta-glucosidase genes are
shown. These amino acid sequences are followed by the
DNA sequences that encode them.

Amino acid sequence of PICCI

PFLDLKAAYE ELRAETDAAI ARVLDSGRYL LGPELEGFEA EFAAYCETDH

LQLALRGLGI GPGDEVIVPS

RTRALLPVHL YGHPADMDAL

PGKNLGCFGD GGAVVTGDPE

XHLDSWNGRR SALAAEYLSG

GIDTLTHYPV PVHLSPAYAG

EWAERVDQA

HTYIASWLAV SATGATPVPV

RELADRHGLH IVEDAAQAHG

LAERLRMLRN YGSRQKYSHE

LAGLPGIGLP VTAPDTDPVW

EAPPEGSLPR AESFARQVLS

EPHEDHPTLD

ARYRGRRIGA

TKGTNSRLDE

HLFTVRTERR

LPIGPHLERP

Amino acid sequence of 3-keto-6-deoxyglucose isomerase, PICCII

1 VADRELGTHL
61 TADHALAAST
121 EGIHRETLEG
181 SDSLLAPQSL
241 PEQWRELCDR
301RDPEVFTDPE

36 1 DVLRPRRAPV

LETRGIHWIH AANGDPYATV

LCSTDFGVSG ADGVPVPQQV
LAPDPSASYA FELLGGFVRP
RTVRAADGAL AELTALLADS
PGLAAAAVEE TLRYDPPVQL
RFDLARPDAA AHLALHPAGP

GRGPLSVPVS SS

LRGQADDPYP AYERVRARGA

LSYGEGCPLE REQVLPAAGD
AVTAAAAAVI, GVPADRRADF
DDSPGALLSA LGVTAAVQLT
DARVVRGETE LAGRRLPAGA

YGPVASLVRL QAEVALRTLA

LSFSPTGSWV

VPEGGQRAVV

ADLLERLRPL

GNAVLALLAH

HVVVLTAATG

GRFPGLRQAG

Amino acid sequence of desosaminyl transferase, PICCIII

1MRVLLTSFAH
61 EYRVRMAGEP
121 RSWQPDLVLW
181 TAEWLTWTLD
241SEPPARPRVC
301 TRFTDFVPMH
36 lLFFLPPAELTP
421PADARH
Partial
1VKSALSDLAF
61 VAGLAGVRHA
121 PDTGNLDPDQ
18 1DGRPAGSLGD
241 NAKMSEAAAA

301VEIDEATTGI

amino acid

HTHYYGLVPL AWALLAAGHE

RPNHPAIAFD EARPEPLDWD
EPITYAGAVA AQVTGAAHAR
RYGASFEEEL LTGQFTIDPT
LTLGVSAREV LGGDGVSQGD
ALLPSCSAII HHGGAGTYAT

QAVRDAVVRI LDDPSVATAA

VRVASQPALT DTITGSGLAA

HALGIEAILA PYFYLLANND
VLWGPDVMGS ARRKFVALRD
PPSLRLDTGL PTVGMRYVPY
ILEALADLDI ELVATLDASQ
AVINAVPQVM LAELWDAPVK

HRLREETFGD PTPAGIVPEL

PICCIV

FGGPAAFDQP LLVGRPNRID

VATCNATAGL QLLAHAAGLT
VAAAVTPRTS AVVGVHLWGR
AEVFSFHATK AVNAFEGGAV
MGLTSLDAFP EVIDRNRRNH

HRDLVMEVLK AEGVHTRAYF

RARLYERLDR ALDSQWLSNG

GEVIMPSMTF AATPHALRWI
PCAADQLRKV ADEHGLRLYF
VTDDADLAAR IRALHNFGFD

AXYREHLADL PGVLVADHDR

VPVGTDHLIH

SMVDDLVDFA

RQPPEHREDP

NGTSVVPDWL

RAETIRNYPKH

ARAVAEQGAG

ERLAAQHRRP

sequence of aminotransferase-dehydrase,

GPLVREFEER

GLTPVFADID

DAAHALGCAV

LPGGSPAGGT

HGLNNHQYVI
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1MTAPALSATA

61 SPFTPLEEAR

121 AALARKPVFP

181 SAMYFSGGLE

241LYGLNDEEYE

301DFIADLNDAG

36 1DYGYALNSLR

421 IAGRVTPDTS

481RGFLR

PAERCAHPGA

HDLGVDRDAF

YSVGLYPGPT

PLTNPGLGSL

QTTGKKAAFR

QGRTIDFVNI

TGADAELLRI

LTEVVRDFVE

Amino acid sequence

1VYEVDHADVY

6 1GDTAGLELSE

121 AVASFAEHLE

181 HFTVADPGKG

DLFYLGRGKD

DMLTHARKRL

PGGVVVVEPW

VRHFSDVHLI

—continued
Amino acid sequence of PICCV

DLGAAVHAVG

RRLLALFGQV

CMFRCHFCVR

AAHATDHGLR

RVRENLRRFQ

REDYSGRDDG

KPATMRPTAH

RGGEVAAVDG

of 3-amino
YAAEASDIAD

PDATLHQGDM

WFPETFADGW

TLFHQAEYEA

Partial amino acid sequence

1MTLDEKISFV

6 1 ASTFDDTMAD

121AQIKGIQGAG

181 AYNGLNGKPS

241 PKGEPSPPAK

301GAQAVSRKVA

36 1APLDTIKARA

421 ADGEYRIAVR

481SLELGWVTPA

541 DANPNTIVVL

601 AAENQHAVAG

66 1 TVVRTSTGGL

721KTVTVNVDRR

HWALDPDRQN

SYGKVMGRDG

LMTTAKHFAA

CGNDELLNNV

FFGEALKTAV

ENGAVLLRNE

GAGATVTYET

ATGGYATVQL

AADATIAKAV

NTGSSVLMPW

DPTSYPGVDN

KVTVTVRNSG

QLQFWDAATD

VGYLPGVPRL

RALNQDMVLG

NNQENNRFSV

LRTQWGFQGW

LNGTVPEAAV

GQALPLAGDA

GEETFGTQIP

GSHTIEAGQV

ESARKARTAV

LSKTRAVLDM

QQTYREGIHV

KRAGQEVVQA

NWKTGTGNRL

QTLAAGGLVP

PELRTAVETG

VTGARYDPSA

PTVYTNSFAL

QLRAERESPI

KLPQEERAEL

PQVAVQVDLL

DEYFMDGFDQ

30

PDEAGTTARH
PAGAYWKNTL
LDAGNAMFRS
TERTLERQPG
NLGFAYIVLP
QEALNAFEER
GDVYLYREAG

VVTARLNQLE

dimethyl transferase,

LVRSRTPEAS

RDFRLGRKFS

VSADVVRRDG

AFTAAGLRVE

SLLDVACGTG

AVVSMFSSVG

RTVARVSHSV

YLEGGPSGRG

LVRLAVRYGN

LPLEQRGVFD

VIDEIPAGNP

LWGLHAIRTS

GRASRLLDLV

VRERTPGLHI

FPDLDGATRY

RDAADGWEEA

PICCVI
THLEHFTKEF

YLKTTEELGA

REGNATRMEV

LFVGVPA

of beta-glucosidase, ORF11

GIPELRAADG

PMMNNIRVPH

NANVDEQTLR

VMSDWLATPG

TRSAERIVGQ

GKSIAVIGPT

AGNLSPAFNQ

YGKVSSPLLK

VFAYDDGTEG

WYPGQAGAEA

GYRWFDKENV

YLGASPNVTA

LOTGSSSADL

PNGIRLVGQT

GGRNYETFSE

EIEFPAFEAS

TDAITKGLDQ

MEKFGLLLAT

AVDPRVTGLG

GHQLEPGKAG

LTKGTHKLTI

VDRPNLSLPG

TAALLYGDVN

KPLFPFGHGL

PQAKKKLVGY

RGSATVNVW

ATALPAPVAL

DPLVSSRTAV

SKAGAGSFMC

EMGVELPGDV

PAPRPERDKA

SAHVVPDSAA

ALYDGTLTVP

SGFAMSATPL

TQDKLISAVA

PSGKLTQSFP

SYTSFTQSAP

TKVSLAAGEA

Amino acid sequence of transcriptional activator, ORF12

1MNLVERDGEI

6 1ALPGDRDIPL

121 TTGCSPSPAG

181 RAELLRQPHC

241RQASHTTLGA

301 TTAAAVERHI

36 1 EDTVARHLLV

421 PHLVAASWRM

481PSSDNDALEL

541 PDNASVAQAE

60 1WEAVFAATRA

AHLRAVLDAS

GVLCQLLRSA

TPFLVAVDDL

RNMWLSGLPP

AGGDEPVHGD

QELAAIGLLD

GGAPDAPWAL

NPHMTTRALA

SLTRMWLAAL

QILQGCRLSE

MIAIRCGDLP

AAGDGTLLLV

EQHGADTSAV

THADTASLRF

SGVRQLLAHY

AFAQAVLDCL

EDGTLGQPAI

PLLERGAQQA

LFDRLLSGEL

CPPLLESLPA

ETYEALETAL

TARERAELAL

SGPAGSGKTE

RDLLDAASRR

LLYCAAHHDQ

YGPEAAERRA

HRSAEGTLET

REAALQDLPA

LFDDRLDDAF

PPSHPVMALI

TPEPERGPVP

LVLVHADRLD

SHAAPESWGL

LLRSLRRLAA

AGTSPPPPTR

GGIGFVMTER

PAYHATTGGN

ARWLAVLEQS

GERTELHRRA

RILEFAVRSS

RCLVWYGRLP

VRLAPRTTAL

RALFWSDALL

AVGMPLSALL

ERETPVWSVR

RSASTRHTAC

ASQRAGYRVF

PLLLRALTQD

DPLLVERLTG

AEQLHRDGAD

TDNTQLARLA

EAADALSRLR

QAQAGVFQRG

AEAVERRSLG

LACTEAGEYE
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-continued
66 1QAERVLRQPV PDAMFDSRHG MEYMHARGRY WLAXGRLHAA LGEFMLCGEI LGSWNLDQPS
721 IVPWRTSAAE VYLRLGNRQK ARALAEAQLA LVRPGRSRTR GLTLRVLAAA VDGQQAERLH
781AEAVDMLHDS GDRLEHARAL AGMSRHQQAQ GDNYRARMTA RLAGDMAWAC GAYPLAEEIV
841PGRGGRRAKA VSTELELPGG PDVGLLSEAE RRVAALAARG LTNRQIARRL CVTASTVEQH
901LTRVYRKLNV TRRADLPISL AQDKSVTA
Amino acid sequence of dNDP-glucose synthase
(glucose-1-phosphate thymidyl transferase), ORF13
1MKGIVLAGGS GTRLHPATSV ISKQILPVYN KPMIYYPLSV LMLGGIREIQ IISTPQHIEL
6 1FQSLLGNGRH LGIELDYAVQ KEPAGIADAL LVGAEHIGDD TCALILGDNI FHGPGLYTLL
121RDSIARLDGC VLFGYPVKDP ERYGVAEVDA TGRLTDLVEK PVKPRSNLAV TGLYLYDNDV
181 VDIAKNIRPS PRGELEITDV NRVYLERGRA ELVNLGRGFA WLDTGTHDSL LRAAQYVQVL
241EERQGVWIAG LEEIAFRMGF IDAEACHGLG EGLSRTEYGS YLMEIAGREG AP

Amino acid sequence of dNDP-glucose 4,6-dehydratase, ORF14
1VRLLVTGGAG FIGSHFVRQL LAGAYPDVPA DEVIVLDSLT YAGNRANLAP VDADPRLRFV

6 1HGDIRDAGLL ARELRGVDAI VHFAAESHVD RSIAGASVFT ETNVQGTQTL LQCAVDAGVG
121RVVHVSTDEV YGSIDSGSWT ESSPLEPNSP YAASKAGSDL VARAYHRTYG LDVRITRCCN
181 NYGPYQHPEK LIPLFVTINLL DGGTLPLYGD GANVREWVHT DDHCRGIALV LAGGRAGEIY
241HIGGGLELTN RELTGILLDS LGADWSSVRK VADRKGHDLR YSLDGGKIER ELGYRPQVSF
301ADGLARTVRW YRENRGWWEP LKATAPQLPA TAVEVSA

Partial amino acid sequence of S-adenosylmethionine
synthase, ORF15
1IGYDSSKKGF DGASCGVSVS IGSQSPDIAQ GVDTAYEKRV EGASQRDEGD ELDKQGAGDQ

6 1GLMFGYASDE TPELMPLPIH LAHRLSRRLT EVRKNGTIPY LRPDGKTQVT IEYDGDRAVR
121LDTVVVSSQH ASDIDLESLL APDVRKFVVE HVLAQLVEDG IKLDTDGYRL LVNPTGRFEI
181 GGPMGDAGLT GRKIIIDTYG GMARHGGGAF SGKDPSKVDR SAAYAMRWVA KNVVAAGLAS
241RCEVQVAYAI GKAEPVGLFV ETFGTHKIET EKIENAIGEV FDLRPAAIIR DLDLLRPIYS
301QTAAYGHFGR ELPDFTWERT DRVDALKKAA GL

Partial amino acid sequence of ORF16

(homologous to M. tuberculosis cbhK)
1MRIAVTGSIA TDHLMTFPGR FAEQILPDQL AHVSLSFLVD TLDIRHGGVA ANIAYGLGLL
6 1GRRPVLVGAV GKDFDGYGQL LRAAGVDTDS VRVSDRQHTA RFMCTTDEDG NQLASFYAGA

121 MAEARDIDLG ETAGRPGGID LVLVGADDPE AMVRHTRVCR ELGLRPAADP SQQLARLEGD

181 SVRELVDGAE LLFTNAYERA LLLSKTGWTE QEVLARVGTW ITTLGAKGCR

[0060] While not all of the insert DNA of cosmid [0061] Contig 001 from cosmid pKOS023-26 contains
pKOS02326 has been sequenced, five large cgntigs ShQWH 2401 nucleotides, the first 100 bases of which correspond to
of FIG. 3 have been assembled and provide sufﬁ.c tent 100 bases of the insert sequence of cosmid pKOS023-27.
sequence information to manipulate the genes therein in ) - ;
accordance with the methods of the invention. The Nucleotides 80-2389 constitute ORF11, which encodes 1

sequences of each of these five contigs are shown below. beta glucosidase.

1 CGTGGCGGCC GCCGCTCCCG GCGCCGCCGA CACGGCCAAT GTTCAGTACA CGAGCCGGGC
61 GGCGGAGCTC GTCGCCCAGA TGACGCTCGA CGAGAAGATC AGCTTCGTCC ACTGGGCGCT

121 GGACCCCGAC CGGCAGAACG TCGGCTACCT TCCCGGCGTG CCGCGTCTGG GCATCCCGGA
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181 GCTGCGTGCC

241 GCCCGCGCCG

301 GGTCATGGGC

361 CAACATCCGG

421 CTCCTCGCGC

481 GGCCAAGCAC

541 CGACGAGCAG

601 CGCGGGCTCC

661 CGAGCTCCTC

721 CTGGCTCGCC

781 CGAGCTCCCC

841 GGCGCTGAAG

901 GGAGCGGATC

961 GCCCGAGCGC

1021 GGTGCTCCTG

1081 CGCGGTCATC

1141 CGTCCCGGAC

1201 GACGGTGACG

1261 CAGCCCGGCG

1321 CGGCACGCTG

1381 TTACGCCACG

1441 GAGCAGCCCG

1501 GATGAGTGCC

1561 GACGATCGCG

1621 CGACGACGGC

1681 GCTGATCTCG

1741 GTCGGTGCTG

1801 CCAGGCGGGC

1861 GCTCACGCAG

1921 CTACCCGGGC

1981 GTTCGACAAG

2041 GTTCACGCAG

2101 CACGGTCCGC

2161 CAGCCCGAAC

2221 GCTCGCCGCG

2281 CTGGGATGCC

2341 TTCGTCCTCC

24016

GCCGACGGCC

GTCGCCCTGG

CGCGACGGTC

GTGCCGCACG

ACCGCGGTCG

TTCGCGGCCA

ACGCTCCGCG

TTCATGTGTG

AACAACGTGC

ACCCCGGGCA

GGCGACGTCC

ACGGCCGTCC

GTCGGCCAGA

GACAAGGCGG

CGCAACGAGG

GGCCCGACGG

TCGGCGGCGG

TACGAGACGG

TTCAACCAGG

ACCGTGCCCG

GTGCAGCTCG

CTCCTCAAGC

ACCCCGCTCT

AAGGCCGTGG

ACCGAGGGCG

GCTGTCGCGG

ATGCCGTGGC

GCCGAGGCCA

AGCTTCCCGG

GTCGACAACC

GAGAACGTCA

AGCGCCCCGA

AACAGCGGGA

GTGACGGCTC

GGCGAGGCGA

GCCACGGACA

GCCGACCTGC

-continued

CGAACGGCAT

CCAGCACCTT

GCGCGCTCAA

GCGGCCGGAA

CCCAGATCAA

ACAACCAGGA

CCGCCTGGTG

CGACGACACC

CCAGGACATG

CTACGAGACC

GGGCATCCAG

GAACAACCGC

AGATCGAGTT

CCTACAACGG

TGCGCACGCA

CCGACGCCAT

CGAAGGGCGA

TGAACGGCAC

TGGAGAAGTT

GTGCCCAGGC

GCCAGGCCCT

CCGTCGACCC

CGCCACTCGA

GTGAGGAGAC

GCCACCAGCT

CCGACGGCGA

GCAGCCACAC

TGACCAAGGG

CCCTGGAGCT

AGTCGGCGCG

TCGACCGTCC

ACGCCAACCC

TGTCCAAGAC

CCGCCGCGCT

CCGCCGAGAA

AGCAGACGTA

AGCCGCTGTT

CCGTCGTGCG

AGCGCGCCGG

CGCAGGCGAA

AGACGGTGAC

ACTGGAAGAC

GGGGCAGCGC

CCCGGCGTTC

CCTCAACGGG

GTGGGGCTTC

CACCAAGGGC

GCCCTCGCCG

GGTCCCCGAG

CGGTCTGCTC

GGTGTCCCGC

GCCGCTCGCC

CAAGGTCACC

CACCATCAAG

CTTCGGGACG

CGAGCCGGGC

GTACCGCATC

CATCGAGGCC

CACGCACAAG

GGGCTGGGTN

GAAGGCCCGT

GAACCTGTCG

GAACACGATC

CCGCGCGGTC

GCTCTACGGT

CCAGCACGCG

CCGCGAGGGC

CCCGTTCGGG

TACGTCCACG

CCAGGAGGTC

GAAGAAGCTC

GGTGAACGTC

GGGAACGGGC

CACGGTCAAC

32

GGGCAGACCG
ATGGCCGACA
GTCCTGGGCC
TTCAGCGAGG
GGTGCGGGTC
TTCTCCGTGA
GAGGCGTCCT
AAGCCGTCCT
CAGGGCTGGG
CTCGACCAGG
CCGGCCAAGT
GCGGCCGTGA
CTCGCCACTC
AAGGTCGCCG
GGTGACGCCG
GGCCTGGGCA
GCCCGCGCGG
CAGATCCCGG
AAGGCGGGGG
GCGGTCCGTG
GGTCAGGTCT
CTCACGATCT
ACGCCGGCGG
ACGGCGGTCG
CTGCCGGGTA
GTGGTCCTCA
CTGGACATGT
GACGTCAACC
GTCGCCGGCG
ATCCACGTCG
CACGGCCTGT
GGTGGTCTGA
GTCCAGGCGT
GTGGGCTACA
GACCGCCGTC
AACCGCCTCC

GTCTGGTGAC

CCACCGCGCT

GCTACGGCAA

CGATGATGAA

ACCCCCTGGT

TGATGACCAC

ACGCCAATGT

CCAAGGCCGG

GCGGCAACGA

TGATGTCCGA

AGATGGGCGT

TCTTCGGCGA

CGCGGTCGGC

CGGCCCCGCG

AGAACGGCGC

GCAAGAGCAT

GCGCCCACGT

GTGCGGGTGC

CGGGGAACCT

CGCTGTACGA

CCACCGGTGG

ACGGCAAGGT

CGGGCTTCGC

CGGCCGACGC

TCTTCGCCTA

CGCAGGACAA

ACACCGGTTC

GGTACCCGGG

CGAGCGGCAA

ACCCGACCAG

GGTACCGCTG

CGTACACCTC

AGGTCACGGT

ACCTCGGTGC

CGAAGGTCTC

AGCTGCAGTT

TGCAGACCGG

GTGACGCCGT
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[0062] Contig 002 from cosmid pKOS023-26 contains 2606 is an ORF of picK that encodes a cytochrome P450

5970 nucleotides and the following ORFs: from nucleotide . . .
995 to 1 is an ORF of picCIV that encodes a partial sequence hydroxylase; and from nucleotides 2739 to 5525 is ORF12,

of an amino transferase-dehydrase; from nucleotides 1356 to which encodes a transcriptional activator.

1 GGCGAGAAGT AGGCGCGGGT GTGCACGCCT TCGGCCTTCA GGACCTCCAT GACGAGGTCG

61 CGGTGGATGC CGGTGGTGGC CTCGTCGATC TCGACGATCA CGTACTGGTG GTTGTTGAGG
121 CCGTGGCGGT CGTGGTCGGC GACGAGGACG CCGGGGAGGT CCGCGAGGTG CTCGCGGTAG
181 SCGGCGTGGT TGCGCCGGTT CCGGTCGATG ACCTCGGGAA ACGCGTCGAG GGAGGTGAGG
241 CCCATGGCGG CGGCGGCCTC GCTCATCTTG GCGTTGGTCC CGCCGGCGGG GCTGCCGCCG
301 GGCAGGTCGA AGCCGAAGTT GTGGAGGGCG CGGATCCGGG CGGCGAGGTC GGCGTCGTCG
361 GTGACGACGG CGCCGCCCTC GAAGGCGTTG ACGGCCTTGG TGGCGTGGAA GCTGAAGACC
421 TCGGCGTCGC CGAGGCTGCC GGCGGGCCGG CCGTCGACCG CGCAGCCGAG GGCGTGCGCG
481 GCGTCGAAGT ACAGCCGCAG GCCGTGCTCG TCGGCGACCT TCCGCAGCTG GTCGGCGGCG
541 CAGGGGCGGC CCCAGAGGTG GACGCCGACG ACGGCCGAGG TGCGGGGTGT GACCGCGGCG
601 GCCACCTGGT CCGGGTCGAG GTTGCCGGTG TCCGGGTCGA TGTCGGCGAA GACCGGGGTG
661 AGGCCGATCC AGCGCAGTGC GTGCGGGGTG GCGGCGAACG TCATCGACGG CATGATCACT
721 TCGCCGGTGA GGCCGGCGGC GTGCGCGAGG AGCTGGAGCC CGGCCGTGGC GTTGCAGGTG
781 GCCACGGCAT GCCGGACCCC GGCGAGCCCG GCGACGCGCT CCTCGAACTC GCGGACGAGC
841 GGGCCGCCGT TGGACAGCCA CTGGCTGTCG AGGGCCCCGT CGAGCCGCTC GTACAGCCTG
901 GCGCGGTCGA TGCGGTTGGG CCGCCCCACG AGGAGCGGCT GGTCGAAAGC GGCGGGGCCG
961 CCGAAGAATG CGAGGTCGGA TAAGGCGCTT TTCACGGATG TTCCCTCCGG GCCACCGTCA
1021 CGAAATGATT CGCCGATCCG GGAATCCCGA ACGAGGTCGC CGCGCTCCAC CGTGACGTAC
1081 GACGAGATGG TCGATTGTGG TGGTCGATTT CGGGGGGACT CTAATCCGCG CGGAACGGGA
1141 CCGACAAGAG CACGCTATGC GCTCTCGATG TGCTTCGGAT CACATCCGCC TCCGGGGTAT
1201 TCCATCGGCG GCCCGAATGT GATGATCCTT GACAGGATCC GGGAATCAGC CGAGCCGCCG
1261 GGAGGGCCGG GGCGCGCTCC GCGGAAGAGT ACGTGTGAGA AGTCCCGTTC CTCTTCCCGT
1321 TTCCGTTCCG CTTCCGGCCC GGTCTGGAGT TCTCCGTGCG CCGTACCCAG CAGGGAACGA
1381 CCGCTCCTCC CCCGGTACTC GACCTCGGGG CCCTGGGGCA GGATTTCGCG GCCGATCCGT
1441 ATCCGACGTA CGCGAGACTG CGTGCCGAGG GTCCGGCCCA CCGGGTGCGC ACCCCCGAGG
1501 GGGACGAGGT GTGGCTGGTC GTCGGCTACG ACCGGGCGCG GGCGGTCCTC GCCGATCCCC
1561 GGTTCAGCAA GGACTGGCGC AACTCCACGA CTCCCCTGAC CGAGGCCGAG GCCGCGCTCA
1621 ACCACAACAT GCTGGAGTCC GACCCGCCGC GGCACACCCG GCTGCGCAAG CTGGTGGCCC
1681 GTGAGTTCAC CATGCGCCGG GTCGAGTTGC TGCGGCCCCG GGTCCAGGAG ATCGTCGACG
1741 GGCTCGTGGA CGCCATGCTG GCGGCGCCCG ACGGCCGCGC CGATCTGATG GAGTCCCTGG
1801 CCTGGCCGCT GCCGATCACC GTGATCTCCG AACTCCTCGG CGTGCCCGAG CCGGACCGCG
1861 CCGCCTTCCG CGTCTGGACC GACGCCTTCG TCTTCCCGGA CGATCCCGCC CAGGCCCAGA
1921 CCGCCATGGC CGAGATGAGC GGCTATCTCT CCCGGCTCAT CGACTCCAAG CGCGGGCAGG
1981 ACGGCGAGGA CCTGCTCAGC GCGCTCGTGC GGACCAGCGA CGAGGACGGC TCCCGGCTGA
2041 CCTCCGAGGA GCTGCTCGGT ATGGCCCACA TCCTGCTCGT CGCGGGGCAC GAGACCACGG

2101 TCAATCTGAT CGCCAACGGC ATGTACGCGC TGCTCTCGCA CCCCGACCAG CTGGCCGCCC
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2161 TGCGGGCCGA

2221 CGGTGGAATC

2281 TCCCGGCCGG

2341 TCCCGGACCC

2401 ACGGCATCCA

2461 GCGCCCTTCT

2521 GGTATCCGAA

2581 GGGAGGCGGG

2641 GAAGCCCCGG

2701 CGAAGGGTTC

2761 GGGAGATAGC

2821 TACTCGTCTC

2881 TGGCCGCCGA

2941 TCCCCCTGGG

3001 CCGCCGTCCG

3061 CGACGCGCCG

3121 CCGCCGGCAC

3181 TGAGGTTCCT

3241 CCGAGCGGGC

3301 CGCACTGCCG

3361 CCCACTACTA

3421 GCGGGAACCC

3481 TCGGCGCGGC

3541 ACTGCCTGCA

3601 AACAGTCCGA

3661 GCCACATCCA

3721 CCGCGATCCG

3781 GGCGCGCCGC

3841 TGCTGGTCGG

3901 AGCAGGCCCT

3961 GGTCGAGCAC

4021 GGCGGATGAA

4081 GTGAACTGCC

4141 GGCTGCCCGA

4201 TGGAGCTGTC

4261 TGCCGGCCAC

4321 CCGCGCTCCA

4381 AGGCCGAACA

CATGACGCTC

CGCGACCTAC

TGACACGGTC

GCACCGCTTC

CTTCTGCATC

CGAACGCTGC

CCCGATGATC

CCGCCGTACC

ATCGGTCCCC

GGCGCCCGGA

CCATCTCAGG

CGGACCGGCC

GCGGGAGACC

CGTCCTCTGC

CGACCTGCTG

CTCCGCGTCG

CCCGTTCCTC

CCTGTACTGC

CTCGCAGCGC

CAACATGTGG

CGGCCCCGAG

GCTGCTCCTG

CGGCGGCGAC

CCGCAGCGCC

CCCGCTCCTG

GGAGCTCGCC

CGAGGCCGCC

GGAGCAGCTG

CGGCGCCeee

GTTCGACGAC

CGACAACACC

CCCGCACATG

GCCCAGCCAC

GGCCGCCGAC

GCTCACCCGG

GCCGGAGCCG

GGCCCAGGCC

GATCCTGCAG

-continued

TTGGACGGCG

CGCTTCCCGG

CTCGTCGTCC

GACATCCGCC

GGCGCCCCCT

CCGGACCTCG

CGCGGGCTCA

GGTTGAACCC

CCTCGCCGTA

CGAGGGGGGA

GCCGTTCTTG

GGCAGCGGGA

CCCGTCTGGT

CAGTTACTCC

GACGCCGCCT

ACGAGACACA

GTCGCCGTCG

GCCGCCCACC

GCCGGATACC

CTCTCCGGGC

GCCGCCGAGC

CGGGCGCTGA

GAGCCCGTCC

GAGGGCACAC

GTGGAGCGGC

GCCATCGGCC

CTCCAGGACC

CACCGGGACG

GACGCTCCCT

CGACTCGACG

CAGCTGGCCC

ACGACCCGGG

CCGGTCATGG

GCGCTGTCCC

ATGTGGCTCG

GAGCGGGGTC

GGCGTCTTCC

GGCTGCCGGC

CGGTGGAGGA

TCGAGCCCGT

TGGCCGACGC

GGGACACCGC

TGGCCCGGTT

CCCTGGACGT

AGGCCCTGCC

GCACGTCACC

ACAAGACCTG

CTTCCGCGAT

ACGCATCCGC

AGACGGAGCT

CGGTCCGGGC

GCAGCGCCGA

CGCGGCGGGC

CCGCCTGCAC

ACGACCTGAC

ACGACCAGGG

GGGTGTTCCG

TTCCCCCCAG

GGCGGGLCCCe

CCCAGGACCG

ACGGCGACGC

TGGAGACCGC

TCACGGGAAC

TCCTGGACGA

TGCCGGCCGG

GCGCCGACGA

GGGCGCTGCC

ACGCCTTCCG

GCCTCGCCCC

CCCTCGCACT

CCCTGATCCG

GGCTGCGGCC

CGGCGCTGTG

CCGTCCCCGT

AGCGGGGCCC

TGTCGGAGGA

34

GATGTTGCGC
CGACCTGGAC
CCACCGCACC
CGGCCATCTC
GGAGGCCCGG
CTCCCCCGGC
GATCCGGTGG
CATTACGACT
GTTAGAGTGA
GAATCTGGTG
CGCAGGTGAC
GCTGCGGTCG
GCTGCCGGGT
ACAACACGGT
CGGAACCTCA
GACTGGCTGC
CCACGCCGAC
CGGCATCGGC
CGCCGAGCTC
CGGGGTACGC
CGCGTACCAC
GCAGGCCTCC
CTTCGCCCAG
CCGCTGGCTC
GACCGCCGCC
GGACGGCACC
CGAGCGCACC
GGACACCGTG
CCTGCTCGAA
GATCCTCGAG
ACACCTGGTC
CTTCGACCGG
CTGCCTCGTC
CAGCTCCGAC
CCCGCCGCTC
ACGGCTCGCG
GGACAACGCC

GACGTACGAG

TACGAGGGCC

GGCACGGTCA

CCCGAGCGCT

GCCTTCGGCC

ATCGCCGTCC

GAACTCGTGT

CGGCGAGGAC

CCTTGTCACG

TGGAGGACGA

GAACGCGACG

GGGACGCTCT

CTCCGCCGGC

GACCGCGACA

GCCGACACCT

CCTCCCCCGC

TCTCCGTCTC

ACCGCGTCCC

TTCGTCATGA

CTCCGCCAGC

CAGTTACTCG

GCGACGACCG

CACACCACCC

GCCGTCCTCG

GCGGTCCTCG

GCCGTCGAGC

CTGGGACAGC

GAACTGCACC

GCCCGCCACC

CGGGGCGCGC

TTCGCCGTGC

GCGGCCTCCT

CTCCTGAGCG

TGGTACGGNC

AACGATGCCT

CTGGAGTCCC

CCGCGGACGA

TCGGTCGCGC

GCCCTGGAGA
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4441 CGGCCCTCTT GCTCCTCGTC CACGCCGACC GGCTCGACCG GGCGCTGTTC TGGTCGGACG

4501 CCCTGCTCGC CGAGGCCGTG GAGCGGCGGT CGCTCGGCTG GGAGGCGGTC TTCGCCGCGA
4561 CCCGGGCGAT GATCGCGATC CGCTGCGGCG ACCTCCCGAC GGCGCGGGAG CGGGCCGAGC
4621 TGGCGCTCTC CCACGCGGCG CCGGAGAGCT GGGGCCTCGC CGTGGGCATG CCCCTCTCCG
4681 CGCTGCTGCT CGCCTGCACG GAGGCCGGCG AGTACGAACA GGCGGAGCGG GTCCTGCGGC
4741 AGCCGGTGCC GGACGCGATG TTCGACTCGC GGCACGGCAT GGAGTACATG CACGCCCGGG
4801 GCCGCTACTG GCTGGCGANC GGCCGGCTGC ACGCGGCGCT GGGCGAGTTC ATGCTCTGCG
4861 GGGAGATCCT GGGCAGCTGG AACCTCGACC AGCCCTCGAT CGTGCCCTGG CGGACCTCCG
4921 CCGCCGAGGT GTACCTGCGG CTCGGCAACC GCCAGAAGGC CAGGGCGCTG GCCGAGGCCC
4981 AGCTCGCCCT GGTGCGGCCC GGGCGCTCCC GCACCCGGGG TCTCACCCTG CGGGTCCTGG
5041 CGGCGGCGGT GGACGGCCAG CAGGCGGAGC GGCTGCACGC CGAGGCGGTC GACATGCTGC
5101 ACGACAGCGG CGACCGGCTC GAACACGCCC GCGCGCTCGC CGGGATGAGC CGCCACCAGC
5161 AGGCCCAGGG GGACAACTAC CGGGCGAGGA TGACGGCGCG GCTCGCCGGC GACATGGCGT
5221 GGGCCTGCGG CGCGTACCCG CTGGCCGAGG AGATCGTGCC GGGCCGCGGC GGCCGCCGGG
5281 CGAAGGCGGT GAGCACGGAG CTGGAACTGC CGGGCGGCCC GGACGTCGGC CTGCTCTCGG
5341 AGGCCGAACG CCGGGTGGCG GCCCTGGCAG CCCGAGGATT GACGAACCGC CAGATAGCGC
5401 GCCGGCTCTG CGTCACCGCG AGCACGGTCG AACAGCACCT GACGCGCGTC TACCGCAAAC
5461 TGAACGTGAC CCGCCGAGCA GACCTCCCGA TCAGCCTCGC CCAGGACAAG TCCGTCACGG
5521 CCTGAGCCAC CCCCGGTGTC CCCGTGCGAC GACCCGCCGC ACGGGCCACC GGGCCCGCCG

5581 GGACACGCCG GTGCGACACG GGGGCGCGCC AGGTGCCATG GGGACCTCCG TGACCGCCCG

5641 AGGCGCCCGA GGCGCCCGGT GCGGCACCCG GAGACGCCAG GACCGCCGGG ACCACCGGAG
5701 ACGCCAGGGA CCGCTGGGGA CACCGGGACC TCAGGGACCG CCGGGACCGC CCGAGTTGCA
5761 CCCGGTGCGC CCGGGGACAC CAGACCGCCG GGACCACCCG AGGGTGCCCG GTGTGGCCCC
5821 GGCGGCCGGG GTGTCCTTCA TCGGTGGGCC TTCATCGGCA GGAGGAAGCG ACCGTGAGAC
5881 CCGTCGTGCC GTCGGCGATC AGCCGCCTGT ACGGGCGTCG GACTCCCTGG CGGTCCCGGA

5941 CCCGTCGTAC GGGCTCGCGG GACCCGGTGC

[0063] Contig 003 from cosmid pKOS023-26 contains nucleotide 1114 to 2127 is ORF14, which encodes dNDP-
3292 nucleotides and the following ORFs: from nucleotide
104 to 982 is ORF13, which encodes dNDP glucose syn-
thase (glucose-1-phosphate thymidyl transferase); from is the picCI ORF.

glucose 4,6-dehydratase; and from nucleotide 2124 to 3263

[

ACCCCCCAAA GGGGTGGTGA CACTCCCCCT GCGCAGCCCC TAGCGCCCCC CTAACTCGCC

61 ACGCCGACCG TTATCACCGG CGCCCTGCTG CTAGTTTCCG ACAATGAAGG GAATAGTCCT

121 GGCCGGCGGG AGCGGAACTC GGCTGCATCC GGCGACCTCG GTCATTTCGA AGCAGATTCT

181 TCCGGTCTAC AACAAACCGA TGATCTACTA TCCGCTGTCG GTTCTCATGC TCGGCGGTAT

241 TCGCGAGATT CAAATCATCT CGACCCCCCA GCACATCGAA CTCTTCCAGT CGCTTCTCGG

301 AAACGGCAGG CACCTGGGAA TAGAACTCGA CTATGCGGTC CAGAAAGAGC CCGCAGGAAT

361 CGCGGACGCA CTTCTCGTCG GAGCCGAGCA CATCGGCGAC GACACCTGCG CCCTGATCCT

421 GGGCGACAAC ATCTTCCACG GGCCCGGCCT CTACACGCTC CTGCGGGACA GCATCGCGCG
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481 CCTCGACGGC

541 CGAGGTGGAC

601 CAACCTCGCC

661 CATCCGGCCC

721 GCGGGGCCGG

781 CCACGACTCG

841 CTGGATCGCG

901 TCACGGCCTG

961 CGGCCGCGAG

1021 GCCACCGACA

1081 GCGACCTACA

1141 GGCTTCATCG

1201 GCCGATGAGG

1261 CCGGTGGACG

1321 CTCGCCCGGG

1381 GACCGCTCCA

1441 CTGCTCCAGT

1501 GTGTACGGGT

1561 CCCTACGCGG

1621 GGCCTCGACG

1681 AAGCTCATCC

1741 GACGGCGCGA

1801 GTCCTCGCGG

1861 AACCGCGAAC

1921 AAGGTCGCCG

1981 CGCGAGCTCG

2041 TGGTACCGGG

2101 GCCACCGCCG

2161 TCGACCTCAA

2221 TCCTCGACTC

2281 CCGCGTACTG

2341 TCGCCCTCCG

2401 ACATCGCCAG

2461 ACGAGGACCA

2521 GGGCGCTCCT

2581 TCGCGGACCG

2641 ACCGGGGCCG

2701 AGAACCTCGG

2761 AACGGCTCCG

TGCGTGCTCT

GCGACGGGCC

GTCACCGGCC

TCGCCGCGCG

GCCGAACTCG

CTCCTGCGGG

GGCCTTGAGG

GGAGAAGGCC

GGAGCCCCGT

GTGCGACCCA

GCGCGACCGA

GCTCGCACTT

TGATCGTCCT

CGGACCCGCG

AACTGCGCGG

TCGCGGGCGC

GCGCCGTCGA

CGATCGACTC

CGTCCAAGGC

TACGGATCAC

CCCTCTTCGT

ACGTCCGCGA

GCGGCCGGGC

TCACCGGCAT

ACCGCAAGGG

GCTACCGCCC

AGAACCGCGG

TGGAGGTGTC

GGCCGCCTAC

GGGGCGCTAC

CGAGACGGAC

CGGCCTCGGC

CTGGCTCGCG

CCCCACCCTG

CCCCGTCCAC

GCACGGCCTG

GCGGATCGGC

CTGCTTCGGC

GATGCTCCGC

-continued

TCGGCTACCC

GGCTGACCGA

TCTACCTCTA

GCGAGCTGGA

TCAACCTGGG

CCGCCCAGTA

AGATCGCCTT

TCTCCCGCAC

GAGGGCACCT

CACCGCGACC

AAGGAAGACG

CGTGCGGCAG

GGACAGCCTC

ACTGCGCTTC

CGTGGACGCC

GTCCGTGTTC

CGCCGGCGTC

CGGCTCCTGG

CGGCTCCGAC

CCGCTGCTGC

GACGAACCTC

GTGGGTGCAC

CGGCGAGATC

CCTCCTGGAC

CCACGACCTG

GCAGGTCTCC

CTGGTGGGAG

CGCGTGAGCA

GACGAGCTCC

CTCCTCGGAC

CACGCCGTCG

ATCGGACCCG

GTGTCCGCCA

GACCCGCTGC

CTCTACGGGC

CACATCGTCG

GCCGGGTCGT

GACGGCGGCG

AACTACGGCT

GGTCAAGGAC

CCTCGTCGAG

CGACAACGAC

GATCACCGAC

CCGCGGCTTC

CGTCCAGGTC

CCGCATGGGC

CGAGTACGGC

CGCGGCCGAC

CGCACCGCCA

GCAGTGCGGC

CTCCTCGCCG

ACCTACGCGG

GTCCACGGCG

ATCGTCCACT

ACCGAGACCA

GGCCGGGTCG

ACCGAGAGCA

CTCGTTGCCC

AACAACTACG

CTCGACGGCG

ACCGACGACC

TACCACATCG

TCGCTCGGCG

CGCTACTCCC

TTCGCGGACG

CCGCTCAAGG

GCCGCGCCGA

GCGCGGAGAC

CCGAACTCGA

GCGTGAACAG

GGGACGAGGT

CCGGCGCGAC

TCGTCGAGAA

ACCCCGCCGA

AGGACGCCGC

CGGTGGCCGC

CCGTCGTCAC

CGCGGCAGAA

36

CCCGAGCGGT
AAGCCCGTCA
GTCGTCGACA
GTCAACCGCG
GCCTGGCTGG
CTGGAGGAGC
TTCATCGACG
AGCTATCTGA
GCGTTCCCAC
CCGACAGTGC
TTCTGGTGAC
GGGCGTACCC
GCAACCGCGC
ACATCCGCGA
TCGCGGCCGA
ACGTGCAGGG
TGCACGTCTC
GCCCGCTGGA
GCGCCTACCA
GGCCGTACCA
GGACGCTCCC
ACTGCCGGGG
GCGGCGGCCT
CCGACTGGTC
TCGACGGCGG
GCCTCGCGCG
CGACCGCCcC
GACCCCCCGC
CGACGCCGCG
AGGATTCGAG
CGGGATGGAC
GATCGTCCCC
CCCCGTGCCC
GGCGATCACC
CATGGACGCC
GCAGGCCCAC
GTTCAGCTTC
CGGCGACCCC

GTACAGCCAC

ACGGCGTCGC

AGCCGCGCTC

TCGCCAAGAA

TCTACCTGGA

ACACCGGCAC

GGCAGGGCGT

CCGAGGCCTG

TGGAGATCGC

GACCGACAGC

GACCCACACC

CGGAGGTGCG

CGACGTGCCC

CAACCTCGCC

CGCCGGCCTC

GAGCCACGTG

CACGCAGACG

CACCGACGAG

GCCCAACTCG

CCGGACGTAC

GCACCCCGAG

GCTGTACGGC

CATCGCGCTC

GGAGCTGACC

CTCGGTCCGG

CAAGATCGAG

GACCGTCCGC

GCAGCTGCCC

GTCCCCTTCC

ATCGCCCGCG

GCGGAGTTCG

GCCCTCCAGC

TCGCACACGT

GTCGAGCCGC

CCCCGCACCC

CTCCGCGAGC

GGCGCCCGCT

TACCCGGGCA

GAGCTCGCCG

GAGACGAAGG
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2821 GCACCAACTC CCGCCTGGAC GAGATGCAGG CCGCCGTGCT GCGGATCCGG CTCGNCCACC
2881 TGGACAGCTG GAACGGCCGC AGGTCGGCGC TGGCCGCGGA GTACCTCTCC GGGCTCGCCG
2941 GACTGCCCGG CATCGGCCTG CCGGTGACCG CGCCCGACAC CGACCCGGTC TGGCACCTCT
3001 TCACCGTGCG CACCGAGCGC CGCGACGAGC TGCGCAGCCA CCTCGACGCC CGCGGCATCG
3061 ACACCCTCAC GCACTACCCG GTACCCGTGC ACCTCTCGCC CGCCTACGCG GGCGAGGCAC
3121 CGCCGGAAGG CTCGCTCCCG CGGGCCGAGA GCTTCGCGCG GCAGGTCCTC AGCCTGCCGA
3181 TCGGCCCGCA CCTGGAGCGC CCGCAGGCGC TGCGGGTGAT CGACGCCGTG CGCGAATGGG

3241 CCGAGCGGGT CGACCAGGCC TAGTCAGGTG GTCCGGTAGA CCCAGCAGGC CG

[0064] Contig 004 from cosmid pKOS023-26 contains ylmethionine synthetase; and from nucleotide 692 to 1 is
1693 nucleotides and the following ORFs: from nucleotide ORF16, which encodes a part of a protein homologous to the
1692 to 694 is ORF15, which encodes a part of S-adenos- M. tuberculosis cbhK gene.

1 ATGCGGCACC CCTTGGCGCC GAGCGTGGTG ATCCAGGTGC CGACCCGGGC GAGCACCTCC

61 TGCTCGGTCC AGCCCGTCTT GCTGAGCAGC AGCGCCCGCT CGTAGGCGTT CGTGAACAGC
121 AGCTCGGCTC CGTCGACGAG CTCCCGGACG CTGTCGCCCT CCAGCCGGGC GAGCTGCTGC
181 GAGGGGTCCG CGGCCCGGCG GAGGCCCAGC TCGCGGCAGA CCCGCGTGTG CCGCACCATC
241 GCCTCGGGGT CGTCCGCGCC GACGAGGACG AGGTCGATCC CGCCGGGCCG GCCGGCCGTC
301 TCGCCCAGGT CGATGTCGCG CGCCTCGGCC ATCGCGCCCG CGTAGAACGA GGCGAGCTGA
361 TTGCCGTCCT CGTCGGTGGT GCACATGAAG CGGGCGGTGT GCTGACGGTC CGACACCCGC
421 ACGGAGTCGG TGTCGACGCC CGCGGCGCGG AGCAGCTGCC CGTACCCGTC GAAGTCCTTG
481 CCGACGGCGC CGACGAGGAC GGGGCGGCGA CCGAGCAGGC CGAGGCCGTA CGCGATGTTG
541 GCGGCGACGC CGCCGTGCCG GATGTCCAGG GTGTCGACGA GGAACGACAG GGACACGTGG
601 GCGAGCTGGT CCGGCAGGAT CTGCTCGGCG AAGCGGCCCG GGAAGGTCAT CAGGTGGTICG
661 GTGGCGATCG ACCCGGTGAC GGCTATACGC ATGTCAGAGC CCCGCGGCCT TCTTCAGGGC
721 GTCCACGCGG TCGGTGCGCT CCCAGGTGAA GTCCGGCAGC TCGCGGCCGA AGTGGCCGTA
781 GGCGGCGGTC TGGGAGTAGA TCGGGCGGAG CAGGTCGAGG TCGCGGATGA TCGCGGCCGG
841 GCGGAGGTCG AAGACCTCGC CGATGGCGTT CTCGATCTTC TCGGTCTCGA TCTTGTGGGT
901 GCCGAAGGTC TCGACGAAGA GGCCGACGGG CTCGGCCTTG CCGATCGCGT ACGCGACCTG
961 GACCTCGCAG CGCGAGGCGA GACCGGCGGC GACGACGTTC TTCGCCACCC AGCGCATCGC
1021 GTACGCGGCG GAGCGGTCGA CCTTCGACGG GTCCTTGCCG GAGAAGGCGC CGCCACCGTG
1081 GCGGGCCATG CCGCCGTAGG TGTCGATGAT GATCTTGCGG CCGGTGAGGC CGGCGTCGCC
1141 CATCGGGCCG CCGATCTCGA AGCGACCGGT CGGGTTCACG AGCAGGCGGT AGCCGTCGGT
1201 GTCGAGCTTG ATGCCGTCCT CGACGAGCTG CGCAAGCACG TGCTCGACGA CGAACTTCCG
1261 CACGTCGGGG GCGAGCAGCG ACTCCAGGTC GATGTCCGAG GCGTGCTGCG AGGAGACGAC
1321 GACCGTGTCG AGACGGACCG CCCTGTCGCC GTCGTACTCG ATGGTGACCT GGGTCTTGCC
1381 GTCGGGACGC AGGTACGGGA TGGTCCCGTT CTTGCGGACC TCGGTCAGGC GGCGCGAGAG
1441 ACGGTGCGCG AGGTGGATCG GCAGCGGCAT CAGCTCGGGC GTCTCGTCCG AGGCATAGCC

1501 GAACATCAGG CCCTGGTCAC CGGCGCCCTG CTTGTCGAGC TCGTCCCCCT CGTCCCGCTG
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1561 GGAGGCACCC TCGACCCGCT TCTCGTACGC GGTGTCGACA CCCTGGGCGA TGTCCGGGGA

1621 CTGCGACCCG ATGGACACCG ACACGCCGCA GGAGGCGCCG TCGAAGCCCT TCTTCGAGGA

1681 GTCGTACCCG ATC

[0065] Contig 005 from cosmid pKOS023-26 contains
1565 nucleotides and contains the ORF of the picCV gene
that encodes PICCYV, involved in desosamine biosynthesis.

1 CCCCGCTCGC GGCCCCCCAG ACATCCACGC CCACGATTGG ACGCTCCCGA TGACCGCCCC

61 CGCCCTCTCC GCCACCGCCC CGGCCGAACG CTGCGCGCAC CCCGGAGCCG ATCTGGGGGC
121 GGCGGTCCAC GCCGTCGGCC AGACCCTCGC CGCCGGCGGC CTCGTGCCGC CCGACGAGGC
181 CGGAACGACC GCCCGCCACC TCGTCCGGCT CGCCGTGCGC TACGGCAACA GCCCCTTCAC
241 CCCGCTGGAG GAGGCCCGCC ACGACCTGGG CGTCGACCGG GACGCCTTCC GGCGCCTCCT
301 CGCCCTGTTC GGGCAGGTCC CCGAGCTCCG CACCGCGGTC GAGACCGGCC CCGCCGGGGC
361 GTACTGGAAC AACACCCTGC TCCCGCTCGA ACAGCGCGGC GTCTTCGACG CGGCGCTCGC
421 CAGGAAGCCC GTCTTCCCGT ACAGCGTCGG CCTCTACCCC GGCCCGACCT GCATGTTCCG
481 CTGCCACTTC TGCGTCCGTG TGACCGGCGC CCGCTACGAC CCGTCCGCCC TCGACGCCGG
541 CAACGCCATG TTCCGGTCGG TCATCCACGA GATACCCGCG GGCAACCCCT CGGCGATGTA
601 CTTCTCCGGC GGCCTGGAGC CGCTCACCAA CCCCGGCCTC GGGAGCCTGG CCGCGCACGC
661 CACCGACCAC GGCCTGCGGC CCACCGTCTA CACGAACTCC TTCGCGCTCA CCGAGCGCAC
721 CCTGGAGCGC CAGCCCGGCC TCTGGGGCCT GCACGCCATC CCCACCTCGC TCTACGGCCT
781 CAACGACGAG GAGTACGAGC AGACCACCGG CAAGAAGGCC GCCTTCCGCC GCGTCCGCGA
841 GAACCTGCGC CGCTTCCAGC AGCTGCGCGC CGAGCGCGAG TCGCCGATCA ACCTCGGCTT
901 CGCCTACATC GTGCTCCCGG GCCGTGCCTC CCGCCTGCTC GACCTGGTCG ACTTCATCGC
961 CGACCTCAAC GACGCCGGGC AGGGCAGGAC GATCGACTTC GTCAACATTC GCGAGGACTA
1021 CAGCGGCCGT GACGACGGCA AGCTGCCGCA GGAGGAGCGG GCCGAGCTCC AGGAGGCCCT
1081 CAACGCCTTC GAGGAGCGGG TCCGCGAGCG CACCCCCGGA CTCCACATCG ACTACGGCTA
1141 CGCCCTGAAC AGCCTGCGCA CCGGGGCCGA CGCCGAACTG CTGCCGATCA AGCCCGCCAC
1201 CATGCGGCCC ACCGCGCACC CGCAGGTCGC GGTGCAGGTC GATCTCCTCG GCGACGTGTA
1261 CCTGTACCGC GAGGCCGGCT TCCCCGACCT GGACGGCGCG ACCCGCTACA TCGCGGGCCG
1321 CGTGACCCCC GACACCTCCC TCACCGAGGT CGTCAGGGAC TTCGTCGAGC GCGGCGGCGA
1381 GGTGGCGGCC GTCGACGGCG ACGAGTACTT CATGGACGGC TTCGATCAGG TCGTCACCGC
1441 CCGCCTGAAC CAGCTGGAGC GCGACGCCGC GGACGGCTGG GAGGAGGCCC GCGGCTTCCT
1501 GCGCTGACCC GCACCCGCCC CGATCCCCC GATCCCCCCC CCACGATCCC CCCACCTGAG

1561 GGCCC

[0066] The recombinant desosamine biosynthesis and [0067] Section III. The picK Hydroxylase Gene

transfer and beta-glucosidase genes and proteins provided

by the invention are useful in the production of glycosylated ~ [0068] The present invention provides the picK gene in
polyketides in a variety of host cells, as described in Section ~ recombinant form as well as recombinant PicK protein. The
IV below. availability of the hydroxylase encoded by the picK gene in
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recombinant form is of significant benefit in that the enzyme
can convert narbomycin into picromycin and accepts in
addition a variety of polyketide substrates, particularly those
related to narbomycin in structure. The present invention
also provides methods of hydroxylating polyketides, which
method comprises contacting the polyketide with the recom-
binant PicK enzyme under conditions such that hydroxyla-
tion occurs. This methodology is applicable to large num-
bers of polyketides.

[0069] DNA encoding the picK gene can be isolated from
cosmid pKOS023-26 of the invention. The DNA sequence
of the picK gene is shown in the preceding section. This
DNA sequence encodes one of the recombinant forms of the
enzyme provided by the invention. The amino acid sequence
of this form of the picK gene is shown below. The present
invention also provides a recombinant picK gene that
encodes a picK gene product in which the PicK protein is
fused to a number of consecutive histidine residues, which
facilitates purification from recombinant host cells.
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tems. These systems contain the coding sequences operably
linked to promoters, enhancers, and/or termination
sequences that operate to effect expression of the coding
sequence in compatible host cells. The host cells are modi-
fied by transformation with the recombinant DNA expres-
sion vectors of the invention to contain these sequences
either as extrachromosomal elements or integrated into the
chromosome. The invention also provides methods to pro-
duce PKS and post-PKS tailoring enzymes as well as
polyketides and antibiotics using these modified host cells.

[0073] As used herein, the term expression vector refers to
a nucleic acid that can be introduced into a host cell or
cell-free transcription and translation medium. An expres-
sion vector can be maintained stably or transiently in a cell,
whether as part of the chromosomal or other DNA in the cell
or in any cellular compartment, such as a replicating vector
in the cytoplasm. An expression vector also comprises a
gene that serves to produce RNA, which typically is trans-
lated into a polypeptide in the cell or cell extract. To drive

Amino acid sequence of picromycin/methymycin

cytochrome P450 hydroxylase, PickK

1VRRTQQGTTA SPPVLDLGAL GQDFAADPYP TYARLRAEGP AHRVRTPEGD EVWLVVGYDR

6 1ARAVLADPRF SKDWRNSTTP LTEAEAALNH NMLESDPPRH TRLRKLVARE FTMRRVELLR

121 PRVQEIVDGL VDAMLAAPDG RADLMESLAW PLPITVISEL LGVPEPDRAA FRVWTIDAFVF

181 PDDPAQAQTA MAEMSGYLSR LIDSKRGQDG EDLLSALVRT SDEDGSRLTS EELLGMAHIL

241LVAGHETTVN LIANGMYALL SHPDQLAALR ADMTLLDGAV EEMLRYEGPV ESATYRFPVE

301PVDLDGTVIP AGDTVLVVLA DAHRTPERFP DPHRFDIRRD TAGHLAFGHG IHFCIGAPLA

36 1RLEARIAVRA LLERCPDLAL DVSPGELVWY PNPMIRGLKA LPIRWRRGRE AGRRTG

[0070] The recombinant PicK enzyme of the invention
hydroxylates narbomycin at the C12 position and YC-17 at
either the C10 or C12 position. Hydroxylation of these
compounds at the respective positions increases the antibi-
otic activity of the compound relative to the unhydroxylated
compound. Hydroxylation can be achieved by a number of
methods. First, the hydroxylation may be performed in vitro
using purified hydroxylase, or the relevant hydroxylase can
be produced recombinantly and utilized directly in the cell
that produces it. Thus, hydroxylation may be effected by
supplying the nonhydroxylated precursor to a cell that
expresses the hydroxylase. These and other details of this
embodiment of the invention are described in additional
detail below in Section IV and the examples.

[0071] Section IV: Heterologous Expression of the Nar-
bonolide PKS; the Desosamine Biosynthetic and transferase
Genes; the Beta-Glucosidase Gene; and the picK Hydroxy-
lase Gene

[0072] In one important embodiment, the invention pro-
vides methods for the heterologous expression of one or
more of the genes involved in picromycin biosynthesis and
recombinant DNA expression vectors useful in the method.
Thus, included within the scope of the invention in addition
to isolated nucleic acids encoding domains, modules, or
proteins of the narbonolide PKS, glycosylation, and/or
hydroxylation enzymes, are recombinant expression sys-

production of the RNA, the expression vector typically
comprises one or more promoter elements. Furthermore,
expression vectors typically contain additional functional
elements, such as, for example, a resistance-conferring gene
that acts as a selectable marker.

[0074] The various components of an expression vector
can vary widely, depending on the intended use of the vector.
In particular, the components depend on the host cell(s) in
which the vector will be introduced or in which it is intended
to function. Components for expression and maintenance of
vectors in E. coli are widely known and commercially
available, as are components for other commonly used
organisms, such as yeast cells and Strepromyces cells.

[0075] One important component is the promoter, which
can be referred to as, or can be included within, a control
sequence or control element, which drives expression of the
desired gene product in the heterologous host cell. Suitable
promoters include those that function in eucaryotic or pro-
caryotic host cells. In addition to a promoter, a control
element can include, optionally, operator sequences, and
other elements, such as ribosome binding sites, depending
on the nature of the host. Regulatory sequences that allow
for regulation of expression of the heterologous gene rela-
tive to the growth of the host cell may also be included.
Examples of such regulatory sequences known to those of
skill in the art are those that cause the expression of a gene
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to be turned on or off in response to a chemical or physical
stimulus. Preferred host cells for purposes of selecting
vector components include fungal host cells such as yeast
and procaryotic, especially E. coli and Streptomyces, host
cells, but single cell cultures of, for example, mammalian
cells can also be used. In hosts such as yeasts, plants, or
mammalian cells that ordinarily do not produce polyketides,
it may be necessary to provide, also typically by recombi-
nant means, suitable holo-ACP synthases to convert the
recombinantly produced PKS to functionality. Provision of
such enzymes is described, for example, in PCI publication
Nos. WO 97/13845 and 98/27203, each of which is incor-
porated herein by reference. Control systems for expression
in yeast, including controls that effect secretion are widely
available and can be routinely used. For E. coli or other
bacterial host cells, promoters such as those derived from
sugar metabolizing enzymes, such as galactose, lactose
(lac), and maltose, can be used. Additional examples include
promoters derived from genes encoding biosynthetic
enzymes, and the tryptophan (trp), the beta-lactamase (bla),
bacteriophage lambda PL, and T5 promoters. In addition,
synthetic promoters, such as the tac promoter (U.S. Pat. No.
4,551,433), can also be used.

[0076] Particularly preferred are control sequences com-
patible with Strepromyces spp. Particularly useful promoters
for Streptomyces host cells include those from PKS gene
clusters that result in the production of polyketides as
secondary metabolites, including promoters from aromatic
(Type II) PKS gene clusters. Examples of Type IT PKS gene
cluster promoters are act gene promoters and tcm gene
promoters; an example of a Type I PKS gene cluster
promoter is the spiramycin PKS gene promoter.

[0077] 1If a Streptomyces or other host ordinarily produces
polyketides, it may be desirable to modify the host so as to
prevent the production of endogenous polyketides prior to
its use to express a recombinant PKS of the invention. Such
hosts have been described, for example, in U.S. Pat. No.
5,672,491, incorporated herein by reference. In such hosts,
it may not be necessary to provide enzymatic activities for
all of the desired post-translational modifications of the
enzymes that make up the recombinantly produced PKS,
because the host naturally expresses such enzymes. In
particular, these hosts generally contain holo-ACP synthases
that provide the pantotheinyl residue needed for function-
ality of the PKS.

[0078] Thus, in one important embodiment, the vectors of
the invention are used to transform Strepromyces host cells
to provide the recombinant Strepromyces host cells of the
invention. Strepfomyces is a convenient host for expressing
narbonolide or 10-deoxymethynolide or derivatives of those
compounds, because narbonolide and 10-deoxymethynolide
are naturally produced in certain Strepromyces species, and
Streptomyces generally produce the precursors needed to
form the desired polyketide. The present invention also
provides the narbonolide PKS gene promoter in recombinant
form, located upstream of the picAl gene on cosmid
pKOS023-27. This promoter can be used to drive expression
of the narbonolide PKS or any other coding sequence of
interest in host cells in which the promoter functions,
particularly S. venezuelae and generally any Strepromyces
species. As described below, however, promoters other than
the promoter of the narbonolide PKS genes will typically be
used for heterologous expression.
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[0079] For purposes of the invention, any host cell other
than Streptomyces venezuelae is a heterologous host cell.
Thus, S. narbonensis, which produces narbomycin but not
picromycin is a heterologous host cell of the invention,
although other host cells are generally preferred for purposes
of heterologous expression. Those of skill in the art will
recognize that, if a Streptomyces host that produces a picro-
mycin or methymycin precursor is used as the host cell, the
recombinant vector need drive expression of only a portion
of the genes constituting the picromycin gene cluster. As
used herein, the picromycin gene cluster includes the nar-
bonolide PKS, the desosamine biosynthetic and transferase
genes, the beta-glucosidase gene, and the picK hydroxylase
gene. Thus, such a vector may comprise only a single ORF,
with the desired remainder of the polypeptides encoded by
the picromycin gene cluster provided by the genes, on the
host cell chromosomal DNA.

[0080] The present invention also provides compounds
and recombinant DNA vectors useful for disrupting any
gene in the picromycin gene cluster (as described above and
illustrated in the examples below). Thus, the invention
provides a variety of modified host cells (particularly, S.
narbonensis and S. venezuelae) in which one or more of the
genes in the picromycin gene cluster have been disrupted.
These cells are especially useful when it is desired to replace
the disrupted function with a gene product expressed by a
recombinant DNA vector. Thus, the invention provides such
Streptomyces host cells, which are preferred host cells for
expressing narbonolide derivatives of the invention. Particu-
larly preferred host cells of this type include those in which
the coding sequence for the loading module has been
disrupted, those in which one or more of any of the PKS
gene ORFs has been disrupted, and/or those in which the
picK gene has been disrupted.

[0081] In a preferred embodiment, the expression vectors
of the invention are used to construct a heterologous recom-
binant Streptomyces host cell that expresses a recombinant
PKS of the invention. As noted above, a heterologous host
cell for purposes of the present invention is any host cell
other than S. venezuelae, and in most cases other than S.
narbonensis as well. Particularly preferred heterologous
host cells are those which lack endogenous functional PKS
genes. [llustrative host cells of this type include the modified
Streptomyces coelicolor CH999 and similarly modified S.
lividans described in PCT publication No. WO 96/40968.

[0082] The invention provides a wide variety of expres-
sion vectors for use in Strepromyces. For replicating vectors,
the origin of replication can be, for example and without
limitation, a low copy number vector, such as SCP2* (see
Hopwood et al., Genetic Manipulation of Streptomyces: A
Laboratory manual (The John Innes Foundation, Norwich,
UK, 1985); Lydiate et al., 1985, Gene 35: 223-235; and
Kieser and Melton, 1988, Gene 65: 83-91, each of which is
incorporated herein by reference), SLP1.2 (Thompson et al.,
1982, Gene 20: 51-62, incorporated herein by reference),
and pSG5(ts) (Muth et al., 1989, Mol. Gen. Genet. 219:
341-348, and Bierman et al., 1992, Gene 116: 43-49, each of
which is incorporated herein by reference), or a high copy
number vector, such as pIJ101 and pJV1 (see Katz et al,,
1983, J. Gen. Microbiol. 129: 2703-2714; Vara et al., 1989,
J. Bacteriol. 171: 5782-5781; and Servin-Gonzalez, 1993,
Plasmid 30: 131-140, each of which is incorporated herein
by reference). High copy number vectors are generally,
however, not preferred for expression of large genes or
multiple genes. For non-replicating and integrating vectors
and generally for any vector, it is useful to include at least
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an E. coli origin of replication, such as from pUC, p1P, p1l,
and pBR. For phage based vectors, the phage phiC31 and its
derivative KC515 can be employed (see Hopwood et al.,
supra). Also, plasmid pSET152, plasmid pSAM, plasmids
pSE101 and pSE211, all of which integrate site-specifically
in the chromosomal DNA of S. lividans, can be employed.

[0083] Preferred Streptomyces host cell/vector combina-
tions of the invention include S. coelicolor CH999 and, S.
lividans K4-114 host cells, which do not produce actinor-
hodin, and expression vectors derived from the pRM1 and
PRMS5 vectors, as described in U.S. Pat. No. 5,830,750 and
U.S. patent application Ser. No. 08/828,898, filed 31 Mar.
1997, and Ser. No. 09/181,833, filed 28 Oct. 1998, each of
which is incorporated herein by reference.

[0084] As described above, particularly useful control
sequences are those that alone or together with suitable
regulatory systems activate expression during transition
from growth to stationary phase in the vegetative mycelium.
The system contained in the illustrative plasmid pRMS5, i.e.,
the actl/actlll promoter pair and the actIl-ORF4 activator
gene, is particularly preferred. Other useful Strepromyces
promoters include without limitation those from the ermE
gene and the melC1 gene, which act constitutively, and the
tipA gene and the merA gene, which can be induced at any
growth stage. In addition, the T7 RNA polymerase system
has been transferred to Strepromyces and can be employed
in the vectors and host cells of the invention. In this system,
the coding sequence for the T7 RNA polymerase is inserted
into a neutral site of the chromosome or in a vector under the
control of the inducible merA promoter, and the gene of
interest is placed under the control of the T7 promoter. As
noted above, one or more activator genes can also be
employed to enhance the activity of a promoter. Activator
genes in addition to the actlI-ORF4 gene described above
include dnorl, redD, and ptpA genes (see U.S. patent appli-
cation Ser. No. 09/181,833, supra).

[0085] Typically, the expression vector will comprise one
or more marker genes by which host cells containing the
vector can be identified and/or selected. Selectable markers
are often preferred for recombinant expression vectors. A
variety of markers are known that are useful in selecting for
transformed cell lines and generally comprise a gene that
confers a selectable phenotype on transformed cells when
the cells are grown in an appropriate selective medium. Such
markers include, for example, genes that confer antibiotic
resistance or sensitivity to the plasmid. Alternatively, several
polyketides are naturally colored, and this characteristic can
provide a built-in marker for identifying cells. Preferred
selectable markers include antibiotic resistance conferring
genes. Preferred for use in Strepromyces host cells are the
ermE (confers resistance to erythromycin and lincomycin),
tsr (confers resistance to thiostrepton), aadA (confers resis-
tance to spectinomycin and streptomycin), aacC4 (confers
resistance to apramycin, kanamycin, gentamicin, geneticin
(G418), and neomycin), hyg (confers resistance to hygro-
mycin), and vph (confers resistance to viomycin) resistance
conferring genes.

[0086] To provide a preferred host cell and vector for
purposes of the invention, the narbonolide PKS genes were
placed on a recombinant expression vector that was trans-
ferred to the non-macrolide producing host Strepromyces
lividans K4-114, as described in Example 3. Transformation
of S. lividans K4-114 with this expression vector resulted in
a strain which produced two compounds in similar yield
(5-10 mg/L each). Analysis of extracts by LC/MS followed
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by *H-NMR spectroscopy of the purified compounds estab-
lished their identity as narbonolide (FIG. 5, compound 4)
and 10-deoxymethynolide (FIG. 5, compound 5), the
respective 14 and 12-membered polyketide precursors of
narbomycin and YC17.

[0087] To provide a host cell of the invention that pro-
duces the narbonolide PKS as well as an additional nar-
bonolide biosynthetic gene and to investigate the possible
role of the Pik TEII in picromycin biosynthesis, the picB
gene was integrated into the chromosome to provide the host
cell of the invention Strepfomyces lividans K39-18. The
picB gene was cloned into the Streptomyces genome inte-
grating vector pSET152 (sece Bierman et al., 1992, Gene
116:43, incorporated herein by reference) under control of
the same promoter (Pactl) as the PKS on plasmid pKOS039-
86.

[0088] A comparison of strains Streptomyces lividans
K39-18/pK0S039-86 and KS 114/pK0S039-86 grown
under identical conditions indicated that the strain contain-
ing TEII produced 47 times more total polyketide. This
increased production indicates that the enzyme is functional
in this strain and is consistent with the observation that
yields fall to below 5% for both picromycin and methymy-
cin when picB is disrupted in S. venezuelae. Because the
production levels of compound 4 and 5 from K39-18/
pKOS03986 increased by the same relative amounts, TEII
does not appear to influence the ratio of 12 and 14-mem-
bered lactone ring formation. Thus, the invention provides
methods of coexpressing the picB gene product or any other
type II thioesterase with the narbonolide PKS or any other
PKS in heterologous host cells to increase polyketide pro-
duction.

[0089] In accordance with the methods of the invention,
picromycin biosynthetic genes in addition to the genes
encoding the PKS and Pik TEII can be introduced into
heterologous host cells. In particular, the picK gene, desos-
amine biosynthetic genes, and the desosaminyl transferase
gene can be expressed in the recombinant host cells of the
invention to produce any and all of the polyketides in the
picromycin biosynthetic pathway (or derivatives thereof).
Those of skill will recognize that the present invention
enables one to select whether only the 12-membered
polyketides, or only the 14-membered polyketides, or both
12- and 14-membered polyketides will be produced. To
produce only the 12-membered polyketides, the invention
provides expression vectors in which the last module is
deleted or the KS domain of that module is deleted or
rendered inactive. To produce only the 14-membered
polyketides, the invention provides expression vectors in
which the coding sequences of extender modules 5 and 6 are
fused to provide only a single polypeptide.

[0090] In one important embodiment, the invention pro-
vides methods for desosaminylating polyketides or other
compounds. In this method, a host cell other than Strepro-
myces venezuelae is transformed with one or more recom-
binant vectors of the invention comprising the desosamine
biosynthetic and desosaminyl transferase genes and control
sequences positioned to express those genes. The host cells
so transformed can either produce the polyketide to be
desosaminylated naturally or can be transformed with
expression vectors encoding the PKS that produces the
desired polyketide. Alternatively, the polyketide can be
supplied to the host cell containing those genes. Upon
production of the polyketide and expression of the desos-
amine biosynthetic and desosaminyl transferase genes, the
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desired desosaminylated polyketide is produced. This
method is especially useful in the production of polyketides
to be used as antibiotics, because the presence of the
desosamine residue is known to increase, relative to their
undesosaminylated counterparts, the antibiotic activity of
many polyketides significantly. The present invention also
provides a method for desosaminylating a polyketide by
transforming an S. venezuelae or S. narbonensis host cell
with a recombinant vector that encodes a PKS that produces
the polyketide and culturing the transformed cell under
conditions such that said polyketide is produced and desos-
aminylated. In this method, use of an S. venezuelae or S.
narbonensis host cell of the invention that does not produce
a functional endogenous narbonolide PKS is preferred.

[0091] Ina related aspect, the invention provides a method
for improving the yield of a desired desosaminylated
polyketide in a host cell, which method comprises trans-
forming the host cell with a beta-glucosidase gene. This
method is not limited to host cells that have been trans-
formed with expression vectors of the invention encoding
the desosamine biosynthetic and desosaminyl transferase
genes of the invention but instead can be applied to any host
cell that desosaminylates polyketides or other compounds.
Moreover, while the beta-glucosidase gene from Strepromy-
ces venezuelae provided by the invention is preferred for use
in the method, any beta-glucosidase gene may be employed.
In another embodiment, the beta-glucosidase treatment is
conducted in a cell free extract.

[0092] Thus, the invention provides methods not only for
producing narbonolide and 10-deoxymethynolide in heter-
ologous host cells but also for producing narbomycin and
YC-17 in heterologous host cells. In addition, the invention
provides methods for expressing the picK gene product in
heterologous host cells, thus providing a means to produce
picromycin, methymycin, and neomethymycin in heterolo-
gous host cells. Moreover, because the recombinant expres-
sion vectors provided by the invention enable the artisan to
provide for desosamine biosynthesis and transfer and/or C10
or C12 hydroxylation in any host cell, the invention provides
methods and reagents for producing a very wide variety of
glycosylated and/or hydroxylated polyketides. This variety
of polyketides provided by the invention can be better
appreciated upon consideration of the following section
relating to the production of polyketides from heterologous
or hybrid PKS enzymes provided by the invention.

[0093] Section V: Hybrid PKS Genes

[0094] The present invention provides recombinant DNA
compounds encoding each of the domains of each of the
modules of the narbonolide PKS, the proteins involved in
desosamine biosynthesis and transfer to narbonolide, and the
PicK protein. The availability of these compounds permits
their use in recombinant procedures for production of
desired portions of the narbonolide PKS fused to or
expressed in conjunction with all or a portion of a heterolo-
gous PKS. The resulting hybrid PKS can then be expressed
in a host cell, optionally with the desosamine biosynthesis
and transfer genes and/or the picK hydroxylase gene to
produce a desired polyketide.

[0095] Thus, in accordance with the methods of the inven-
tion, a portion of the narbonolide PKS coding sequence that
encodes a particular activity can be isolated and manipu-
lated, for example, to replace the corresponding region in a
different modular PKS. In addition, coding sequences for
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individual modules of the PKS can be ligated into suitable
expression systems and used to produce the portion of the
protein encoded. The resulting protein can be isolated and
purified or can may be employed in situ to effect polyketide
synthesis. Depending on the host for the recombinant pro-
duction of the domain, module, protein, or combination of
proteins, suitable control sequences such as promoters,
termination sequences, enhancers, and the like are ligated to
the nucleotide sequence encoding the desired protein in the
construction of the expression vector.

[0096] In one important embodiment, the invention thus
provides a hybrid PKS and the corresponding recombinant
DNA compounds that encode those hybrid PKS enzymes.
For purposes of the invention, a hybrid PKS is a recombi-
nant PKS that comprises all or part of one or more extender
modules, loading module, and/or thioesterase/cyclase
domain of a first PKS and all or part of one or more extender
modules, loading module, and/or thioesterase/cyclase
domain of a second PKS. In one preferred embodiment, the
first PKS is most but not all of the narbonolide PKS, and the
second PKS is only a portion or all of a non-narbonolide
PKS. An illustrative example of such a hybrid PKS includes
a narbonolide PKS in which the natural loading module has
been replaced with a loading module of another PKS.
Another example of such a hybrid PKS is a narbonolide PKS
in which the AT domain of extender module 3 is replaced
with an AT domain that binds only malonyl CoA.

[0097] In another preferred embodiment, the first PKS is
most but not all of a non-narbonolide PKS, and the second
PKS is only a portion or all of the narbonolide PKS. An
illustrative example of such a hybrid PKS includes a DEBS
PKS in which an AT specific for methylmalonyl CoA is
replaced with the AT from the narbonolide PKS specific for
malonyl CoA.

[0098] Those of skill in the art will recognize that all or
part of either the first or second PKS in a hybrid PKS of the
invention need not be isolated from a naturally occurring
source. For example, only a small portion of an AT domain
determines its specificity. See U.S. provisional patent appli-
cation Ser. No. 60/091,526, and Lau et al., infra, incorpo-
rated herein by reference. The state of the art in DNA
synthesis allows the artisan to construct de novo DNA
compounds of size sufficient to construct a useful portion of
a PKS module or domain. Thus, the desired derivative
coding sequences can be synthesized using standard solid
phase synthesis methods such as those described by Jaye et
al., 1984, J. Biol. Chem. 259: 6331, and instruments for
automated synthesis are available commercially from, for
example, Applied Biosystems, Inc. For purposes of the
invention, such synthetic DNA compounds are deemed to be
a portion of a PKS.

[0099] With this general background regarding hybrid
PKSs of the invention, one can better appreciate the benefit
provided by the DNA compounds of the invention that
encode the individual domains, modules, and proteins that
comprise the narbonolide PKS. As described above, the
narbonolide PKS is comprised of a loading module, six
extender modules composed of a KS, AT, ACP, and zero,
one, two, or three KR, DH, and ER domains, and a
thioesterase domain. The DNA compounds of the invention
that encode these domains individually or in combination
are useful in the construction of the hybrid PKS encoding
DNA compounds of the invention.
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[0100] The recombinant DNA compounds of the invention
that encode the loading module of the narbonolide PKS and
the corresponding polypeptides encoded thereby are useful
for a variety of applications. In one embodiment, a DNA
compound comprising a sequence that encodes the narbono-
lide PKS loading module is inserted into a DNA compound
that comprises the coding sequence for a heterologous PKS.
The resulting construct, in which the coding sequence for the
loading module of the heterologous PKS is replaced by that
for the coding sequence of the narbonolide PKS loading
module provides a novel PKS. Examples include the
6-deoxyerythronolide B, rapamycin, FK506, FK520, rifa-
mycin, and avermectin PKS coding sequences. In another
embodiment, a DNA compound comprising a sequence that
encodes the narbonolide PKS loading module is inserted
into a DNA compound that comprises the coding sequence
for the narbonolide PKS or a recombinant narbonolide PKS
that produces a narbonolide derivative.

[0101] In another embodiment, a portion of the loading
module coding sequence is utilized in conjunction with a
heterologous coding sequence. In this embodiment, the
invention provides, for example, replacing the propionyl
CoA specific AT with an acetyl CoA, butyryl CoA, or other
CoA specific AT. In addition, the KS? and/or ACP can be
replaced by another inactivated KS and/or another ACP.
Alternatively, the KS?, AT, and ACP of the loading module
can be replaced by an AT and ACP of a loading module such
as that of DEBS. The resulting heterologous loading module
coding sequence can be utilized in conjunction with a coding
sequence for a PKS that synthesizes narbonolide, a narbono-
lide derivative, or another polyketide.

[0102] The recombinant DNA compounds of the invention
that encode the first extender module of the narbonolide
PKS and the corresponding polypeptides encoded thereby
are useful for a variety of applications. In one embodiment,
a DNA compound comprising a sequence that encodes the
narbonolide PKS first extender module is inserted into a
DNA compound that comprises the coding sequence for a
heterologous PKS. The resulting construct, in which the
coding sequence for a module of the heterologous PKS is
either replaced by that for the first extender module of the
narbonolide PKS or the latter is merely added to coding
sequences for modules of the heterologous PKS, provides a
novel PKS coding sequence. In another embodiment, a DNA
compound comprising a sequence that encodes the first
extender module of the narbonolide PKS is inserted into a
DNA compound that comprises coding sequences for the
narbonolide PKS or a recombinant narbonolide PKS that
produces a narbonolide derivative.

[0103] In another embodiment, a portion or all of the first
extender module coding sequence is utilized in conjunction
with other PKS coding sequences to create a hybrid module.
In this embodiment, the invention provides, for example,
replacing the methylmalonyl CoA specific AT with a malo-
nyl CoA, ethylmalonyl CoA, or carboxyglycolyl CoA spe-
cific AT; deleting (which includes inactivating) the KR;
inserting a DH or a DH and ER; and/or replacing the KR
with another KR, a DH and KR, or a DH, KR, and ER. In
addition, the KS and/or ACP can be replaced with another
KS and/or ACP. In each of these replacements or insertions,
the heterologous MS, AT, DH, KR, ER, or ACP coding
sequence can originate from a coding sequence for another
module of the narbonolide PKS, from a gene for a PKS that
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produces a polyketide other than narbonolide, or from
chemical synthesis. The resulting heterologous first extender
module coding sequence can be utilized in conjunction with
a coding sequence for a PKS that synthesizes narbonolide,
a narbonolide derivative, or another polyketide.

[0104] In an illustrative embodiment of this aspect of the
invention, the invention provides recombinant PKSs and
recombinant DNA compounds and vectors that encode such
PKSs in which the KS domain of the first extender module
has been inactivated. Such constructs are especially useful
when placed in translational reading frame with the remain-
ing modules and domains of a narbonolide PKS or narbono-
lide derivative PKS. The utility of these constructs is that
host cells expressing, or cell free extracts containing, the
PKS encoded thereby can be fed or supplied with N-ace-
tylcysteamine thioesters of novel precursor molecules to
prepare narbonolide derivatives. See U.S. patent application
Ser. No. 60/117,384, filed 27 Jan. 1999, and PCT publication
Nos. WO 99/03986 and 97/02358, each of which is incor-
porated herein by reference.

[0105] The recombinant DNA compounds of the invention
that encode the second extender module of the narbonolide
PKS and the corresponding polypeptides encoded thereby
are useful for a variety of applications. In one embodiment,
a DNA compound comprising a sequence that encodes the
narbonolide PKS second extender module is inserted into a
DNA compound that comprises the coding sequence for a
heterologous PKS. The resulting construct, in which the
coding sequence for a module of the heterologous PKS is
either replaced by that for the second extender module of the
narbonolide PKS or the latter is merely added to coding
sequences for the modules of the heterologous PKS, pro-
vides a novel PKS. In another embodiment, a DNA com-
pound comprising a sequence that encodes the second
extender module of the narbonolide PKS is inserted into a
DNA compound that comprises the coding sequences for the
narbonolide PKS or a recombinant narbonolide PKS that
produces a narbonolide derivative.

[0106] In another embodiment, a portion or all of the
second extender module coding sequence is utilized in
conjunction with other PKS coding sequences to create a
hybrid module. In this embodiment, the invention provides,
for example, replacing the malonyl CoA specific AT with a
methylmalonyl CoA, ethylmalonyl CoA, or carboxyglycolyl
CoA specific AT, deleting (or inactivating) the KR, the DH,
or both the DH and KR; replacing the KR or the KR and DH
with a KR, a KR and a DH, or a KR, DH, and ER; and/or
inserting an ER. In addition, the KS and/or ACP can be
replaced with another KS and/or ACP. In each of these
replacements or insertions, the heterologous KS, AT, DH,
KR, ER, or ACP coding sequence can originate from a
coding sequence for another module of the narbonolide
PKS, from a coding sequence for a PKS that produces a
polyketide other than narbonolide, or from chemical syn-
thesis. The resulting heterologous second extender module
coding sequence can be utilized in conjunction with a coding
sequence from a PKS that synthesizes narbonolide, a nar-
bonolide derivative, or another polyketide.

[0107] The recombinant DNA compounds of the invention
that encode the third extender module of the narbonolide
PKS and the corresponding polypeptides encoded thereby
are useful for a variety of applications. In one embodiment,
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a DNA compound comprising a sequence that encodes the
narbonolide PKS third extender module is inserted into a
DNA compound that comprises the coding sequence for a
heterologous PKS. The resulting construct, in which the
coding sequence for a module of the heterologous PKS is
either replaced by that for the third extender module of the
narbonolide PKS or the latter is merely added to coding
sequences for the modules of the heterologous PKS, pro-
vides a novel PKS. In another embodiment, a DNA com-
pound comprising a sequence that encodes the third extender
module of the narbonolide PKS is inserted into a DNA
compound that comprises coding sequences for the narbono-
lide PKS or a recombinant narbonolide PKS that produces a
narbonolide derivative.

[0108] In another embodiment, a portion or all of the third
extender module coding sequence is utilized in conjunction
with other PKS coding sequences to create a hybrid module.
In this embodiment, the invention provides, for example,
replacing the methylmalonyl CoA specific AT with a malo-
nyl CoA, ethylmalonyl CoA, or carboxyglycolyl CoA spe-
cific AT; deleting the inactive KR; and/or inserting a KR, or
a KR and DH, or a KR, DH, and ER. In addition, the KS
and/or ACP can be replaced with another KS and/or ACP. In
each of these replacements or insertions, the heterologous
KS, AT, DH, KR, ER, or ACP coding sequence can originate
from a coding sequence for another module of the narbono-
lide PKS, from a gene for a PKS that produces a polyketide
other than narbonolide, or from chemical synthesis. The
resulting heterologous third extender module coding
sequence can be utilized in conjunction with a coding
sequence for a PKS that synthesizes narbonolide, a narbono-
lide derivative, or another polyketide.

[0109] The recombinant DNA compounds of the invention
that encode the fourth extender module of the narbonolide
PKS and the corresponding polypeptides encoded thereby
are useful for a variety of applications. In one embodiment,
a DNA compound comprising a sequence that encodes the
narbonolide PKS fourth extender module is inserted into a
DNA compound that comprises the coding sequence for a
heterologous PKS. The resulting construct, in which the
coding sequence for a module of the heterologous PKS is
either replaced by that for the fourth extender module of the
narbonolide PKS or the latter is merely added to coding
sequences for the modules of the heterologous PKS, pro-
vides a novel PKS. In another embodiment, a DNA com-
pound comprising a sequence that encodes the fourth
extender module of the narbonolide. PKS is inserted into a
DNA compound that comprises coding sequences for the
narbonolide PKS or a recombinant narbonolide PKS that
produces a narbonolide derivative.

[0110] In another embodiment, a portion of the fourth
extender module coding sequence is utilized in conjunction
with other PKS coding sequences to create a hybrid module.
In this embodiment, the invention provides, for example,
replacing the methylmalonyl CoA specific AT with a malo-
nyl CoA, ethylmalonyl CoA, or carboxyglycolyl CoA spe-
cific AT; deleting any one, two, or all three of the ER, DH,
and KR; and/or replacing any one, two, or all three of the
ER, DH, and KR with either a KR, a DH and KR, or a KR,
DH, and ER. In addition, the KS and/or ACP can be replaced
with another KS and/or ACP. In each of these replacements
or insertions, the heterologous KS, AT, DH, KR, ER, or ACP
coding sequence can originate from a coding sequence for
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another module of the narbonolide PKS, from a coding
sequence for a PKS that produces a polyketide other than
narbonolide, or from chemical synthesis. The resulting het-
erologous fourth extender module coding sequence can be
utilized in conjunction with a coding sequence for a PKS
that synthesizes narbonolide, a narbonolide derivative, or
another polyketide.

[0111] The recombinant DNA compounds of the invention
that encode the fifth extender module of the narbonolide
PKS and the corresponding polypeptides encoded thereby
are useful for a variety of applications. In one embodiment,
a DNA compound comprising a sequence that encodes the
narbonolide PKS fifth extender module is inserted into a
DNA compound that comprises the coding sequence for a
heterologous PKS. The resulting construct, in which the
coding sequence for a module of the heterologous PKS is
either replaced by that for the fifth extender module of the
narbonolide PKS or the latter is merely added to coding
sequences for the modules of the heterologous PKS, pro-
vides a novel PKS. In another embodiment, a DNA com-
pound comprising a sequence that encodes the fifth extender
module of the narbonolide PKS is inserted into a DNA
compound that comprises the coding sequence for the nar-
bonolide PKS or a recombinant narbonolide PKS that pro-
duces a narbonolide derivative.

[0112] In another embodiment, a portion or all of the fifth
extender module coding sequence is utilized in conjunction
with other PKS coding sequences to create a hybrid module.
In this embodiment, the invention provides, for example,
replacing the methylmalonyl CoA specific AT with a malo-
nyl CoA, ethylmalonyl CoA, or carboxyglycolyl CoA spe-
cific AT; deleting (or inactivating) the KR; inserting a DH or
a DH and ER; and/or replacing the KR with another KR, a
DH and KR, or a DH, KR, and ER. In addition, the KS
and/or ACP can be replaced with another KS and/or ACP. In
each of these replacements or insertions, the heterologous
KS, AT, DH, KR, ER, or ACP coding sequence can originate
from a coding sequence for another module of the narbono-
lide PKS, from a coding sequence for a PKS that produces
a polyketide other than narbonolide, or from chemical
synthesis. The restyling heterologous fifth extender module
coding sequence can be utilized in conjunction with a coding
sequence for a PKS that synthesizes narbonolide, a narbono-
lide derivative, or another polyketide.

[0113] The recombinant DNA compounds of the invention
that encode the sixth extender module of the narbonolide
PKS and the corresponding polypeptides encoded thereby
are useful for a variety of applications. In one embodiment,
a DNA compound comprising a sequence that encodes the
narbonolide PKS sixth extender module is inserted into a
DNA compound that comprises the coding sequence for a
heterologous PKS. The resulting construct, in which the
coding sequence for a module of the heterologous PKS is
either replaced by that for the sixth extender module of the
narbonolide PKS or the latter is merely added to coding
sequences for the modules of the heterologous PKS, pro-
vides a novel PKS. In another embodiment, a DNA com-
pound comprising a sequence that encodes the sixth
extender module of the narbonolide PKS is inserted into a
DNA compound that comprises the coding sequences for the
narbonolide PKS or a recombinant narbonolide PKS that
produces a narbonolide derivative.
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[0114] In another embodiment, a portion or all of the sixth
extender module coding sequence is utilized in conjunction
with other PKS coding sequences to create a hybrid module.
In this embodiment, the invention provides, for example,
replacing the methylmalonyl CoA specific AT with a malo-
nyl CoA, ethylmalonyl CoA, or carboxyglycolyl CoA spe-
cific AT; and/or inserting a KR, a KR and DH, or a KR, DH,
and an ER. In addition, the KS and/or ACP can be replaced
with another KS and/or ACP. In each of these replacements
or insertions, the heterologous KS, AT, DH, KR, ER, or ACP
coding sequence can originate from a coding sequence for
another module of the narbonolide PKS, from a coding
sequence for a PKS that produces a polyketide other than
narbonolide, or from chemical synthesis. The resulting het-
erologous sixth extender module coding sequence can be
utilized in conjunction with a coding sequence for a PKS
that synthesizes narbonolide, a narbonolide derivative, or
another polyketide.

[0115] The sixth extender module of the narbonolide PKS
is followed by a thioesterase domain. This domain is impor-
tant in the cyclization of the polyketide and its cleavage from
the PKS. The present invention provides recombinant DNA
compounds that encode hybrid PKS enzymes in which the
narbonolide PKS is fused to a heterologous thioesterase or
a heterologous PKS is fused to the narbonolide synthase
thioesterase. Thus, for example, a thioesterase domain cod-
ing sequence from another PKS gene can be inserted at the
end of the sixth extender module coding sequence in recom-
binant DNA compounds of the invention. Recombinant
DNA compounds encoding this thioesterase domain are
therefore useful in constructing DNA compounds that
encode the narbonolide PKS, a PKS that produces a nar-
bonolide derivative, and a PKS that produces a polyketide
other than narbonolide or a narbonolide derivative. The
following Table lists references describing illustrative PKS
genes and corresponding enzymes that can be utilized in the
construction of the recombinant hybrid PKSs and the cor-
responding DNA compounds that encode them of the inven-
tion. Also presented are various references describing tai-
loring enzymes and corresponding genes that can be
employed in accordance with the methods of the invention.

[0116] Avermectin
[0117] U.S. Pat. No. 5,252,474 to Merck.

[0118] MacNeil et al., 1993, Industrial Microorganisms:
Basic and Applied Molecular Genetics, Baltz, Hegeman, &
Skatrud, eds. (ASM), pp. 245-256, A Comparison of the
Genes Encoding the Polyketide Synthases for Avermectin,
Erythromycin, and Nemadectin.

[0119] MacNeilet al., 1992, Gene 115: 119-125, Complex
Organization of the Streptomyces avermitilis genes encoding
the avermectin polyketide synthase.

[0120] Candicidin (FROOS)

[0121] Hu et al., 1994, Mol. Microbiol. 14 163-172.
[0122] Epothilone

[0123] U.S. patent application Ser. No. 60/130,560, filed

22 Apr. 1999, and Ser. No. 60/122,620, filed 3 Mar. 1999.
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[0124]
[0125]
[0126]
[0127]

[0128] Cortes et al., 8 Nov. 1990, Nature 348:176-8, An
unusually large multifunctional polypeptide in the erythro-
mycin producing polyketide synthase of Saccharopolyspora
erythraea.

Erythromycin

PCT Pub. No. 93/13663 to Abbott.

U.S. Pat. No. 5,824,513 to Abbott.
Donadio et al., 1991, Science 252:675-9.

[0129] Glycosylation Enzymes

[0130] PCT Pat. App. Pub. No. 97/23630 to Abbott.
[0131] FKS506

[0132] Motamedi et al., 1998, The biosynthetic gene clus-

ter for the macrolactone ring of the immunosuppressant
FK506, Eur. J. biochem. 256: 528-534.

[0133] Motamedi et al., 1997, Structural organization of a
multifunctional polyketide synthase involved in the biosyn-
thesis of the macrolide immunosuppressant FK506, Eur. J.
Biochem. 244: 74-80.

[0134] Methyltransferase

[0135] U.S. Pat. No. 5,264,355, issued 23 Nov. 1993,
Methylating enzyme from Strepromyces MA6858. 31-O-
desmethyl-FK506 methyltransferase.

[0136] Motamedi et al., 1996, Characterization of meth-
yltransferase and hydroxylase genes involved in the biosyn-
thesis of the immunosuppressants FK506 and FK520, J.
Bacteriol. 178: 5243-5248.

[0137] FKS520

[0138] U.S. patent application Ser. No. 60/123,810, filed
11 Mar. 1999.

[0139] Nielsen et al., 1991, Biochem. 30:5789-96.
[0140] Lovastatin

[0141] U.S. Pat. No. 5,744,350 to Merck.

[0142] Nemadectin

[0143] MacNeil et al., 1993, supra.

[0144] Niddamycin

[0145] Kakavas et al., 1997, Identification and character-

ization of the niddamycin polyketide synthase genes from
Streptomyces caelestis, J. Bacteriol. 179: 7515-7522.

[0146] Oleandomycin

[0147] Swan et al.,, 1994, Characterisation of a Strepto-
myces antibioticus gene encoding a type I polyketide syn-
thase which has an unusual coding sequence, Mol. Gen.
Genet. 242: 358-362.

[0148] Olano et al, 1998, Analysis of a Streptomyces
antibioticus chromosomal region involved in oleandomycin
biosynthesis, which encodes two glycosyltransferases
responsible for glycosylation of the riacrolactone ring, Mol.
Gen. Genet. 259(3): 299-308.
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[0149] U.S. patent application Ser. No. 60/120,254, filed
16 Feb. 1999, and Ser. No. 60/106,000, filed 29 Oct. 1998.
[0150] Platenolide

[0151] EP Pat. App. Pub. No. 791,656 to Lilly.

[0152] Pradimicin

[0153] PCI Pat. Pub. No. WO 98/11230 to Bristol-Myers
Squibb.

[0154] Rapamycin

[0155] Schwecke et al., August 1995, The biosynthetic

gene cluster for the polyketide rapamycin, Proc. Natl. Acad.
Sci. USA 92:7839-7843.

[0156] Aparicio et al., 1996, Organization of the biosyn-
thetic gene cluster for rapamycin in Strepfomyces hygro-
scopicus: analysis of the enzymatic domains in the modular
polyketide synthase, Gene 169: 9-16.

[0157] Rifamycin

[0158] August et al., 13 Feb. 1998, Biosynthesis of the
ansamycin antibiotic rifamycin: deductions from the
molecular analysis of the rif biosynthetic gene cluster of
Amycolatopsis mediterranei S669, Chemistry & Biology,
5(2): 69-79.

[0159] Soraphen
[0160] U.S. Pat. No. 5,716,849 to Novartis.

[0161] Schupp et al., 1995, J. Bacteriology 177: 3673-
3679. A Sorangium cellulosum (Myxobacterium) Gene
Cluster for the Biosynthesis of the Macrolide Antibiotic
Soraphen A: Cloning, Characterization, and Homology to
Polyketide Synthase Genes from Actinomycetes.

[0162] Spiramycin

[0163] U.S. Pat. No. 5,098,837 to Lilly.
[0164] Activator Gene

[0165] U.S. Pat. No. 5,514,544 to Lilly.
[0166] Tylosin

[0167] EP Pub. No. 791,655 to Lilly.

[0168] Kubhstoss et al., 1996, Gene 183:231-6., Production
of a novel polyketide through the construction of a hybrid
polyketide synthase.

[0169] 25.U.S. Pat. No. 5,876,991 to Lilly.
[0170] Tailoring Enzymes

[0171] Merson-Davies and Cundliffe, 1994, Mol. Micro-
biol. 13: 349-355. Analysis of five tylosin biosynthetic genes
from the tylBA region of the Strepromyces fradiae genome.

[0172] As the above Table illustrates, there are a wide
variety of PKS genes that serve as readily available sources
of DNA and sequence information for use in constructing
the hybrid PKS-encoding DNA compounds of the invention.
Methods for constructing hybrid PKS-encoding DNA com-
pounds are described without reference to the narbonolide
PKS in US. Pat. Nos. 5,672,491 and 5,712,146 and PCT
publication No. 98/49315, each of which is incorporated
herein by reference.
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[0173] In constructing hybrid PKSs of the invention, cer-
tain general methods may be helpful. For example, it is often
beneficial to retain the framework of the module to be
altered to make the hybrid PKS. Thus, if one desires to add
DH and ER functionalities to a module, it is often preferred
to replace the KR domain of the original module with a KR,
DH, and ER domain-containing segment from another mod-
ule, instead of merely inserting DH and ER domains. One
can alter the stereochemical specificity of a module by
replacement of the KS domain with a KS domain from a
module that specifies a different stereochemistry. See Lau et
al., 1999, Dissecting the role of acyltransferase domains of
modular polyketide synthases in the choice and stereochemi-
cal fate of extender units”Biochemistry 38(5):1643-1651,
incorporated herein by reference. One can alter the speci-
ficity of an AT domain by changing only a small segment of
the domain. See Lau et al., supra. One can also take
advantage of known linker regions in PKS proteins to link
modules from two different PKSs to create a hybrid PKS.
See Gokhale et al., 16 Apr. 1999, Dissecting and Exploiting
Intermodular Communication in Polyketide Synthases™, Sci-
ence 284: 482-485, incorporated herein by reference.

[0174] The hybrid PKS-encoding DNA compounds of the
invention can be and often are hybrids of more than two PKS
genes. Even where only two genes are used, there are often
two or more modules in the hybrid gene in which all or part
of the module is derived from a second (or third) PKS gene.
Thus, as one illustrative example, the invention provides a
hybrid narbonolide PKS that contains the naturally occur-
ring loading module and thioesterase domain as well as
extender modules one, two, four, and six of the narbonolide
PKS and further contains hybrid or heterologous extender
modules three and five. Hybrid or heterologous extender
modules three and five contain AT domains specific for
malonyl CoA and derived from, for example, the rapamycin
PKS genes.

[0175] To construct a hybrid PKS or narbonolide deriva-
tive PKS of the invention, one can employ a technique,
described in PCT Pub. No. 98/27203, which is incorporated
herein by reference, in which the large PKS gene cluster is
divided into two or more, typically three, segments, and each
segment is placed on a separate expression vector. In this
manner, each of the segments of the gene can be altered, and
various altered segments can be combined in a single host
cell to provide a recombinant PKS gene of the invention.
This technique makes more efficient the construction of
large libraries of recombinant PKS genes, vectors for
expressing those genes, and host cells comprising those
vectors.

[0176] The invention also provides libraries of PKS genes,
PKS proteins, and ultimately, of polyketides, that are con-
structed by generating modifications in the narbonolide PKS
so that the protein complexes produced have altered activi-
ties in one or more respects and thus produce polyketides
other than the natural product of the PKS. Novel polyketides
may thus be prepared, or polyketides in general prepared
more readily, using this method. By providing a large
number of different genes or gene clusters derived from a
naturally occurring PKS gene cluster, each of which has
been modified in a different way from the native cluster, an
effectively combinatorial library of polyketides can be pro-
duced as a result of the multiple variations in these activities.
As will be further described below, the metes and bounds of
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this embodiment of the invention can be described on both
the protein level and the encoding nucleotide sequence level.

[0177] As described above, a modular PKS “derived
from” the narbonolide or other naturally occurring PKS
includes a modular PKS (or its corresponding encoding
gene(s)) that retains the scaffolding of the utilized portion of
the naturally occurring gene. Not all modules need be
included in the constructs. On the constant scaffold, at least
one enzymatic activity is mutated, deleted, replaced, or
inserted so as to alter the activity of the resulting PKS
relative to the original PKS. Alteration results when these
activities are deleted or are replaced by a different version of
the activity, or simply mutated in such a way that a
polyketide other then the natural product results from these
collective activities. This occurs because there has been a
resulting alteration of the starter unit and/or extender unit,
and/or stereochemistry, and/or chain length or cyclization,
and/or reductive or dehydration cycle outcome at a corre-
sponding position in the product polyketide. Where a deleted
activity is replaced, the origin of the replacement activity
may come from a corresponding activity in a different
naturally occurring PKS or from a different region of the
narbonolide PKS. Any or all of the narbonolide PKS genes
may be included in the derivative or portions of any of these
may be included, but the scaffolding of the PKS protein is
retained in whatever derivative is constructed. The deriva-
tive preferably contains a thioesterase activity from the
narbonolide or another PKS.

[0178] In summary, a PKS derived from the narbonolide
PKS includes a PKS that contains the scaffolding of all or a
portion of the narbonolide PKS. The derived PKS also
contains at least two extender modules that are functional,
preferably three extender modules, and more preferably four
or more extender modules, and most preferably six extender
modules. The derived PKS also contains mutations, dele-
tions, insertions, or replacements of one or more of the
activities of the functional modules of the narbonolide PKS
so that the nature of the resulting polyketide is altered. This
definition applies both at the protein and DNA sequence
levels. Particular preferred embodiments include those
wherein a KS, AT, KR, DH, or ER has been deleted or
replaced by a version of the activity from a different PKS or
from another location within the same PKS. Also preferred
are derivatives where at least one non-condensation cycle
enzymatic activity (KR, DH, or ER) has been deleted or
added or wherein any of these activities has been mutated so
as to change the structure of the polyketide synthesized by
the PKS.

[0179] Conversely, also included within the definition of a
PKS derived from the narbonolide PKS are functional PKS
modules or their encoding genes wherein at least one
portion, preferably two portions, of the narbonolide PKS
activities have bean inserted. Exemplary is the use of the
narbonolide AT for extender module 2 which accepts a
malonyl CoA extender unit rather than methylmalonyl CoA
to replace a methylmalonyl specific AT in a PKS. Other
examples include insertion of portions of non-condensation
cycle enzymatic activities or other regions of narbonolide
synthase activity into a heterologous PKS. Again, the
derived from definition applies to the PKS at both the
genetic and protein levels.

[0180] Thus, there are at least five degrees of freedom for
constructing a hybrid PKS in terms of the polyketide that
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will be produced. First, the polyketide chain length is
determined by the number of modules in the PKS. Second,
the nature of the carbon skeleton of the PKS is determined
by the specificities of the acyl transferases that determine the
nature of the extender units at each position, e.g., malonyl,
methylmalonyl, ethylmalonyl, or other substituted malonyl.
Third, the loading module specificity also has an effect on
the resulting carbon skeleton of the polyketide. The loading
module may use a different starter unit, such as acetyl,
butyryl, and the like. As noted above and in the examples
below, another method for varying loading module speci-
ficity involves inactivating the KS activity in extender
module 1 (KS1) and providing alternative substrates, called
diketides that are chemically synthesized analogs of
extender module 1 diketide products, for extender module 2.
This approach was illustrated in PCT publication Nos.
97/02358 and 99/03986, incorporated herein by reference,
wherein the KS1 activity was inactivated through mutation.
Fourth, the oxidation state at various positions of the
polyketide will be determined by the dehydratase and reduc-
tase portions of the modules. This will determine the pres-
ence and location of ketone and alcohol moieties and C—C
double bonds or C—C single bonds in the polyketide.
Finally, the stereochemistry of the resulting polyketide is a
function of three aspects of the synthase. The first aspect is
related to the AT/KS specificity associated with substituted
malonyls as extender units, which affects stereochemistry
only when the reductive cycle is missing or when it contains
only a ketoreductase, as the dehydratase would abolish
chirality. Second, the specificity of the ketoreductace may
determine the chirality of any beta-OH. Finally, the enoyl-
reductase specificity for substituted malonyls as extender
units may influence the result when there is a complete
KR/DH/ER available.

[0181] Thus, the modular PKS systems, and in particular,
the narbonolide PKS system, permit a wide range of
polyketides to be synthesized. As compared to the aromatic
PKS systems, a wider range of starter units including
aliphatic monomers (acetyl, propionyl, butyryl, isovaleryl,
etc.), aromatics (aminohydroxybenzoyl), alicyclics (cyclo-
hexanoyl), and heterocyclics (thiazolyl) are found in various
macrocyclic polyketides. Recent studies have shown that
modular PKSs have relaxed specificity for their starter units
(Kao et al., 1994, Science, supra). Modular PKSs also
exhibit considerable variety with regard to the choice of
extender units in each condensation cycle. The degree of
beta-ketoreduction following a condensation reaction has
also been shown to be altered by genetic manipulation
(Donadio et al., 1991, Science, supra; Donadio et al., 1993,
Proc. Natl. Acad. Sci. USA 90: 7119-7123). Likewise, the
size of the polyketide product can be varied by designing
mutants with the appropriate number of modules (Kao et al.,
1994, J. Am. Chem. Soc. 116:1612-11613). Lastly, these
enzymes are particularly well known for generating an
impressive range of asymmetric centers in their products in
a highly controlled manner. The polyketides and antibiotics
produced by the methods of the invention are typically
single stereoisomeric forms. Although the compounds of the
invention can occur as mixtures of stereoisomers, it may be
beneficial in some instances to generate individual stereoi-
somers. Thus, the combinatorial potential within modular
PKS pathways based on any naturally occurring modular,
such as the narbonolide, PKS scaffold is virtually unlimited.
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[0182] The combinatorial potential is increased even fur-
ther when one considers that mutations in DNA encoding a
polypeptide can be used to introduce, alter, or delete an
activity in the encoded polypeptide. Mutations can be made
to the native sequences using conventional techniques. The
substrates for mutation can be an entire cluster of genes or
only one or two of them; the substrate for mutation may also
be portions of one or more of these genes. Techniques for
mutation include preparing synthetic oligonucleotides
including the mutations and inserting the mutated sequence
into the gene encoding a PKS subunit using restriction
endonuclease digestion. See, e.g., Kunkel, 1985, Proc. Natl.
Acad. Sci. USA 82: 448; Geisselsoder et al., 1987, Biolech-
niques 5:786. Alternatively, the mutations can be effected
using a mismatched primer (generally 10-20 nucleotides in
length) that hybridizes to the native nucleotide sequence, at
a temperature below the melting temperature of the mis-
matched duplex. The primer can be made specific by keep-
ing primer length and base composition within relatively
narrow limits and by keeping the mutant base centrally
located, See Zoller and Smith, 1983, Methods Enzymol.
100:468. Primer extension is effected using DNA poly-
merase, the product cloned, and clones containing the
mutated DNA, derived by segregation of the primer
extended strand, selected. Identification can be accom-
plished using the mutant primer as a hybridization probe.
The technique is also applicable for generating multiple
point mutations. See, e.g., Dalbie-McFarland et al., 1982,
Proc. Natl. Acad. Sci. USA 79: 6409. PCR mutagenesis can
also be used to effect the desired mutations. Random
mutagenesis of selected portions of the nucleotide sequences
encoding enzymatic activities can also be accomplished by
several different techniques known in the art, e.g., by insert-
ing an oligonucleotide linker randomly into a plasmid, by
irradiation with X-rays or ultraviolet light, by incorporating
incorrect nucleotides during in vitro DNA synthesis, by
error-prone  PCR  mutagenesis, by preparing synthetic
mutants, or by damaging plasmid DNA in vitro with chemi-
cals. Chemical mutagens include, for example, sodium
bisulfite, nitrous acid, nitrosoguanidine, hydroxylamine,
agents which damage or remove bases thereby preventing
normal base-pairing such as hydrazine or formic acid, ana-
logues of nucleotide precursors such as 5-bromouracil,
2-aminopurine, or acrdine intercaculating agents such as
proflavine, acriflavine, quinacrine, and the like. Generally,
plasmid DNA or DNA fragments are treated with chemicals,
transformed into F. coli and propagated as a pool or library
of mutant plasmids.

[0183] In constructing a hybrid PKS of the invention,
regions encoding enzymatic activity, i.e., regions encoding
corresponding activities from different PKS synthases or
from different locations in the same PKS, can be recovered,
for example, using PCR techniques with appropriate prim-
ers. By “corresponding” activity encoding regions is meant
those regions encoding the same general type of activity. For
example, a KR activity encoded at one location of a gene
cluster “corresponds” to a KR encoding activity in another
location in the gene cluster or in a different gene cluster.
Similarly, a complete reductase cycle could be considered
corresponding. For example, KR/DH/ER corresponds to KR
alone.

[0184] Ifreplacement of a particular target region in a host
PKS is to be made, this replacement can be conducted in
vitro using suitable restriction enzymes. The replacement
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can also be effected in vivo using recombinant techniques
involving homologous sequences framing the replacement
gene in a donor plasmid and a receptor region in a recipient
plasmid. Such systems, advantageously involving plasmids
of differing temperature sensitivities are described, for
example, in PCT publication No. WO 96/40968, incorpo-
rated herein by reference. The vectors used to perform the
various operations to replace the enzymatic activity in the
host PKS genes or to support mutations in these regions of
the host PKS genes can be chosen to contain control
sequences operably linked to the resulting coding sequences
in a manner such that expression of the coding sequences
can be effected in an appropriate host.

[0185] However, simple cloning vectors may be used as
well. If the cloning vectors employed to obtain PKS genes
encoding derived PKS lack control sequences for expression
operably linked to the encoding nucleotide sequences, the
nucleotide sequences are inserted into appropriate expres-
sion vectors. This need not be done individually, but a pool
of isolated encoding nucleotide sequences can be inserted
into expression vectors, the resulting vectors transformed or
transfected into host cells, and the resulting cells plated out
into individual colonies.

[0186] The various PKS nucleotide sequences can be
cloned into one or more recombinant vectors as individual
cassettes, with separate control elements, or under the con-
trol of, e.g., a single promoter. The PKS subunit encoding
regions can include flanking restriction sites to allow for the
easy deletion and insertion of other PKS subunit encoding
sequences so that hybrid PKSs can be generated. The design
of such unique restriction sites is known to those of skill in
the art and can be accomplished using the techniques
described above, such as site-directed mutagenesis and PCR.

[0187] The expression vectors containing nucleotide
sequences encoding a variety of PKS enzymes for the
production of different polyketides are then transformed into
the appropriate host cells to construct the library. In one
straightforward approach, a mixture of such vectors is
transformed into the selected host cells and the resulting
cells plated into individual colonies and selected to identify
successful transformants. Each individual colony has the
ability to produce a particular PKS synthase and ultimately
a particular polyketide. Typically, there will be duplications
in some, most, or all of the colonies; the subset of the
transformed colonies that contains a different PKS in each
member colony can be considered the library. Alternatively,
the expression vectors can be used individually to transform
hosts, which transformed hosts are then assembled into a
library. A variety of strategies are available to obtain a
multiplicity of colonies each containing a PKS gene cluster
derived from the naturally occurring host gene cluster so that
each colony in the library produces a different PKS and
ultimately a different polyketide. The number of different
polyketides that are produced by the library is typically at
least four, more typically at least ten, and preferably at least
20, and more preferably at least 50, reflecting similar
numbers of different altered PKS gene clusters and PKS
gene products. The number of members in the library is
arbitrarily chosen; however, the degrees of freedom outlined
above with respect to the variation of starter, extender units,
stereochemistry, oxidation state, and chain length is quite
large.



US 2005/0026244 A1l

[0188] Methods for introducing the recombinant vectors
of the invention into suitable hosts are known to those of
skill in the art and typically include the use of CaCl, or
agents such as other divalent cations, lipofection, DMSO,
protoplast transformation, infection, transfection, and elec-
troporation. The polyketide producing colonies can be iden-
tified and isolated using known techniques and the produced
polyketides further characterized. The polyketides produced
by these colonies can be used collectively in a panel to
represent a library or may be assessed individually for
activity.

[0189] The libraries of the invention can thus be consid-
ered at four levels: (1) a multiplicity of colonies each with
a different PKS encoding sequence; (2) colonies that contain
the proteins that are members of the PKS library produced
by the coding sequences; (3) the polyketides produced; and
(4) antibiotics or compounds with other desired activities
derived from the polyketides. Of course, combination librar-
ies can also be constructed wherein-members of a library
derived, for example, from the narbonolide PKS can be
considered as a part of the same library as those derived
from, for example, the rapamycin PKS or DEBS.

[0190] Colonies in the library are induced to produce the
relevant synthases and thus to produce the relevant
polyketides to obtain a library of polyketides. The
polyketides secreted into the media can be screened for
binding to desired targets, such as receptors, signaling
proteins, and the like. The supernatants per se can be used
for screening, or partial or complete purification of the
polyketides can first be effected. Typically, such screening
methods involve detecting the binding of each member of
the library to receptor or other target ligand. Binding can be
detected either directly or through a competiton assay.
Means to screen such libraries for binding are well known in
the art. Alternatively, individual polyketide members of the
library can be tested against a desired target. In this event,
screens wherein the biological response of the target is
measured can more readily be included. Antibiotic activity
can be verified using typical screening assays such as those
set forth in Lehrer et al., 1991, J. Immunol. Meth. 137:167-
173, incorporated herein by reference, and in the examples
below.

[0191] The invention provides methods for the preparation
of a large number of polyketides. These polyketides are
useful intermediates in formation of compounds with anti-
biotic or other activity through hydroxylation and glycosy-
lation reactions as described above. In general, the
polyketide products of the PKS must be further modified,
typically by hydroxylation and glycosylation, to exhibit
antibiotic activity. Hydroxylation results in the novel
polyketides of the invention that contain hydroxyl groups at
C6, which can be accomplished using the hydroxylase
encoded by the erF gene, and/or C12, which can be accom-
plished using the hydroxylase encoded by the picK or eryK
gene. The presence of hydroxyl groups at these positions can
enhance the antibiotic activity of the resulting compound
relative to its unhydroxylated counterpart.

[0192] Gycosylation is important in conferring antibiotic
activity to a polyketide as well. Methods for glycosylating
the polyketides are generally known in the art; the glyco-
sylation may be effected intracellularly by providing the
appropriate glycosylation enzymes or may be effected in
vitro using chemical synthetic means as described herein
and in PCT publication No. WO 98/49315, incorporated
herein by reference. Preferably, glycosylation with desos-
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amine is effected in accordance with the methods of the
invention in recombinant host cells provided by the inven-
tion. In general, the approaches to effecting glycosylation
mirror those described above with respect to hydroxylation.
The purified enzymes, isolated from native sources or
recombinantly produced may be used in vitro. Alternatively
and as noted, glycosylation may be effected intracellularly
using endogenous or recombinantly produced intracellular
glycosylases. In addition, synthetic chemical methods may
be employed.

[0193] The antibiotic modular polyketides may contain
any of a number of different sugars, although D-desosamine,
or a close analog thereof, is most common. Erythromyecin,
picromycin, narbomycin and methymycin contain desos-
amine. Erythromycin also contains L-cladinose (34-methyl
mycarose). Tylosin contains mycaminose (4-hydroxy des-
osamine), mycarose and 6-deoxy-D-allose. 2-acetyl-1-bro-
modesosamine has been used as a donor to glycosylate
polyketides by Masamune et al., 1975,J. Am. Chem. Soc. 97:
3512-3513. Other, apparently more stable donors include
glycosyl fluorides, thioglycosides, and trichloroacetimi-
dates; see Woodward et al., 1981, J. Am. Chem. Soc. 103:
3215; Martinet al., 1997, J. Am. Chem. Soc. 119: 3193,
Toshima et al., 1995, J. Am. Chem. Soc. 117: 3717, Matsu-
moto et al., 1988, Tetrahedron Lett. 29: 3575. Glycosylation
can also be effected using the polyketide aglycones as
starting materials and using Saccharopolyspora erythraea or
Streptomyces venezuelae to make the conversion, preferably
using mutants unable to synthesize macrolides.

[0194] To provide an illustrative hybrid PKS of the inven-
tion as well as an expression vector for that hybrid PKS and
host cells comprising the vector and producing the hybrid
polyketide, a portion of the narbonolide PKS gene was fused
to the DEBS genes. This construct also allowed the exami-
nation of whether the TE domain of the narbonolide PKS
(pikTE) could promote formation of 12-membered lactones
in the context of a different PKS. A construct was generated,
plasmid pKOS039-18, in which the pikTE ORF was fused
with the DEBS genes in place of the DEBS TE ORF (see
FIG. 5). To allow the TE to distinguish between substrates
most closely resembling those generated by the narbonolide
PKS, the fusion junction was chosen between the AT and
ACP to eliminate ketoreductase activity in DEBS extender
module 6 (KR6). This results in a hybrid PKS that presents
the TE with a fB-ketone heptaketide intermediate and a
B-(S)-hydroxy hexaketide intermediate to cyclize, as in
narbonolide and 10-deoxymethynolide biosynthesis.

[0195] Analysis of this construct indicated the production
of the 14-membered ketolide 3,6-dideoxy-3-oxo-erythrono-
lide B (FIG. 5, compound 6). Extracts were analyzed by
LC/MS. The identity of compound 6 was verified by com-
parison to a previously authenticated sample (see PCT
publication No. 98/49315, incorporated herein by refer-
ence). The predicted 12-membered macrolactone, (8R,9S)-
8,9-dihydromethyl-9-hydroxy-10-deoxymethynolide  (see
Kao et al, 1995, J. Am. Chem. Soc. 127, incorporated herein
by reference) was not detected. This result, along with others
reported herein, suggests that protein interactions between
the narbonolide PKS modules play a role in formation of the
12 and 14-membered macrolides.

[0196] The above example illustrates also how engineered
PKSs can be improved for production of novel compounds.
Compound 6 was originally produced by deletion of the
KR6 domain in DEBS to create a 3-ketolide producing PKS
(see U.S. patent application Ser. No. 09/073,538, filed 6 May
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1998, and PCT publication No. WO 98/49315, each of
which is incorporated herein by reference). Although the
desired molecule was made, purification of compound 6
from this strain was hampered by the presence of 2-desm-
ethyl ketolides that could not be easily separated. Extracts
from Strepromyces lividans KS 114/pK0S039-18, however,
do not contain the 2-desmethyl compounds, greatly simpli-
fying purification. Thus, the invention provides a useful
method of producing such compounds. The ability to com-
bine the narbonolide PKS with DEBS and other modular
PKSs provides a significant advantage in the production of
macrolide antibiotics.

[0197] Two other hybrid PKSs of the invention were
constructed that yield this same compound. These constructs
also illustrate the method of the invention in which hybrid
PKSs are constructed at the protein, as opposed to the
module, level. Thus, the invention provides a method for
constructing a hybrid PKS which comprises the coexpres-
sion of at least one gene from a first modular PKS gene
cluster in a host cell that also expresses at least one gene
from a second PKS gene cluster. The invention also provides
novel hybrid PKS enzymes prepared in accordance with the
method. This method is not limited to hybrid PKS enzymes
composed of at least one narbonolide PKS gene, although
such constructs are illustrative and preferred. Moreover, the
hybrid PKS enzymes are not limited to hybrids composed of
unmodified proteins; as illustrated below, at least one of the
genes can optionally be a hybrid PKS gene.

[0198] In the first construct, the eryAl and eryAl genes
were coexpressed with picAIV and a gene encoding a hybrid
extender module 5 composed of the KS and AT domains of
extender module 5 of DEBS3 and the KR and ACP domains
of extender module 5 of the narbonolide PKS. In the second
construct, the picAIV coding sequence was fused to the
hybrid extender module 5 coding sequence used in the first
construct to yield a single protein. Each of these constructs
produced 3-deoxy-3-ox0-6-deoxyerythronolide B. In a third
construct, the coding sequence for extender module 5 of
DEBS3 was fused to the picAlIV coding sequence, but the
levels of product produced were below the detection limits
of the assay.

[0199] A variant of the first construct hybrid PKS was
constructed that contained an inactivated DEBS1 extender
module 1 KS domain. When host cells containing the
resultant hybrid PKS were supplied the appropriate diketide
precursor, the desired 13-desethyl-13-propyl compounds
were obtained, as described in the examples below.

[0200] Other illustrative hybrid PKSs of the invention
were made by coexpressing the picAl and picAll genes with
genes encoding DEBS3 or DEBS3 variants. These con-
structs illustrate the method of the invention in which a
hybrid PKS is produced from coexpression of PKS genes
unmodified at the modular or domain level. In the first
construct, the enjAlll gene was coexpressed with the picAl
and picAll genes, and the hybrid PKS produced 10-desm-
ethyl-10,11-anhydro-6-deoxyerythronolide B in Strepromy-
ces lividans. Such a hybrid PKS could also be constructed in
accordance with the method of the invention by transfor-
mation of S. venzuelage with an expression vector that
produces the enyAlll gene product, DEBS3. In a preferred
embodiment, the S. venezuelae host cell has been modified
to inactivate the picAlll gene.
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[0201] In the second construct, the DEBS3 gene was a
variant that had an inactive KR in extender module 5. The
hybrid PKS produced 5,6-dideoxy-5-0x0-10-desmethyl-10,
11-anhydroerythronolide B in Streptomyces lividans.

[0202] In the third construct, the DEBS3 gene was a
variant in which the KR domain of extender module 5 was
replaced by the DH and KR domains of extender module 4
of the rapamycin PKS. This construct produced 5,6-
dideoxy-5-0x0-10-desmethyl-10,11-anhydroerythronolide
B and 5,6-dideoxy-4,5-anhydro-10-desmethyl-10,11-anhy-
droerythronolide B in Strepromyces lividans, indicating that
the rapamycin DH and KR domains functioned only inef-
ficiently in this construct.

[0203] In the fourth construct, the DEBS3 gene was a
variant in which the KR domain of extender module 5 was
replaced by the DH, KR, and ER domains of extender
module 1 of the rapamycin PKS. This construct produced
5,6-dideoxy-5-0x0-10-desmethyl-10,11-anhydroerythrono-
lide B as well as 5,6-dideoxy-10-desmethyl-10,11-anhydro-
erythronolide B in Streptomyces lividans, indicating that the
rapamycin DH, KR, and ER domains functioned only inef-
ficiently in this construct.

[0204] In the fifth construct, the DEBS3 gene was a
variant in which the KR domain of extender module 6 was
replaced by the DH and KR domains of extender module 4
of the rapamycin PKS. This construct produced 3,6-
dideoxy-2,3-anhydro-10-desmethyl-10,11-anhydroerythro-
nolide B in Streptomyces lividans.

[0205] In the sixth construct, the DEBS3 gene was a
variant in which the AT domain of extender module 6 was
replaced by the AT domain of extender module 2 of the
rapamycin PKS. This construct produced 2,10-didesmethyl-
10,11-anhydro-6-deoxyerythronolide B in Strepromyces liv-
idans.

[0206] These hybrid PKSs illustrate the wide variety of
polyketides that can be produced by the methods and
compounds of the invention. These polyketides are useful as
antibiotics and as intermediates in the synthesis of other
useful compounds, as described in the following section.

[0207] Section VI: Compounds

[0208] The methods and recombinant DNA compounds of
the invention are useful in the production of polyketides. In
one important aspect, the invention provides methods for
making ketolides, polyketide compounds with significant
antibiotic activity. See Griesgraber et al., 1996, J. Antibior.
49: 465-477, incorporated herein by reference. Most if not
all of the ketolides prepared to date are synthesized using
erythromycin A, a derivative of 6-dEB, as an intermediate.
While the invention provides hybrid PKSs that produce a
polyketide different in structure from 6-dEB, the invention
also provides methods for making intermediates useful in
preparing traditional, 6-dEB-derived ketolide compounds.

[0209] Because 6-dEB in part differs from narbonolide in
that it comprises a 10-methyl group, the novel hybrid PKS
genes of the invention based on the narbonolide PKS
provide many novel ketolides that differ from the known
ketolides only in that they lack a 10-methyl group. Thus, the
invention provides the 10-desmethyl analogues of the
ketolides and intermediates and precursor compounds
described in, for example, Griesgraber et al., supra; Agouri-
das et al., 1998, J. Med. Chem. 41: 4080-4100, U.S. Pat.
Nos. 5,770,579; 5,760,233; 5,750,510, 5,747,467, 5,747,
466; 5,656,607, 5,635,485; 5,614,614, 5,556,118; 5,543,
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400, 5,527,780, 5,444,051; 5,439,890, 5,439,889; and PCT
publication Nos. WO 98/09978 and 98/28316, each of which
is incorporated herein by reference. Because the invention
also provides hybrid PKS genes that include a methylma-
lonyl-specific AT domain in extender module 2 of the
narbonolide PKS, the invention also provides hybrid PKS
that can be used to produce the 10-methyl-containing
ketolides known in the art.

[0210] Thus, a hybrid PKS of the invention that produces
10-methyl narbonolide is constructed by substituting the
malonyl-specific AT domain of the narbonolide PKS
extender module 2 with a methylmalonyl specific AT
domain from a heterologous PKS. A hybrid narbonolide
PKS in which the AT of extender module 2 was replaced
with the AT from DEBS extender module 2 was constructed
using boundaries described in PCT publication No.
98/49315, incorporated herein by reference. However, when
the hybrid PKS expression vector was introduced into
Streptomyces venezuelae, detectable quantities of 10-methyl
picromycin were not produced. Thus, to construct such a
hybrid PKS of the invention, an AT domain from a module
other than DEBS extender module 2 is preferred. One could
also employ DEBS extender module 2 or another methyl-
malonyl specific AT but utilize instead different boundaries
than those used for the substitution described above. In
addition, one can construct such a hybrid PKS by substitut-
ing, in addition to the AT domain, additional extender
module 2 domains, including the KS, the KR, and the DH,
and/or additional extender module 3 domains.

[0211] Although modification of extender module 2 of the
narbonolide PKS is required, the extent of hybrid modules
engineered need not be limited to module 2 to make 10-me-
thyl narbonolide. For example, substitution of the KS
domain of extender module 3 of the narbonolide PKS with
a heterologous domain or module can result in more efficient
processing of the intermediate generated by the hybrid
extender module 2. Likewise, a heterologous TE domain
may be more efficient in cyclizing 10-methyl narbonolide.

[0212] Substitution of the entire extender module 2 of the
narbonolide PKS with a module encoding the correct enzy-
matic activities, 1.e., a KS, a methylmalonyl specific AT, a
KR, a DH, and an ACP, can also be used to create a hybrid
PKS of the invention that produces a 10-methyl ketolide.
Modules useful for such whole module replacements include
extender modules 4 and 10 from the rapamycin PKS,
extender modules 1 and 5 from the FK506 PKS, extender
module 2 of the tylosin PKS, and extender module 4 of the
rifamycin PKS. Thus, the invention provides many different
hybrid PKSs that can be constructed starting from the
narbonolide PKS that can be used to produce 10-methyl
narbonolide. While 10-methyl narbonolide is referred to in
describing these hybrid PKSs, those of skill recognize that
the invention also therefore provides the corresponding
derivatives produces by glycosylation and hydroxylation.
For example, if the hybrid PKS is expressed in Strepromyces
narbonensis or S. venezuelae, the compounds produced are
10-methyl narbomycin and picromyecin, respectively. Alter-
natively, the PKS can be expressed in a host cell transformed
with the vectors of the invention that encode the desosamine
biosynthesis and desosaminyl transferase and picK hydroxy-
lase genes.

[0213] Other important compounds provided by the inven-
tion are the 6-hydroxy ketolides. These compounds include
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3-deoxy-3-oxo erythronolide B, 6-hydroxy narbonolide, and
6-hydroxy-10-methyl narbonolide. In the examples below,
the invention provides a method for utilizing EryF to
hydroxylate 3-ketolides that is applicable for the production
of any 6-hydroxy-3-ketolide.

[0214] Thus, the hybrid PKS genes of the invention can be
expressed in a host cell that contains the desosamine bio-
synthetic genes and desosaminyl transferase gene as well as
the required hydroxylase gene(s), which may be either picK
(for the C12 position) or eryK (for the C12 position) and/or
eryF (for the C6 position). The resulting compounds have
antibiotic activity but can be further modified, as described
in the patent publications referenced above, to yield a
desired compound with improved or otherwise desired prop-
erties. Alternatively, the aglycone compounds can be pro-
duced in the recombinant host cell, and the desired glyco-
sylation and hydroxylation steps carried out in vitro or in
Vivo, in the latter case by supplying the converting cell with
the aglycone.

[0215] The compounds of the invention are thus option-
ally glycosylated forms of the polyketide set forth in formula
(2) below which are hydroxylated at either the C6 or the C12
or both. The compounds of formula (2) can be prepared
using the loading and the six extender modules of a modular
PKS, modified or prepared in hybrid form as herein
described. These polyketides have the formula:

@

[0216] including the glycosylated and isolated stere-
oisomeric forms thereof;

[0217] wherein R* is a straight chain, branched or
cyclic, saturated or unsaturated substituted or unsub-
stituted hydrocarbyl of 1-4C;

[0218] each of R'-R® is independently H or alkyl
(1-4C) wherein any alkyl at R' may optionally be
substituted;

[0219] each of X'-X° is independently two H, H and
OH, or =O0; or

[0220] each of X*-X® is independently H and the
compound of formula (2) contains a double-bond in
the ring adjacent to the position of said X at 2-3, 4-5,
6-7,8-9 and/or 10-11;

[0221] with the proviso that:

[0222] at least two of R*-R® are alkyl (1-4C).

[0223] Preferred compounds comprising formula 2 are
those wherein at least three of R'-R® are alkyl (1-4C),
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preferably methyl or ethyl; more preferably wherein at least
four of R*-R* are alkyl (1-4C), preferably methyl or ethyl.
Also preferred are those wherein X is two H,=0, or H and
OH, and/or X2 is H, and/or X* is OH and/or X° is OH and/or
X® is OH. Also preferred are compounds with variable R*
when R'-R® is methyl, X? is =0, and X*, X* and X° are OH.
The glycosylated forms of the foregoing are also preferred.

[0224] The invention also provides the 12-membered
macrolides corresponding to the compounds above but pro-
duced from a narbonolide-derived PKS lacking extender
modules 5 and 6 of the narbonolide PKS.

[0225] The compounds of the invention can be produced
by growing and fermenting the host cells of the invention
under conditions known in the art for the production of other
polyketides. The compounds of the invention can be isolated
from the fermentation broths of these cultured cells and
purified by standard procedures. The compounds can be
readily formulated to provide the pharmaceutical composi-
tions of the invention. The pharmaceutical compositions of
the invention can be used in the form of a pharmaceutical
preparation, for example, in solid, semisolid, or liquid form.
This preparation will contain one or more of the compounds
of the invention as an active ingredient in admixture with an
organic or inorganic carrier or excipient suitable for exter-
nal, enteral, or parenteral application. The active ingredient
may be compounded, for example, with the usual non-toxic,
pharmaceutically acceptable carriers for tablets, pellets, cap-
sules, suppositories, solutions, emulsions, suspensions, and
any other form suitable for use.

[0226] The carriers which can be used include water,
glucose, lactose, gum acacia, gelatin, mannitol, starch paste,
magnesium trisilicate, talc, corn starch, keratin, colloidal
silica, potato starch, urea, and other carriers suitable for use
in manufacturing preparations, in solid, semi-solid, or lig-
uefied form. In addition, auxiliary stabilizing, thickening,
and coloring agents and perfumes may be used. For
example, the compounds of the invention may be utilized
with hydroxypropyl methylcellulose essentially as described
in U.S. Pat. No. 4,916,138, incorporated herein by reference,
or with a surfactant essentially as described in EPO patent
publication No. 428,169, incorporated herein by reference.

[0227] Oral dosage forms may be prepared essentially as
described by Hondo et al., 1987, Transplantation Proceed-
ings XIX, Supp. 6: 17-22, incorporated herein by reference.
Dosage forms for external application may be prepared
essentially as described in EPO patent publication No.
423,714, incorporated herein by reference. The active com-
pound is included in the pharmaceutical composition in an
amount sufficient to produce the desired effect upon the
disease process or condition.

[0228] For the treatment of conditions and diseases caused
by infection, a compound of the invention may be admin-
istered orally, topically, parenterally, by inhalation spray, or
rectally in dosage unit formulations containing conventional
non-toxic pharmaceutically acceptable carriers, adjuvant,
and vehicles. The term parenteral, as used herein, includes
subcutaneous injections, and intravenous, intramuscular,
and intrasternal injection or infusion techniques.

[0229] Dosage levels of the compounds of the invention
are of the order from about 0.01 mg to about 50 mg per
kilogram of body weight per day, preferably from about 0.1
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mg to about 10 mg per kilogram of body weight per day. The
dosage levels are useful in the treatment of the above-
indicated conditions (from about 0.7 mg to about 3.5 mg per
patient per day, assuming a 70 kg patient). In addition, the
compounds of the invention may be administered on an
intermittent basis, i.e., at semi-weekly, weekly, semi-
monthly, or monthly intervals.

[0230] The amount of active ingredient that may be com-
bined with the carrier materials to produce a single dosage
form will vary depending upon the host treated and the
particular mode of administration. For example, a formula-
tion intended for oral administration to humans may contain
from 0.5 mg to 5 gm of active agent compounded with an
appropriate and convenient amount of carrier material,
which may vary from about 5 percent to about 95 percent of
the total composition. Dosage unit forms will generally
contain from about 0.5 mg to about 500 mg of active
ingredient. For external administration, the compounds of
the invention may be formulated within the range of, for
example, 0.00001% to 60% by weight, preferably from
0.001% to 10% by weight, and most preferably from about
0.005% to 0.8% by weight.

[0231] 1t will be understood, however, that the specific
dose level for any particular patient will depend on a variety
of factors. These factors include the activity of the specific
compound employed; the age, body weight, general health,
sex, and diet of the subject; the time and route of adminis-
tration and the rate of excretion of the drug; whether a drug
combination is employed in the treatment; and the severity
of the particular disease or condition for which therapy is
sought.

[0232] A detailed description of the invention having been
provided above, the following examples are given for the
purpose of illustrating the invention and shall not be con-
strued as being a limitation on the scope of the invention or
claims.

EXAMPLE 1

General Methodology

[0233] Bacterial strains, plasmids, and culture conditions.
Streptomyces coelicolor CH999 described in WO 95/08548,
published 30 Mar. 1995, or S. lividans K4-114, described in
Ziermann and Betlach, Jan. 99, Recombinant Polyketide
Synthesis in Strepromyces: Engineering of Improved Host
Strains, BioTechniques 26:106-110, incorporated herein by
reference, was used as an expression host. DNA manipula-
tions were performed in Escherichia coli X1.1-Blue, avail-
able from Stratagene. E. coli MC1061 is also suitable for use
as a host for plasmid manipulation. Plasmids were passaged
through F. coli ET12567 (dam dem hsdS Cm") (MacNeil,
1988, J. Bacteriol. 170: 5607, incorporated herein by refer-
ence) to generate unmethylated DNA prior to transformation
of S. coelicolor. E. coli strains were grown under standard
conditions. S. coelicolor strains were grown on R2YE agar
plates (Hopwood et al., Genetic manipulation of Streptomy-
ces. A laboratory manual. The John Innes Foundation:
Norwich, 1985, incorporated herein by reference).

[0234] Many of the expression vectors of the invention
illustrated in the examples are derived from plasmid pRMS5,
described in WO 95/08548, incorporated herein by refer-
ence. This plasmid includes a colEI replicon, an appropri-
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ately truncated SCP2* Strepromyces replicon, two act-pro-
moters to allow for bidirectional cloning, the gene encoding
the actll-ORF4 activator which induces transcription from
act promoters during the transition from growth phase to
stationary phase, and appropriate marker genes. Engineered
restriction sites in the plasmid facilitate the combinatorial
construction of PKS gene clusters starting from cassettes
encoding individual domains of naturally occurring PKSs.
When plasmid pRMS5 is used for expression of a PKS, all
relevant biosynthetic genes can be plasmid-borne and there-
fore amenable to facile manipulation and mutagenesis in F.
coli. This plasmid is also suitable for use in Strepromyces
host cells. Strepromyces is genetically and physiologically
well-characterized and expresses the ancillary activities
required for in vivo production of most polyketides. Plasmid
pRMS5 utilizes the act promoter for PKS gene expression, so
polyketides are produced in a secondary metabolite-like
manner, thereby alleviating the toxic effects of synthesizing
potentially bioactive compounds in vivo.

[0235] Manipulation of DNA and organisms. Polymerase
chain reaction (PCR) was performed using Pfu polymerase
(Stratagene; Taq polymerase from Perkin Elmer Cetus can
also be used) under conditions recommended by the enzyme
manufacturer. Standard in vitro techniques were used for
DNA manipulations (Sambrook et al. Molecular Cloning: A
Laboratory Manual (Current Edition)). E. coli was trans-
formed using standard calcium chloride-based methods; a
Bio-Rad E. coli pulsing apparatus and protocols provided by
Bio-Rad could also be used. S. coelicolor was transformed
by standard procedures (Hopwood et al. Genetic manipula-
tion of Streptomyces. A laboratory manual. The John Innes
Foundation: Norwich, 1985), and depending on what select-
able marker was employed, transformants were selected
using 1 mL of a 1.5 mg/mL thiostrepton overlay, 1 mL of a
2 mg/mL apramycin overlay, or both.

EXAMPLE 2

Cloning of the Picromycin Biosynthetic Gene
Cluster from Strepromyices venezuelae

[0236] Genomic DNA (100 ug) isolated from Streptomy-
ces venezuelae ATCC15439 using standard procedures was
partially digested with Sau3Al endonuclease to generate
fragments ~40 kbp in length. SuperCosl (Stratagene) DNA
cosmid arms were prepared as directed by the manufacturer.
A cosmid library was prepared by ligating 2.5 ug of the
digested genomic DNA with 1.5 ug of cosmid arms in a 20
uL reaction. One microliter of the ligation mixture was
propagated in E. coli XL1-Blue MR (Stratagene) using a
GigapackIIl XL packaging extract kit (Stratagene). The
resulting library of ~3000 colonies was plated on a 10x150
mm agar plate and replicated to a nylon membrane.

[0237] The library was initially screened by direct colony
hybridization with a DNA probe specific for ketosynthase
domain coding sequences of PKS genes. Colonies were
alkaline lysed, and the DNA was crosslinked to the mem-
brane using UV irradiation. After overnight incubation with
the probe at 42° C., the membrane was washed twice at 25°
C. in 2xSSC buffer+0.1% SDS for 15 minutes, followed by
two 15 minute washes with 2xSSC buffer at 55° C. Approxi-
mately 30 colonies gave positive hybridization signals with
the degenerate probe. Several cosmids were selected and
divided into two classes based on restriction digestion
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patterns. A representative cosmid was selected from each
class for further analysis. The representative cosmids were
designated pKOS023-26 and pKOS023-27. These cosmids
were determined by DNA sequencing to comprise the nar-
bonolide PKS genes, the desosamine biosynthesis and trans-
ferase genes, the beta-glucosidase gene and the picK
hydroxylase gene.

[0238] These cosmids were deposited with the American
Type Culture Collection in accordance with the terms of the
Budapest Treaty. Cosmid pKOS023-26 was assigned acces-
sion number ATCC 203141, and cosmid pKOS023-27 was
assigned accession number ATCC 203142.

[0239] To demonstrate that the narbonolide PKS genes
had been cloned and to illustrate how the invention provides
methods and reagents for constructing deletion variants of
narbonolide PKS genes, a narbonolide PKS gene was
deleted from the chromosome of Streptomyces venezuelae.
This deletion is shown schematically in FIG. 4, parts B and
C. A ~2.4 kb EcoRI-Kpnl fragment and a ~2.1 kb Kpnl-
Xhol fragment, which together comprise both ends of the
picAl gene (but lack a large portion of the coding sequence),
were isolated from cosmid pKOS023-27 and ligated
together into the commercially available vector pLitmus 28
(digested with restriction enzymes EcoRI and Xhol) to give
plasmid pKOS039-07. The ~4.5 kb HindIII-Spel fragment
from plasmid pKOS039-07 was ligated with the 2.5 kb
HindIII-Nhel fragment of integrating vector pSET152,
available from the NRRL, which contains an E. coli origin
of replication and an apramycin resistance-conferring gene
to create plasmid pKOS039-16. This vector was used to
transform S. venezuelae, and apramycin-resistant transfor-
mants were selected.

[0240] Then, to select for double-crossover mutants, the
selected transformants were grown in TSB liquid medium
without antibiotics for three transfers and then plated onto
non-selective media to provide single colony isolates. The
isolated colonies were tested for sensitivity to apramycin,
and the apramycin-sensitive colonies were then tested to
determine if they produced picromycin. The tests performed
included a bioassay and LC/MS analysis of the fermentation
media. Colonies determined not to produce picromycin (or
methymycin or neomethymycin) were then analyzed using
PCR to detect an amplification product diagnostic of the
deletion. A colony designated K3903 was identified, pro-
viding confirmation that the narbonolide PKS genes had
been cloned. Transformation of strain K39-03 with plasmid
pKOS039-27 comprising an intact picA gene under the
control of the ermE* promoter from plasmid pWHM3 (see
Vara et al.,, 1989, J. Bacr. 171: 5872-5881, incorporated
herein by reference) was able to restore picromycin produc-
tion.

[0241] To determine that the cosmids also contained the
picK hydroxylase gene, each cosmid was probed by South-
ern hybridization using a labeled DNA fragment amplified
by PCR from the Saccharopolyspora erythraea C12-hy-
droxylase gene, eryK. The cosmids were digested with
BamHI endonuclease and electrophoresed on a 1% agarose
gel, and the resulting fragments were transferred to a nylon
membrane. The membrane was incubated with the enyK
probe overnight at 42° C., washed twice at 25° C. in 2xSSC
buffer with 0.1% SDS for 15 minutes, followed by two 15
minute washes with 2xSSC buffer at 50° C. Cosmid
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pKOS023-26 produced an ~3 kb fragment that hybridized
with the probe under these conditions. This fragment was
subcloned into the PCRscript™ (Stratagene) cloning vector
to yield plasmid pKOS023-28 and sequenced. The ~1.2 kb
gene designated picK above was thus identified. The picK
gene product is homologous to eryK and other known
macrolide cytochrome P450 hydroxylases.

[0242] By such methodology, the complete set of picro-
mycin biosynthetic genes were isolated and identified. DNA
sequencing of the cloned DNA provided further confirma-
tion that the correct genes had been cloned. In addition, and
as described in the following example, the identity of the
genes was confirmed by expression of narbomycin in het-
erologous host cells.

EXAMPLE 3

Heterologous Expression of the Narbonolide PKS
and the Picromycin Biosynthetic Gene Cluster

[0243] To provide a preferred host cell and vector for
purposes of the invention, the narbonolide PKS was trans-
ferred to the non-macrolide producing host Strepromyces
lividans K4-114 (see Ziermann and Betlach, 1999, Biotech-
niques 26, 106-110, and U.S. patent application Ser. No.
09/181,833, filed 28 Oct. 1998, each of which is incorpo-
rated herein by reference). This was accomplished by replac-
ing the three DEBS ORFs on a modified version of pCK7
(see Kao et al.,, 1994, Science 265, 509-512, and U.S. Pat.
No. 5,672,491, each of which is incorporated herein by
reference) with all four narbonolide PKS ORFs to generate
plasmid pK0OS039-86 (sce FIG. 5). The pCK7 derivative
employed, designated pCK7‘Kan’, differs from pCK7 only
in that it contains a kanamycin resistance conferring gene
inserted at its HindIII restriction enzyme recognition site.
Because the plasmid contains two selectable markers, one
can select for both markers and so minimize contamination
with cells containing rearranged, undesired vectors.

[0244] Protoplasts were transformed using standard pro-
cedures and transformants selected using overlays contain-
ing antibiotics. The strains were grown in liquid RS medium
for growth/seed and production cultures at 30° C. Trans-
formed strains produced two compounds in similar yield
(~5-10 mg/L each). Polyketides produced in the host cells
were analyzed by bioassay against Bacillus subtilis and by
LC/MS analysis. Analysis of extracts by LC/MS followed
by H-NMR spectroscopy of the purified compounds estab-
lished their identity as narbonolide (FIG. 5, compound 4;
see Kaiho et al., 1982, J. Org. Chem. 47: 1612-1614,
incorporated herein by reference) and 10-deoxymethynolide
(FIG. 5, compound 5; see Lambalot et al., 1992, J. Antibi-
otics 45, 1981-1982, incorporated herein by reference), the
respective 14 and 12-membered polyketide aglycones of
YC17, narbomycin, picromycin, and methymycin.

[0245] The production of narbonolide in Streptomyces
lividans represents the expression of an entire modular
polyketide pathway in a heterologous host. The combined
yields of compounds 4 and 5 are similar to those obtained
with expression of DEBS from pCK?7 (see Kao et al., 1994,
Science 265: 509-512, incorporated herein by reference).
Furthermore, based on the relative ratios (~1:1) of com-
pounds 4 And 5 produced, it is apparent that the narbonolide
PKS itself possesses an inherent ability to produce both 12
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and 14-membered macrolactones without the requirement of
additional activities unique to S. venezuelae. Although the
existence of a complementary enzyme present in S. lividans
that provides this function is possible, it would be unusual
to find such a specific enzyme in an organism that does not
produce any known macrolide.

[0246] To provide a heterologous host cell of the invention
that produces the narbonolide PKS and the picB gene, the
picB gene was integrated into the chromosome of Strepro-
myces lividans harboring plasmid pK0S039-86 to yield S.
lividans K39-18/pK0S039-86. To provide the integrating
vector utilized, the picB gene was cloned into the Strepro-
myces genome integrating vector pSET152 (see Bierman et
al., 1992, Gene 116, 43, incorporated herein by reference)
under control of the same promoter (Pactl) as the PKS on
plasmid pKOS039-86.

[0247] A comparison of strains K39-18/pK0S39-86 and
K4-114/pK0S039-86 grown under identical conditions indi-
cated that the strain containing TEII produced 47 times more
total polyketide. Each strain was grown in 30 mL of R5 (see
Hopwood et al., Genetic Manipulation of Streptomyces: A
Laboratory Manual; John Innes Foundation: Norwich, UK,
1985, incorporated herein by reference) liquid (with 20
ug/mL thiostrepton) at 30° C. for 9 days. The fermentation
broth was analyzed directly by reverse phase HPL.C. Absor-
bance at 235 nm was used to monitor compounds and
measure relative abundance. This increased production indi-
cates that the enzyme is functional in this strain. As noted
above, because the production levels of compound 4 and 5
from K39-18/pK0OS03986 increased by the same relative
amounts, TEII does not appear to influence the ratio of 12
and 14-membered lactone ring formation.

[0248] To express the glycosylated counterparts of nar-
bonolide (narbomycin) and 10-deoxymethynolide (YC17) in
heterologous host cells, the desosamine biosynthetic genes
and desosaminyl transferase gene were transformed into the
host cells harboring plasmid pKOS039-86 (and, optionally,
the picB gene, which can be integrated into the chromosome
as described above).

[0249] Plasmid pKOS039-104, sce FIG. 6, comprises the
desosamine biosynthetic genes, the beta-glucosidase gene,
and the desosaminyl transferase gene. This plasmid was
constructed by first inserting a polylinker oligonucleotide,
containing a restriction enzyme recognition site for Pacl, a
Shine-Dalgarno sequence, and restriction enzyme recogni-
tion sites for Ndel, Bglll, and HindIIl, into a pUC19
derivative, called pKOS2447, to yield plasmid pKOS039-
98.

[0250] An ~0.3 kb PCR fragment comprising the coding
sequence for the N-terminus of the desl gene product and an
~0.12 kb PCR fragment comprising the coding sequence for
the C-terminus of the desR gene product were amplified
from cosmid pKOS23-26 (ATCC 203141) and inserted
together into pLitmus28 treated with restriction enzymes
Nsil and EcoRI to produce plasmid pKOS039-101. The ~6
kb SphlI-Pstl restriction fragment of pKOS23-26 containing
the desl, desll, desllIl, desIV, and desV genes was inserted
into plasmid pUC19 (Stratagene) to vyield plasmid
pKOS039-102. The ~6 kb Sphl-EcoRI restriction fragment
from plasmid pKOS039-102 was inserted into pKOS039-
101 to produce plasmid pKOS039-103. The ~6 kb BglII-Pstl
fragment from pKOS23-26 that contains the desR, desVI,
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desVII, and desVIII genes was inserted into pKOS39-98 to
yield pKOS39-100. The ~6 kb PacI-Pstl restriction fragment
of pKOS39-100 and the 6.4 kb Nsil-EcoRI fragment of
pKOS39-103 were cloned into pKOS39-44 to yield
pKO0S39-104.

[0251] When introduced into Streptomyces lividans host
cells comprising the recombinant narbonolide PKS of the
invention, plasmid pKOS39-104 drives expression of the
desosamine biosynthetic genes, the beta-glucosidase gene,
and the desosaminyl transferase gene. The glycosylated
antibiotic narbomycin was produced in these host cells, and
it is believed that YC17 was produced as well. When these
host cells are transformed with vectors that drive expression
of the picK gene, the antibiotics methymycin, neomethy-
mycin, and picromycin are produced.

[0252] In similar fashion, when plasmid pKOS039-18,
which encodes a hybrid PKS of the invention that produces
3-deoxy-3-0x0-6-deoxyerythronolide B was expressed in
Streptomyces lividans host cells transformed with plasmid
pKOS39-104, the 5-desosaminylated analog was produced.
Likewise, when plasmid pCK7, which encodes DEBS,
which produces 6-deoxyerythronolide B, was expressed in
Streptomyces lividans host cells transformed with plasmid
pKC639-104, the 5-desosaminylated analog was produced.
These compounds have antibiotic activity and are useful as
intermediates in the synthesis of other antibiotics.

EXAMPLE 4

Expression Vector for Desosaminyl Transferase

[0253] While the invention provides expression vectors
comprising all of the genes required for desosamine biosyn-
thesis and transfer to a polyketide, the invention also pro-
vides expression vectors that encode any subset of those
genes or any single gene. As one illustrative example, the
invention provides an expression vector for desosaminyl
transferase. This vector is useful to desosaminylate
polyketides in host cells that produce NDP-desosamine but
lack a desosaminyl transferase gene or express a desosami-
nyl transferase that does not function as efficiently on the
polyketide of interest as does the desosaminyl transferase of
Streptomyces venezuelae. This expression vector was con-
structed by first amplifying the desosaminyl transferase
coding sequence from pKOS023-27 using the primers:

N3917: 5'-CCCTGCAGCGGCAAGGAAGGACACGACGCCA-3';

and

N3918: 5'-AGGTCTAGAGCTCAGTGCCGGGCGTCGGCCGG-3",
[0254] to give a 1.5 kb product. This product was then

treated with restriction enzymes Pstl and Xbal and ligated
with HindIIl and Xbal digested plasmid pKOS039-06
together with the 7.6 kb Pstl-HindIII restriction fragment of
plasmid pWHM 1104 to provide plasmid pKOS039-14. Plas-
mid pWHM1104, described in Tang et al.,, 1996, Molec.
Microbiol. 22(5): 801-813, incorporated herein by reference,
encodes the ermE* promoter. Plasmid pKOS039-14 is con-
structed so that the desosaminyl transferase gene is placed
under the control of the ermE* promoter and is suitable for
expression of the desosaminyl transferase in Strepromyces,
Saccharopolyspora erythraea, and other host cells in which
the ermE* promoter functions.
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EXAMPLE 5

Heterologous Expression of the picK Gene Product
in E. coli

[0255] The picK gene was PCR amplified from plasmid
pKOS023-28 using the oligonucleotide primers:

N024-36B (forward):
5 ' -TTGCATGCATATGCGCCGTACCCAGCAGGGAACGACC;
and

N024-37B (reverse):
5 ' -TTGAATTCTCAACTAGTACGGCGGCCCGCCTCCCGTCC.

[0256] These primers alter the Streptomyces GTG start
codon to ATG and introduce a Spel site at the C-terminal end
of the gene, resulting in the substitution of a serine for the
terminal glycine amino acid residue. The blunt-ended PCR
product was subcloned into the commercially available
vector pCRscript at the Srfl site to yield plasmid pKOS023-
60. An ~1.3 kb Ndel-Xhol fragment was then inserted into
the Ndel/Xhol sites of the T7 expression vector pET22b
(Novagen, Madison, Wis.) to generate pKOS023-61. Plas-
mid pKOS023-61 was digested with restriction enzymes
Spel and EcoRI, and a short linker fragment encoding 6
histidine residues and a stop codon (composed of oligo-
nucleotides 30-85a: 5'-CTAGTATGCATCATCATCATCAT-
CATTAA-3"; and 30-85b: 5-AATTTTAATGATGATGAT-
GATGATGCATA-3') was inserted to obtain plasmid
pKOS023-68. Both plasmid pKOS023-61 and pKOS023-68
produced active PicK enzyme in recombinant E. coli host
cells.

[0257] Plasmid pKOS023-61 was transformed into E. coli
BL21-DE3. Successful transformants were grown in LB-
containing carbenicillin (100 ug/ml) at 37° C. to an OD,
of 0.6. Isopropyl-beta-D-thiogalactopyranoside (G) was
added to a final concentration of 1 mM, and the cells were
grown for an additional 3 hours before harvesting. The cells
were collected by centrifugation and frozen at —-80° C. A
control culture of BL21-DE3 containing the vector plasmid
pET21c (Invitrogen) was prepared in parallel.

[0258] The frozen BL21-DE3/pKO0S023-61 cells were
thawed, suspended in 2 uL of cold cell disruption buffer (5
mM imidazole, 500 mM NaCl, 20 mM Tris/HCl, pH 8.0)
and sonicated to facilitate lysis. Cellular debris and super-
natant were separated by centrifugation and subjected to
SDSPAGE on 10-15% gradient gels, with Coomassie Blue
staining, using a Pharmacia Phast Gel Electrophoresis sys-
tem. The soluble crude extract from BL21-DE3/pKOS023-
61 contained a Coomassie stained band of M,~46 kDa,
which was absent in the control strain BL21-DE3/pET21c.

[0259] The hydroxylase activity of the picK protein was
assayed as follows. The crude supernatant (20 ul) was
added to a reaction mixture (100 uL total volume) containing
50 mM Tris/HCI (pH 7.5), 20 uM spinach ferredoxin, 0.025
Unit of spinach ferredoxin:NADP*oxidoreductase, 0.8 Unit
of glucose-6-phosphate dehydrogenase, 1.4 mM NADP™,
7.6 mM glucose-6 phosphate, and 20 mmol of narbomycin.
The narbomycin was purified from a culture of Strepromyces
narbonensis, and upon LC/MS analysis gave a single peak
of [M+H]*=510. The reaction was allowed to proceed for
105 minutes at 30° C. Half of the reaction mixture was
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loaded onto an HPLC, and the effluent was analyzed by
evaporative light scattering (ELSD) and mass spectrometry.
The control extract (BL21-DE3/pET21¢) was processed
identically. The BL.21-DE3/pK0S023-61 reaction contained
a compound not present in the control having the same
retention time, molecular weight and mass fragmentation
pattern as picromycin ((M+H]"'=526). The conversion of
narbomyecin to picromycin under these conditions was esti-
mated to be greater than 90% by ELSD peak area.

[0260] The poly-histidine-linked PicK hydroxylase was
prepared from pKOS023-68 transformed into E. coli BL21
(DE3) and cultured as described above. The cells were
harvested and the PicK protein purified as follows. All
purification steps were performed at 4° C. E. coli cell pellets
were suspended in 32 uL of cold binding buffer (20 mM
Tris/HCI, pH 8.0, 5 mM imidazole, 500 mM NaCl) per mL
of culture and lysed by sonication. For analysis of E. coli
cell-free extracts, the cellular debris was removed by low-
speed centrifugation, and the supernatant was used directly
in assays. For purification of PicK/6-His, the supernatant
was loaded (0.5 mL/min.) onto a 5 mL HiTrap Chelating
column (Pharmacia, Piscataway, N.J.), equilibrated with
binding buffer. The column was washed with 25 ul of
binding buffer and the protein was eluted with a 35 ul_linear
gradient (5-500 mM imidazole in binding buffer). Column
effluent was monitored at 280 nm and 416 nm. Fractions
corresponding to the 416 nm absorbance peak were pooled
and dialyzed against storage buffer (45 mM Tris/HCl, pH
7.5, 01 mM EDTA, 0.2 mM DTT, 10% glycerol). The
purified 46 kDa protein was analyzed by SDSPAGE using
Coomassie blue staining, and enzyme concentration and
yield were determined.

[0261] Narbomycin was purified as described above from
a culture of Strepromyces narbonensis ATCC19790. Reac-
tions for kinetic assays (100 ul) consisted of 50 mM
Tris/HCI (pH 7.5), 100 uM spinach ferredoxin, 0.025 Unit of
spinach ferredoxin:NADP* oxidoreductase, 0.8 U glucose-
6-phosphate dehydrogenase, 1.4 mM NADP+, 7.6 mM
glucose-6-phosphate, 20-500 4M narbomycin substrate, and
50-500 nM of PicK enzyme. The reaction proceeded at 30°
C., and samples were withdrawn for analysis at 5, 10, 15,
and 90 minutes.

[0262] Reactions were stopped by heating to 100° C., for
1 minute, and denatured protein was removed by centrifu-
gation. Depletion of narbomycin and formation of picromy-
cin were determined by high performance liquid chroma-
tography (HPLC, Beckman C-18 0.46x15 cm column)
coupled to atmospheric pressure chemical ionization (APCI)
mass spectroscopic detection (Perkin Elmer/Sciex API 100)
and evaporative light scattering detection (Alltech 500
ELSD).

EXAMPLE 6

Expression of the picK Gene Encoding the
Hydroxalase in Streptomyces narbonensis

[0263] To produce picromycin in Streptomyces narbonen-
sis, a host that produces narbomycin but not picromycin, the
methods and vectors of the invention were used to express
the picK gene in this host.
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[0264] The picK gene was amplified from cosmid
pKOS023-26 using the primers:

N3903: 5' ~TCCTCTAGACGTTTCCGT-3 ' ;
and
N3904: 5' “TGAAGCTTGAATTCAACCGGT-3'
[0265] to obtain an ~1.3 kb product. The product was

treated with restriction enzymes Xbal and HindIIl and
ligated with the 7.6 kb Xbal-HindIII restriction fragment of
plasmid pWHM1104 to provide plasmid pKOS039-01, plac-
ing the picK gene under the control of the ermE* promoter
The resulting plasmid was transformed into purified stocks
of S. narbonensis by protoplast fusion and electroporation.
The transformants were grown in suitable media and shown
to convert narbomycin to picromycin at a yield of over 95%.

EXAMPLE 7

Construction of a Hybrid DEBS/Narbonolide PKS

[0266] This example describes the construction of illus-
trative hybrid PKS expression vectors of the invention. The
hybrid PKS contains portions of the narbonolide PKS and
portions of rapamycin and/or DEBS PKS. In the first con-
structs, pKOS039-18 and pKOS039-19 the hybrid PKS
comprises the narbonolide PKS extender module 6 ACP and
thioesterase domains and the DEBS loading module and
extender modules 1-5 as well as the KS and AT domains of
DEBS extender module 6 (but not the KR domain of
extender module 6). In pKOS039-19, the hybrid PKS is
identical except that the KS1 domain is inactivated, i.e., the
ketosynthase in extender module 1 is disabled. The inactive
DEBS KS1 domain and its construction are described in
detail in PCT publication Nos. WO 97/02358 and 99/03986,
each of which is incorporated herein by reference. To
construct pKOS039-18, the 2.33 kb BamHI-EcoRI fragment
of pKOS023-27, which contains the desired sequence, was
amplified by PCR and subcloned into plasmid pUC9. The
primers used in the PCR were:

N3905: 5' =TTTATGCATCCCGCGGGTCCCGGCGAG-3"';
and
N3906: 5' -TCAGAATTCTGTCGGTCACTTGCCCGC-3"'.

[0267] The 1.6 kb PCR product was digested with PstI and
EcoRI and cloned into the corresponding sites of plasmid
pKOS015-52 (this plasmid contains the relevant portions of
the coding sequence for the DEBS extender module 6) and
commercially available plasmid pLitmus 28 to provide
plasmids pKOS039-12 and pKOS039-13, respectively. The
BgllI-EcoRI fragment of plasmid pKOS039-12 was cloned
into plasmid pKOS011-77, which contains the functional
DEBS gene cluster and into plasmid pJRJ2, which contains
the mutated DEBS gene that produces a DEBS PKS in
which the KS domain of extender module I has been
rendered inactive. Plasmid pJRJ2 is described in PCI pub-
lication Nos. 99/03986 and 97/02358, incorporated herein
by reference.

[0268] Plasmids pKOS039-18 and pKOS039-19, respec-
tively, were obtained. These two plasmids were transformed
into Streptomyces coelicolor CH999 by protoplast fusion.
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The resulting cells were cultured under conditions such that
expression of the PKS occurred. Cells transformed with
plasmid pKOS039-18 produced the expected product
3-deoxy-3-0x0-6-deoxyerythronolide B. When cells trans-
formed with plasmid pKOS039-19 were provided (2S,3R)-
2-methyl-3-hydroxyhexanoate NACS, 13-desethyl-13-pro-
pyl-3-deoxy-3-oxo-6-deoxyerythronolide B was produced.

EXAMPLE 8

6-Hydroxylation of 3,6-dideoxy-3-oxoerythronolide
B Using the eryF Hydroxylase

[0269] Certain compounds of the invention can be
hydroxylated at the C6 position in a host cell that expresses
the eryF gene. These compounds can also be hydroxylated
in vitro, as illustrated by this example.

[0270] The 6-hydroxylase encoded by eryF was expressed
in E. coli, and partially purified. The hydroxylase (100 pmol
in 10 uL) was added to a reaction mixture (100 ul total
volume) containing 50 mM Tris/HCl (pH 7.5), 20 uM
spinach ferredoxin, 0.025 Unit of spinach ferredoxin-
:NADP* oxidoreductase, 0.8 Unit of glucose-6-phosphate
dehydrogenase, 1.4 mM NADP*, 7.6 mM glucose-6-phos-
phate, and 10 nmol 6-deoxyerythronolide B. The reaction
was allowed to proceed for 90 minutes at 30° C. Half of the
reaction mixture was loaded onto an HPLC, and the effluent
was analyzed by mass spectrometry. The production of
erythronolide B as evidenced by a new peak eluting earlier
in the gradient and showing [M+H]"=401. Conversion was
estimated at 50% based on relative total ion counts.

[0271] Those of skill in the art will recognize the potential
for hemiketal formation in the above compound and com-
pounds of similar structure. To reduce the amount of
hemiketal formed, one can use more basic (as opposed to
acidic) conditions or employ sterically hindered derivative
compounds, such as 5-desosaminylated compounds.

EXAMPLE 9

Measurement of Antibacterial Activity

[0272] Antibacterial activity was determined using either
disk diffusion assays with Bacillus cereus as the test organ-
ism or by measurement of minimum inhibitory concentra-
tions (MIC) in liquid culture against sensitive and resistant
strains of Staphylococcus pneumoniae.

Example 10

Construction of Desosamine Containing Polyketide
Libraries Using a Glycosyltransferase with Broad
Substrate Specificity

[0273] Desosamine is an important deoxyaminosugar
present on a number of structurally related macrolide anti-
biotics such as erythromycin and is the only glycoside
present on picromycin, methymycin, and the highly potent
semisynthetic ketolides. In this example, a set of nine
deoxysugar biosynthetic and auxiliary genes from the picro-
mycin/methymycin (pik) cluster was integrated in the chro-
mosome of Strepromyces lividans to create a host that
synthesizes TDP-D-desosamine and can be used in combi-
nation with PKS expression plasmids to generate libraries of
desosaminylated polyketides. The versatility of the DesVII
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desosaminyltransferase is demonstrated by formation of
desosaminylated macrolides from more than twenty differ-
ent 14-membered lactones. The attachment of desosamine is
sufficient to confer antibiotic activity to each of the other-
wise inactive aglycones, reinforcing the belief that this sugar
plays a critical role in the molecular binding properties of
erythromycin and related macrolides. This host and others
that can be engineered to produce deoxysugar and
polyketide tailoring pathways in accordance with the meth-
ods of the invention are valuable tools for expanding the size
and diversity of polyketides that can be generated by com-
binatorial biosynthesis. References cited in this example are
indicated by a reference number; the numbered list of
references is located at the end of this example. All refer-
ences cited are incorporated herein by reference.

[0274] Much of the structural diversity and complexity
among polyketides can be attributed to the chemistry per-
formed by PKSs (1), and the modular architecture of cata-
Iytic domains within PKSs has been exploited by different
rational and combinatorial engineering approaches to create
polyketide diversity (24). However, structural variability
among polyketides can also result from post-PKS biosyn-
thetic steps, including oxidation and/or glycosylation with
unique deoxy and amino sugars. Such modifications are
often necessary to impart or enhance the specific biological
activity of the molecule. For example, erythromycin A
contains two deoxysugar moieties, [.-cladinose and D-des-
osamine, that are required for antibacterial activity and the
absence of either carbohydrate results in loss of potency.
Although some chemical modifications to erythromycin
have been discovered that can ameliorate the loss of the
cladinose residue (5-7), there has been no substitution found
for desosamine. This important deoxyaminosugar is also
present in other macrolide antibiotics, such as oleandomycin
and megalomicin, and is the only glycoside necessary to
confer antibacterial activity to picromycin, methymycin, and
the semisynthetic ketolide pharmacophores.

[0275] Polyketide libraries generated by genetic modifi-
cation of macrolide PKSs in which enzymatic domains and
entire protein subunits were removed, added, or exchanged
in various combinations have been produced (3, 4, 8).
Because these libraries were constructed in heterologous
hosts lacking glycosylation pathways, only the correspond-
ing aglycones were produced. The methods and reagents of
the present invention can be used to expand the capabilities
of the combinatorial biosynthesis strategies described to
incorporate post-PKS tailoring steps, in particular the addi-
tion of deoxysugar components.

[0276] Some experiments have been performed in which
structurally modified macrolactones are subsequently gly-
cosylated in their native hosts (9-13), and also in biocon-
version experiments in which a modified aglycone is fed to
a PKS blocked mutant strain (14). These experiments indi-
cate that glycosyltransferases are able to accept polyketide
substrates with some amount of structural alteration. How-
ever, neither of these approaches is well-suited for the
production and biological screening of large numbers of
compounds, because most polyketide host organisms are
difficult to manipulate genetically and the bioconversion of
aglycones requires a tedious initial purification step.

[0277] A more practical approach is the heterologous
expression of deoxysugar biosynthetic pathways in hosts
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that have been developed for library expression. Although
the effort to clone entire deoxysugar biosynthetic pathways
in a heterologous organism can be a significant initial
investment (most deoxysugars require six or more enzy-
matic steps whose genes are typically scattered within a
polyketide gene cluster), these expression vectors, once
made, can be easily combined with those containing PKSs
to engineer glycosylated libraries rapidly. Olano et al.
recently utilized a two-plasmid system to produce .-daun-
osamine, the deoxyaminosugar of daunorubicin and doxo-
rubicin, in Streptomyces lividans (15).

[0278] Here we report the development of a single expres-
sion vector for the production of desosaminylated mac-
rolides in Strepfomyces. Desosamine was selected as the
sugar constituent, because it was believed that addition of
this single deoxysugar would be sufficient to confer anti-
bacterial activity upon macrolactones to which it was
attached. The expression vector was combined with a library
of existing PMS expression plasmids to produce several
novel glycosylated macrolide compounds in S. lividans,
providing the first examples in which both polyketide and
deoxysugar pathways have been placed in a single heter-
ologous host.

[0279] A. Material and Methods

[0280] (i) Strains, Culture Conditions, and DNA Manipu-
lation

[0281] DNA manipulation was performed in Escherichia
coli XL1-Blue (Stratagene) using standard protocols (16).
Bacillis subtilis was grown in LB at 37° C. PCR was
performed with Pfu polymerase (Stratagene) under condi-
tions recommended by the manufacturer. S. lividans K4-114
(17) was used as the host for expression of engineered PKS
and desosamine genes. S. lividans strains were maintained
on R2YE agar plates (18) with appropriate antibiotic selec-
tion. S. lividans protoplasts were transformed by the stan-
dard procedure (18) and transformants were selected using
1 ml of a 1 mg/ml thiostrepton and/or 1 ml of a 2 mg/ml
apramycin overlay on R2YE regeneration plates.

[0282] (ii) Construction of Expression Plasmids

[0283] Expression plasmid pKOS39-104 was constructed
as follows. The 6.0 kb Bgl II-Pst I fragment containing the
picromycin des VIII, des VII, desVI and desR (partial) genes
from cosmid pKOS23-26 (19) was subcloned into the Bgl
II-Pst I sites of pKOS39-98, a pUC19 derivative with a
redesigned multiple cloning site. The resulting plasmid,
pKOS39-100, contains a Pac I site upstream of the Bgl II site
which is used in a later cloning step. The 6 kb Sph I-Pst I
fragment containing the desI (partial), deslIl, desIII, desIV
and des V genes from pKOS23-26 was subcloned into the
Sph I-Pst I of pUC19 to make pKOS39-102. The remaining
3'-end of the desR gene and 5'-end of the desl gene were
PCR amplified from cosmid pKOS23-26 with the following
oligonucleotides (restriction sites shown in italics):

desR gene:

forward 5' -AGATGCATTTCTGGGATGCCGCCACGGA;
and
reverse 5' -CGTCTAGACGTCACCAGACGTTGACCGTG;

desI gene:
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-continued
forward 5'-TTTCTAGACGGTGGCCCGGAGGGAACATC;
and
reverse 5'-CGGAATTCCGCAGCTGGTCGGCGGCGCA.

[0284] The two PCR fragments were digested with Nsi
I-Xba I and Xba I-EcoR I, respectively, and ligated with Nsi
I-EcoR T digested Litmus 28 (New England Biolabs) to
obtain pKOS39-101B. The 6 kb Sph I-EcoR I fragment of
pKOS39-102 was inserted into pKOS39-101B to make
pKOS39-103. The 6.4 kb Nsi I-EcoR I fragment of
pKOS39-103 and the 6 kb Pac I-Pst I fragment of pKOS39-
100 were then ligated together with the 8.5 kb Pac I-EcoR
I fragment of pKOS39-44 (20), yielding the final expression
plasmid pKOS39-104. A restriction site and function map of
this plasmid is shown below.

Pacl 0.0

desVIII

desVII

int ¢ C31

attP

Sphl 15.4— pKOS039-104
oriT 20.80 Kb
Pst] 6.1,
Nhel 14.6 apr Xbal 6.2
Sphl 6.5

ori pUC18

EcoRI 12.3 desHI

desIV

BgellIl 10.9

[0285] (iii) Production and Analysis of Compounds

[0286] All stains were grown in 5 ml liquid R2YE medium
at 30° C. and analyzed following 5 days growth. For
bioconversion experiments, aglycones (~10 mg/liter) were
fed at the start of fermentation. Fermentation broth was
analyzed directly by liquid chromatography/mass spectrom-
etry (LC/MS) and evaporative light scattering detection
(ELSD) as previously described (20). An authentic sample
of narbomycin prepared from Streptomyces narbonensis
(19) was used to validate production of this compound. For
LC/MS analysis of strains containing PKS expression plas-
mids the cultures were extracted twice with 5 ml of ethyl
acetate/triethylamine (99:1), concentrated to dryness and
resuspended in 0.5 ml of acetonitrile.

[0287] (iv) Antibacterial Assays

[0288] Extracts prepared from the culture broths as above
were assayed for biological activity against. B. subfilis using
an agar plate diffusion method (see Example 9). Samples (5
ul) from each of the extracts were pipetted to sterile filter
disks, dried, and placed on an LB plate spread with 20 ul of
an overnight culture of B. subtilis. The plates were incubated
overnight at 37° C. to visualize zones of growth inhibition.
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[0289] B. Results

[0290] (i) Construction and Validation of a Desosamine
Expression System

[0291] The picromycin/methymycin (pik) gene cluster
from Streptomyces venezuelae (21) was chosen as the source
of desosamine biosynthetic genes rather than other available
clusters (i.e. erythromycin, oleandomycin, or megalomicin)
for several reasons. First, all of the genes required for
biosynthesis of TDP desosamine from glucose-1-phosphate,
a primary metabolite, as well as the desosaminyl transferase
are present in the pik cluster whereas one or more of the
genes are missing or not yet identified in each of the other
clusters. Second, the genes from the pik cluster are com-
prised in a single contiguous segment of DNA (the des
cluster), compared to those in other clusters which are
dispersed among other genes, facilitating cloning and plas-
mid construction. The organization of these genes in the
picromycin biosynthetic gene cluster is shown below, fol-
lowed by the depiction of the biosynthetic pathway.
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mycin, picromycin, and oleandomycin, causes inactivation
and provides self-resistance to these compounds which are
reactivated by a 13-glucosidase upon export (24, 25). S.
lividans is known to possess at least two such glucosyltrans-
ferases which inactivate erythromycin and picromycin by
the same mechanism (26). Therefore, it was important to
include this gene for expression in S. /ividans to produce
desosaminylated compounds without the glucose modifica-
tion.

[0294] The expression system used here was adopted from
the multi-vector system developed for separate expression of
erythromycin PKS, or 6-deoxyerythronolide B synthase
(DEBS), subunits in Streptomyces (4, 27, see also U.S. Pat.
No. 6,033,883). Plasmid pK0S39-104 contains the des
genes cloned in a single orientation under control of the actl
promoter and actll-44 activator. Since pK0S39-104 is a
derivative of pSET152 (28), it contains the phiC31-int-attP
loci for chromosomal integration in Streptomyces and can be
used in conjunction with the pRM5-based PKS expression

ikA kB . .
P 2 pikC pikD
desVIII desVII desVI desR desV desIV  deslIIl desIl desI
OH OH
O,
O
HO Destil Q DesIV N 0 DesVIII 0
—_— —_—
HO o HO — HO
OH OHOTDP OH o} OH
OPO; OTDP OTDP

(H3C)LN

OTDP

[0292] Third, the natural substrates for the desosaminyl
transferase from the pik gene cluster, narbonolide and
10-deoxymethynolide, are themselves aglycones; in each of
the other cases, desosamine is attached subsequent to addi-
tion of at least one other sugar. Furthermore, the difference
in macrolactone ring sizes between narbonolide and
10-deoxymethynolide (14 and 12 atoms, respectively) sug-
gests that the desosaminyl transferase from this cluster is
somewhat forgiving towards its polyketide substrate.

[0293] Seven genes in the des cluster, desl, desll, deslII,
deslV, desV, desVI, and des VIII, are presumed to be
responsible for the biosynthesis of TDP-D-desosamine (22).
Also present is the des VII gene encoding the glycosyltrans-
ferase. In addition to catalyzing the transfer of desosamine
to both 12- and 14-membered macrolactones, it has been
shown that DesVII is able to incorporate non-natural deox-
ysugar substrates (22, 23). The desR gene encodes a f-glu-
cosidase that removes a glucose residue attached to the C-2'
hydroxyl of desosamine (24). It is believed that the gluco-
sylation of desosamine containing macrolides like methy-

l Desl
DeslI

OTDP

@] DesVI O DesV R
S -
I N
OH OH o OH Oop
1

plasmid library (3; see also U.S. Pat. No. 5,672,491). S.
lividans K4114 was transformed with pKOS39-104 and
designated K39-22. Confirmation that this strain produced
TDP-D-desosamine was performed by feeding aglycones to
the strain and looking for the presence of desosaminylated
compounds by LC/MS analysis.

[0295] Four aglycones (10 mg/liter each) were fed to
liquid fermentations of S. /ividans K39-22: narbonolide and
10-deoxymethynolide, the natural substrates for DesVII,
3-keto-6-deoxyerythronolide B (dEB), and 6-dEB. Fermen-
tation broth from all four aglycone fed strains displayed
antibacterial activity against B. subtilis whereas S. lividans
K39-22 alone produced no detectable activity. LC/MS
analysis demonstrated that each of the corresponding des-
osaminylated compounds narbomycin, 10-deoxymethymy-
cin (YC17), 3-keto-5-O-desosaminyl-6-dEB, and 5-O-des-
osaminyl-6-dEB were produced. In each case, the parent ion
(M+H") of the expected compound was detected in addition
to a characteristic ion at 158 amu produced by the desos-
amine fragment. Production of narbomycin in the narbono-
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lide fed strain was further confirmed by comparison to
authentic narbomycin obtained from S. narbonensis. LC/MS
also revealed that a significant amount (50-90%) of the
aglycone remained unconverted in each of the samples.

[0296] These results established that the des expression
vector was functional and that the DesVII glycosyltrans-
ferase was able to glycosylate non-natural macrolactone
substrates. The bioassay results also confirmed that desos-
amine is sufficient to confer antibacterial activity to these
macrolactones. There were no 2'-O-glucosyl derivatives
detected, which indicates that the DesR glucosidase
included in pKOS39-104 was also operational, although
minor glucosylated products were putatively found in sub-
sequent experiments with the strain (see below).

[0297] (ii) Co-Expression of Desosamine and Aglycone
Pathways in S. lividans.

[0298] Although expression of both a modular polyketide
pathway and a deoxysugar pathway together in a heterolo-
gous host has not been reported, the bioconversion results
suggested that transformation of S. lividans K39-22 with
plasmids encoding macrolide PKSs would lead to produc-
tion of desosaminylated compounds. Plasmids encoding the
PKSs that, in S. lividans, produce the same four aglycones
used in the bioconversion studies were therefore trans-
formed into S. lividans K39-22. Plasmid pKOS39-86 con-
tains the picromycin/methymycin PKS and produces both
narbonolide and 10-deoxymethynolide (20). Plasmid
pKAO127 contains DEBS and produces 6-dEB (17). Plas-
mid pKOS39-18 contains DEBS with a modified terminal
module that produces 3-keto dB (20).

[0299] Culture broth from each of the transformed strains
displayed activity against B. subrfilis. LC/MS analysis as
above confirmed the presence of each of the expected
desosaminylated compounds as well as their aglycone pre-
cursors and minor amounts of the corresponding 2'-O-
glucosyl derivatives. The total yield of narbomycin and
10-deoxymethymycin in S. lividans K39-22/pK0S3986 was
approximately 1 mg/liter each and represents about a 20%
conversion of the total aglycone produced. Thus, although
both PKS and deoxysugar pathways function as expected,
complete glycosylation of even the natural substrates for
DesVII did not occur under these conditions. S. lividans
K39-22 contains a copy of the ermE macrolide resistance
gene, and no obvious growth defects were observed with
production of the biologically active compounds. These
results suggest that a limiting amount of TDP-desosamine is
being produced by the strain under these conditions.

[0300] (ii)) Production and Biological Screening of a
Glycosylated Macrolide Library

[0301] Over 50 PKS expression plasmids have been con-
structed and tested in using DEBS and other macrolide PKS
genes (3, 8, 20). These PKSs produce a variety of 14-mem-
bered macrolactones in which single or multiple carbon
centers have been altered. Each plasmid contains the same
pRMS5-based vector as above, providing a convenient oppor-
tunity to expand and diversify any existing aglycone library
by routine transformation of S. lividans K39-22. Because a
C-5 hydroxyl would be necessary for glycosylation, a subset
of 19 additional plasmids encoding PKSs that produce
compounds containing this functional group was selected
and tested. The desired desosaminylated polyketides would
theoretically possess antibiotic activity, and the transformed
strains can therefore be readily analyzed in a simple bioas-
say for production of glycosylated macrolides.
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[0302] All of the strains transformed and tested displayed
antimicrobial activity against B. subfilis. The presumed
structures of the desosamine containing compounds, based
on the structures of the aglycones produced by the PKS on
each plasmid, are shown below.
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[0303] Culture extracts from six of these stains (those
containing plasmids pKOS15-22, pKOS15-106, pKOS39-
20, pKOS1142, pKOS15-30, and pKOS2415) were exam-
ined by LC/MS and, in each case, the expected parent ion
was found along with the 158 amu desosamine fragment.
Two compounds were detected in the strain containing
pKOS15-106 with molecular weights corresponding to
3-hydroxy and 3-keto derivatives. This is consistent with
both aglycones being produced by plasmid pKOS15-109 in
S. lividans. Two compounds were also detected in the strain
with pKOS112, the predicted molecule, 5-O-desosaminyl-
10-desmethyl-6-dEB, and a putative dehydrated derivative
at carbons C-10 and C-11. Both aglycones were also pro-
duced when the plasmid was originally analyzed in S.
lividans K4-114 (3), although only the former was reported
at that time. As with the first set of plasmids tested, small
amounts of 2'-O-glucosylated derivatives could also be
detected in some of the culture extracts. The yields of the
desosamine containing compounds were too low to deter-
mine absolute titers (<1 mg/L) and, therefore, the relative
antibacterial activity of the compounds could not be deter-
mined from these assays.
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[0304] C. Discussion

[0305] This example demonstrates that a minimal set of
seven genes (desl, II, III, IV, V, VI, VIII) is sufficient for
biosynthesis of TDP-desosamine from glucose-1-phosphate
in S. lividans. The apparent low abundance of TDP-desos-
amine in the engineered host could be due either to the
availability of glucose-1-phosphate in this host or to poor
expression of the sugar biosynthesis and/or transferase
genes. Alternatively, it is interesting to note that narbonolide
and 10-deoxymethynolide are present in the natural picro-
mycin/methymycin producing organism, S. venezuelae, and
could therefore reflect that one or more of the enzymes from
the des cluster is relatively inefficient. One can increase the
amount of TDP-desosamine either by increasing expression
levels of these genes and/or by complementing one or more
of the enzymes in the pathway with homologs from other
clusters such as erythromycin or oleandomycin.

[0306] Expression of the minimal desosamine biosynthe-
sis genes together with the DesVII desosaminyltransferase
in S. lividans has enabled the production of more than 20
glycosylated macrolides with detectable antibacterial activ-
ity. The structures of the macrolides that were glycosylated
highlight both the remarkable substrate tolerance of the
DesVII glycosyltransferase as well as the ability of desos-
amine to impart biological activity to structurally diverse
macrolactones. In addition to their antibacterial properties
the desosamine containing compounds presented here may
possess additional biological properties that are associated
with erythromycin and other macrolides, including motilin
antagonism and anti-inflammatory activities. Furthermore,
the demonstration by others that DesVII and other glyco-
syltransferases can also tolerate modifications of the sugar
substituent (22, 23, 29) opens the door to manipulation of
both polyketide and deoxysugar pathways for the production
of ‘unnatural’ natural product libraries.
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[0336] The invention having now been described by way
of written description and example, those of skill in the art
will recognize that the invention can be practiced in a variety
of embodiments and that the foregoing description and
examples are for purposes of illustration and not limitation
of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 39

<210> SEQ ID NO 1

<211> LENGTH: 4551

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 1

Met Ser Thr Val Ser Lys Ser Glu Ser Glu Glu Phe Val Ser Val Ser
1 5 10 15

Asn Asp Ala Gly Ser Ala His Gly Thr Ala Glu Pro Val Ala Vval Vval

20 25 30
Gly Ile Ser Cys Arg Val Pro Gly Ala Arg Asp Pro Arg Glu Phe Trp
35 40 45
Glu Leu Leu Ala Ala Gly Gly Gln Ala Val Thr Asp Val Pro Ala Asp
50 55 60

Arg Trp Asn Ala Gly Asp Phe Tyr Asp Pro Asp Arg Ser Ala Pro Gly
65 70 75 80

Arg Ser Asn Ser Arg Trp Gly Gly Phe Ile Glu Asp Val Asp Arg Phe

85 90 95
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Asp Ala Ala Phe Phe Gly Ile Ser Pro Arg Glu Ala Ala Glu Met Asp
100 105 110

Pro Gln Gln Arg Leu Ala Leu Glu Leu Gly Trp Glu Ala Leu Glu Arg
115 120 125

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

Ala Gly Ala Ile Trp Asp Asp Tyr Ala Thr Leu Lys His Arg Gln Gly
145 150 155 160

Gly Ala Ala Ile Thr Pro His Thr Val Thr Gly Leu His Arg Gly Ile
165 170 175

Ile Ala Asn Arg Leu Ser Tyr Thr Leu Gly Leu Arg Gly Pro Ser Met
180 185 190

Val Val Asp Ser Gly Gln Ser Ser Ser Leu Val Ala Val His Leu Ala
195 200 205

Cys Glu Ser Leu Arg Arg Gly Glu Ser Glu Leu Ala Leu Ala Gly Gly
210 215 220

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

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

Asn Gly Tyr Val Arg Gly Glu Gly Gly Gly Phe Val Val Leu Lys Arg
260 265 270

Leu Ser Arg Ala Val Ala Asp Gly Asp Pro Val Leu Ala Val Ile Arg
275 280 285

Gly Ser Ala Val Asn Asn Gly Gly Ala Ala Gln Gly Met Thr Thr Pro
290 295 300

Asp Ala Gln Ala Gln Glu Ala Val Leu Arg Glu Ala His Glu Arg Ala
305 310 315 320

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

Thr Pro Val Gly Asp Pro Ile Glu Ala Ala Ala Leu Gly Ala Ala Leu
340 345 350

Gly Thr Gly Arg Pro Ala Gly Gln Pro Leu Leu Val Gly Ser Val Lys
355 360 365

Thr Asn Ile Gly His Leu Glu Gly Ala Ala Gly Ile Ala Gly Leu Ile
370 375 380

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

Tyr Glu Thr Pro Asn Pro Ala Ile Pro Phe Glu Glu Leu Asn Leu Arg
405 410 415

Val Asn Thr Glu Tyr Leu Pro Trp Glu Pro Glu His Asp Gly Gln Arg
420 425 430

Met Val Val Gly Val Ser Ser Phe Gly Met Gly Gly Thr Asn Ala His
435 440 445

Val Val Leu Glu Glu Ala Pro Gly Val Val Glu Gly Ala Ser Val Val
450 455 460

Glu Ser Thr Val Gly Gly Ser Ala Val Gly Gly Gly Val Val Pro Trp
465 470 475 480

Val Val Ser Ala Lys Ser Ala Ala Ala Leu Asp Ala Gln Ile Glu Arg
485 490 495
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Leu Ala Ala Phe Ala Ser Arg Asp Arg Thr Asp Gly Val Asp Ala Gly
500 505 510

Ala Val Asp Ala Gly Ala Val Asp Ala Gly Ala Val Ala Arg Val Leu
515 520 525

Ala Gly Gly Arg Ala Gln Phe Glu His Arg Ala Val val Val Gly Ser
530 535 540

Gly Pro Asp Asp Leu Ala Ala Ala Leu Ala Ala Pro Glu Gly Leu Val
545 550 555 560

Arg Gly Val Ala Ser Gly Val Gly Arg Val Ala Phe Val Phe Pro Gly
565 570 575

Gln Gly Thr Gln Trp Ala Gly Met Gly Ala Glu Leu Leu Asp Ser Ser
580 585 590

Ala Val Phe Ala Ala Ala Met Ala Glu Cys Glu Ala Ala Leu Ser Pro
595 600 605

Tyr Val Asp Trp Ser Leu Glu Ala Val Val Arg Gln Ala Pro Gly Ala
610 615 620

Pro Thr Leu Glu Arg Val Asp Val Val Gln Pro Val Thr Phe Ala Val
625 630 635 640

Met Val Ser Leu Ala Arg Val Trp Gln His His Gly Val Thr Pro Gln
645 650 655

Ala Val Vval Gly His Ser Gln Gly Glu Ile Ala Ala Ala Tyr Val Ala
660 665 670

Gly Ala Leu Ser Leu Asp Asp Ala Ala Arg Val Val Thr Leu Arg Ser
675 680 685

Lys Ser Ile Ala Ala His Leu Ala Gly Lys Gly Gly Met Leu Ser Leu
690 695 700

Ala Leu Ser Glu Asp Ala Val Leu Glu Arg Leu Ala Gly Phe Asp Gly
705 710 715 720

Leu Ser Val Ala Ala Val Asn Gly Pro Thr Ala Thr Val Val Ser Gly
725 730 735

Asp Pro Val Gln Ile Glu Glu Leu Ala Arg Ala Cys Glu Ala Asp Gly
740 745 750

Val Arg Ala Arg Val Ile Pro Val Asp Tyr Ala Ser His Ser Arg Gln
755 760 765

Val Glu Ile Ile Glu Ser Glu Leu Ala Glu Val Leu Ala Gly Leu Ser
770 775 780

Pro Gln Ala Pro Arg Val Pro Phe Phe Ser Thr Leu Glu Gly Ala Trp
785 790 795 800

Ile Thr Glu Pro Val Leu Asp Gly Gly Tyr Trp Tyr Arg Asn Leu Arg
805 810 815

His Arg Val Gly Phe Ala Pro Ala Val Glu Thr Leu Ala Thr Asp Glu
820 825 830

Gly Phe Thr His Phe Val Glu Val Ser Ala His Pro Val Leu Thr Met
835 840 845

Ala Leu Pro Gly Thr Val Thr Gly Leu Ala Thr Leu Arg Arg Asp Asn
850 855 860

Gly Gly Gln Asp Arg Leu Val Ala Ser Leu Ala Glu Ala Trp Ala Asn
865 870 875 880

Gly Leu Ala Val Asp Trp Ser Pro Leu Leu Pro Ser Ala Thr Gly His
885 890 895

His Ser Asp Leu Pro Thr Tyr Ala Phe Gln Thr Glu Arg His Trp Leu



US 2005/0026244 Al Feb. 3, 2005
67
-continued
900 905 910

Gly Glu Ile Glu Ala Leu Ala Pro Ala Gly Glu Pro Ala Val Gln Pro
915 920 925

Ala Val Leu Arg Thr Glu Ala Ala Glu Pro Ala Glu Leu Asp Arg Asp
930 935 940

Glu Gln Leu Arg Val Ile Leu Asp Lys Val Arg Ala Gln Thr Ala Gln
945 950 955 960

Val Leu Gly Tyr Ala Thr Gly Gly Gln Ile Glu Val Asp Arg Thr Phe
965 970 975

Arg Glu Ala Gly Cys Thr Ser Leu Thr Gly Val Asp Leu Arg Asn Arg
980 985 990

Ile Asn Ala Ala Phe Gly Val Arg Met Ala Pro Ser Met Ile Phe Asp
995 1000 1005

Phe Pro Thr Pro Glu Ala Leu Ala Glu Gln Leu Leu Leu Val Val His
1010 1015 1020

Gly Glu Ala Ala Ala Asn Pro Ala Gly Ala Glu Pro Ala Pro Val Ala
1025 1030 1035 1040

Ala Ala Gly Ala Val Asp Glu Pro Val Ala Ile Val Gly Met Ala Cys
1045 1050 1055

Arg Leu Pro Gly Gly Val Ala Ser Pro Glu Asp Leu Trp Arg Leu Val
1060 1065 1070

Ala Gly Gly Gly Asp Ala Ile Ser Glu Phe Pro Gln Asp Arg Gly Trp
1075 1080 1085

Asp Val Glu Gly Leu Tyr His Pro Asp Pro Glu His Pro Gly Thr Ser
1090 1095 1100

Tyr Val Arg Gln Gly Gly Phe Ile Glu Asn Val Ala Gly Phe Asp Ala
1105 1110 1115 1120

Ala Phe Phe Gly Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro Gln
1125 1130 1135

Gln Arg Leu Leu Leu Glu Thr Ser Trp Glu Ala Val Glu Asp Ala Gly
1140 1145 1150

Ile Asp Pro Thr Ser Leu Arg Gly Arg Gln Val Gly Val Phe Thr Gly
1155 1160 1165

Ala Met Thr His Glu Tyr Gly Pro Ser Leu Arg Asp Gly Gly Glu Gly
1170 1175 1180

Leu Asp Gly Tyr Leu Leu Thr Gly Asn Thr Ala Ser Val Met Ser Gly
1185 1190 1195 1200

Arg Val Ser Tyr Thr Leu Gly Leu Glu Gly Pro Ala Leu Thr Val Asp
1205 1210 1215

Thr Ala Cys Ser Ser Ser Leu Val Ala Leu His Leu Ala Val Gln Ala
1220 1225 1230

Leu Arg Lys Gly Glu Val Asp Met Ala Leu Ala Gly Gly Val Ala Val
1235 1240 1245

Met Pro Thr Pro Gly Met Phe Val Glu Phe Ser Arg Gln Arg Gly Leu
1250 1255 1260

Ala Gly Asp Gly Arg Ser Lys Ala Phe Ala Ala Ser Ala Asp Gly Thr
1265 1270 1275 1280

Ser Trp Ser Glu Gly Val Gly Val Leu Leu Val Glu Arg Leu Ser Asp
1285 1290 1295

Ala Arg Arg Asn Gly His Gln Val Leu Ala Val Val Arg Gly Ser Ala
1300 1305 1310
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Val Asn Gln Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn Gly Pro
1315 1320 1325

Ser Gln Gln Arg Val Ile Arg Arg Ala Leu Ala Asp Ala Arg Leu Thr
1330 1335 1340

Thr Ser Asp Val Asp Val Val Glu Ala His Gly Thr Gly Thr Arg Leu
1345 1350 1355 1360

Gly Asp Pro Ile Glu Ala Gln Ala Leu Ile Ala Thr Tyr Gly Gln Gly
1365 1370 1375

Arg Asp Asp Glu Gln Pro Leu Arg Leu Gly Ser Leu Lys Ser Asn Ile
1380 1385 1390

Gly His Thr Gln Ala Ala Ala Gly Val Ser Gly Val Ile Lys Met Val
1395 1400 1405

Gln Ala Met Arg His Gly Leu Leu Pro Lys Thr Leu His Val Asp Glu
1410 1415 1420

Pro Ser Asp Gln Ile Asp Trp Ser Ala Gly Ala Val Glu Leu Leu Thr
1425 1430 1435 1440

Glu Ala Val Asp Trp Pro Glu Lys Gln Asp Gly Gly Leu Arg Arg Ala
1445 1450 1455

Ala Val Ser Ser Phe Gly Ile Ser Gly Thr Asn Ala His Val Val Leu
1460 1465 1470

Glu Glu Ala Pro Val Val Val Glu Gly Ala Ser Val Val Glu Pro Ser
1475 1480 1485

Val Gly Gly Ser Ala Val Gly Gly Gly Val Thr Pro Trp Val Val Ser
1490 1495 1500

Ala Lys Ser Ala Ala Ala Leu Asp Ala Gln Ile Glu Arg Leu Ala Ala
1505 1510 1515 1520

Phe Ala Ser Arg Asp Arg Thr Asp Asp Ala Asp Ala Gly Ala Val Asp
1525 1530 1535

Ala Gly Ala Val Ala His Val Leu Ala Asp Gly Arg Ala Gln Phe Glu
1540 1545 1550

His Arg Ala Val Ala Leu Gly Ala Gly Ala Asp Asp Leu Val Gln Ala
1555 1560 1565

Leu Ala Asp Pro Asp Gly Leu Ile Arg Gly Thr Ala Ser Gly Val Gly
1570 1575 1580

Arg Val Ala Phe Val Phe Pro Gly Gln Gly Thr Gln Trp Ala Gly Met
1585 1590 1595 1600

Gly Ala Glu Leu Leu Asp Ser Ser Ala Val Phe Ala Ala Ala Met Ala
1605 1610 1615

Glu Cys Glu Ala Ala Leu Ser Pro Tyr Val Asp Trp Ser Leu Glu Ala
1620 1625 1630

Val Val Arg Gln Ala Pro Gly Ala Pro Thr Leu Glu Arg Val Asp Val
1635 1640 1645

Val Gln Pro Val Thr Phe Ala Val Met Val Ser Leu Ala Arg Val Trp
1650 1655 1660

Gln His His Gly Val Thr Pro Gln Ala Val Val Gly His Ser Gln Gly
1665 1670 1675 1680

Glu Ile Ala Ala Ala Tyr Val Ala Gly Ala Leu Pro Leu Asp Asp Ala
1685 1690 1695

Ala Arg Val Val Thr Leu Arg Ser Lys Ser Ile Ala Ala His Leu Ala
1700 1705 1710
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Gly Lys Gly Gly Met Leu Ser Leu Ala Leu Asn Glu Asp Ala Val Leu
1715 1720 1725

Glu Arg Leu Ser Asp Phe Asp Gly Leu Ser Val Ala Ala Val Asn Gly
1730 1735 1740

Pro Thr Ala Thr Val Val Ser Gly Asp Pro Val Gln Ile Glu Glu Leu
1745 1750 1755 1760

Ala Gln Ala Cys Lys Ala Asp Gly Phe Arg Ala Arg Ile Ile Pro Val
1765 1770 1775

Asp Tyr Ala Ser His Ser Arg Gln Val Glu Ile Ile Glu Ser Glu Leu
1780 1785 1790

Ala Gln Val Leu Ala Gly Leu Ser Pro Gln Ala Pro Arg Val Pro Phe
1795 1800 1805

Phe Ser Thr Leu Glu Gly Thr Trp Ile Thr Glu Pro Val Leu Asp Gly
1810 1815 1820

Thr Tyr Trp Tyr Arg Asn Leu Arg His Arg Val Gly Phe Ala Pro Ala
1825 1830 1835 1840

Ile Glu Thr Leu Ala Val Asp Glu Gly Phe Thr His Phe Val Glu Val
1845 1850 1855

Ser Ala His Pro Val Leu Thr Met Thr Leu Pro Glu Thr Vval Thr Gly
1860 1865 1870

Leu Gly Thr Leu Arg Arg Glu Gln Gly Gly Gln Glu Arg Leu Val Thr
1875 1880 1885

Ser Leu Ala Glu Ala Trp Val Asn Gly Leu Pro Val Ala Trp Thr Ser
1890 1895 1900

Leu Leu Pro Ala Thr Ala Ser Arg Pro Gly Leu Pro Thr Tyr Ala Phe
1905 1910 1915 1920

Gln Ala Glu Arg Tyr Trp Leu Glu Asn Thr Pro Ala Ala Leu Ala Thr
1925 1930 1935

Gly Asp Asp Trp Arg Tyr Arg Ile Asp Trp Lys Arg Leu Pro Ala Ala
1940 1945 1950

Glu Gly Ser Glu Arg Thr Gly Leu Ser Gly Arg Trp Leu Ala Val Thr
1955 1960 1965

Pro Glu Asp His Ser Ala Gln Ala Ala Ala Val Leu Thr Ala Leu Val
1970 1975 1980

Asp Ala Gly Ala Lys Val Glu Val Leu Thr Ala Gly Ala Asp Asp Asp
1985 1990 1995 2000

Arg Glu Ala Leu Ala Ala Arg Leu Thr Ala Leu Thr Thr Gly Asp Gly
2005 2010 2015

Phe Thr Gly Val Val Ser Leu Leu Asp Gly Leu Val Pro Gln Val Ala
2020 2025 2030

Trp Val Gln Ala Leu Gly Asp Ala Gly Ile Lys Ala Pro Leu Trp Ser
2035 2040 2045

Val Thr Gln Gly Ala Val Ser Val Gly Arg Leu Asp Thr Pro Ala Asp
2050 2055 2060

Pro Asp Arg Ala Met Leu Trp Gly Leu Gly Arg Val Val Ala Leu Glu
2065 2070 2075 2080

His Pro Glu Arg Trp Ala Gly Leu Val Asp Leu Pro Ala Gln Pro Asp
2085 2090 2095

Ala Ala Ala Leu Ala His Leu Val Thr Ala Leu Ser Gly Ala Thr Gly
2100 2105 2110

Glu Asp Gln Ile Ala Ile Arg Thr Thr Gly Leu His Ala Arg Arg Leu
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2115 2120 2125

Ala Arg Ala Pro Leu His Gly Arg Arg Pro Thr Arg Asp Trp Gln Pro
2130 2135 2140

His Gly Thr Val Leu Ile Thr Gly Gly Thr Gly Ala Leu Gly Ser His
2145 2150 2155 2160

Ala Ala Arg Trp Met Ala His His Gly Ala Glu His Leu Leu Leu Val
2165 2170 2175

Ser Arg Ser Gly Glu Gln Ala Pro Gly Ala Thr Gln Leu Thr Ala Glu
2180 2185 2190

Leu Thr Ala Ser Gly Ala Arg Val Thr Ile Ala Ala Cys Asp Val Ala
2195 2200 2205

Asp Pro His Ala Met Arg Thr Leu Leu Asp Ala Ile Pro Ala Glu Thr
2210 2215 2220

Pro Leu Thr Ala Val Val His Thr Ala Gly Ala Leu Asp Asp Gly Ile
2225 2230 2235 2240

Val Asp Thr Leu Thr Ala Glu Gln Val Arg Arg Ala His Arg Ala Lys
2245 2250 2255

Ala Val Gly Ala Ser Val Leu Asp Glu Leu Thr Arg Asp Leu Asp Leu
2260 2265 2270

Asp Ala Phe Val Leu Phe Ser Ser Val Ser Ser Thr Leu Gly Ile Pro
2275 2280 2285

Gly Gln Gly Asn Tyr Ala Pro His Asn Ala Tyr Leu Asp Ala Leu Ala
2290 2295 2300

Ala Arg Arg Arg Ala Thr Gly Arg Ser Ala Val Ser Val Ala Trp Gly
2305 2310 2315 2320

Pro Trp Asp Gly Gly Gly Met Ala Ala Gly Asp Gly Val Ala Glu Arg
2325 2330 2335

Leu Arg Asn His Gly Val Pro Gly Met Asp Pro Glu Leu Ala Leu Ala
2340 2345 2350

Ala Leu Glu Ser Ala Leu Gly Arg Asp Glu Thr Ala Ile Thr Val Ala
2355 2360 2365

Asp Ile Asp Trp Asp Arg Phe Tyr Leu Ala Tyr Ser Ser Gly Arg Pro
2370 2375 2380

Gln Pro Leu Val Glu Glu Leu Pro Glu Val Arg Arg Ile Ile Asp Ala
2385 2390 2395 2400

Arg Asp Ser Ala Thr Ser Gly Gln Gly Gly Ser Ser Ala Gln Gly Ala
2405 2410 2415

Asn Pro Leu Ala Glu Arg Leu Ala Ala Ala Ala Pro Gly Glu Arg Thr
2420 2425 2430

Glu Ile Leu Leu Gly Leu Val Arg Ala Gln Ala Ala Ala Val Leu Arg
2435 2440 2445

Met Arg Ser Pro Glu Asp Val Ala Ala Asp Arg Ala Phe Lys Asp Ile
2450 2455 2460

Gly Phe Asp Ser Leu Ala Gly Val Glu Leu Arg Asn Arg Leu Thr Arg
2465 2470 2475 2480

Ala Thr Gly Leu Gln Leu Pro Ala Thr Leu Val Phe Asp His Pro Thr
2485 2490 2495

Pro Leu Ala Leu Val Ser Leu Leu Arg Ser Glu Phe Leu Gly Asp Glu
2500 2505 2510

Glu Thr Ala Asp Ala Arg Arg Ser Ala Ala Leu Pro Ala Thr Val Gly
2515 2520 2525
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Ala Gly Ala Gly Ala Gly Ala Gly Thr Asp Ala Asp Asp Asp Pro Ile
2530 2535 2540

Ala Ile Val Ala Met Ser Cys Arg Tyr Pro Gly Asp Ile Arg Ser Pro
2545 2550 2555 2560

Glu Asp Leu Trp Arg Met Leu Ser Glu Gly Gly Glu Gly Ile Thr Pro
2565 2570 2575

Phe Pro Thr Asp Arg Gly Trp Asp Leu Asp Gly Leu Tyr Asp Ala Asp
2580 2585 2590

Pro Asp Ala Leu Gly Arg Ala Tyr Val Arg Glu Gly Gly Phe Leu His
2595 2600 2605

Asp Ala Ala Glu Phe Asp Ala Glu Phe Phe Gly Val Ser Pro Arg Glu
2610 2615 2620

Ala Leu Ala Met Asp Pro Gln Gln Arg Met Leu Leu Thr Thr Ser Trp
2625 2630 2635 2640

Glu Ala Phe Glu Arg Ala Gly Ile Glu Pro Ala Ser Leu Arg Gly Ser
2645 2650 2655

Ser Thr Gly Val Phe Ile Gly Leu Ser Tyr Gln Asp Tyr Ala Ala Arg
2660 2665 2670

Val Pro Asn Ala Pro Arg Gly Val Glu Gly Tyr Leu Leu Thr Gly Ser
2675 2680 2685

Thr Pro Ser Val Ala Ser Gly Arg Ile Ala Tyr Thr Phe Gly Leu Glu
2690 2695 2700

Gly Pro Ala Thr Thr Val Asp Thr Ala Cys Ser Ser Ser Leu Thr Ala
2705 2710 2715 2720

Leu His Leu Ala Val Arg Ala Leu Arg Ser Gly Glu Cys Thr Met Ala
2725 2730 2735

Leu Ala Gly Gly Val Ala Met Met Ala Thr Pro His Met Phe Val Glu
2740 2745 2750

Phe Ser Arg Gln Arg Ala Leu Ala Pro Asp Gly Arg Ser Lys Ala Phe
2755 2760 2765

Ser Ala Asp Ala Asp Gly Phe Gly Ala Ala Glu Gly Val Gly Leu Leu
2770 2775 2780

Leu Val Glu Arg Leu Ser Asp Ala Arg Arg Asn Gly His Pro Val Leu
2785 2790 2795 2800

Ala Val Val Arg Gly Thr Ala Val Asn Gln Asp Gly Ala Ser Asn Gly
2805 2810 2815

Leu Thr Ala Pro Asn Gly Pro Ser Gln Gln Arg Val Ile Arg Gln Ala
2820 2825 2830

Leu Ala Asp Ala Arg Leu Ala Pro Gly Asp Ile Asp Ala Val Glu Thr
2835 2840 2845

His Gly Thr Gly Thr Ser Leu Gly Asp Pro Ile Glu Ala Gln Gly Leu
2850 2855 2860

Gln Ala Thr Tyr Gly Lys Glu Arg Pro Ala Glu Arg Pro Leu Ala Ile
2865 2870 2875 2880

Gly Ser Val Lys Ser Asn Ile Gly His Thr Gln Ala Ala Ala Gly Ala
2885 2890 2895

Ala Gly Ile Ile Lys Met Val Leu Ala Met Arg His Gly Thr Leu Pro
2900 2905 2910

Lys Thr Leu His Ala Asp Glu Pro Ser Pro His Val Asp Trp Ala Asn
2915 2920 2925
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Ser Gly Leu Ala Leu Val Thr Glu Pro Ile Asp Trp Pro Ala Gly Thr
2930 2935 2940

Gly Pro Arg Arg Ala Ala Val Ser Ser Phe Gly Ile Ser Gly Thr Asn
2945 2950 2955 2960

Ala His Val Val Leu Glu Gln Ala Pro Asp Ala Ala Gly Glu Val Leu
2965 2970 2975

Gly Ala Asp Glu Val Pro Glu Val Ser Glu Thr Val Ala Met Ala Gly
2980 2985 2990

Thr Ala Gly Thr Ser Glu Val Ala Glu Gly Ser Glu Ala Ser Glu Ala
2995 3000 3005

Pro Ala Ala Pro Gly Ser Arg Glu Ala Ser Leu Pro Gly His Leu Pro
3010 3015 3020

Trp Val Leu Ser Ala Lys Asp Glu Gln Ser Leu Arg Gly Gln Ala Ala
3025 3030 3035 3040

Ala Leu His Ala Trp Leu Ser Glu Pro Ala Ala Asp Leu Ser Asp Ala
3045 3050 3055

Asp Gly Pro Ala Arg Leu Arg Asp Val Gly Tyr Thr Leu Ala Thr Ser
3060 3065 3070

Arg Thr Ala Phe Ala His Arg Ala Ala Val Thr Ala Ala Asp Arg Asp
3075 3080 3085

Gly Phe Leu Asp Gly Leu Ala Thr Leu Ala Gln Gly Gly Thr Ser Ala
3090 3095 3100

His Val His Leu Asp Thr Ala Arg Asp Gly Thr Thr Ala Phe Leu Phe
3105 3110 3115 3120

Thr Gly Gln Gly Ser Gln Arg Pro Gly Ala Gly Arg Glu Leu Tyr Asp
3125 3130 3135

Arg His Pro Val Phe Ala Arg Ala Leu Asp Glu Ile Cys Ala His Leu
3140 3145 3150

Asp Gly His Leu Glu Leu Pro Leu Leu Asp Val Met Phe Ala Ala Glu
3155 3160 3165

Gly Ser Ala Glu Ala Ala Leu Leu Asp Glu Thr Arg Tyr Thr Gln Cys
3170 3175 3180

Ala Leu Phe Ala Leu Glu Val Ala Leu Phe Arg Leu Val Glu Ser Trp
3185 3190 3195 3200

Gly Met Arg Pro Ala Ala Leu Leu Gly His Ser Val Gly Glu Ile Ala
3205 3210 3215

Ala Ala His Val Ala Gly Val Phe Ser Leu Ala Asp Ala Ala Arg Leu
3220 3225 3230

Val Ala Ala Arg Gly Arg Leu Met Gln Glu Leu Pro Ala Gly Gly Ala
3235 3240 3245

Met Leu Ala Val Gln Ala Ala Glu Asp Glu Ile Arg Val Trp Leu Glu
3250 3255 3260

Thr Glu Glu Arg Tyr Ala Gly Arg Leu Asp Val Ala Ala Val Asn Gly
3265 3270 3275 3280

Pro Glu Ala Ala Val Leu Ser Gly Asp Ala Asp Ala Ala Arg Glu Ala
3285 3290 3295

Glu Ala Tyr Trp Ser Gly Leu Gly Arg Arg Thr Arg Ala Leu Arg Val
3300 3305 3310

Ser His Ala Phe His Ser Ala His Met Asp Gly Met Leu Asp Gly Phe
3315 3320 3325

Arg Ala Val Leu Glu Thr Val Glu Phe Arg Arg Pro Ser Leu Thr Val
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3330 3335 3340

Val Ser Asn Val Thr Gly Leu Ala Ala Gly Pro Asp Asp Leu Cys Asp
3345 3350 3355 3360

Pro Glu Tyr Trp Val Arg His Val Arg Gly Thr Val Arg Phe Leu Asp
3365 3370 3375

Gly Val Arg Val Leu Arg Asp Leu Gly Val Arg Thr Cys Leu Glu Leu
3380 3385 3390

Gly Pro Asp Gly Val Leu Thr Ala Met Ala Ala Asp Gly Leu Ala Asp
3395 3400 3405

Thr Pro Ala Asp Ser Ala Ala Gly Ser Pro Val Gly Ser Pro Ala Gly
3410 3415 3420

Ser Pro Ala Asp Ser Ala Ala Gly Ala Leu Arg Pro Arg Pro Leu Leu
3425 3430 3435 3440

Val Ala Leu Leu Arg Arg Lys Arg Ser Glu Thr Glu Thr Val Ala Asp
3445 3450 3455

Ala Leu Gly Arg Ala His Ala His Gly Thr Gly Pro Asp Trp His Ala
3460 3465 3470

Trp Phe Ala Gly Ser Gly Ala His Arg Val Asp Leu Pro Thr Tyr Ser
3475 3480 3485

Phe Arg Arg Asp Arg Tyr Trp Leu Asp Ala Pro Ala Ala Asp Thr Ala
3490 3495 3500

Val Asp Thr Ala Gly Leu Gly Leu Gly Thr Ala Asp His Pro Leu Leu
3505 3510 3515 3520

Gly Ala Val Val Ser Leu Pro Asp Arg Asp Gly Leu Leu Leu Thr Gly
3525 3530 3535

Arg Leu Ser Leu Arg Thr His Pro Trp Leu Ala Asp His Ala Val Leu
3540 3545 3550

Gly Ser Val Leu Leu Pro Gly Ala Ala Met Val Glu Leu Ala Ala His
3555 3560 3565

Ala Ala Glu Ser Ala Gly Leu Arg Asp Val Arg Glu Leu Thr Leu Leu
3570 3575 3580

Glu Pro Leu Val Leu Pro Glu His Gly Gly Val Glu Leu Arg Val Thr
3585 3590 3595 3600

Val Gly Ala Pro Ala Gly Glu Pro Gly Gly Glu Ser Ala Gly Asp Gly
3605 3610 3615

Ala Arg Pro Val Ser Leu His Ser Arg Leu Ala Asp Ala Pro Ala Gly
3620 3625 3630

Thr Ala Trp Ser Cys His Ala Thr Gly Leu Leu Ala Thr Asp Arg Pro
3635 3640 3645

Glu Leu Pro Val Ala Pro Asp Arg Ala Ala Met Trp Pro Pro Gln Gly
3650 3655 3660

Ala Glu Glu Val Pro Leu Asp Gly Leu Tyr Glu Arg Leu Asp Gly Asn
3665 3670 3675 3680

Gly Leu Ala Phe Gly Pro Leu Phe Gln Gly Leu Asn Ala Val Trp Arg
3685 3690 3695

Tyr Glu Gly Glu Val Phe Ala Asp Ile Ala Leu Pro Ala Thr Thr Asn
3700 3705 3710

Ala Thr Ala Pro Ala Thr Ala Asn Gly Gly Gly Ser Ala Ala Ala Ala
3715 3720 3725

Pro Tyr Gly Ile His Pro Ala Leu Leu Asp Ala Ser Leu His Ala Ile
3730 3735 3740
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Ala Val Gly Gly Leu Val Asp Glu Pro Glu Leu Val Arg Val Pro Phe
3745 3750 3755 3760

His Trp Ser Gly Val Thr Vval His Ala Ala Gly Ala Ala Ala Ala Arg
3765 3770 3775

Val Arg Leu Ala Ser Ala Gly Thr Asp Ala Val Ser Leu Ser Leu Thr
3780 3785 3790

Asp Gly Glu Gly Arg Pro Leu Val Ser Val Glu Arg Leu Thr Leu Arg
3795 3800 3805

Pro Val Thr Ala Asp Gln Ala Ala Ala Ser Arg Val Gly Gly Leu Met
3810 3815 3820

His Arg Val Ala Trp Arg Pro Tyr Ala Leu Ala Ser Ser Gly Glu Gln
3825 3830 3835 3840

Asp Pro His Ala Thr Ser Tyr Gly Pro Thr Ala Val Leu Gly Lys Asp
3845 3850 3855

Glu Leu Lys Val Ala Ala Ala Leu Glu Ser Ala Gly Val Glu Val Gly
3860 3865 3870

Leu Tyr Pro Asp Leu Ala Ala Leu Ser Gln Asp Val Ala Ala Gly Ala
3875 3880 3885

Pro Ala Pro Arg Thr Val Leu Ala Pro Leu Pro Ala Gly Pro Ala Asp
3890 3895 3900

Gly Gly Ala Glu Gly Val Arg Gly Thr Val Ala Arg Thr Leu Glu Leu
3905 3910 3915 3920

Leu Gln Ala Trp Leu Ala Asp Glu His Leu Ala Gly Thr Arg Leu Leu
3925 3930 3935

Leu Val Thr Arg Gly Ala Val Arg Asp Pro Glu Gly Ser Gly Ala Asp
3940 3945 3950

Asp Gly Gly Glu Asp Leu Ser His Ala Ala Ala Trp Gly Leu Val Arg
3955 3960 3965

Thr Ala Gln Thr Glu Asn Pro Gly Arg Phe Gly Leu Leu Asp Leu Ala
3970 3975 3980

Asp Asp Ala Ser Ser Tyr Arg Thr Leu Pro Ser Val Leu Ser Asp Ala
3985 3990 3995 4000

Gly Leu Arg Asp Glu Pro Gln Leu Ala Leu His Asp Gly Thr Ile Arg
4005 4010 4015

Leu Ala Arg Leu Ala Ser Val Arg Pro Glu Thr Gly Thr Ala Ala Pro
4020 4025 4030

Ala Leu Ala Pro Glu Gly Thr Val Leu Leu Thr Gly Gly Thr Gly Gly
4035 4040 4045

Leu Gly Gly Leu Val Ala Arg His Val Val Gly Glu Trp Gly Val Arg
4050 4055 4060

Arg Leu Leu Leu Val Ser Arg Arg Gly Thr Asp Ala Pro Gly Ala Asp
4065 4070 4075 4080

Glu Leu Val His Glu Leu Glu Ala Leu Gly Ala Asp Val Ser Val Ala
4085 4090 4095

Ala Cys Asp Val Ala Asp Arg Glu Ala Leu Thr Ala Val Leu Asp Ala
4100 4105 4110

Ile Pro Ala Glu His Pro Leu Thr Ala Val Val His Thr Ala Gly Vval
4115 4120 4125

Leu Ser Asp Gly Thr Leu Pro Ser Met Thr Thr Glu Asp Val Glu His
4130 4135 4140
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Val Leu Arg Pro Lys Val Asp Ala Ala Phe Leu Leu Asp Glu Leu Thr
4145 4150 4155 4160

Ser Thr Pro Ala Tyr Asp Leu Ala Ala Phe Val Met Phe Ser Ser Ala
4165 4170 4175

Ala Ala Val Phe Gly Gly Ala Gly Gln Gly Ala Tyr Ala Ala Ala Asn
4180 4185 4190

Ala Thr Leu Asp Ala Leu Ala Trp Arg Arg Arg Ala Ala Gly Leu Pro
4195 4200 4205

Ala Leu Ser Leu Gly Trp Gly Leu Trp Ala Glu Thr Ser Gly Met Thr
4210 4215 4220

Gly Glu Leu Gly Gln Ala Asp Leu Arg Arg Met Ser Arg Ala Gly Ile
4225 4230 4235 4240

Gly Gly Ile Ser Asp Ala Glu Gly Ile Ala Leu Leu Asp Ala Ala Leu
4245 4250 4255

Arg Asp Asp Arg His Pro Val Leu Leu Pro Leu Arg Leu Asp Ala Ala
4260 4265 4270

Gly Leu Arg Asp Ala Ala Gly Asn Asp Pro Ala Gly Ile Pro Ala Leu
4275 4280 4285

Phe Arg Asp Val Val Gly Ala Arg Thr Val Arg Ala Arg Pro Ser Ala
4290 4295 4300

Ala Ser Ala Ser Thr Thr Ala Gly Thr Ala Gly Thr Pro Gly Thr Ala
4305 4310 4315 4320

Asp Gly Ala Ala Glu Thr Ala Ala Val Thr Leu Ala Asp Arg Ala Ala
4325 4330 4335

Thr Val Asp Gly Pro Ala Arg Gln Arg Leu Leu Leu Glu Phe Val Val
4340 4345 4350

Gly Glu Val Ala Glu Val Leu Gly His Ala Arg Gly His Arg Ile Asp
4355 4360 4365

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

Glu Leu Arg Asn Arg Leu Asn Ser Ala Gly Gly Leu Ala Leu Pro Ala
4385 4390 4395 4400

Thr Leu Val Phe Asp His Pro Ser Pro Ala Ala Leu Ala Ser His Leu
4405 4410 4415

Asp Ala Glu Leu Pro Arg Gly Ala Ser Asp Gln Asp Gly Ala Gly Asn
4420 4425 4430

Arg Asn Gly Asn Glu Asn Gly Thr Thr Ala Ser Arg Ser Thr Ala Glu
4435 4440 4445

Thr Asp Ala Leu Leu Ala Gln Leu Thr Arg Leu Glu Gly Ala Leu Val
4450 4455 4460

Leu Thr Gly Leu Ser Asp Ala Pro Gly Ser Glu Glu Val Leu Glu His
4465 4470 4475 4480

Leu Arg Ser Leu Arg Ser Met Val Thr Gly Glu Thr Gly Thr Gly Thr
4485 4490 4495

Ala Ser Gly Ala Pro Asp Gly Ala Gly Ser Gly Ala Glu Asp Arg Pro
4500 4505 4510

Trp Ala Ala Gly Asp Gly Ala Gly Gly Gly Ser Glu Asp Gly Ala Gly
4515 4520 4525

Val Pro Asp Phe Met Asn Ala Ser Ala Glu Glu Leu Phe Gly Leu Leu
4530 4535 4540

Asp Gln Asp Pro Ser Thr Asp
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4545 4550

<210> SEQ ID NO 2

<211> LENGTH: 3739

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 2

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

Thr Ala Asp Leu His Glu Ala Arg Gly Arg Leu Arg Glu Leu Glu Ala
20 25 30

Lys Ala Gly Glu Pro Val Ala Ile Val Gly Met Ala Cys Arg Leu Pro
35 40 45

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

Glu Asp Ala Ile Ser Glu Phe Pro Gln Asp Arg Gly Trp Asp Val Glu
65 70 75 80

Gly Leu Tyr Asp Pro Asn Pro Glu Ala Thr Gly Lys Ser Tyr Ala Arg
Glu Ala Gly Phe Leu Tyr Glu Ala Gly Glu Phe Asp Ala Asp Phe Phe
100 105 110

Gly Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro Gln Gln Arg Leu
115 120 125

Leu Leu Glu Ala Ser Trp Glu Ala Phe Glu His Ala Gly Ile Pro Ala
130 135 140

Ala Thr Ala Arg Gly Thr Ser Val Gly Val Phe Thr Gly Val Met Tyr
145 150 155 160

His Asp Tyr Ala Thr Arg Leu Thr Asp Val Pro Glu Gly Ile Glu Gly
165 170 175

Tyr Leu Gly Thr Gly Asn Ser Gly Ser Val Ala Ser Gly Arg Val Ala
180 185 190

Tyr Thr Leu Gly Leu Glu Gly Pro Ala Val Thr Val Asp Thr Ala Cys
195 200 205

Ser Ser Ser Leu Val Ala Leu His Leu Ala Val Gln Ala Leu Arg Lys
210 215 220

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

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

Gly Arg Ser Lys Ser Phe Ser Ser Thr Ala Asp Gly Thr Ser Trp Ser
260 265 270

Glu Gly Val Gly Val Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg
275 280 285

Lys Gly His Arg Ile Leu Ala Val Val Arg Gly Thr Ala Val Asn Gln
290 295 300

Asp Gly Ala Ser Ser Gly Leu Thr Ala Pro Asn Gly Pro Ser Gln Gln
305 310 315 320

Arg Val Ile Arg Arg Ala Leu Ala Asp Ala Arg Leu Thr Thr Ser Asp
325 330 335

Val Asp Val Val Glu Ala His Gly Thr Gly Thr Arg Leu Gly Asp Pro
340 345 350
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Ile Glu Ala Gln Ala Val Ile Ala Thr Tyr Gly Gln Gly Arg Asp Gly
355 360 365

Glu Gln Pro Leu Arg Leu Gly Ser Leu Lys Ser Asn Ile Gly His Thr
370 375 380

Gln Ala Ala Ala Gly Val Ser Gly Val Ile Lys Met Val Gln Ala Met
385 390 395 400

Arg His Gly Val Leu Pro Lys Thr Leu His Val Glu Lys Pro Thr Asp
405 410 415

Gln Val Asp Trp Ser Ala Gly Ala Val Glu Leu Leu Thr Glu Ala Met
420 425 430

Asp Trp Pro Asp Lys Gly Asp Gly Gly Leu Arg Arg Ala Ala Val Ser
435 440 445

Ser Phe Gly Val Ser Gly Thr Asn Ala His Val Val Leu Glu Glu Ala
450 455 460

Pro Ala Ala Glu Glu Thr Pro Ala Ser Glu Ala Thr Pro Ala Val Glu
465 470 475 480

Pro Ser Val Gly Ala Gly Leu Val Pro Trp Leu Val Ser Ala Lys Thr
485 490 495

Pro Ala Ala Leu Asp Ala Gln Ile Gly Arg Leu Ala Ala Phe Ala Ser
500 505 510

Gln Gly Arg Thr Asp Ala Ala Asp Pro Gly Ala Val Ala Arg Val Leu
515 520 525

Ala Gly Gly Arg Ala Glu Phe Glu His Arg Ala Val Val Leu Gly Thr
530 535 540

Gly Gln Asp Asp Phe Ala Gln Ala Leu Thr Ala Pro Glu Gly Leu Ile
545 550 555 560

Arg Gly Thr Pro Ser Asp Val Gly Arg Val Ala Phe Val Phe Pro Gly
565 570 575

Gln Gly Thr Gln Trp Ala Gly Met Gly Ala Glu Leu Leu Asp Val Ser
580 585 590

Lys Glu Phe Ala Ala Ala Met Ala Glu Cys Glu Ser Ala Leu Ser Arg
595 600 605

Tyr Val Asp Trp Ser Leu Glu Ala Val Val Arg Gln Ala Pro Gly Ala
610 615 620

Pro Thr Leu Glu Arg Val Asp Val Val Gln Pro Val Thr Phe Ala Val
625 630 635 640

Met Val Ser Leu Ala Lys Val Trp Gln His His Gly Val Thr Pro Gln
645 650 655

Ala Val Vval Gly His Ser Gln Gly Glu Ile Ala Ala Ala Tyr Val Ala
660 665 670

Gly Ala Leu Thr Leu Asp Asp Ala Ala Arg Val Val Thr Leu Arg Ser
675 680 685

Lys Ser Ile Ala Ala His Leu Ala Gly Lys Gly Gly Met Ile Ser Leu
690 695 700

Ala Leu Ser Glu Glu Ala Thr Arg Gln Arg Ile Glu Asn Leu His Gly
705 710 715 720

Leu Ser Ile Ala Ala Val Asn Gly Pro Thr Ala Thr Val Val Ser Gly
725 730 735

Asp Pro Thr Gln Ile Gln Glu Leu Ala Gln Ala Cys Glu Ala Asp Gly
740 745 750

Val Arg Ala Arg Ile Ile Pro Val Asp Tyr Ala Ser His Ser Ala His
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755 760 765

Val Glu Thr Ile Glu Ser Glu Leu Ala Glu Val Leu Ala Gly Leu Ser
770 775 780

Pro Arg Thr Pro Glu Val Pro Phe Phe Ser Thr Leu Glu Gly Ala Trp
785 790 795 800

Ile Thr Glu Pro Val Leu Asp Gly Thr Tyr Trp Tyr Arg Asn Leu Arg
805 810 815

His Arg Val Gly Phe Ala Pro Ala Val Glu Thr Leu Ala Thr Asp Glu
820 825 830

Gly Phe Thr His Phe Ile Glu Val Ser Ala His Pro Val Leu Thr Met
835 840 845

Thr Leu Pro Glu Thr Val Thr Gly Leu Gly Thr Leu Arg Arg Glu Gln
850 855 860

Gly Gly Gln Glu Arg Leu Val Thr Ser Leu Ala Glu Ala Trp Thr Asn
865 870 875 880

Gly Leu Thr Ile Asp Trp Ala Pro Val Leu Pro Thr Ala Thr Gly His
885 890 895

His Pro Glu Leu Pro Thr Tyr Ala Phe Gln Arg Arg His Tyr Trp Leu
900 905 910

His Asp Ser Pro Ala Val Gln Gly Ser Val Gln Asp Ser Trp Arg Tyr
915 920 925

Arg Ile Asp Trp Lys Arg Leu Ala Val Ala Asp Ala Ser Glu Arg Ala
930 935 940

Gly Leu Ser Gly Arg Trp Leu Val Val Val Pro Glu Asp Arg Ser Ala
945 950 955 960

Glu Ala Ala Pro Val Leu Ala Ala Leu Ser Gly Ala Gly Ala Asp Pro
965 970 975

Val Gln Leu Asp Val Ser Pro Leu Gly Asp Arg Gln Arg Leu Ala Ala
980 985 990

Thr Leu Gly Glu Ala Leu Ala Ala Ala Gly Gly Ala Val Asp Gly Val
995 1000 1005

Leu Ser Leu Leu Ala Trp Asp Glu Ser Ala His Pro Gly His Pro Ala
1010 1015 1020

Pro Phe Thr Arg Gly Thr Gly Ala Thr Leu Thr Leu Val Gln Ala Leu
1025 1030 1035 1040

Glu Asp Ala Gly Val Ala Ala Pro Leu Trp Cys Val Thr His Gly Ala
1045 1050 1055

Val Ser Val Gly Arg Ala Asp His Val Thr Ser Pro Ala Gln Ala Met
1060 1065 1070

Val Trp Gly Met Gly Arg Val Ala Ala Leu Glu His Pro Glu Arg Trp
1075 1080 1085

Gly Gly Leu Ile Asp Leu Pro Ser Asp Ala Asp Arg Ala Ala Leu Asp
1090 1095 1100

Arg Met Thr Thr Val Leu Ala Gly Gly Thr Gly Glu Asp Gln Val Ala
1105 1110 1115 1120

Val Arg Ala Ser Gly Leu Leu Ala Arg Arg Leu Val Arg Ala Ser Leu
1125 1130 1135

Pro Ala His Gly Thr Ala Ser Pro Trp Trp Gln Ala Asp Gly Thr Val
1140 1145 1150

Leu Val Thr Gly Ala Glu Glu Pro Ala Ala Ala Glu Ala Ala Arg Arg
1155 1160 1165
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Leu Ala Arg Asp Gly Ala Gly His Leu Leu Leu His Thr Thr Pro Ser
1170 1175 1180

Gly Ser Glu Gly Ala Glu Gly Thr Ser Gly Ala Ala Glu Asp Ser Gly
1185 1190 1195 1200

Leu Ala Gly Leu Val Ala Glu Leu Ala Asp Leu Gly Ala Thr Ala Thr
1205 1210 1215

Val Val Thr Cys Asp Leu Thr Asp Ala Glu Ala Ala Ala Arg Leu Leu
1220 1225 1230

Ala Gly Val Ser Asp Ala His Pro Leu Ser Ala Val Leu His Leu Pro
1235 1240 1245

Pro Thr Val Asp Ser Glu Pro Leu Ala Ala Thr Asp Ala Asp Ala Leu
1250 1255 1260

Ala Arg Val Val Thr Ala Lys Ala Thr Ala Ala Leu His Leu Asp Arg
1265 1270 1275 1280

Leu Leu Arg Glu Ala Ala Ala Ala Gly Gly Arg Pro Pro Val Leu Val
1285 1290 1295

Leu Phe Ser Ser Val Ala Ala Ile Trp Gly Gly Ala Gly Gln Gly Ala
1300 1305 1310

Tyr Ala Ala Gly Thr Ala Phe Leu Asp Ala Leu Ala Gly Gln His Arg
1315 1320 1325

Ala Asp Gly Pro Thr Val Thr Ser Val Ala Trp Ser Pro Trp Glu Gly
1330 1335 1340

Ser Arg Val Thr Glu Gly Ala Thr Gly Glu Arg Leu Arg Arg Leu Gly
1345 1350 1355 1360

Leu Arg Pro Leu Ala Pro Ala Thr Ala Leu Thr Ala Leu Asp Thr Ala
1365 1370 1375

Leu Gly His Gly Asp Thr Ala Val Thr Ile Ala Asp Val Asp Trp Ser
1380 1385 1390

Ser Phe Ala Pro Gly Phe Thr Thr Ala Arg Pro Gly Thr Leu Leu Ala
1395 1400 1405

Asp Leu Pro Glu Ala Arg Arg Ala Leu Asp Glu Gln Gln Ser Thr Thr
1410 1415 1420

Ala Ala Asp Asp Thr Val Leu Ser Arg Glu Leu Gly Ala Leu Thr Gly
1425 1430 1435 1440

Ala Glu Gln Gln Arg Arg Met Gln Glu Leu Val Arg Glu His Leu Ala
1445 1450 1455

Val Val Leu Asn His Pro Ser Pro Glu Ala Val Asp Thr Gly Arg Ala
1460 1465 1470

Phe Arg Asp Leu Gly Phe Asp Ser Leu Thr Ala Val Glu Leu Arg Asn
1475 1480 1485

Arg Leu Lys Asn Ala Thr Gly Leu Ala Leu Pro Ala Thr Leu Val Phe
1490 1495 1500

Asp Tyr Pro Thr Pro Arg Thr Leu Ala Glu Phe Leu Leu Ala Glu Ile
1505 1510 1515 1520

Leu Gly Glu Gln Ala Gly Ala Gly Glu Gln Leu Pro Val Asp Gly Gly
1525 1530 1535

Val Asp Asp Glu Pro Val Ala Ile Val Gly Met Ala Cys Arg Leu Pro
1540 1545 1550

Gly Gly Val Ala Ser Pro Glu Asp Leu Trp Arg Leu Val Ala Gly Gly
1555 1560 1565
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Glu Asp Ala Ile Ser Gly Phe Pro Gln Asp Arg Gly Trp Asp Val Glu
1570 1575 1580

Gly Leu Tyr Asp Pro Asp Pro Asp Ala Ser Gly Arg Thr Tyr Cys Arg
1585 1590 1595 1600

Ala Gly Gly Phe Leu Asp Glu Ala Gly Glu Phe Asp Ala Asp Phe Phe
1605 1610 1615

Gly Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro Gln Gln Arg Leu
1620 1625 1630

Leu Leu Glu Thr Ser Trp Glu Ala Val Glu Asp Ala Gly Ile Asp Pro
1635 1640 1645

Thr Ser Leu Gln Gly Gln Gln Val Gly Val Phe Ala Gly Thr Asn Gly
1650 1655 1660

Pro His Tyr Glu Pro Leu Leu Arg Asn Thr Ala Glu Asp Leu Glu Gly
1665 1670 1675 1680

Tyr Val Gly Thr Gly Asn Ala Ala Ser Ile Met Ser Gly Arg Val Ser
1685 1690 1695

Tyr Thr Leu Gly Leu Glu Gly Pro Ala Val Thr Val Asp Thr Ala Cys
1700 1705 1710

Ser Ser Ser Leu Val Ala Leu His Leu Ala Val Gln Ala Leu Arg Lys
1715 1720 1725

Gly Glu Cys Gly Leu Ala Leu Ala Gly Gly Val Thr Val Met Ser Thr
1730 1735 1740

Pro Thr Thr Phe Val Glu Phe Ser Arg Gln Arg Gly Leu Ala Glu Asp
1745 1750 1755 1760

Gly Arg Ser Lys Ala Phe Ala Ala Ser Ala Asp Gly Phe Gly Pro Ala
1765 1770 1775

Glu Gly Val Gly Met Leu Leu Val Glu Arg Leu Ser Asp Ala Arg Arg
1780 1785 1790

Asn Gly His Arg Val Leu Ala Val Val Arg Gly Ser Ala Val Asn Gln
1795 1800 1805

Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro Asn Gly Pro Ser Gln Gln
1810 1815 1820

Arg Val Ile Arg Arg Ala Leu Ala Asp Ala Arg Leu Thr Thr Ala Asp
1825 1830 1835 1840

Val Asp Val Val Glu Ala His Gly Thr Gly Thr Arg Leu Gly Asp Pro
1845 1850 1855

Ile Glu Ala Gln Ala Leu Ile Ala Thr Tyr Gly Gln Gly Arg Asp Thr
1860 1865 1870

Glu Gln Pro Leu Arg Leu Gly Ser Leu Lys Ser Asn Ile Gly His Thr
1875 1880 1885

Gln Ala Ala Ala Gly Val Ser Gly Ile Ile Lys Met Val Gln Ala Met
1890 1895 1900

Arg His Gly Val Leu Pro Lys Thr Leu His Val Asp Arg Pro Ser Asp
1905 1910 1915 1920

Gln Ile Asp Trp Ser Ala Gly Thr Val Glu Leu Leu Thr Glu Ala Met
1925 1930 1935

Asp Trp Pro Arg Lys Gln Glu Gly Gly Leu Arg Arg Ala Ala Val Ser
1940 1945 1950

Ser Phe Gly Ile Ser Gly Thr Asn Ala His Ile Val Leu Glu Glu Ala
1955 1960 1965

Pro Val Asp Glu Asp Ala Pro Ala Asp Glu Pro Ser Val Gly Gly Val
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1970 1975 1980

Val Pro Trp Leu Val Ser Ala Lys Thr Pro Ala Ala Leu Asp Ala Gln
1985 1990 1995 2000

Ile Gly Arg Leu Ala Ala Phe Ala Ser Gln Gly Arg Thr Asp Ala Ala
2005 2010 2015

Asp Pro Gly Ala Val Ala Arg Val Leu Ala Gly Gly Arg Ala Gln Phe
2020 2025 2030

Glu His Arg Ala Val Ala Leu Gly Thr Gly Gln Asp Asp Leu Ala Ala
2035 2040 2045

Ala Leu Ala Ala Pro Glu Gly Leu Val Arg Gly Val Ala Ser Gly Val
2050 2055 2060

Gly Arg Val Ala Phe Val Phe Pro Gly Gln Gly Thr Gln Trp Ala Gly
2065 2070 2075 2080

Met Gly Ala Glu Leu Leu Asp Val Ser Lys Glu Phe Ala Ala Ala Met
2085 2090 2095

Ala Glu Cys Glu Ala Ala Leu Ala Pro Tyr Val Asp Trp Ser Leu Glu
2100 2105 2110

Ala Val Val Arg Gln Ala Pro Gly Ala Pro Thr Leu Glu Arg Val Asp
2115 2120 2125

Val Val Gln Pro Val Thr Phe Ala Val Met Val Ser Leu Ala Lys Val
2130 2135 2140

Trp Gln His His Gly Val Thr Pro Gln Ala Val Val Gly His Ser Gln
2145 2150 2155 2160

Gly Glu Ile Ala Ala Ala Tyr Val Ala Gly Ala Leu Ser Leu Asp Asp
2165 2170 2175

Ala Ala Arg Val Val Thr Leu Arg Ser Lys Ser Ile Gly Ala His Leu
2180 2185 2190

Ala Gly Gln Gly Gly Met Leu Ser Leu Ala Leu Ser Glu Ala Ala Val
2195 2200 2205

Val Glu Arg Leu Ala Gly Phe Asp Gly Leu Ser Val Ala Ala Val Asn
2210 2215 2220

Gly Pro Thr Ala Thr Val Val Ser Gly Asp Pro Thr Gln Ile Gln Glu
2225 2230 2235 2240

Leu Ala Gln Ala Cys Glu Ala Asp Gly Val Arg Ala Arg Ile Ile Pro
2245 2250 2255

Val Asp Tyr Ala Ser His Ser Ala His Val Glu Thr Ile Glu Ser Glu
2260 2265 2270

Leu Ala Asp Val Leu Ala Gly Leu Ser Pro Gln Thr Pro Gln Val Pro
2275 2280 2285

Phe Phe Ser Thr Leu Glu Gly Ala Trp Ile Thr Glu Pro Ala Leu Asp
2290 2295 2300

Gly Gly Tyr Trp Tyr Arg Asn Leu Arg His Arg Val Gly Phe Ala Pro
2305 2310 2315 2320

Ala Val Glu Thr Leu Ala Thr Asp Glu Gly Phe Thr His Phe Val Glu
2325 2330 2335

Val Ser Ala His Pro Val Leu Thr Met Ala Leu Pro Glu Thr Val Thr
2340 2345 2350

Gly Leu Gly Thr Leu Arg Arg Asp Asn Gly Gly Gln His Arg Leu Thr
2355 2360 2365

Thr Ser Leu Ala Glu Ala Trp Ala Asn Gly Leu Thr Val Asp Trp Ala
2370 2375 2380
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Ser Leu Leu Pro Thr Thr Thr Thr His Pro Asp Leu Pro Thr Tyr Ala
2385 2390 2395 2400

Phe Gln Thr Glu Arg Tyr Trp Pro Gln Pro Asp Leu Ser Ala Ala Gly
2405 2410 2415

Asp Ile Thr Ser Ala Gly Leu Gly Ala Ala Glu His Pro Leu Leu Gly
2420 2425 2430

Ala Ala Val Ala Leu Ala Asp Ser Asp Gly Cys Leu Leu Thr Gly Ser
2435 2440 2445

Leu Ser Leu Arg Thr His Pro Trp Leu Ala Asp His Ala Val Ala Gly
2450 2455 2460

Thr Val Leu Leu Pro Gly Thr Ala Phe Val Glu Leu Ala Phe Arg Ala
2465 2470 2475 2480

Gly Asp Gln Val Gly Cys Asp Leu Val Glu Glu Leu Thr Leu Asp Ala
2485 2490 2495

Pro Leu Val Leu Pro Arg Arg Gly Ala Val Arg Val Gln Leu Ser Val
2500 2505 2510

Gly Ala Ser Asp Glu Ser Gly Arg Arg Thr Phe Gly Leu Tyr Ala His
2515 2520 2525

Pro Glu Asp Ala Pro Gly Glu Ala Glu Trp Thr Arg His Ala Thr Gly
2530 2535 2540

Val Leu Ala Ala Arg Ala Asp Arg Thr Ala Pro Val Ala Asp Pro Glu
2545 2550 2555 2560

Ala Trp Pro Pro Pro Gly Ala Glu Pro Val Asp Val Asp Gly Leu Tyr
2565 2570 2575

Glu Arg Phe Ala Ala Asn Gly Tyr Gly Tyr Gly Pro Leu Phe Gln Gly
2580 2585 2590

Val Arg Gly Val Trp Arg Arg Gly Asp Glu Val Phe Ala Asp Val Ala
2595 2600 2605

Leu Pro Ala Glu Val Ala Gly Ala Glu Gly Ala Arg Phe Gly Leu His
2610 2615 2620

Pro Ala Leu Leu Asp Ala Ala Val Gln Ala Ala Gly Ala Gly Gly Ala
2625 2630 2635 2640

Phe Gly Ala Gly Thr Arg Leu Pro Phe Ala Trp Ser Gly Ile Ser Leu
2645 2650 2655

Tyr Ala Val Gly Ala Thr Ala Leu Arg Val Arg Leu Ala Pro Ala Gly
2660 2665 2670

Pro Asp Thr Val Ser Val Ser Ala Ala Asp Ser Ser Gly Gln Pro Val
2675 2680 2685

Phe Ala Ala Asp Ser Leu Thr Val Leu Pro Val Asp Pro Ala Gln Leu
2690 2695 2700

Ala Ala Phe Ser Asp Pro Thr Leu Asp Ala Leu His Leu Leu Glu Trp
2705 2710 2715 2720

Thr Ala Trp Asp Gly Ala Ala Gln Ala Leu Pro Gly Ala Val Val Leu
2725 2730 2735

Gly Gly Asp Ala Asp Gly Leu Ala Ala Ala Leu Arg Ala Gly Gly Thr
2740 2745 2750

Glu Val Leu Ser Phe Pro Asp Leu Thr Asp Leu Val Glu Ala Val Asp
2755 2760 2765

Arg Gly Glu Thr Pro Ala Pro Ala Thr Val Leu Val Ala Cys Pro Ala
2770 2775 2780
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Ala Gly Pro Gly Gly Pro Glu His Val Arg Glu Ala Leu His Gly Ser
2785 2790 2795 2800

Leu Ala Leu Met Gln Ala Trp Leu Ala Asp Glu Arg Phe Thr Asp Gly
2805 2810 2815

Arg Leu Val Leu Val Thr Arg Asp Ala Val Ala Ala Arg Ser Gly Asp
2820 2825 2830

Gly Leu Arg Ser Thr Gly Gln Ala Ala Val Trp Gly Leu Gly Arg Ser
2835 2840 2845

Ala Gln Thr Glu Ser Pro Gly Arg Phe Val Leu Leu Asp Leu Ala Gly
2850 2855 2860

Glu Ala Arg Thr Ala Gly Asp Ala Thr Ala Gly Asp Gly Leu Thr Thr
2865 2870 2875 2880

Gly Asp Ala Thr Val Gly Gly Thr Ser Gly Asp Ala Ala Leu Gly Ser
2885 2890 2895

Ala Leu Ala Thr Ala Leu Gly Ser Gly Glu Pro Gln Leu Ala Leu Arg
2900 2905 2910

Asp Gly Ala Leu Leu Val Pro Arg Leu Ala Arg Ala Ala Ala Pro Ala
2915 2920 2925

Ala Ala Asp Gly Leu Ala Ala Ala Asp Gly Leu Ala Ala Leu Pro Leu
2930 2935 2940

Pro Ala Ala Pro Ala Leu Trp Arg Leu Glu Pro Gly Thr Asp Gly Ser
2945 2950 2955 2960

Leu Glu Ser Leu Thr Ala Ala Pro Gly Asp Ala Glu Thr Leu Ala Pro
2965 2970 2975

Glu Pro Leu Gly Pro Gly Gln Val Arg Ile Ala Ile Arg Ala Thr Gly
2980 2985 2990

Leu Asn Phe Arg Asp Val Leu Ile Ala Leu Gly Met Tyr Pro Asp Pro
2995 3000 3005

Ala Leu Met Gly Thr Glu Gly Ala Gly Val Val Thr Ala Thr Gly Pro
3010 3015 3020

Gly Val Thr His Leu Ala Pro Gly Asp Arg Val Met Gly Leu Leu Ser
3025 3030 3035 3040

Gly Ala Tyr Ala Pro Val Val Val Ala Asp Ala Arg Thr Val Ala Arg
3045 3050 3055

Met Pro Glu Gly Trp Thr Phe Ala Gln Gly Ala Ser Val Pro Val Val
3060 3065 3070

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

Gly Glu Arg Leu Leu Val His Ser Ala Ala Gly Gly Val Gly Met Ala
3090 3095 3100

Ala Val Gln Leu Ala Arg His Trp Gly Val Glu Val His Gly Thr Ala
3105 3110 3115 3120

Ser His Gly Lys Trp Asp Ala Leu Arg Ala Leu Gly Leu Asp Asp Ala
3125 3130 3135

His Ile Ala Ser Ser Arg Thr Leu Asp Phe Glu Ser Ala Phe Arg Ala
3140 3145 3150

Ala Ser Gly Gly Ala Gly Met Asp Val Val Leu Asn Ser Leu Ala Arg
3155 3160 3165

Glu Phe Val Asp Ala Ser Leu Arg Leu Leu Gly Pro Gly Gly Arg Phe
3170 3175 3180

Val Glu Met Gly Lys Thr Asp Val Arg Asp Ala Glu Arg Val Ala Ala
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3185 3190 3195 3200

Asp His Pro Gly Val Gly Tyr Arg Ala Phe Asp Leu Gly Glu Ala Gly
3205 3210 3215

Pro Glu Arg Ile Gly Glu Met Leu Ala Glu Val Ile Ala Leu Phe Glu
3220 3225 3230

Asp Gly Val Leu Arg His Leu Pro Val Thr Thr Trp Asp Val Arg Arg
3235 3240 3245

Ala Arg Asp Ala Phe Arg His Val Ser Gln Ala Arg His Thr Gly Lys
3250 3255 3260

Val Val Leu Thr Met Pro Ser Gly Leu Asp Pro Glu Gly Thr Val Leu
3265 3270 3275 3280

Leu Thr Gly Gly Thr Gly Ala Leu Gly Gly Ile Val Ala Arg His Val
3285 3290 3295

Val Gly Glu Trp Gly Val Arg Arg Leu Leu Leu Val Ser Arg Arg Gly
3300 3305 3310

Thr Asp Ala Pro Gly Ala Gly Glu Leu Val His Glu Leu Glu Ala Leu
3315 3320 3325

Gly Ala Asp Val Ser Val Ala Ala Cys Asp Val Ala Asp Arg Glu Ala
3330 3335 3340

Leu Thr Ala Val Leu Asp Ser Ile Pro Ala Glu His Pro Leu Thr Ala
3345 3350 3355 3360

Val val His Thr Ala Gly Val Leu Ser Asp Gly Thr Leu Pro Ser Met
3365 3370 3375

Thr Ala Glu Asp Val Glu His Val Leu Arg Pro Lys Val Asp Ala Ala
3380 3385 3390

Phe Leu Leu Asp Glu Leu Thr Ser Thr Pro Gly Tyr Asp Leu Ala Ala
3395 3400 3405

Phe Val Met Phe Ser Ser Ala Ala Ala Val Phe Gly Gly Ala Gly Gln
3410 3415 3420

Gly Ala Tyr Ala Ala Ala Asn Ala Thr Leu Asp Ala Leu Ala Trp Arg
3425 3430 3435 3440

Arg Arg Thr Ala Gly Leu Pro Ala Leu Ser Leu Gly Trp Gly Leu Trp
3445 3450 3455

Ala Glu Thr Ser Gly Met Thr Gly Gly Leu Ser Asp Thr Asp Arg Ser
3460 3465 3470

Arg Leu Ala Arg Ser Gly Ala Thr Pro Met Asp Ser Glu Leu Thr Leu
3475 3480 3485

Ser Leu Leu Asp Ala Ala Met Arg Arg Asp Asp Pro Ala Leu Val Pro
3490 3495 3500

Ile Ala Leu Asp Val Ala Ala Leu Arg Ala Gln Gln Arg Asp Gly Met
3505 3510 3515 3520

Leu Ala Pro Leu Leu Ser Gly Leu Thr Arg Gly Ser Arg Val Gly Gly
3525 3530 3535

Ala Pro Val Asn Gln Arg Arg Ala Ala Ala Gly Gly Ala Gly Glu Ala
3540 3545 3550

Asp Thr Asp Leu Gly Gly Arg Leu Ala Ala Met Thr Pro Asp Asp Arg
3555 3560 3565

Val Ala His Leu Arg Asp Leu Val Arg Thr His Val Ala Thr Val Leu
3570 3575 3580

Gly His Gly Thr Pro Ser Arg Val Asp Leu Glu Arg Ala Phe Arg Asp
3585 3590 3595 3600
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Thr Gly Phe Asp Ser Leu Thr Ala Val Glu Leu Arg Asn Arg Leu Asn

Ala

Thr

Ala

Ala Thr Asp Arg Gln Thr Thr Ala Ala Leu Ala Glu

3665 3670

Glu Gly Val Leu Ala Ser Leu Ala Pro Ala Ala Gly

Leu Ala Ala Arg Leu Arg Ala Leu Ala Ala Ala Leu

Asp Asp Ala Thr Asp Leu Asp Glu Ala Ser

Phe Ile Asp Lys Glu Leu Gly Asp Ser Asp

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

<400>

Met

1

Ala

Thr

Gly

Asp

65

Leu

Gly

Ile

Leu

Ala

145

Gly

Gly

Ala

Cys

3605

Ala Thr Gly Leu Arg
3620

Pro Gly Glu Leu Ala
3635

Gly Gly Ser Trp Ala
3650

3685

3700

3715

3730

SEQ ID NO 3
LENGTH: 1562
TYPE: PRT

SEQUENCE: 3

Ala Asn Asn Glu

5

Asp

Glu Gln

20

Leu Gln Asn

Glu
35

His Pro Val Ala

Val
50

Ala Ser Pro Glu

Ala Ile Glu Phe

70

Ser

Tyr Asp Pro Asp Pro

85
Phe His

Gly Leu

100

Asp

Pro Glu Ala

115

Ser Arg

Thr
130

Thr Ala Trp Glu

Leu Lys Gly Ser Gly

150
Thr Ser Gln

Tyr Gly

165

Val
180

His Leu Ser Gly

Val
195

Tyr Leu Gly Thr

Ser Ser Ser Leu Val

3610

Leu Pro Ala Thr Leu
3625

Gly His Leu Leu Asp
3640

Glu Gly Thr Gly Ser
3655

3675

3690

3705

Asp
3720

Phe
3735

ORGANISM: Streptomyces venezuelae

Lys Leu Arg Asp

10

Tyr

Thr Arg Arg Leu

25

Arg

Ile Val

40

Gly Met Ala

Asp Leu Gln Leu

55

Trp

Pro Gln Asp Arg Gly

75
Ala Ser

Asp Gly

90

Arg

Ala Glu

105

Gly Phe Asp

Ala
120

Leu Met Asp Pro

Ala
135

Ile Glu Ser Ala

Val Phe Val

155

Leu Gly

Thr Thr Ala Val

170

Gln

Ala Ala Leu Phe

185

Gly

Asp Gly Pro Ala Leu

200

Ala Leu His Leu Ala

3615

Val Phe Asp His Pro

3630

Glu Leu Ala Thr
3645

Ala

Gly Asp Thr Ala
3660

Ser

Leu
3680

Leu Asp Arg

Gly Arg Pro Glu
3695

Gly Asp Asp Gly
3710

Asp Asp Leu Phe Ser

3725

Leu Lys Arg Val Thr

Glu Ile Glu

30

Gly Arg

Cys Arg Leu Pro

45

Gly

Val
60

Ala Gly Asp Gly

Trp Asp Val Glu Gly

80

Thr Tyr Cys Arg Ser

95
Ala Phe
110

Asp Phe Gly

Gln Gln

125

Arg Leu Ser

Gly Ile Pro Thr

140

Asp

Thr
160

Gly Gly Trp His

Glu Leu Glu

175

Ser Pro

Leu Ser Gly Ile

190

Arg

Thr Val

205

Asp Thr Ala

Val Gln Ala Leu Arg
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210 215 220

Lys Gly Glu Cys Asp Met Ala Leu Ala Gly Gly Val Thr Val Met Pro
225 230 235 240

Asn Ala Asp Leu Phe Val Gln Phe Ser Arg Gln Arg Gly Leu Ala Ala
245 250 255

Asp Gly Arg Ser Lys Ala Phe Ala Thr Ser Ala Asp Gly Phe Gly Pro
260 265 270

Ala Glu Gly Ala Gly Val Leu Leu Val Glu Arg Leu Ser Asp Ala Arg
275 280 285

Arg Asn Gly His Arg Ile Leu Ala Val Val Arg Gly Ser Ala Val Asn
290 295 300

Gln Asp Gly Ala Ser Asn Gly Leu Thr Ala Pro His Gly Pro Ser Gln
305 310 315 320

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

Asp Val Asp Val Val Glu Ala His Gly Thr Gly Thr Arg Leu Gly Asp
340 345 350

Pro Ile Glu Ala Gln Ala Leu Ile Ala Thr Tyr Gly Gln Glu Lys Ser
355 360 365

Ser Glu Gln Pro Leu Arg Leu Gly Ala Leu Lys Ser Asn Ile Gly His
370 375 380

Thr Gln Ala Ala Ala Gly Val Ala Gly Val Ile Lys Met Val Gln Ala
385 390 395 400

Met Arg His Gly Leu Leu Pro Lys Thr Leu His Val Asp Glu Pro Ser
405 410 415

Asp Gln Ile Asp Trp Ser Ala Gly Thr Val Glu Leu Leu Thr Glu Ala
420 425 430

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

Ser Ser Phe Gly Ile Ser Gly Thr Asn Ala His Val Val Leu Glu Glu
450 455 460

Ala Pro Ala Val Glu Asp Ser Pro Ala Val Glu Pro Pro Ala Gly Gly
465 470 475 480

Gly Val Val Pro Trp Pro Val Ser Ala Lys Thr Pro Ala Ala Leu Asp
485 490 495

Ala Gln Ile Gly Gln Leu Ala Ala Tyr Ala Asp Gly Arg Thr Asp Val
500 505 510

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

Glu His Arg Ala Val Ala Val Gly Asp Ser Arg Glu Ala Leu Arg Asp
530 535 540

Ala Leu Arg Met Pro Glu Gly Leu Val Arg Gly Thr Ser Ser Asp Val
545 550 555 560

Gly Arg Val Ala Phe Val Phe Pro Gly Gln Gly Thr Gln Trp Ala Gly
565 570 575

Met Gly Ala Glu Leu Leu Asp Ser Ser Pro Glu Phe Ala Ala Ser Met
580 585 590

Ala Glu Cys Glu Thr Ala Leu Ser Arg Tyr Val Asp Trp Ser Leu Glu
595 600 605

Ala Val Val Arg Gln Glu Pro Gly Ala Pro Thr Leu Asp Arg Val Asp
610 615 620
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Val Val Gln Pro Val Thr Phe Ala Val Met Val Ser Leu Ala Lys Val
625 630 635 640

Trp Gln His His Gly Ile Thr Pro Gln Ala Val Val Gly His Ser Gln
645 650 655

Gly Glu Ile Ala Ala Ala Tyr Val Ala Gly Ala Leu Thr Leu Asp Asp
660 665 670

Ala Ala Arg Val Val Thr Leu Arg Ser Lys Ser Ile Ala Ala His Leu
675 680 685

Ala Gly Lys Gly Gly Met Ile Ser Leu Ala Leu Asp Glu Ala Ala Val
690 695 700

Leu Lys Arg Leu Ser Asp Phe Asp Gly Leu Ser Val Ala Ala Val Asn
705 710 715 720

Gly Pro Thr Ala Thr Val Val Ser Gly Asp Pro Thr Gln Ile Glu Glu
725 730 735

Leu Ala Arg Thr Cys Glu Ala Asp Gly Val Arg Ala Arg Ile Ile Pro
740 745 750

Val Asp Tyr Ala Ser His Ser Arg Gln Val Glu Ile Ile Glu Lys Glu
755 760 765

Leu Ala Glu Val Leu Ala Gly Leu Ala Pro Gln Ala Pro His Val Pro
770 775 780

Phe Phe Ser Thr Leu Glu Gly Thr Trp Ile Thr Glu Pro Val Leu Asp
785 790 795 800

Gly Thr Tyr Trp Tyr Arg Asn Leu Arg His Arg Val Gly Phe Ala Pro
805 810 815

Ala Val Glu Thr Leu Ala Val Asp Gly Phe Thr His Phe Ile Glu Val
820 825 830

Ser Ala His Pro Val Leu Thr Met Thr Leu Pro Glu Thr Vval Thr Gly
835 840 845

Leu Gly Thr Leu Arg Arg Glu Gln Gly Gly Gln Glu Arg Leu Val Thr
850 855 860

Ser Leu Ala Glu Ala Trp Ala Asn Gly Leu Thr Ile Asp Trp Ala Pro
865 870 875 880

Ile Leu Pro Thr Ala Thr Gly His His Pro Glu Leu Pro Thr Tyr Ala
885 890 895

Phe Gln Thr Glu Arg Phe Trp Leu Gln Ser Ser Ala Pro Thr Ser Ala
900 905 910

Ala Asp Asp Trp Arg Tyr Arg Val Glu Trp Lys Pro Leu Thr Ala Ser
915 920 925

Gly Gln Ala Asp Leu Ser Gly Arg Trp Ile Val Ala Val Gly Ser Glu
930 935 940

Pro Glu Ala Glu Leu Leu Gly Ala Leu Lys Ala Ala Gly Ala Glu Val
945 950 955 960

Asp Val Leu Glu Ala Gly Ala Asp Asp Asp Arg Glu Ala Leu Ala Ala
965 970 975

Arg Leu Thr Ala Leu Thr Thr Gly Asp Gly Phe Thr Gly Val Val Ser
980 985 990

Leu Leu Asp Asp Leu Val Pro Gln Val Ala Trp Val Gln Ala Leu Gly
995 1000 1005

Asp Ala Gly Ile Lys Ala Pro Leu Trp Ser Val Thr Gln Gly Ala Val
1010 1015 1020
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Ser Val Gly Arg Leu Asp Thr Pro Ala Asp Pro Asp Arg Ala Met Leu
1025 1030 1035 1040

Trp Gly Leu Gly Arg Val Val Ala Leu Glu His Pro Glu Arg Trp Ala
1045 1050 1055

Gly Leu Val Asp Leu Pro Ala Gln Pro Asp Ala Ala Ala Leu Ala His
1060 1065 1070

Leu Val Thr Ala Leu Ser Gly Ala Thr Gly Glu Asp Gln Ile Ala Ile
1075 1080 1085

Arg Thr Thr Gly Leu His Ala Arg Arg Leu Ala Arg Ala Pro Leu His
1090 1095 1100

Gly Arg Arg Pro Thr Arg Asp Trp Gln Pro His Gly Thr Val Leu Ile
1105 1110 1115 1120

Thr Gly Gly Thr Gly Ala Leu Gly Ser His Ala Ala Arg Trp Met Ala
1125 1130 1135

His His Gly Ala Glu His Leu Leu Leu Val Ser Arg Ser Gly Glu Gln
1140 1145 1150

Ala Pro Gly Ala Thr Gln Leu Thr Ala Glu Leu Thr Ala Ser Gly Ala
1155 1160 1165

Arg Val Thr Ile Ala Ala Cys Asp Val Ala Asp Pro His Ala Met Arg
1170 1175 1180

Thr Leu Leu Asp Ala Ile Pro Ala Glu Thr Pro Leu Thr Ala Val Val
1185 1190 1195 1200

His Thr Ala Gly Ala Pro Gly Gly Asp Pro Leu Asp Val Thr Gly Pro
1205 1210 1215

Glu Asp Ile Ala Arg Ile Leu Gly Ala Lys Thr Ser Gly Ala Glu Val
1220 1225 1230

Leu Asp Asp Leu Leu Arg Gly Thr Pro Leu Asp Ala Phe Val Leu Tyr
1235 1240 1245

Ser Ser Asn Ala Gly Val Trp Gly Ser Gly Ser Gln Gly Val Tyr Ala
1250 1255 1260

Ala Ala Asn Ala His Leu Asp Ala Leu Ala Ala Arg Arg Arg Ala Arg
1265 1270 1275 1280

Gly Glu Thr Ala Thr Ser Val Ala Trp Gly Leu Trp Ala Gly Asp Gly
1285 1290 1295

Met Gly Arg Gly Ala Asp Asp Ala Tyr Trp Gln Arg Arg Gly Ile Arg
1300 1305 1310

Pro Met Ser Pro Asp Arg Ala Leu Asp Glu Leu Ala Lys Ala Leu Ser
1315 1320 1325

His Asp Glu Thr Phe Val Ala Val Ala Asp Val Asp Trp Glu Arg Phe
1330 1335 1340

Ala Pro Ala Phe Thr Val Ser Arg Pro Ser Leu Leu Leu Asp Gly Val
1345 1350 1355 1360

Pro Glu Ala Arg Gln Ala Leu Ala Ala Pro Val Gly Ala Pro Ala Pro
1365 1370 1375

Gly Asp Ala Ala Val Ala Pro Thr Gly Gln Ser Ser Ala Leu Ala Ala
1380 1385 1390

Ile Thr Ala Leu Pro Glu Pro Glu Arg Arg Pro Ala Leu Leu Thr Leu
1395 1400 1405

Val Arg Thr His Ala Ala Ala Val Leu Gly His Ser Ser Pro Asp Arg
1410 1415 1420

Val Ala Pro Gly Arg Ala Phe Thr Glu Leu Gly Phe Asp Ser Leu Thr
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1425 1430 1435 1440

Ala Val Gln Leu Arg Asn Gln Leu Ser Thr Val Val Gly Asn Arg Leu
1445 1450 1455

Pro Ala Thr Thr Val Phe Asp His Pro Thr Pro Ala Ala Leu Ala Ala
1460 1465 1470

His Leu His Glu Ala Tyr Leu Ala Pro Ala Glu Pro Ala Pro Thr Asp
1475 1480 1485

Trp Glu Gly Arg Val Arg Arg Ala Leu Ala Glu Leu Pro Leu Asp Arg
1490 1495 1500

Leu Arg Asp Ala Gly Val Leu Asp Thr Val Leu Arg Leu Thr Gly Ile
1505 1510 1515 1520

Glu Pro Glu Pro Gly Ser Gly Gly Ser Asp Gly Gly Ala Ala Asp Pro
1525 1530 1535

Gly Ala Glu Pro Glu Ala Ser Ile Asp Asp Leu Asp Ala Glu Ala Leu
1540 1545 1550

Ile Arg Met Ala Leu Gly Pro Arg Asn Thr
1555 1560

<210> SEQ ID NO 4

<211> LENGTH: 1346

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 4

Met Thr Ser Ser Asn Glu Gln Leu Val Asp Ala Leu Arg Ala Ser Leu
1 5 10 15

Lys Glu Asn Glu Glu Leu Arg Lys Glu Ser Arg Arg Arg Ala Asp Arg
20 25 30

Arg Gln Glu Pro Met Ala Ile Val Gly Met Ser Cys Arg Phe Ala Gly
35 40 45

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

Asp Leu Val Ser Glu Val Pro Glu Glu Arg Gly Trp Asp Ile Asp Ser
65 70 75 80

Leu Tyr Asp Pro Val Pro Gly Arg Lys Gly Thr Thr Tyr Val Arg Asn
85 90 95

Ala Ala Phe Leu Asp Asp Ala Ala Gly Phe Asp Ala Ala Phe Phe Gly
100 105 110

Ile Ser Pro Arg Glu Ala Leu Ala Met Asp Pro Gln Gln Arg Gln Leu
115 120 125

Leu Glu Ala Ser Trp Glu Val Phe Glu Arg Ala Gly Ile Asp Pro Ala
130 135 140

Ser Val Arg Gly Thr Asp Val Gly Val Tyr Val Gly Cys Gly Tyr Gln
145 150 155 160

Asp Tyr Ala Pro Asp Ile Arg Val Ala Pro Glu Gly Thr Gly Gly Tyr
165 170 175

Val Val Thr Gly Asn Ser Ser Ala Val Ala Ser Gly Arg Ile Ala Tyr
180 185 190

Ser Leu Gly Leu Glu Gly Pro Ala Val Thr Val Asp Thr Ala Cys Ser
195 200 205

Ser Ser Leu Val Ala Leu His Leu Ala Leu Lys Gly Leu Arg Asn Gly
210 215 220
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Asp Cys Ser Thr Ala Leu Val Gly Gly Val Ala Val Leu Ala Thr Pro
225 230 235 240

Gly Ala Phe Ile Glu Phe Ser Ser Gln Gln Ala Met Ala Ala Asp Gly
245 250 255

Arg Thr Lys Gly Phe Ala Ser Ala Ala Asp Gly Leu Ala Trp Gly Glu
260 265 270

Gly Val Ala Val Leu Leu Leu Glu Arg Leu Ser Asp Ala Arg Arg Lys
275 280 285

Gly His Arg Val Leu Ala Val Val Arg Gly Ser Ala Ile Asn Gln Asp
290 295 300

Gly Ala Ser Asn Gly Leu Thr Ala Pro His Gly Pro Ser Gln Gln Arg
305 310 315 320

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

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

Glu Ala Gln Ala Leu Leu Ala Thr Tyr Gly Gln Gly Arg Ala Pro Gly
355 360 365

Gln Pro Leu Arg Leu Gly Thr Leu Lys Ser Asn Ile Gly His Thr Gln
370 375 380

Ala Ala Ser Gly Val Ala Gly Val Ile Lys Met Val Gln Ala Leu Arg
385 390 395 400

His Gly Val Leu Pro Lys Thr Leu His Val Asp Glu Pro Thr Asp Gln
405 410 415

Val Asp Trp Ser Ala Gly Ser Val Glu Leu Leu Thr Glu Ala Val Asp
420 425 430

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

Gly Val Gly Gly Thr Asn Ala His Val Val Leu Glu Glu Ala Pro Ala
450 455 460

Val Glu Glu Ser Pro Ala Val Glu Pro Pro Ala Gly Gly Gly Val Val
465 470 475 480

Pro Trp Pro Val Ser Ala Lys Thr Ser Ala Ala Leu Asp Ala Gln Ile
485 490 495

Gly Gln Leu Ala Ala Tyr Ala Glu Asp Arg Thr Asp Val Asp Pro Ala
500 505 510

Val Ala Ala Arg Ala Leu Val Asp Ser Arg Thr Ala Met Glu His Arg
515 520 525

Ala Val Ala Val Gly Asp Ser Arg Glu Ala Leu Arg Asp Ala Leu Arg
530 535 540

Met Pro Glu Gly Leu Val Arg Gly Thr Val Thr Asp Pro Gly Arg Val
545 550 555 560

Ala Phe Val Phe Pro Gly Gln Gly Thr Gln Trp Ala Gly Met Gly Ala
565 570 575

Glu Leu Leu Asp Ser Ser Pro Glu Phe Ala Ala Ala Met Ala Glu Cys
580 585 590

Glu Thr Ala Leu Ser Pro Tyr Val Asp Trp Ser Leu Glu Ala Val Val
595 600 605

Arg Gln Ala Pro Ser Ala Pro Thr Leu Asp Arg Val Asp Val Val Gln
610 615 620

Pro Val Thr Phe Ala Val Met Val Ser Leu Ala Lys Val Trp Gln His



US 2005/0026244 A1l Feb. 3, 2005
91

-continued

625 630 635 640

His Gly Ile Thr Pro Glu Ala Val Ile Gly His Ser Gln Gly Glu Ile
645 650 655

Ala Ala Ala Tyr Val Ala Gly Ala Leu Thr Leu Asp Asp Ala Ala Arg
660 665 670

Val val Thr Leu Arg Ser Lys Ser Ile Ala Ala His Leu Ala Gly Lys
675 680 685

Gly Gly Met Ile Ser Leu Ala Leu Ser Glu Glu Ala Thr Arg Gln Arg
690 695 700

Ile Glu Asn Leu His Gly Leu Ser Ile Ala Ala Val Asn Gly Pro Thr
705 710 715 720

Ala Thr Val Val Ser Gly Asp Pro Thr Gln Ile Gln Glu Leu Ala Gln
725 730 735

Ala Cys Glu Ala Asp Gly Ile Arg Ala Arg Ile Ile Pro Val Asp Tyr
740 745 750

Ala Ser His Ser Ala His Val Glu Thr Ile Glu Asn Glu Leu Ala Asp
755 760 765

Val Leu Ala Gly Leu Ser Pro Gln Thr Pro Gln Val Pro Phe Phe Ser
770 775 780

Thr Leu Glu Gly Thr Trp Ile Thr Glu Pro Ala Leu Asp Gly Gly Tyr
785 790 795 800

Trp Tyr Arg Asn Leu Arg His Arg Val Gly Phe Ala Pro Ala Val Glu
805 810 815

Thr Leu Ala Thr Asp Glu Gly Phe Thr His Phe Ile Glu Val Ser Ala
820 825 830

His Pro Val Leu Thr Met Thr Leu Pro Asp Lys Val Thr Gly Leu Ala
835 840 845

Thr Leu Arg Arg Glu Asp Gly Gly Gln His Arg Leu Thr Thr Ser Leu
850 855 860

Ala Glu Ala Trp Ala Asn Gly Leu Ala Leu Asp Trp Ala Ser Leu Leu
865 870 875 880

Pro Ala Thr Gly Ala Leu Ser Pro Ala Val Pro Asp Leu Pro Thr Tyr
885 890 895

Ala Phe Gln His Arg Ser Tyr Trp Ile Ser Pro Ala Gly Pro Gly Glu
900 905 910

Ala Pro Ala His Thr Ala Ser Gly Arg Glu Ala Val Ala Glu Thr Gly
915 920 925

Leu Ala Trp Gly Pro Gly Ala Glu Asp Leu Asp Glu Glu Gly Arg Arg
930 935 940

Ser Ala Val Leu Ala Met Val Met Arg Gln Ala Ala Ser Val Leu Arg
945 950 955 960

Cys Asp Ser Pro Glu Glu Val Pro Val Asp Arg Pro Leu Arg Glu Ile
965 970 975

Gly Phe Asp Ser Leu Thr Ala Val Asp Phe Arg Asn Arg Val Asn Arg
980 985 990

Leu Thr Gly Leu Gln Leu Pro Pro Thr Val Val Phe Glu His Pro Thr
995 1000 1005

Pro Val Ala Leu Ala Glu Arg Ile Ser Asp Glu Leu Ala Glu Arg Asn
1010 1015 1020

Trp Ala Val Ala Glu Pro Ser Asp His Glu Gln Ala Glu Glu Glu Lys
1025 1030 1035 1040
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Ala

Ala

Tyr

Gln

Ala Ala Pro Ala Gly
1045

Gly Met Phe Arg Ala
1060

Gly Glu Phe Leu Asp
1075

Phe Ala Ser Pro Glu
1090

Ala Arg Ser Gly Ala
1050

Leu Phe Arg Gln Ala
1065

Val Leu Ala Glu Ala
1080

Ala Cys Ser Glu Arg
1095

Asp Thr Gly Ala Gly
1055

Val Glu Asp Asp Arg
1070

Ser Ala Phe Arg Pro
1085

Leu Asp Pro Val Leu
1100

Feb. 3, 2005

Leu Ala Gly Gly Pro Thr Asp Arg Ala Glu Gly Arg Ala Val Leu Val
1105 1110 1115 1120

Gly Cys Thr Gly Thr Ala Ala Asn Gly Gly Pro His Glu Phe Leu Arg
1125 1130 1135

Leu Ser Thr Ser Phe Gln Glu Glu Arg Asp Phe Leu Ala Val Pro
1140 1145 1150

Leu

Pro Gly Tyr Gly Thr Gly Thr Gly Thr Gly Thr Ala Leu Leu Pro Ala

1155 1160 1165

Asp Leu Asp Thr Ala Leu Asp Ala Gln Ala Arg Ala Ile Leu Arg
1170 1175 1180

Ala

Ala Gly Asp Ala Pro Val Val Leu Leu Gly His Ser
1185 1190 1195

Gly Gly Ala Leu

1200

Leu Ala His Glu Leu Ala Phe Arg Leu Glu Arg Ala
1205 1210

His Gly Ala Pro
1215

Pro Ala Gly Ile Val Leu Val Asp Pro Tyr Pro Pro
1220 1225

Gly His Gln Glu
1230

Pro Ile Glu Val Trp Ser Arg Gln Leu Gly Glu Gly
1235 1240

Leu Phe
1245

Ala Gly

Glu Leu Glu Pro Met Ser Asp Ala Arg Leu Leu Ala Met Gly
1250 1255 1260

Arg Tyr

Ala Arg Phe Leu Ala Gly Pro Arg Pro Gly Arg Ser Ser Ala
1265 1270 1275

Pro Val
1280

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

Glu Arg
1295

Gly Asp Trp Arg Ala His Trp Asp Leu Pro His Thr Val Ala Asp Val
1300 1305 1310

Pro Gly Asp His Phe Thr Met Met Arg Asp His Ala Pro Ala Val Ala
1315 1320 1325

Glu Ala Val Leu Ser Trp Leu Asp Ala Ile Glu Gly Ile Glu Gly Ala
1330 1335 1340

Gly Lys
1345

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

SEQ ID NO 5

LENGTH: 281

TYPE: PRT

ORGANISM: Streptomyces venezuelae
<400> SEQUENCE: 5

Val Thr Asp Arg Pro Leu Asn Val Asp Ser
1 5 10

Gly Leu Trp Ile Arg

15

Arg

Phe His Pro Ala Pro Asn Ser Ala Val Arg Pro His

20 25

Leu Val Cys Leu
30

Ala Gly Gly Ser Ala Ser Tyr Phe Phe Arg Phe Ser Glu Glu Leu His
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35 40 45

Pro Ser Val Glu Ala Leu Ser Val Gln Tyr Pro Gly Arg Gln Asp Arg

Arg Ala Glu Pro Cys Leu Glu Ser Val Glu Glu Leu Ala Glu His Val
65 70 75 80

Val Ala Ala Thr Glu Pro Trp Trp Gln Glu Gly Arg Leu Ala Phe Phe
85 90 95

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

Glu Gln Arg His Gly Val Arg Pro Glu Gly Leu Tyr Val Ser Gly Arg
115 120 125

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

Arg Ala Phe Leu Ala Glu Ile Arg Arg Leu Ser Gly Thr Asp Glu Arg
145 150 155 160

Phe Leu Gln Asp Asp Glu Leu Leu Arg Leu Val Leu Pro Ala Leu Arg
165 170 175

Ser Asp Tyr Lys Ala Ala Glu Thr Tyr Leu His Arg Pro Ser Ala Lys
180 185 190

Leu Thr Cys Pro Val Met Ala Leu Ala Gly Asp Arg Asp Pro Lys Ala
195 200 205

Pro Leu Asn Glu Val Ala Glu Trp Arg Arg His Thr Ser Gly Pro Phe
210 215 220

Cys Leu Arg Ala Tyr Ser Gly Gly His Phe Tyr Leu Asn Asp Gln Trp
225 230 235 240

His Glu Ile Cys Asn Asp Ile Ser Asp His Leu Leu Val Thr Arg Gly
245 250 255

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

Ala Ala Lys Arg Trp Gln Asn Pro Arg
275 280

<210> SEQ ID NO 6

<211> LENGTH: 379

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<220> FEATURE:

<221> NAME/KEY: 251

<222> LOCATION: unsure

<223> OTHER INFORMATION: unsure of amino acid at this position

<400> SEQUENCE: 6

Val Ser Ser Arg Ala Glu Thr Pro Arg Val Pro Phe Leu Asp Leu Lys
1 5 10 15

Ala Ala Tyr Glu Glu Leu Arg Ala Glu Thr Asp Ala Ala Ile Ala Arg
20 25 30

Val Leu Asp Ser Gly Arg Tyr Leu Leu Gly Pro Glu Leu Glu Gly Phe
35 40 45

Glu Ala Glu Phe Ala Ala Tyr Cys Glu Thr Asp His Ala Val Gly Val
50 55 60

Asn Ser Gly Met Asp Ala Leu Gln Leu Ala Leu Arg Gly Leu Gly Ile
65 70 75 80

Gly Pro Gly Asp Glu Val Ile Val Pro Ser His Thr Tyr Ile Ala Ser
85 90 95
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Trp Leu Ala Val Ser Ala Thr Gly Ala Thr Pro Val Pro Val Glu Pro
100 105 110

His Glu Asp His Pro Thr Leu Asp Pro Leu Leu Val Glu Lys Ala Ile
115 120 125

Thr Pro Arg Thr Arg Ala Leu Leu Pro Val His Leu Tyr Gly His Pro
130 135 140

Ala Asp Met Asp Ala Leu Arg Glu Leu Ala Asp Arg His Gly Leu His
145 150 155 160

Ile Val Glu Asp Ala Ala Gln Ala His Gly Ala Arg Tyr Arg Gly Arg
165 170 175

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

Lys Asn Leu Gly Cys Phe Gly Asp Gly Gly Ala Val Val Thr Gly Asp
195 200 205

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

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

Met Gln Ala Ala Val Leu Arg Ile Arg Leu Xaa His Leu Asp Ser Trp
245 250 255

Asn Gly Arg Arg Ser Ala Leu Ala Ala Glu Tyr Leu Ser Gly Leu Ala
260 265 270

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

Val Trp His Leu Phe Thr Val Arg Thr Glu Arg Arg Asp Glu Leu Arg
290 295 300

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

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

Ser Leu Pro Arg Ala Glu Ser Phe Ala Arg Gln Val Leu Ser Leu Pro
340 345 350

Ile Gly Pro His Leu Glu Arg Pro Gln Ala Leu Arg Val Ile Asp Ala
355 360 365

Val Arg Glu Trp Ala Glu Arg Val Asp Gln Ala
370 375

<210> SEQ ID NO 7

<211> LENGTH: 382

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 7

Val Ala Asp Arg Glu Leu Gly Thr His Leu Leu Glu Thr Arg Gly Ile
1 5 10 15

His Trp Ile His Ala Ala Asn Gly Asp Pro Tyr Ala Thr Val Leu Arg
20 25 30

Gly Gln Ala Asp Asp Pro Tyr Pro Ala Tyr Glu Arg Val Arg Ala Arg
35 40 45

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

Ala Leu Ala Ala Ser Ile Leu Cys Ser Thr Asp Phe Gly Val Ser Gly



US 2005/0026244 A1l Feb. 3, 2005
95

-continued

65 70 75 80
Ala Asp Gly Val Pro Val Pro Gln Gln Val Leu Ser Tyr Gly Glu Gly
Cys Pro Leu Glu Arg Glu Gln Val Leu Pro Ala Ala Gly Asp Val Pro

100 105 110

Glu Gly Gly Gln Arg Ala Val Val Glu Gly Ile His Arg Glu Thr Leu
115 120 125

Glu Gly Leu Ala Pro Asp Pro Ser Ala Ser Tyr Ala Phe Glu Leu Leu
130 135 140

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

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

Leu Arg Pro Leu Ser Asp Ser Leu Leu Ala Pro Gln Ser Leu Arg Thr
180 185 190

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

Asp Ser Asp Asp Ser Pro Gly Ala Leu Leu Ser Ala Leu Gly Val Thr
210 215 220

Ala Ala Val Gln Leu Thr Gly Asn Ala Val Leu Ala Leu Leu Ala His
225 230 235 240

Pro Glu Gln Trp Arg Glu Leu Cys Asp Arg Pro Gly Leu Ala Ala Ala
245 250 255

Ala Val Glu Glu Thr Leu Arg Tyr Asp Pro Pro Val Gln Leu Asp Ala
260 265 270

Arg Val Val Arg Gly Glu Thr Glu Leu Ala Gly Arg Arg Leu Pro Ala
275 280 285

Gly Ala His Val Val Vval Leu Thr Ala Ala Thr Gly Arg Asp Pro Glu
290 295 300

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

Ala His Leu Ala Leu His Pro Ala Gly Pro Tyr Gly Pro Val Ala Ser
325 330 335

Leu Val Arg Leu Gln Ala Glu Val Ala Leu Arg Thr Leu Ala Gly Arg
340 345 350

Phe Pro Gly Leu Arg Gln Ala Gly Asp Val Leu Arg Pro Arg Arg Ala
355 360 365

Pro Val Gly Arg Gly Pro Leu Ser Val Pro Val Ser Ser Ser
370 375 380

<210> SEQ ID NO 8

<211> LENGTH: 426

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 8

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

Leu Val Pro Leu Ala Trp Ala Leu Leu Ala Ala Gly His Glu Val Arg
20 25 30

Val Ala Ser Gln Pro Ala Leu Thr Asp Thr Ile Thr Gly Ser Gly Leu
35 40 45



US 2005/0026244 A1l Feb. 3, 2005
96

-continued

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

Arg Met Ala Gly Glu Pro Arg Pro Asn His Pro Ala Ile Ala Phe Asp
65 70 75 80

Glu Ala Arg Pro Glu Pro Leu Asp Trp Asp His Ala Leu Gly Ile Glu
85 90 95

Ala Ile Leu Ala Pro Tyr Phe Tyr Leu Leu Ala Asn Asn Asp Ser Met
100 105 110

Val Asp Asp Leu Val Asp Phe Ala Arg Ser Trp Gln Pro Asp Leu Val
115 120 125

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

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

Ala Arg Arg Lys Phe Val Ala Leu Arg Asp Arg Gln Pro Pro Glu His
165 170 175

Arg Glu Asp Pro Thr Ala Glu Trp Leu Thr Trp Thr Leu Asp Arg Tyr
180 185 190

Gly Ala Ser Phe Glu Glu Glu Leu Leu Thr Gly Gln Phe Thr Ile Asp
195 200 205

Pro Thr Pro Pro Ser Leu Arg Leu Asp Thr Gly Leu Pro Thr Val Gly
210 215 220

Met Arg Tyr Val Pro Tyr Asn Gly Thr Ser Val Val Pro Asp Trp Leu
225 230 235 240

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

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

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

Ser Gln Arg Ala Glu Ile Arg Asn Tyr Pro Lys His Thr Arg Phe Thr
290 295 300

Asp Phe Val Pro Met His Ala Leu Leu Pro Ser Cys Ser Ala Ile Ile
305 310 315 320

His His Gly Gly Ala Gly Thr Tyr Ala Thr Ala Val Ile Asn Ala Val
325 330 335

Pro Gln Val Met Leu Ala Glu Leu Trp Asp Ala Pro Val Lys Ala Arg
340 345 350

Ala Val Ala Glu Gln Gly Ala Gly Phe Phe Leu Pro Pro Ala Glu Leu
355 360 365

Thr Pro Gln Ala Val Arg Asp Ala Val Val Arg Ile Leu Asp Asp Pro
370 375 380

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

Pro Thr Pro Ala Gly Ile Val Pro Glu Leu Glu Arg Leu Ala Ala Gln
405 410 415

His Arg Arg Pro Pro Ala Asp Ala Arg His
420 425

<210> SEQ ID NO 9
<211> LENGTH: 331
<212> TYPE: PRT
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<213>
<220>
<221>
<222>
<223>

<400>

Val

1

Phe

Arg

Asn

Ala

65

Gln

Ser

Thr

Asp

Val

145

Ala

Gly

Val

Ala

His

225

Asp

Tyr

Asp

Glu

305

Ala

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

SEQUENCE: 9

Lys Ser Ala Leu

Asp

Leu

Gly

50

Gly

Leu

Met

Pro

Gln

130

His

Asp

Cys

Phe

Val

210

Asn

Ala

Ala

Arg

Arg

290

Ala

Glu

Gln

Tyr

35

Gly

Val

Leu

Thr

Val

115

Val

Leu

Glu

Ala

Ser

195

Val

Phe

Lys

Phe

Glu

275

His

Thr

Gly

5

Pro Leu

Glu Arg

Pro Leu

Arg His

Ala His

Phe Ala

100

Phe Ala

Ala Ala

Trp Gly

His Gly

165

Val Asp
180

Phe His

Thr Asp

Gly Phe

Met Ser

245

Pro Glu
260

His Leu
Gly Leu

Thr Gly

val His
325

SEQ ID NO 10
LENGTH: 485

TYPE :
ORGANISM: Streptomyces venezuelae

PRT

Ser

Leu

Leu

Val

Ala

70

Ala

Ala

Asp

Ala

Arg

150

Leu

Gly

Ala

Asp

Asp

230

Glu

Val

Ala

Asn

Ile

310

Thr

unsure

Asp

Val

Asp

Arg

55

Val

Ala

Thr

Ile

Val

135

Pro

Arg

Arg

Thr

Ala

215

Leu

Ala

Ile

Asp

Asn

295

His

Arg

Leu

Gly

Arg

40

Glu

Ala

Gly

Pro

Asp

120

Thr

Cys

Leu

Pro

Lys

200

Asp

Pro

Ala

Asp

Leu

280

His

Arg

Ala

ORGANISM: Streptomyces venezuelae
FEATURE:
NAME/KEY: 272
LOCATION: unsure
OTHER INFORMATION:

of amino acid at this position

Ala

Arg

25

Ala

Phe

Thr

Leu

His

105

Pro

Pro

Ala

Tyr

Ala

185

Ala

Leu

Gly

Ala

Arg

265

Pro

Gln

Asp

Tyr

Phe

10

Pro

Leu

Glu

Cys

Thr

Ala

Asp

Arg

Ala

Phe

170

Gly

Val

Ala

Gly

Ala

250

Asn

Gly

Tyr

Leu

Phe
330

Phe

Asn

Asp

Glu

Asn

75

Gly

Leu

Thr

Thr

Asp

155

Asp

Ser

Asn

Ala

Ser

235

Met

Arg

Val

Val

Val

315

Ser

Gly

Arg

Ser

Arg

60

Ala

Glu

Arg

Gly

Ser

140

Gln

Ala

Leu

Ala

Arg

220

Pro

Gly

Arg

Leu

Ile

300

Met

Gly

Ile

Gln

45

Val

Thr

Val

Trp

Asn

125

Ala

Leu

Ala

Gly

Phe

205

Ile

Ala

Leu

Asn

Val

285

Val

Glu

Pro

Asp

30

Trp

Ala

Ala

Ile

Ile

110

Leu

Val

Arg

His

Asp

190

Glu

Arg

Gly

Thr

His

270

Ala

Glu

Val

Ala

15

Arg

Leu

Gly

Gly

Met

95

Gly

Asp

Val

Lys

Ala

175

Ala

Gly

Ala

Gly

Ser

255

Ala

Asp

Ile

Leu

Ala

Ala

Ser

Leu

Leu

80

Pro

Leu

Pro

Gly

Val

160

Leu

Glu

Gly

Leu

Thr

240

Leu

Xaa

His

Asp

Lys
320
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-continued

<400> SEQUENCE: 10

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

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

Leu Ala Ala Gly Gly Leu Val Pro Pro Asp Glu Ala Gly Thr Thr Ala
35 40 45

Arg His Leu Val Arg Leu Ala Val Arg Tyr Gly Asn Ser Pro Phe Thr
Pro Leu Glu Glu Ala Arg His Asp Leu Gly Val Asp Arg Asp Ala Phe
65 70 75 80

Arg Arg Leu Leu Ala Leu Phe Gly Gln Val Pro Glu Leu Arg Thr Ala
85 90 95

Val Glu Thr Gly Pro Ala Gly Ala Tyr Trp Lys Asn Thr Leu Leu Pro
100 105 110

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

Phe Pro Tyr Ser Val Gly Leu Tyr Pro Gly Pro Thr Cys Met Phe Arg
130 135 140

Cys His Phe Cys Val Arg Val Thr Gly Ala Arg Tyr Asp Pro Ser Ala
145 150 155 160

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

Ala Gly Asn Pro Ser Ala Met Tyr Phe Ser Gly Gly Leu Glu Pro Leu
180 185 190

Thr Asn Pro Gly Leu Gly Ser Leu Ala Ala His Ala Thr Asp His Gly
195 200 205

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

Leu Glu Arg Gln Pro Gly Leu Trp Gly Leu His Ala Ile Arg Thr Ser
225 230 235 240

Leu Tyr Gly Leu Asn Asp Glu Glu Tyr Glu Gln Thr Thr Gly Lys Lys
245 250 255

Ala Ala Phe Arg Arg Val Arg Glu Asn Leu Arg Arg Phe Gln Gln Leu
260 265 270

Arg Ala Glu Arg Glu Ser Pro Ile Asn Leu Gly Phe Ala Tyr Ile Val
275 280 285

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

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

Arg Glu Asp Tyr Ser Gly Arg Asp Asp Gly Lys Leu Pro Gln Glu Glu
325 330 335

Arg Ala Glu Leu Gln Glu Ala Leu Asn Ala Phe Glu Glu Arg Val Arg
340 345 350

Glu Arg Thr Pro Gly Leu His Ile Asp Tyr Gly Tyr Ala Leu Asn Ser
355 360 365

Leu Arg Thr Gly Ala Asp Ala Glu Leu Leu Arg Ile Lys Pro Ala Thr
370 375 380

Met Arg Pro Thr Ala His Pro Gln Val Ala Val Gln Val Asp Leu Leu
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385 390 395 400

Gly Asp Val Tyr Leu Tyr Arg Glu Ala Gly Phe Pro Asp Leu Asp Gly
405 410 415

Ala Thr Arg Tyr Ile Ala Gly Arg Val Thr Pro Asp Thr Ser Leu Thr
420 425 430

Glu Val Val Arg Asp Phe Val Glu Arg Gly Gly Glu Val Ala Ala Val
435 440 445

Asp Gly Asp Glu Tyr Phe Met Asp Gly Phe Asp Gln Val Val Thr Ala
450 455 460

Arg Leu Asn Gln Leu Glu Arg Asp Ala Ala Asp Gly Trp Glu Glu Ala
465 470 475 480

Arg Gly Phe Leu Arg
485

<210> SEQ ID NO 11

<211> LENGTH: 237

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 11

Val Tyr Glu Val Asp His Ala Asp Val Tyr Asp Leu Phe Tyr Leu Gly
1 5 10 15

Arg Gly Lys Asp Tyr Ala Ala Glu Ala Ser Asp Ile Ala Asp Leu Val
20 25 30

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

Thr Gly Thr His Leu Glu His Phe Thr Lys Glu Phe Gly Asp Thr Ala
50 55 60

Gly Leu Glu Leu Ser Glu Asp Met Leu Thr His Ala Arg Lys Arg Leu
65 70 75 80

Pro Asp Ala Thr Leu His Gln Gly Asp Met Arg Asp Phe Arg Leu Gly
85 90 95

Arg Lys Phe Ser Ala Val Val Ser Met Phe Ser Ser Val Gly Tyr Leu
100 105 110

Lys Thr Thr Glu Glu Leu Gly Ala Ala Val Ala Ser Phe Ala Glu His
115 120 125

Leu Glu Pro Gly Gly Val Val Val Val Glu Pro Trp Trp Phe Pro Glu
130 135 140

Thr Phe Ala Asp Gly Trp Val Ser Ala Asp Val Val Arg Arg Asp Gly
145 150 155 160

Arg Thr Val Ala Arg Val Ser His Ser Val Arg Glu Gly Asn Ala Thr
165 170 175

Arg Met Glu Val His Phe Thr Val Ala Asp Pro Gly Lys Gly Val Arg
180 185 190

His Phe Ser Asp Val His Leu Ile Thr Leu Phe His Gln Ala Glu Tyr
195 200 205

Glu Ala Ala Phe Thr Ala Ala Gly Leu Arg Val Glu Tyr Leu Glu Gly
210 215 220

Gly Pro Ser Gly Arg Gly Leu Phe Val Gly Val Pro Ala
225 230 235

<210> SEQ ID NO 12
<211> LENGTH: 769
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<212> TYPE: PRT
<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 12

Met Thr Leu Asp Glu Lys Ile Ser Phe Val His Trp Ala Leu Asp Pro
1 5 10 15

Asp Arg Gln Asn Val Gly Tyr Leu Pro Gly Val Pro Arg Leu Gly Ile
20 25 30

Pro Glu Leu Arg Ala Ala Asp Gly Pro Asn Gly Ile Arg Leu Val Gly
35 40 45

Gln Thr Ala Thr Ala Leu Pro Ala Pro Val Ala Leu Ala Ser Thr Phe
50 55 60

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

Arg Ala Leu Asn Gln Asp Met Val Leu Gly Pro Met Met Asn Asn Ile
85 90 95

Arg Val Pro His Gly Gly Arg Asn Tyr Glu Thr Phe Ser Glu Asp Pro
100 105 110

Leu Val Ser Ser Arg Thr Ala Val Ala Gln Ile Lys Gly Ile Gln Gly
115 120 125

Ala Gly Leu Met Thr Thr Ala Lys His Phe Ala Ala Asn Asn Gln Glu
130 135 140

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

Glu Ile Glu Phe Pro Ala Phe Glu Ala Ser Ser Lys Ala Gly Ala Gly
165 170 175

Ser Phe Met Cys Ala Tyr Asn Gly Leu Asn Gly Lys Pro Ser Cys Gly
180 185 190

Asn Asp Glu Leu Leu Asn Asn Val Leu Arg Thr Gln Trp Gly Phe Gln
195 200 205

Gly Trp Val Met Ser Asp Trp Leu Ala Thr Pro Gly Thr Asp Ala Ile
210 215 220

Thr Lys Gly Leu Asp Gln Glu Met Gly Val Glu Leu Pro Gly Asp Val
225 230 235 240

Pro Lys Gly Glu Pro Ser Pro Pro Ala Lys Phe Phe Gly Glu Ala Leu
245 250 255

Lys Thr Ala Val Leu Asn Gly Thr Val Pro Glu Ala Ala Val Thr Arg
260 265 270

Ser Ala Glu Arg Ile Val Gly Gln Met Glu Lys Phe Gly Leu Leu Leu
275 280 285

Ala Thr Pro Ala Pro Arg Pro Glu Arg Asp Lys Ala Gly Ala Gln Ala
290 295 300

Val Ser Arg Lys Val Ala Glu Asn Gly Ala Val Leu Leu Arg Asn Glu
305 310 315 320

Gly Gln Ala Leu Pro Leu Ala Gly Asp Ala Gly Lys Ser Ile Ala Val
325 330 335

Ile Gly Pro Thr Ala Val Asp Pro Lys Val Thr Gly Leu Gly Ser Ala
340 345 350

His Val Val Pro Asp Ser Ala Ala Ala Pro Leu Asp Thr Ile Lys Ala
355 360 365

Arg Ala Gly Ala Gly Ala Thr Val Thr Tyr Glu Thr Gly Glu Glu Thr
370 375 380
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Phe Gly Thr Gln Ile Pro Ala Gly Asn Leu Ser Pro Ala Phe Asn Gln
385 390 395 400

Gly His Gln Leu Glu Pro Gly Lys Ala Gly Ala Leu Tyr Asp Gly Thr
405 410 415

Leu Thr Val Pro Ala Asp Gly Glu Tyr Arg Ile Ala Val Arg Ala Thr
420 425 430

Gly Gly Tyr Ala Thr Val Gln Leu Gly Ser His Thr Ile Glu Ala Gly
435 440 445

Gln Val Tyr Gly Lys Val Ser Ser Pro Leu Leu Lys Leu Thr Lys Gly
450 455 460

Thr His Lys Leu Thr Ile Ser Gly Phe Ala Met Ser Ala Thr Pro Leu
465 470 475 480

Ser Leu Glu Leu Gly Trp Val Thr Pro Ala Ala Ala Asp Ala Thr Ile
485 490 495

Ala Lys Ala Val Glu Ser Ala Arg Lys Ala Arg Thr Ala Val Val Phe
500 505 510

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

Pro Gly Thr Gln Asp Lys Leu Ile Ser Ala Val Ala Asp Ala Asn Pro
530 535 540

Asn Thr Ile Val Val Leu Asn Thr Gly Ser Ser Val Leu Met Pro Trp
545 550 555 560

Leu Ser Lys Thr Arg Ala Val Leu Asp Met Trp Tyr Pro Gly Gln Ala
565 570 575

Gly Ala Glu Ala Thr Ala Ala Leu Leu Tyr Gly Asp Val Asn Pro Ser
580 585 590

Gly Lys Leu Thr Gln Ser Phe Pro Ala Ala Glu Asn Gln His Ala Val
595 600 605

Ala Gly Asp Pro Thr Ser Tyr Pro Gly Val Asp Asn Gln Gln Thr Tyr
610 615 620

Arg Glu Gly Ile His Val Gly Tyr Arg Trp Phe Asp Lys Glu Asn Val
625 630 635 640

Lys Pro Leu Phe Pro Phe Gly His Gly Leu Ser Tyr Thr Ser Phe Thr
645 650 655

Gln Ser Ala Pro Thr Val Val Arg Thr Ser Thr Gly Gly Leu Lys Val
660 665 670

Thr Val Thr Val Arg Asn Ser Gly Lys Arg Ala Gly Gln Glu Val Val
675 680 685

Gln Ala Tyr Leu Gly Ala Ser Pro Asn Val Thr Ala Pro Gln Ala Lys
690 695 700

Lys Lys Leu Val Gly Tyr Thr Lys Val Ser Leu Ala Ala Gly Glu Ala
705 710 715 720

Lys Thr Val Thr Val Asn Val Asp Arg Arg Gln Leu Gln Phe Trp Asp
725 730 735

Ala Ala Thr Asp Asn Trp Lys Thr Gly Thr Gly Asn Arg Leu Leu Gln
740 745 750

Thr Gly Ser Ser Ser Ala Asp Leu Arg Gly Ser Ala Thr Val Asn Val
755 760 765

Trp
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<210> SEQ ID NO 13

<211> LENGTH: 928

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<220> FEATURE:

<221> NAME/KEY: 694

<222> LOCATION: unsure

<223> OTHER INFORMATION: unsure of amino acid at this position

<400> SEQUENCE: 13

Met Asn Leu Val Glu Arg Asp Gly Glu Ile Ala His Leu Arg Ala Val
1 5 10 15

Leu Asp Ala Ser Ala Ala Gly Asp Gly Thr Leu Leu Leu Val Ser Gly
20 25 30

Pro Ala Gly Ser Gly Lys Thr Glu Leu Leu Arg Ser Leu Arg Arg Leu
35 40 45

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

Asp Arg Asp Ile Pro Leu Gly Val Leu Cys Gln Leu Leu Arg Ser Ala
65 70 75 80

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

Ala Ser Arg Arg Ala Gly Thr Ser Pro Pro Pro Pro Thr Arg Arg Ser
100 105 110

Ala Ser Thr Arg His Thr Ala Cys Thr Thr Gly Cys Ser Pro Ser Pro
115 120 125

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

Thr Ala Ser Leu Arg Phe Leu Leu Tyr Cys Ala Ala His His Asp Gln
145 150 155 160

Gly Gly Ile Gly Phe Val Met Thr Glu Arg Ala Ser Gln Arg Ala Gly
165 170 175

Tyr Arg Val Phe Arg Ala Glu Leu Leu Arg Gln Pro His Cys Arg Asn
180 185 190

Met Trp Leu Ser Gly Leu Pro Pro Ser Gly Val Arg Gln Leu Leu Ala
195 200 205

His Tyr Tyr Gly Pro Glu Ala Ala Glu Arg Arg Ala Pro Ala Tyr His
210 215 220

Ala Thr Thr Gly Gly Asn Pro Leu Leu Leu Arg Ala Leu Thr Gln Asp
225 230 235 240

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

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

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

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

Ala Val Glu Arg His Ile Gln Glu Leu Ala Ala Ile Gly Leu Leu Asp
305 310 315 320

Glu Asp Gly Thr Leu Gly Gln Pro Ala Ile Arg Glu Ala Ala Leu Gln
325 330 335

Asp Leu Pro Ala Gly Glu Arg Thr Glu Leu His Arg Arg Ala Ala Glu
340 345 350
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Gln Leu His Arg Asp Gly Ala Asp Glu Asp Thr Val Ala Arg His Leu
355 360 365

Leu Val Gly Gly Ala Pro Asp Ala Pro Trp Ala Leu Pro Leu Leu Glu
370 375 380

Arg Gly Ala Gln Gln Ala Leu Phe Asp Asp Arg Leu Asp Asp Ala Phe
385 390 395 400

Arg Ile Leu Glu Phe Ala Val Arg Ser Ser Thr Asp Asn Thr Gln Leu
405 410 415

Ala Arg Leu Ala Pro His Leu Val Ala Ala Ser Trp Arg Met Asn Pro
420 425 430

His Met Thr Thr Arg Ala Leu Ala Leu Phe Asp Arg Leu Leu Ser Gly
435 440 445

Glu Leu Pro Pro Ser His Pro Val Met Ala Leu Ile Arg Cys Leu Val
450 455 460

Trp Tyr Gly Arg Leu Pro Glu Ala Ala Asp Ala Leu Ser Arg Leu Arg
465 470 475 480

Pro Ser Ser Asp Asn Asp Ala Leu Glu Leu Ser Leu Thr Arg Met Trp
485 490 495

Leu Ala Ala Leu Cys Pro Pro Leu Leu Glu Ser Leu Pro Ala Thr Pro
500 505 510

Glu Pro Glu Arg Gly Pro Val Pro Val Arg Leu Ala Pro Arg Thr Thr
515 520 525

Ala Leu Gln Ala Gln Ala Gly Val Phe Gln Arg Gly Pro Asp Asn Ala
530 535 540

Ser Val Ala Gln Ala Glu Gln Ile Leu Gln Gly Cys Arg Leu Ser Glu
545 550 555 560

Glu Thr Tyr Glu Ala Leu Glu Thr Ala Leu Leu Val Leu Val His Ala
565 570 575

Asp Arg Leu Asp Arg Ala Leu Phe Trp Ser Asp Ala Leu Leu Ala Glu
580 585 590

Ala Val Glu Arg Arg Ser Leu Gly Trp Glu Ala Val Phe Ala Ala Thr
595 600 605

Arg Ala Met Ile Ala Ile Arg Cys Gly Asp Leu Pro Thr Ala Arg Glu
610 615 620

Arg Ala Glu Leu Ala Leu Ser His Ala Ala Pro Glu Ser Trp Gly Leu
625 630 635 640

Ala Val Gly Met Pro Leu Ser Ala Leu Leu Leu Ala Cys Thr Glu Ala
645 650 655

Gly Glu Tyr Glu Gln Ala Glu Arg Val Leu Arg Gln Pro Val Pro Asp
660 665 670

Ala Met Phe Asp Ser Arg His Gly Met Glu Tyr Met His Ala Arg Gly
675 680 685

Arg Tyr Trp Leu Ala Xaa Gly Arg Leu His Ala Ala Leu Gly Glu Phe
690 695 700

Met Leu Cys Gly Glu Ile Leu Gly Ser Trp Asn Leu Asp Gln Pro Ser
705 710 715 720

Ile Val Pro Trp Arg Thr Ser Ala Ala Glu Val Tyr Leu Arg Leu Gly
725 730 735

Asn Arg Gln Lys Ala Arg Ala Leu Ala Glu Ala Gln Leu Ala Leu Val
740 745 750
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Arg Pro Gly Arg Ser Arg Thr Arg Gly Leu Thr Leu Arg Val Leu Ala
755 760 765

Ala Ala Val Asp Gly Gln Gln Ala Glu Arg Leu His Ala Glu Ala Val
770 775 780

Asp Met Leu His Asp Ser Gly Asp Arg Leu Glu His Ala Arg Ala Leu
785 790 795 800

Ala Gly Met Ser Arg His Gln Gln Ala Gln Gly Asp Asn Tyr Arg Ala
805 810 815

Arg Met Thr Ala Arg Leu Ala Gly Asp Met Ala Trp Ala Cys Gly Ala
820 825 830

Tyr Pro Leu Ala Glu Glu Ile Val Pro Gly Arg Gly Gly Arg Arg Ala
835 840 845

Lys Ala Val Ser Thr Glu Leu Glu Leu Pro Gly Gly Pro Asp Val Gly
850 855 860

Leu Leu Ser Glu Ala Glu Arg Arg Val Ala Ala Leu Ala Ala Arg Gly
865 870 875 880

Leu Thr Asn Arg Gln Ile Ala Arg Arg Leu Cys Val Thr Ala Ser Thr
885 890 895

Val Glu Gln His Leu Thr Arg Val Tyr Arg Lys Leu Asn Val Thr Arg
900 905 910

Arg Ala Asp Leu Pro Ile Ser Leu Ala Gln Asp Lys Ser Val Thr Ala
915 920 925

<210> SEQ ID NO 14

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 14

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

Ala Thr Ser Val Ile Ser Lys Gln Ile Leu Pro Val Tyr Asn Lys Pro
20 25 30

Met Ile Tyr Tyr Pro Leu Ser Val Leu Met Leu Gly Gly Ile Arg Glu
35 40 45

Ile Gln Ile Ile Ser Thr Pro Gln His Ile Glu Leu Phe Gln Ser Leu
50 55 60

Leu Gly Asn Gly Arg His Leu Gly Ile Glu Leu Asp Tyr Ala Val Gln
65 70 75 80

Lys Glu Pro Ala Gly Ile Ala Asp Ala Leu Leu Val Gly Ala Glu His
85 90 95

Ile Gly Asp Asp Thr Cys Ala Leu Ile Leu Gly Asp Asn Ile Phe His
100 105 110

Gly Pro Gly Leu Tyr Thr Leu Leu Arg Asp Ser Ile Ala Arg Leu Asp
115 120 125

Gly Cys Val Leu Phe Gly Tyr Pro Val Lys Asp Pro Glu Arg Tyr Gly
130 135 140

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

Pro Val Lys Pro Arg Ser Asn Leu Ala Val Thr Gly Leu Tyr Leu Tyr
165 170 175

Asp Asn Asp Val Val Asp Ile Ala Lys Asn Ile Arg Pro Ser Pro Arg
180 185 190
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Gly Glu Leu Glu Ile Thr Asp Val Asn Arg Val Tyr Leu Glu Arg Gly
195 200 205

Arg Ala Glu Leu Val Asn Leu Gly Arg Gly Phe Ala Trp Leu Asp Thr
210 215 220

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

Glu Glu Arg Gln Gly Val Trp Ile Ala Gly Leu Glu Glu Ile Ala Phe
245 250 255

Arg Met Gly Phe Ile Asp Ala Glu Ala Cys His Gly Leu Gly Glu Gly
260 265 270

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

Glu Gly Ala Pro
290

<210> SEQ ID NO 15

<211> LENGTH: 337

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae
<400> SEQUENCE: 15

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

Val Arg Gln Leu Leu Ala Gly Ala Tyr Pro Asp Val Pro Ala Asp Glu
20 25 30

Val Ile Val Leu Asp Ser Leu Thr Tyr Ala Gly Asn Arg Ala Asn Leu
Ala Pro Val Asp Ala Asp Pro Arg Leu Arg Phe Val His Gly Asp Ile
50 55 60

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

Val His Phe Ala Ala Glu Ser His Val Asp Arg Ser Ile Ala Gly Ala
85 90 95

Ser Val Phe Thr Glu Thr Asn Val Gln Gly Thr Gln Thr Leu Leu Gln
100 105 110

Cys Ala Val Asp Ala Gly Val Gly Arg Val Val His Val Ser Thr Asp
115 120 125

Glu Val Tyr Gly Ser Ile Asp Ser Gly Ser Trp Thr Glu Ser Ser Pro
130 135 140

Leu Glu Pro Asn Ser Pro Tyr Ala Ala Ser Lys Ala Gly Ser Asp Leu
145 150 155 160

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

Arg Cys Cys Asn Asn Tyr Gly Pro Tyr Gln His Pro Glu Lys Leu Ile
180 185 190

Pro Leu Phe Val Thr Asn Leu Leu Asp Gly Gly Thr Leu Pro Leu Tyr
195 200 205

Gly Asp Gly Ala Asn Val Arg Glu Trp Val His Thr Asp Asp His Cys
210 215 220

Arg Gly Ile Ala Leu Val Leu Ala Gly Gly Arg Ala Gly Glu Ile Tyr
225 230 235 240

His Ile Gly Gly Gly Leu Glu Leu Thr Asn Arg Glu Leu Thr Gly Ile
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245 250 255

Leu Leu Asp Ser Leu Gly Ala Asp Trp Ser Ser Val Arg Lys Val Ala
260 265 270

Asp Arg Lys Gly His Asp Leu Arg Tyr Ser Leu Asp Gly Gly Lys Ile
275 280 285

Glu Arg Glu Leu Gly Tyr Arg Pro Gln Val Ser Phe Ala Asp Gly Leu
290 295 300

Ala Arg Thr Val Arg Trp Tyr Arg Glu Asn Arg Gly Trp Trp Glu Pro
305 310 315 320

Leu Lys Ala Thr Ala Pro Gln Leu Pro Ala Thr Ala Val Glu Val Ser
325 330 335

Ala

<210> SEQ ID NO 16

<211> LENGTH: 332

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 16

Ile Gly Tyr Asp Ser Ser Lys Lys Gly Phe Asp Gly Ala Ser Cys Gly
1 5 10 15

Val Ser Val Ser Ile Gly Ser Gln Ser Pro Asp Ile Ala Gln Gly Val
20 25 30

Asp Thr Ala Tyr Glu Lys Arg Val Glu Gly Ala Ser Gln Arg Asp Glu
35 40 45

Gly Asp Glu Leu Asp Lys Gln Gly Ala Gly Asp Gln Gly Leu Met Phe
50 55 60

Gly Tyr Ala Ser Asp Glu Thr Pro Glu Leu Met Pro Leu Pro Ile His
65 70 75 80

Leu Ala His Arg Leu Ser Arg Arg Leu Thr Glu Val Arg Lys Asn Gly
85 90 95

Thr Ile Pro Tyr Leu Arg Pro Asp Gly Lys Thr Gln Val Thr Ile Glu
100 105 110

Tyr Asp Gly Asp Arg Ala Val Arg Leu Asp Thr Val Val Val Ser Ser
115 120 125

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

Arg Lys Phe Val Val Glu His Val Leu Ala Gln Leu Val Glu Asp Gly
145 150 155 160

Ile Lys Leu Asp Thr Asp Gly Tyr Arg Leu Leu Val Asn Pro Thr Gly
165 170 175

Arg Phe Glu Ile Gly Gly Pro Met Gly Asp Ala Gly Leu Thr Gly Arg
180 185 190

Lys Ile Ile Ile Asp Thr Tyr Gly Gly Met Ala Arg His Gly Gly Gly
195 200 205

Ala Phe Ser Gly Lys Asp Pro Ser Lys Val Asp Arg Ser Ala Ala Tyr
210 215 220

Ala Met Arg Trp Val Ala Lys Asn Val Val Ala Ala Gly Leu Ala Ser
225 230 235 240

Arg Cys Glu Val Gln Val Ala Tyr Ala Ile Gly Lys Ala Glu Pro Val
245 250 255

Gly Leu Phe Val Glu Thr Phe Gly Thr His Lys Ile Glu Thr Glu Lys
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260 265 270

Ile Glu Asn Ala Ile Gly Glu Val Phe Asp Leu Arg Pro Ala Ala Ile
275 280 285

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

Tyr Gly His Phe Gly Arg Glu Leu Pro Asp Phe Thr Trp Glu Arg Thr
305 310 315 320

Asp Arg Val Asp Ala Leu Lys Lys Ala Ala Gly Leu
325 330

<210> SEQ ID NO 17

<211> LENGTH: 230

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 17

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

Phe Pro Gly Arg Phe Ala Glu Gln Ile Leu Pro Asp Gln Leu Ala His
20 25 30

Val Ser Leu Ser Phe Leu Val Asp Thr Leu Asp Ile Arg His Gly Gly
35 40 45

Val Ala Ala Asn Ile Ala Tyr Gly Leu Gly Leu Leu Gly Arg Arg Pro
50 55 60

Val Leu Val Gly Ala Val Gly Lys Asp Phe Asp Gly Tyr Gly Gln Leu
65 70 75 80

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

Gln His Thr Ala Arg Phe Met Cys Thr Thr Asp Glu Asp Gly Asn Gln
100 105 110

Leu Ala Ser Phe Tyr Ala Gly Ala Met Ala Glu Ala Arg Asp Ile Asp
115 120 125

Leu Gly Glu Thr Ala Gly Arg Pro Gly Gly Ile Asp Leu Val Leu Val
130 135 140

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

Glu Leu Gly Leu Arg Arg Ala Ala Asp Pro Ser Gln Gln Leu Ala Arg
165 170 175

Leu Glu Gly Asp Ser Val Arg Glu Leu Val Asp Gly Ala Glu Leu Leu
180 185 190

Phe Thr Asn Ala Tyr Glu Arg Ala Leu Leu Leu Ser Lys Thr Gly Trp
195 200 205

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

Gly Ala Lys Gly Cys Arg
225 230

<210> SEQ ID NO 18

<211> LENGTH: 416

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 18

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

Leu Gly Ala Leu Gly Gln Asp Phe Ala Ala Asp Pro Tyr Pro Thr Tyr
20 25 30

Ala Arg Leu Arg Ala Glu Gly Pro Ala His Arg Val Arg Thr Pro Glu
35 40 45

Gly Asp Glu Val Trp Leu Val Val Gly Tyr Asp Arg Ala Arg Ala Val
50 55 60

Leu Ala Asp Pro Arg Phe Ser Lys Asp Trp Arg Asn Ser Thr Thr Pro
Leu Thr Glu Ala Glu Ala Ala Leu Asn His Asn Met Leu Glu Ser Asp
85 90 95

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

Met Arg Arg Val Glu Leu Leu Arg Pro Arg Val Gln Glu Ile Val Asp
115 120 125

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

Met Glu Ser Leu Ala Trp Pro Leu Pro Ile Thr Val Ile Ser Glu Leu
145 150 155 160

Leu Gly Val Pro Glu Pro Asp Arg Ala Ala Phe Arg Val Trp Thr Asp
165 170 175

Ala Phe Val Phe Pro Asp Asp Pro Ala Gln Ala Gln Thr Ala Met Ala
180 185 190

Glu Met Ser Gly Tyr Leu Ser Arg Leu Ile Asp Ser Lys Arg Gly Gln
195 200 205

Asp Gly Glu Asp Leu Leu Ser Ala Leu Val Arg Thr Ser Asp Glu Asp
210 215 220

Gly Ser Arg Leu Thr Ser Glu Glu Leu Leu Gly Met Ala His Ile Leu
225 230 235 240

Leu Val Ala Gly His Glu Thr Thr Val Asn Leu Ile Ala Asn Gly Met
245 250 255

Tyr Ala Leu Leu Ser His Pro Asp Gln Leu Ala Ala Leu Arg Ala Asp
260 265 270

Met Thr Leu Leu Asp Gly Ala Val Glu Glu Met Leu Arg Tyr Glu Gly
275 280 285

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

Asp Gly Thr Val Ile Pro Ala Gly Asp Thr Val Leu Val Val Leu Ala
305 310 315 320

Asp Ala His Arg Thr Pro Glu Arg Phe Pro Asp Pro His Arg Phe Asp
325 330 335

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

Phe Cys Ile Gly Ala Pro Leu Ala Arg Leu Glu Ala Arg Ile Ala Val
355 360 365

Arg Ala Leu Leu Glu Arg Cys Pro Asp Leu Ala Leu Asp Val Ser Pro
370 375 380

Gly Glu Leu Val Trp Tyr Pro Asn Pro Met Ile Arg Gly Leu Lys Ala
385 390 395 400

Leu Pro Ile Arg Trp Arg Arg Gly Arg Glu Ala Gly Arg Arg Thr Gly
405 410 415
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<210> SEQ ID NO 19
<211> LENGTH: 38506
<212> TYPE: DNA
<213> ORGANISM: Streptomyces venezuelae
<400> SEQUENCE: 19
gatcatgcgg agcactcctt ctctcegtget cctaccggtg atgtgcgecge cgaattgatt 60
cgtggagaga tgtcgacagt gtccaagagt gagtccgagg aattcgtgtc cgtgtcgaac 120
gacgccggtt ccgcgcacgg cacagcggaa cccgtcgecg tcgtcggcat ctcectgecgg 180
gtgcccggeg cccgggacce gagagagttc tgggaactcce tggcggcagg cggccaggcce 240
gtcaccgacg tccccgcecgga ccgcectggaac gccggcgact tctacgacce ggaccgctee 300
gccccecggece gectcgaacag ccggtgggge gggttcatcg aggacgtcga ccggttcgac 360
gccgecttet tcggcatcte geccecgcgag gccgcggaga tggacccgca gcagcggcete 420
gccctggage tgggctggga ggccctggag cgcgccggga tcgacccgte ctcgetcacce 480
ggcacccgca ccggegtcett cgccggcgec atctgggacg actacgccac cctgaagcac 540
cgccagggcg gcgcecgcgat caccccgcac accgtcaccg gcctccaccg cggcatcatce 600
gcgaaccgac tctcgtacac gctcgggetc cgcggcccca gcatggtcecgt cgactccgge 660
cagtcctcgt cgctcgtege cgtccaccte gcgtgcgaga gcctgcggeg cggcgagtcece 720
gagctcgeccce tcgecggegg cgtctegete aacctggtge cggacagcat catcggggeg 780
agcaagttcg gcggcctctec ccccgacgge cgcgcctaca ccttcgacge gcegcgccaac 840
ggctacgtac gcggcgaggg cggcggtttc gtcgtccectga agcgcctcecte ccgggecgte 900
gccgacggeg acccggtget cgccgtgatc cggggcagcg ccgtcaacaa cggcggcgcece 960
gcccagggca tgacgacccece cgacgcgeag gegcaggagg ccegtgetccg cgaggcccac 1020
gagcgggecg ggaccgegec ggccgacgtg cggtacgteg agetgcacgg caccggcacce 1080
ccegtgggeg acccgatcga ggccgcetgeg ctceggecgecg ccctcggcac cggccgcccg 1140
gccggacagce cgctcctggt cggectcecggtc aagacgaaca tcggccacct ggagggcgceg 1200
gccggcatcg ccggcctcat caaggccgte ctggcggtce gcggtcgege getgcccgece 1260
agcctgaact acgagacccc gaacccggceqg atcccgttcg aggaactgaa cctccgggtg 1320
aacacggagt acctgccgtg ggagccggag cacgacgggce agcggatggt cgtcggegtg 1380
tcectegtteg gecatgggegg cacgaacgceg catgtcgtge tcgaagagge ccecgggggtt 1440
gtcgagggtg cttcggtegt ggagtcgacg gtecggegggt cggceggtegg cggeggtgtg 1500
gtgccgtggg tggtgtcgge gaagtccget gcoccgegetgg acgcgcagat cgagcggett 1560
gccgegtteg cctegeggga tcegtacggat ggtgtcgacg cgggegetgt cgatgegggt 1620
gctgtcgatg cgggtgctgt cgctcgegta ctggececggeg ggecgtgectca gttcgagcac 1680
cgggccgteg tcgtcggcag cgggccggac gatctggegg cagcegctgge cgcgcectgag 1740
ggtctggtce ggggecgtgge ttceggtgte gggecgagtgg cgttecgtgtt cccegggeag 1800
ggcacgcagt gggccggcat gggtgccgaa ctgctggact cttccgeggt gttegeggeg 1860
gccatggccg aatgcgaggce cgcactctcc ccgtacgtcg actggtcget ggaggccgtce 1920
gtacggcagg cccccggtge gcccacgctg gagegggtcg atgtcgtgca gectgtgacg 1980
ttcgecegtca tggtecteget ggetcgegtg tggcagcacc acggggtgac gccccaggeg 2040
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gtcgtcggece actcgcaggg cgagatcgcec gccgcgtacg tcgecggtge cctgagectg 2100
gacgacgccg ctcgtgtcecgt gaccctgecge agcaagtcca tcgccgccca cctcecgecgge 2160
aagggcggca tgctgtccct cgcgectgage gaggacgccg tcctggageg actggcecggg 2220
ttcgacggge tgtccgtcge cgectgtgaac gggcccaccg ccaccgtggt cteccggtgac 2280
cccgtacaga tcgaagagct tgctcgggceg tgtgaggeccg atggggtccg tgcgecgggtce 2340
attcccgtecg actacgcgtc ccacagccgg caggtcgaga tcatcgagag cgagctcgece 2400
gaggtcctcg ccgggctcag cccgcaggect ccgegegtge cgttecttcectce gacactcgaa 2460
ggcgcctgga tcaccgagcc cgtgctcgac ggcggctact ggtaccgcaa cctgcgccat 2520
cgtgtgggect tcgcccecgge cgtcgagacc ctggccaccg acgagggctt cacccacttc 2580
gtcgaggtca gcgcccacce cgtcctcacc atggccctce ccgggaccgt caccggtcetg 2640
gcgaccctge gtcgcgacaa cggcggtcag gaccgcctcg tcgectcecct cgccgaagcea 2700
tgggccaacg gactcgcggt cgactggagce ccgctcctece cctececgcgac cggccaccac 2760
tccgacctee ccacctacge gttccagacce gagcgccact ggctgggcga gatcgaggeg 2820
ctcgeccegg cgggegagece ggcggtgeag ccogecgtece tcoccogcacgga ggeggocgag 2880
ccggcggagce tcgaccggga cgagcagctg cgcgtgatcce tggacaaggt ccgggcgcag 2940
acggcccagg tgctggggta cgcgacaggc gggcagatcg aggtcgaccg gaccttccgt 3000
gaggccggtt gcacctccect gaccggcgtg gacctgcegca accggatcaa cgccgectte 3060
ggcgtacgga tggcgccgtc catgatcttc gacttcccca ccceccgagge tctegeggag 3120
cagctgctce tcgtcgtgca cggggaggcg gcggcgaacce cggccggtgce ggagccggcet 3180
ccggtggegg cggcecggtge cgtcgacgag ccggtggcega tcgtcggcat ggcctgccge 3240
ctgcceggtg gggtcgeccte geccggaggac ctgtggegge tggtggccgg cggcggggac 3300
gcgatctcgg agttcccgca ggaccgcgge tgggacgtgg aggggctgta ccacccggat 3360
cccgagcacce ccggcacgtce gtacgtccecge cagggcggtt tcatcgagaa cgtcgecgge 3420
ttcgacgcgg ccttettecgg gatctcgeecg cgecgaggccce tcgccatgga cccgcagcag 3480
cggctcctece tcgaaacctce ctgggaggcc gtcgaggacg ccgggatcga cccgacctee 3540
ctgcggggac ggcaggtcgg cgtcttcact ggggcgatga cccacgagta cgggccgagce 3600
ctgcgggacg gcggggaagg cctcgacggc tacctgctga ccggcaacac ggccagcgtg 3660
atgtcgggcc gcgtctcgta cacactcgge cttgagggec ccgccctgac ggtggacacg 3720
gcctgetegt cgtcegetggt cgccctgcac ctecgececgtge aggccctgeg caagggcgag 3780
gtcgacatgg cgctcgccgg cggcegtggec gtgatgccca cgcccgggat gttegtcgag 3840
ttcagcecgge agcgeggget ggccggggac ggccggtcga aggcgttcge cgegtceggeg 3900
gacggcacca gctggtccga gggcgtcgge gtcctcctcecg tcgagcgect gtcggacgece 3960
cgccgcaacg gacaccaggt cctcgeggte gtccgcggca gcgeccgtgaa ccaggacggce 4020
gcgagcaacg gcctcacgge tccgaacggg ccctcgcage agcecgcgtcat ccggegegeg 4080
ctggcggacg cccggctgac gacctccgac gtggacgtcg tcgaggcaca cggcacgggce 4140
acgcgactcg gcgacccgat cgaggcgcag gccctgatcg ccacctacgg ccagggccgt 4200
gacgacgaac agccgctgceg cctcgggtcg ttgaagtcca acatcgggca cacccaggcce 4260

gcggeeggeg tctccggtgt catcaagatg gtccaggcga tgcgccacgg actgetgecg 4320
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aagacgctgc acgtcgacga gccctcggac cagatcgact ggtcggctgg cgccgtggaa 4380
ctcctcaccg aggccgtcga ctggccggag aagcaggacg gcgggctgcg ccgggecgcece 4440
gtctcctect tcgggatcag cggcaccaat gcgcatgtgg tgctcgaaga ggccccggtg 4500
gttgtcgagg gtgcttcggt cgtcgagccg tcecggttggeg ggtecggeggt cggeggeggt 4560
gtgacgcctt gggtggtgtc ggcgaagtcc gctgeccgege tcgacgcgca gatcgagcegg 4620
cttgcecgecat tcgcctcgeg ggatcgtacg gatgacgccg acgccggtge tgtcgacgeg 4680
ggcgctgtcg ctcacgtact ggctgacggg cgtgctcagt tcgagcaccg ggccegtcgeg 4740
ctcggegecg gggcggacga cctcgtacag gcgetggecg atccggacgg gcetgatacge 4800
ggaacggctt ccggtgtcgg gcgagtggeg ttecgtgttce ccecggtcaggg cacgcagtgg 4860
gctggcatgg gtgccgaact gctggactct tccgeggtgt tcgeggegge catggecgag 4920
tgtgaggccg cgctgtccece gtacgtcgac tggtcgetgg aggccgtcgt acggcaggec 4980
cccggtgege ccacgctgga gcogggtcgat gtcgtgcage ctgtgacgtt cgcegtcatg 5040
gtctcgetgg ctcgegtgtg gcagcaccac ggtgtgacge cccaggecggt cgtcggccac 5100
tcgecagggeg agatcgccge cgcgtacgtce gccggagccce tgcccctgga cgacgccgece 5160
cgcgtcegtca ccectgcgecag caagtccatc gccgcccacce tcgecggcaa gggcggcatg 5220
ctgtccecteg cgctgaacga ggacgccgtc ctggagcgac tgagtgactt cgacgggetg 5280
tcecgtegecg cecgtcaacgg gcocccaccgec actgtcgtgt cgggtgaccce cgtacagatc 5340
gaagagcttg ctcaggcgtg caaggcggac ggattccgeg cgcggatcat tcccgtcgac 5400
tacgcgtcce acagccggca ggtcgagatc atcgagagcg agctcgccca ggtcctcgece 5460
ggtctcagcc cgcaggcccce gegegtgecg ttcecttcectecga cgctcgaagg cacctggatc 5520
accgagcccg tcctcgacgg cacctactgg taccgcaacc tccgtcaccg cgtcggettce 5580
gcccccgeca tcgagaccct ggccgtcgac gagggcttca cgcacttcecgt cgaggtcage 5640
gcccaccccg tcctcaccat gaccctcccec gagaccgtca ccggcctegg caccctccegt 5700
cgcgaacagg gaggccaaga gcgtctggtc acctcgctcg ccgaggcgtg ggtcaacggg 5760
cttccegtgg catggacttc gectcctgecce geccacggect cccgecccegg tectgeccacce 5820
tacgccttece aggccgageg ctactggctce gagaacactc ccgccgccct ggccaccgge 5880
gacgactggc gctaccgcat cgactggaag cgcctcccgg ccgceccgaggg gtccgagcge 5940
accggcctgt ccggccgetg gectcgecgte acgccggagg accactccge gcaggccgcece 6000
gccgtgcectca ccgegetggt cgacgcecggg gcgaaggtcg aggtgctgac ggccggggceg 6060
gacgacgacc gtgaggccct cgccgceccgg ctcaccgcac tgacgaccgg tgacggctte 6120
accggegtgg tctcgetecct cgacggactc gtaccgcagg tcgcctgggt ccaggcgcetce 6180
ggcgacgccg gaatcaaggce gcccctgtgg tccgtcacce agggcgeggt ctccgtcgga 6240
cgtctcgaca ccceccgecga ccccgaccegqg gceccatgetect ggggectegg ccegegtegte 6300
gcccttgage accccgaacg ctgggcecgge ctcgtcgacce tccccgeccca geccgatgece 6360
gccgeccteg cccacctegt caccgcacte tccggcecgcca ccggcgagga ccagatcgece 6420
atccgcacca ccggactcca cgcccgceccege ctcgcccgeg cacccctceca cggacgtcegg 6480
cccaccegeg actggcagcc ccacggcacc gtcctcatca ccggcggcac cggagcccte 6540

ggcagccacg ccgcacgctg gatggcccac cacggagccg aacacctcct cctcegtcage 6600



US 2005/0026244 A1l Feb. 3, 2005
112

-continued
cgcagcggceg aacaagcccc cggagccacc caactcaccg ccgaactcac cgcatcggge 6660
gcccgegtca ccatcgeccge ctgcgacgtc gccgaccccce acgccatgcg caccctccte 6720
gacgccatcc ccgccgagac gcccctcacce gceccgtcecgtece acaccgccgg cgcgctcgac 6780

gacggcatcg tggacacgct gaccgccgag caggtccgge gggcccaccqg tgcgaaggcce 6840
gtcggegect cggtgctcga cgagctgacce cgggacctcg acctcgacgce gttcgtgcetce 6900
ttctegteceg tgtcgagcac tctgggcatc cccggtcagg gcaactacgce cccgcacaac 6960
gcctacctecg acgcecctege ggctcecgcege cgggccaccg gccggtccege cgtcecteggtg 7020
gcctggggac cgtgggacgg tggcggcatg gccgccecggtg acggcegtgge cgagcggcetg 7080
cgcaaccacg gcgtgcccgg catggacccg gaactcgccce tggeccgcact ggagtccgeg 7140
ctcggecggg acgagaccgce gatcaccgtc gcggacatcg actgggaccg cttctaccte 7200
gcgtactcct ccggtcgecce gcagcccete gtcgaggage tgcccgaggt geggegcatce 7260
atcgacgcac gggacagcgc cacgtccgga cagggcggga gotccgcocca gggogcocaac 7320
ccecctggecg agecggcectgge cgccgeggcet cccggcgage gtacggagat cctccteggt 7380
ctcgtacggg cgcaggccge cgccgtgete cggatgegtt cgccggagga cgtcgecgece 7440
gaccgcgcct tcaaggacat cggcttcgac tcgctcgececg gtgtcgaget gcgcaacagg 7500
ctgacccggg cgaccgggct ccagctgccc gcgacgctcg tcecttcgacca cccgacgccg 7560
ctggceccteg tgtcgetget ccgcagegag ttccteggtg acgaggagac ggcggacgcc 7620
cggcggtccg cggcegcectgece cgcgactgte ggtgccggtg ccggcocgeccgg cgccggcace 7680
gatgccgacg acgatccgat cgcgatcgtc gcgatgaget geccgectaccce cggtgacatc 7740
cgcagcccgg aggacctgtg gceggatgetg tccgagggcg gcgagggcat cacgccgtte 7800
cccaccgacce gcggctggga cctcgacgge ctgtacgacg ccgacccgga cgcgctcgge 7860
agggcgtacg tccgcgaggg cgggttccectg cacgacgcgg ccgagttcga cgcggagtte 7920
ttcggegtet cgccgegega ggcegectggece atggacccge agcagcggat gctcctgacg 7980
acgtcctggg aggccttcga gcecgggecgge atcgagcecgg catcgctgceg cggcagcage 8040
accggtgtct tcatcggcct ctcctaccag gactacgcgg cccgegtccc gaacgccceg 8100
cgtggegtgg agggttacct gctgaccggce agcacgccga gcgtcgecgtc gggccgtatc 8160
gcgtacacct tcggtctcga agggcccgeg acgaccgtcg acaccgcctg ctcgtcegteg 8220
ctgaccgcce tgcacctgge ggtgcgggeg ctgcgcageg gcgagtgcac gatggcegcete 8280
gccggtggeg tggcgatgat ggcgaccccg cacatgttcg tggagttcag ccgtcagcegg 8340
gcgctegece cggacggccg cagcaaggcec ttctcggegg acgccgacgg gttcggegece 8400
gcggagggceg tcggcctget getcgtggag cggctcectegg acgcgcggeg caacggtcac 8460
ccggtgeteg ccgtggtceceg cggtaccgec gtcaaccagg acggcgccag caacgggctg 8520
accgcgccca acggacccte gcagcagegg gtgatcegge aggegetege cgacgcccgg 8580
ctggcacccg gcgacatcga cgccgtcgag acgcacggca cgggaacctc gctgggcgac 8640
cccatcgagg cccagggect ccaggccacg tacggcaagg agcggeccgce ggaacggcocg 8700
ctcgccatcg gecteccgtgaa gtccaacatc ggacacaccce aggccgcggce cggtgcggeg 8760
ggcatcatca agatggtcct cgcgatgcgc cacggcaccce tgccgaagac cctccacgcece 8820

gacgagccga gcccgcacgt cgactgggceg aacagcggcce tggcecctcegt caccgagccg 8880
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atcgactggc cggccggcac cggtccgege cgcgccgecg tctectecett cggecatcage 8940
gggacgaacg cgcacgtcgt gctggagcag gcgccggatg ctgctggtga ggtgettggg 9000
gccgatgagg tgcctgaggt gtctgagacg gtagcgatgg ctgggacggce tgggacctcc 9060
gaggtcgectg agggctctga ggcctccgag gccccecgegg ccccecggcaqg ccgtgaggeg 9120
tcecectecececeg ggcacctgee ctgggtgectg tccgccaagg acgagcagtce gctgcecgegge 9180
caggccgccg ccctgcacge gtggctgtcecce gagcccgccg ccgacctgtce ggacgcggac 9240
ggaccggccce gcctgcggga cgtcgggtac acgctcgcca cgagccgtac cgccttcgeg 9300
caccgcgccg ccgtgaccge cgccgaccgg gacgggttcce tggacgggct ggccacgcectg 9360
gcccagggeg gcacctegge ccacgtccac ctggacaccg ccoccgggacgg caccaccgceg 9420
ttcectetteca cecggecaggg cagtcagege cccecggcgecg gecgtgaget gtacgaccgg 9480
caccccgtet tcgeccggge getcgacgag atctgcgecce acctcgacgg tcacctcgaa 9540
ctgcccectge tcgacgtgat gttcgcggec gagggcagcg cggaggccgce gctgctcgac 9600
gagacgcggt acacgcagtg cgcgctgttc gccctggagg tcgegctett cecggetcegtce 9660
gagagctggg gcatgcggcc ggccgcactg ctcggtcact cggtcggcga gatcgceccgece 9720
gcgcacgtcg ccggtgtgtt ctcgetcgec gacgccgecce gecctggtcecge cgcgegecgge 9780
cggctcatge aggagctgcc cgccggtgge gcgatgctcg ccgtccagge cgcggaggac 9840
gagatccgeg tgtggctgga gacggaggag cggtacgcgg gacgtctgga cgtcgceccgece 9900
gtcaacggce ccgaggecge cgtcctgtee ggegacgegg acgeggcegeg ggaggcggag 9960
gcgtactggt ccgggetcgg ccgcaggacce cgcgecgectge gggtcagcca cgccttccac 10020
tccgegecaca tggacggcat gctcgacggg ttccgcgeccg tcctggagac ggtggagttce 10080
cggcgecccct ccctgaccgt ggtctcgaac gtcaccggec tggccgccgg cccggacgac 10140
ctgtgcgacc ccgagtactg ggtccggcac gtccecgcecggeca ccgtccegett cctecgacgge 10200
gtcecgtgtece tgcgcgacct cggegtgcecgg acctgecctgg agetgggeccce cgacggggte 10260
ctcaccgcca tggcggccga cggcctcgeg gacacccceg cggattccecge tgeceggetce 10320
cccgtegget ctcccgecgg ctectceccgece gactccecgecg ccocggegeget ccecggecccecgg 10380
ccgetgeteg tggcegetget geogeccgcaag cggtcggaga ccgagaccgt cgcggacgcc 10440
ctcggcaggg cgcacgccca cggcaccgga cccgactgge acgcctggtt cgeceggetce 10500
ggggcgcacc gcgtggacct gcccacgtac tccttccgge gecgaccgcecta ctggetggac 10560
gccceggegg ccgacaccgce ggtggacacc gccggcecteg gtctcggcac cgccgaccac 10620
ccgetgeteg geogeecgtggt cagccttccg gaccgggacg gcoctgetget caccggeccge 10680
ctctcecectge gcacccacce gtggectcgeg gaccacgccg tcctggggag cgtcctgete 10740
cccggegecg cgatggtcga actcgeccgeg cacgectgecgg agtccgeccgg tctgegtgac 10800
gtgcgggagce tgaccctcct tgaaccgctg gtactgccecg agcacggtgg cgtcgagectg 10860
cgcgtgacgg tcggggcgcc ggccggagag cccggtggeg agtcecggccgg ggacggegca 10920
cggccegtet ccctccacte geggectcgec gacgecgecceg ccggtaccge ctggtcctge 10980
cacgcgaccg gtctgctgge caccgaccgg cccgagctte ccgtcgegec cgaccgtgeg 11040
gccatgtgge cgccgcaggg cgccgaggag gtgccgcteg acggtctcta cgageggete 11100

gacgggaacg gcctcgecctt cggtcegetg ttccagggge tgaacgeggt gtggeggtac 11160
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gagggtgagg tcttcgccga catcgecgctce cccgccacca cgaatgcgac cgcgecccgeg 11220
accgcgaacg gcggcgggag tgcggcggeg gccccctacg gcatccaccce cgccctgete 11280
gacgcttcge tgcacgccat cgcggtcgge ggtctecgtceg acgagcccga gctegtcecge 11340
gtcccecttee actggagcgg tgtcaccgtg cacgcggececg gtgeccgegge ggecccgggte 11400
cgtctegect ccgecggggac ggacgccgtce tcogetgtcce tgacggacgg cgagggacge 11460
ccgetggtet ccgtggaacg gctcacgctg cgcccggtca ccgeccgatca ggeggeggeg 11520
agccgegtcg gcogggetgat gcaccgggtg gcoctggegte cgtacgccect cgcctegtece 11580
ggcgaacagg acccgcacgc cacttcgtac gggccgaccg ccgtcctcgg caaggacgag 11640
ctgaaggtcg ccgccgccct ggagtccgeg ggecgtcgaag tcgggctcta cccecgacctg 11700
gccgegetgt cccaggacgt ggcggceccgge gccccggcgce cccgtaccgt ccottgegecg 11760
ctgccegegg gtcccgccga cggcecggegeg gagggtgtac ggggcacggt ggcccggacg 11820
ctggagctge tccaggcctg gectggeccgac gagcaccteg cgggcacccg cctgetcctg 11880
gtcacccgeg gtgcggtgeg ggaccccgag gggtccggeg ccgacgatgg cggcgaggac 11940
ctgtcgcacg cggccgectg gggtctcgta cggaccgcge agaccgagaa cccceggccge 12000
ttcggectte tcgacctgge cgacgacgcc tcgtecgtacce ggaccctgec gtcecggtgete 12060
tccgacgecgg gecctgecgecga cgaaccgcag ctcgeccctge acgacggcac catcaggetg 12120
gccecgectgg cctcocecgtceccg geocccgagacce ggcaccgceccg caccggceget cgccccggag 12180
ggcacggtcc tgctgaccgg cggcaccggc ggcctgggeg gactggtcge ccggcacgtg 12240
gtgggcgagt ggggcgtacg acgcctgctg ctggtgagcc ggcggggcac ggacgccccg 12300
ggcgccgacg agctcgtgca cgagctggag gccctgggag ccgacgtctc ggtggeccgeg 12360
tgcgacgtcg ccgaccgcga agccctcacc gccgtactcg acgccatccc cgccgaacac 12420
ccgctcaccg cggtcgtcca cacggcaggce gtcctctcecg acggcaccect cccgtccatg 12480
acgacggagg acgtggaaca cgtactgcgg cccaaggtcg acgccgcgtt cctecctcgac 12540
gaactcacct cgacgcccgce atacgacctg gcagecgttcg tcatgttctc ctcegeccgee 12600
gccgtetteg gtggegeggg gcagggegec tacgccgccg ccaacgccac cctcgacgec 12660
ctcgeectgge gcocgececggge agccggactc cccgccctet ccctecggetg gggectetgg 12720
gccgagacca gcggcatgac cggcgagctc ggccaggcgg acctgcgccg gatgagccge 12780
gcgggcatcg gcgggatcag cgacgccgag ggcatcgcge tcctcgacge cgccctcecge 12840
gacgaccgcc acccggtcct getgcccctg cggectcecgacg ccecgeccggget gecgggacgeg 12900
gccgggaacg acccggccgg aatccceggeg ctectteccggg acgtecgtecgg cgeccaggace 12960
gtccgggece ggccgtccge ggcctcoccgec tcgacgacag ccgggacggce cggcacgccg 13020
gggacggcgg acggcgcggc ggaaacggcg gcggtcacge tcgccgaccg ggccgccacc 13080
gtggacgggc ccgcacggca gcgcctgcetg ctcgagttcg tcecgtcggecga ggtecgeccgaa 13140
gtactcggcc acgccecgcegg tcaccggatc gacgccgaac ggggcttcect cgacctcegge 13200
ttcgactcce tgaccgccgt cgaactccge aaccggctca actccgeccgg tggecctcecgece 13260
ctcccggega ccctggtett cgaccaccca agcccggegg cactcgcctce ccacctggac 13320
gccgagctge cgcgcggege ctcggaccag gacggagccg ggaaccggaa cgggaacgag 13380

aacgggacga cggcgtcccg gagcaccgcc gagacggacg cgctgctgge acaactgacc 13440
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cgcctggaag gcgccttggt getgacggge ctctcggacg ccceccgggag cgaagaagtc 13500
ctggagcacc tgcggtccct gcogctcgatg gtcacgggeg agaccgggac cgggaccgeg 13560
tcecggagecce cggacggcgce cgggtccgge gceccgaggacce ggccctggge ggccggggac 13620
ggagccgggg gcgggagtga ggacggcgceg ggagtgccgg acttcatgaa cgcctcecggec 13680
gaggaactct tcggcctcect cgaccaggac cccagcacgg actgatccct gccgcacggt 13740
cgcctececege cccggacccecce gtcccgggca cctcecgactcg aatcacttca tgecgegecte 13800
gggcgcctce aggaactcaa ggggacagcg tgtccacggt gaacgaagag aagtacctcg 13860
actacctgcg tcgtgccacg gcggacctcce acgaggcceg tggccgcctce cgecgagetgg 13920
aggcgaaggc gggcgagccg gtggcgatcg tcggcatgge ctgeccgecctg cccggeggeg 13980
tcgectegee cgaggacctg tggcggetgg tggccggegg cgaggacgcg atctcggagt 14040
tccceccagga ccgeggetgg gacgtggagg gcecctgtacga cccgaacccg gaggccacgg 14100
gcaagagtta cgcccgcgag gccggattcce tgtacgagge gggcgagttc gacgccgact 14160
tcttecgggat ctcgeccgege gaggcccteg ccatggaccce gcagcagegt ctecctccoctgg 14220
aggcctcctg ggaggegttc gagcacgccg ggatcccgge ggccaccgeg cgcggcacct 14280
cggtcggegt cttcaccgge gtgatgtacc acgactacgc cacccgtctc accgatgtcce 14340
cggagggcat cgagggctac ctgggcaccg gcaactccgg cagtgtcgcc tcgggccgeg 14400
tcgcegtacac gecttggecctg gaggggccgg ccgtcacggt cgacaccgcece tgctcegtccet 14460
cgctggtcege cctgcacctce gcoccgtgcagg ccctgcecgcaa gggcgaggtc gacatggege 14520
tcgeceggegg cgtgacggtc atgtcgacgce ccagcacctt cgtcgagttc agccgtcage 14580
gcgggetgge gccggacggce cggtcgaagt ccttoctecgte gacggccgac ggcaccaget 14640
ggtccgaggg cgtcggegtce ctcctegteg agecgecctgte cgacgecgegt cgcaagggee 14700
atcggatcct cgccgtggtc cggggcaccg ccgtcaacca ggacggcgcc agcagcggec 14760
tcacggctcec gaacgggccg tcgcagcagc gcgtcatccg acgtgccctg gecggacgccce 14820
ggctcacgac ctccgacgtg gacgtcgtcg aggcccacgg cacgggtacg cgactcggeg 14880
acccgatcga ggcgcaggcc gtcatcgcca cgtacgggca gggccgtgac ggcgaacagce 14940
cgctgegect cgggtcgttg aagtccaaca tcggacacac ccaggccgcc gccggtgtet 15000
ccggcgtgat caagatggtc caggcgatgc gccacggcgt cctgccgaag acgctccacg 15060
tggagaagcc gacggaccag gtggactggt ccgcgggcge ggtcgagetg ctcaccgagg 15120
ccatggactg gccggacaag ggcgacggcg gactgcgcag ggccgceggtce tcctcctteg 15180
gcgtcagcegg gacgaacgcg cacgtcgtge tcgaagaggc cccggcggec gaggagaccce 15240
ctgcctccga ggcgaccceg gcecgtcecgage cgtcecggtecgg cgeceggectg gtgecgtgge 15300
tggtgtcgge gaagactccg gccgegetgg acgcccagat cggacgccte geccgegtteg 15360
cctcgecaggg ccgtacggac gccgccgatc cgggecgeggt cgctcgegta ctggeccggeg 15420
ggcgcgecga gttcgagcac cgggccgtcg tgctcggcac cggacaggac gatttcgege 15480
aggcgctgac cgctccggaa ggactgatac gcggcacgcc ctcggacgtg ggccgggtgg 15540
cgttcgtgtt cccecggtcag ggcacgcagt gggccgggat gggcgccgaa ctcctcgacg 15600
tgtcgaagga gttcgcggeg geccatggccecg agtgcgagag cgecgctctcecce cgctatgteg 15660

actggtcgect ggaggccgtc gtcecggcagg cgccgggcge gcccacgctg gagegggtceg 15720
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acgtcgtcca gcccgtgacce ttcgectgtca tggtttcget ggecgaaggtc tggcagcacce 15780
acggcgtgac gccgcaggcc gtcgtcggecc actcgcaggg cgagatcgcc gccgegtacg 15840
tcgeceggtge cctcacccte gacgacgccg cccgegtegt caccctgege agcaagtcca 15900
tcgececgecca cctcecgeccgge aagggcggca tgatctcccet cgeccctcage gaggaagcca 15960
cccggcageg catcgagaac ctccacggac tgtcgatcge cgccgtcaac ggccccaccg 16020
ccaccgtggt ttcgggcgac cccacccaga tccaagagct cgctcaggeg tgtgaggeccg 16080
acggggtccg cgcacggatc atccccgtcg actacgcctce ccacagcgcc cacgtcgaga 16140
ccatcgagag cgaactcgcc gaggtcctcg ccgggctcag cccgecggaca cctgaggtge 16200
cgttcttctec gacactcgaa ggcgcctgga tcaccgagcc ggtgectcgac ggcacctact 16260
ggtaccgcaa cctccgccac cgcgtcegget tcocgecccccecge cgtcgagacc ctcgeccaccg 16320
acgaaggctt cacccacttc atcgaggtca gcgcccacce cgtcctcacc atgaccctce 16380
ccgagaccgt caccggcctc ggcaccctcc gcoccgcgaaca gggaggccag gagcecgtctgg 16440
tcacctcact cgccgaagcc tggaccaacg gcctcaccat cgactgggcg cccgtcctece 16500
ccaccgcaac cggccaccac cccgagctcc ccacctacge cttccagcge cgtcactact 16560
ggctccacga ctccceccgec gtccaggget ccgtgcagga ctcctggecge taccgcatcg 16620
actggaagcg cctcgeggtce gccgacgcegt ccgagcgcecge cgggctgtcc gggegectgge 16680
tcgtegtegt ccccgaggac cgttccgeceg aggccgccce ggtgectcgece gegetgtcecg 16740
gcgeccggege cgaccccgta cagctggacg tgtccccget gggcgaccgg cagcecggetcecg 16800
ccgecgacgct gggcgaggcc ctggecggcegg ccggtggage cgtcgacgge gtcctctecge 16860
tgctegegtg ggacgagagc gcgcaccccg gccaccccgce ccccttcacce cggggcaccg 16920
gcgccaccct caccctggtg caggecgetgg aggacgccgg cgtcgeccgec ccegetgtggt 16980
gcgtgaccca cggcgeggtg tccgtcecggec gggccgacca cgtcacctecc cccgeccagg 17040
ccatggtgtg gggcatgggc cgggtcgccg ccctggagca ccccecgagcecgg tggggcecggec 17100
tgatcgacct gccctcggac geccgaccggg cggccctgga ccgcatgacc acggtccteg 17160
ccggceggtac gggtgaggac caggtcgcgg tacgcgcctce cgggctgctc gcoccegeccgec 17220
tcgtececgege ctecececteceg gogecacggca cggcttcegec gtggtggcag geccgacggca 17280
cggtgctegt caccggtgcc gaggagcctg cggccgccga ggccgcacgce cggctggecce 17340
gcgacggcgce cggacacctc ctcctccaca ccacccccte cggcagcgaa ggcgccgaag 17400
gcacctccgg tgccgccgag gactccggec tcgceccggget cgtcecgeccgaa ctcgeggace 17460
tgggcgcgac ggccaccgtc gtgacctgceg acctcacgga cgcggaggcg gccgcccgge 17520
tgctegecgg cgtctccgac gcecgcacccge tcagegccgt cctccacctg ccgecccaccg 17580
tcgactccga gccgetcgec gcecgaccgacg cggacgcgct cgeccegtgtce gtgaccgega 17640
aggccaccgc cgcgctccac ctggaccgcc tcctgecggga ggccgcecgget gccggaggec 17700
gtccgeccegt cctggteccte ttectecetecgg tcecgeccgegat ctggggegge gceccggtcagg 17760
gcgegtacge cgccggtacg gccttecteg acgccctcecge cggtcagcac cgggccgacg 17820
gccccaccgt gacctceggtg gcoctggagec cctgggaggg cagccgcgtc accgagggtg 17880
cgaccgggga gcggctgcege cgcctcggec tgcgccccct cgcccccgeg acggegcotca 17940

ccgccctgga caccgegctc ggccacggeg acaccgccgt cacgatcgcc gacgtcgact 18000



US 2005/0026244 A1l Feb. 3, 2005
117

-continued

ggtcgagctt cgcccccgge ttcaccacgg cccggceccggg caccctcctce geccgatctge 18060
ccgaggcgceg ccgcgegcetc gacgagcagc agtcgacgac ggccgccgac gacaccgtcc 18120
tgagccgecga gctcggtgeg ctcaccggeg ccgaacagca gcgccgtatg caggagttgg 18180
tccgegagca cctcgecogtg gtcctcaacc acccctccce cgaggccgtce gacacgggge 18240
gggccttcecg tgacctcgga ttcgactcge tgacggeggt cgagctccge aaccgcecctca 18300
agaacgccac cggcctggcc ctcccggcca ctctggtctt cgactaccecg accccccgga 18360
cgctggegga gttcctccte geocggagatce tgggcgagca ggccecggtgec ggcgagcage 18420
ttccggtgga cggcggggtc gacgacgagc ccgtcgcgat cgtcggcatg gegtgccgec 18480
tgcecgggegg tgtcgecteg ccggaggacce tgtggcgget ggtggccgge ggcgaggacg 18540
cgatctccgg cttcccgecag gaccgegget gggacgtgga ggggectgtac gacccggacc 18600
cggacgcgtc cgggcggacg tactgccgtg ccggtggett cctecgacgag gecgggcgagt 18660
tcgacgccga cttecttecggg atctcgeccge gecgaggccct cgccatggac ccgcagcage 18720
ggctcctecct ggagacctcce tgggaggccg tcgaggacgc cgggatcgac ccgacctccc 18780
ttcaggggca gcaggtcggce gtgttcgecgg gcaccaacgg cccccactac gagccgctge 18840
tccgcaacac cgccgaggat cttgagggtt acgtcgggac gggcaacgcc gccagcatca 18900
tgtcgggcceg tgtctecgtac accctcggec tggagggcce ggccgtcacg gtcgacaccg 18960
cctgctecte ctecgectggte geocctgcace tcocgeccgtgca ggccctgecge aagggcgaat 19020
gcggactgge gctcgeggge ggtgtgacgg tcatgtcgac gcccacgacg ttcgtggagt 19080
tcagccggca gcgcgggctce gcggaggacg gccggtcgaa ggegttcgec gegtcecggegg 19140
acggcttcgg cccggceggag ggcgtcggca tgctcctegt cgagegectg tcggacgecce 19200
gccgcaacgg acaccgtgtg ctggeggtcg tgcgecggcag cgcggtcaac caggacggeg 19260
cgagcaacgg cctgaccgcc ccgaacgggc cctcgcagca gcgcegtcatc cggegegege 19320
tcgecggacge ccgactgacg accgccgacg tggacgtcgt cgaggcccac ggcacgggca 19380
cgcgactcgg cgacccgatc gaggcacagg ccctcatcge cacctacggce caggggcgeg 19440
acaccgaaca gccgctgcege ctggggtcgt tgaagtccaa catcggacac acccaggccg 19500
ccgecggtgt ctcceggcatc atcaagatgg tccaggcgat gcgccacggce gtcctgccga 19560
agacgctcca cgtggaccgg ccgtcggacc agatcgactg gtcggcgggce acggtcgage 19620
tgctcaccga ggccatggac tggccgagga agcaggaggg cgggctgcge cgegceggecg 19680
tctcctectt cggcatcage ggcacgaacg cgcacatcgt gctcgaagaa gccccggtecg 19740
acgaggacgc cccggcggac gagccgtcgg tcggeggtgt ggtgececgtgg ctecgtgtcecg 19800
cgaagactcc ggccgcgctg gacgcccaga tcggacgcct cgccgegttce gcocctcgcagg 19860
gccgtacgga cgccgeccgat ccgggcegcegg tcogctcecgegt actggeccgge gggegtgege 19920
agttcgagca ccgggccgtc gcogctcggca ccggacagga cgacctggeg gccgcactgg 19980
ccgegectga gggtctggte cggggtgtgg ccteccggtgt gggtcgagtg gegttecgtgt 20040
tccecgggaca gggcacgcag tgggccggga tgggtgccga actcctcgac gtgtcgaagg 20100
agttcgcgge ggccatggcc gagtgcgagg ccgcgctcge tccgtacgtg gactggtecge 20160
tggaggccgt cgtccgacag gcccccggeg cgcccacgct ggagcgggtce gatgtcgtece 20220

agcccgtgac gttcgeccgtce atggtctcge tggcgaaggt ctggcagcac cacggggtga 20280
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cccecgcaage cgtcgtcgge cactcgcagg gcgagatcge cgccgcegtac gtcgececggtg 20340
ccctgagect ggacgacgcc gctcegtgtcg tgaccctgeg cagcaagtcc atcggcecgceccc 20400
acctcgecggg ccagggcgge atgctgtcce tcgegectgag cgaggcggec gttgtggage 20460
gactggccgg gttcgacggg ctgtcecgtcg ccgeccgtcaa cgggcctacc gccaccgtgg 20520
tttcgggcga cccgacccag atccaagagc tcgctcagge gtgtgaggcc gacggggtcce 20580
gcgcacggat catccccgtc gactacgcct cccacagcge ccacgtcgag accatcgaga 20640
gcgaactcge cgacgtcctg gcocggggttgt ccccccagac accccaggtc cccttettet 20700
ccaccctcga aggcgcctgg atcaccgaac ccgccctcga cggcggctac tggtaccgca 20760
acctccgecca tcgtgtggge ttcgeccccecgg ccogtcgaaac cctggeccacc gacgaagget 20820
tcacccactt cgtcgaggtc agcgcccacc ccgtcctcac catggccctg cccgagaccg 20880
tcaccggcct cggcaccctc cgccgtgaca acggcggaca gcaccgcctc accacctcce 20940
tcgeccgagge ctgggccaac ggcctcaccg tcgactggge ctctectccte cccaccacga 21000
ccacccaccc cgatctgccc acctacgcct tccagaccga gcgctactgg ccgcagcccg 21060
acctctccge cgccggtgac atcacctccg ccggtctecgg ggecggeccgag cacccgetge 21120
tcggegegge cgtggegete gcecggactcceg acggetgecct gectcacgggg agcctctcce 21180
tcecgtacgca cccctggetg gecggaccacg cggtggccgg caccgtgetg ctgeccgggaa 21240
cggcgttegt ggagctggeg ttccgagccg gggaccaggt cggttgegat ctggtcgagg 21300
agctcaccct cgacgcgccg ctcecgtgetge cccgtegtgg cgeggtcecgt gtgcagetgt 21360
ccgtecggege gagcgacgag tccgggegtce gtaccttcgg getctacgeg cacccggagg 21420
acgcgccggg cgaggcggag tggacgcggce acgccaccgg tgtgectggec gceccegtgegg 21480
accgcaccgc ccccgtcgec gacccggagg cctggceccgec gcoccgggegec gagceccggtgg 21540
acgtggacgg tctgtacgag cgcttcgcgg cgaacggcta cggctacggce cccctcttece 21600
agggcgtccg tggtgtctgg cggecgtggeg acgaggtgtt cgccgacgtg gccctgeccgg 21660
ccgaggtcge cggtgccgag ggcgegeggt tcggccttca cccggegetg ctcgacgecg 21720
ccgtgcagge ggccggtgeg ggecggggcegt tcggecgeggg cacgcggcetg ccegttecgect 21780
ggagcgggat ctccctgtac gcggtcggeg ccaccgccct ccogegtgegg ctggecccceg 21840
ccggcccgga cacggtgtcce gtgagcgccg ccgactccte cgggcagceccg gtgttecgecg 21900
cggactccct cacggtgctg cccgtcgacce ccgegcaget ggecggecttc agcgacccga 21960
ctctggacge gctgcacctg ctggagtgga ccgcctggga cggtgccgeg caggccctge 22020
ccggegeggt cgtgectggge ggcgacgccg acggtctcecge cgecggegetg cgegecggtg 22080
gcaccgaggt cctgtccttce ccggacctta cggacctggt ggaggccgtc gaccggggeg 22140
agaccccggce cccggcegacce gtcctggtgg cctgecccecge cgeceggecccce ggtgggecgg 22200
agcatgtccg cgaggccctg cacgggtcge tcgegectgat gcaggecctgg ctggccgacg 22260
agcggttcac cgatgggcgce ctggtgctcg tgacccgcga cgecggtcgec gcoccegtteceg 22320
gcgacggcct gcggtccacg ggacaggccg ccgtctgggg cctecggecgg tccgegcaga 22380
cggagagccc gggccggttc gtcctgectcg acctcgeccgg ggaagcccgg acggccgggg 22440
acgccaccgc cggggacggc ctgacgaccg gggacgccac cgtcggceggce acctctggag 22500

acgccgccct cggcagcgec ctcgcgaccg ccctecggete gggcecgagccg cagctcgecce 22560
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tcecgggacgg ggecgectccte gtaccccgec tggecgcggge cgccgcgecce geccgeggecg 22620
acggcctcge cgcggccgac ggcctcegcecg ctcectgecget gcoccegecget ccocggeccctet 22680
ggcgtctgga gcccggtacg gacggcagcc tggagagcct cacggcggeg cccggcgacg 22740
ccgagaccct cgcccecggag ccgctcecggec cgggacaggt ccgcatcgeg atccgggcecca 22800
ccggtctcaa cttccgecgac gtcctgatcg ccctecggecat gtaccccgat ccggegetga 22860
tgggcaccga gggagccggc gtggtcaccg cgaccggccc cggcgtcacg cacctcgecce 22920
ccggcgaccg ggtcatggge ctgctctcecg gegegtacge cccggtegte gtggecggacg 22980
cgcggaccgt cgcgcggatg cccgaggggt ggacgttcge ccagggegec tccgtgeccgg 23040
tggtgttcct gacggccgtc tacgccctge gcgacctgge ggacgtcaag cccggcgage 23100
gcctcetggt ccactccgece geoccggtggeg tgggcatgge cgccegtgcag ctcgecccgge 23160
actggggcgt ggaggtccac ggcacggcga gtcacgggaa gtgggacgcc ctgcecgcgcecge 23220
tcggecctgga cgacgcgcac atcgcctcct cccgcacccet ggacttcgag tccgegttece 23280
gtgccgette cggcggggeg ggcatggacg tcgtactgaa ctcgctcgec cgecgagttcecg 23340
tcgacgeccte geoctgegectg ctcgggeccgg gecggecggtt cgtggagatg gggaagaccg 23400
acgtccgcga cgcggagcgg gtcgccgcecg accaccccegg tgtcecggectac cgegectteg 23460
acctgggcga ggccgggccg gagcggatcg gcgagatget cgccgaggtc atcgeccctet 23520
tcgaggacgg ggtgctccgg cacctgcceg tcacgacctg ggacgtgege cgggcccgeg 23580
acgccttccg gcacgtcagce caggcccgcc acacgggcaa ggtcgtcctc acgatgccgt 23640
cgggcctcga cccggagggt acggtcctge tgaccggcecgg caccggtgeg ctggggggca 23700
tcgtggeceg gecacgtggtg ggcgagtggg gcgtacgacg cctgetgete gtgagccgge 23760
ggggcacgga cgccccgggce gccggcgagce tcgtgcacga gctggaggcc ctgggagccg 23820
acgtctcggt ggccgegtge gacgtcgccg accgcgaagce cctcaccgec gtactcgact 23880
cgatcccecge cgaacacccg ctcaccgcegg tcgtccacac ggcaggegtc ctctccgacg 23940
gcaccctcece ctcgatgaca gcggaggatg tggaacacgt actgcgtccc aaggtcgacg 24000
ccgegttcect cctcgacgaa ctcacctcga cgcccggecta cgacctggca gcocgttecgtca 24060
tgttcteccte cgccgecgec gtetteggtg gecgeggggca gggcgcctac geccgeccgecca 24120
acgccaccct cgacgccctce gcctggegece gccggacagc cggactcccce gcoccctctcce 24180
tcggetgggg cctcectgggec gagaccagceg gcatgaccgg cggactcagce gacaccgacc 24240
gctcgegget ggcccgttece ggggecgacge ccatggacag cgagctgacc ctgtccctce 24300
tggacgcgge catgcgccge gacgacccgg cgctecgtcce gatcgccectg gacgtcgecg 24360
cgctcecgege ccagcagcgce gacggcatgce tggcgccget gcotcageggg ctcacccgeg 24420
gatcgecgggt cggcggcgcg ccggtcaacc agcgcagggc agccgccgga ggcgegggeg 24480
aggcggacac ggacctcggc gggcggctcg ccgcgatgac accggacgac cgggtcgecge 24540
acctgcggga cctcgtccogt acgcacgtgg cgaccgtcct gggacacggc accccgagcc 24600
gggtggacct ggagcgggcc ttccgcgaca ccggtttcga ctcgoctcacc geccgtcgaac 24660
tccgcaaccg tctcaacgcc gcgaccggge tgcggctgec ggccacgetg gtcttcgace 24720
accccacccc gggggagctc gccgggcacc tgctcgacga actcgccacg gccgegggeg 24780

ggtcctggge ggaaggcacc gggtccggag acacggcctc ggcgaccgat cggcagacca 24840
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cggcggccct cgccgaactc gaccggectgg aaggecgtget cgcctcccte gecgeccgeccg 24900
ccggeggecg tccggagctce gcoccgcccgge tcagggeget ggccgceggec ctgggggacg 24960
acggcgacga cgccaccgac ctggacgagg cgtccgacga cgacctcttc tccttcateg 25020
acaaggagct gggcgactcc gacttctgac ctgcccgaca ccaccggcac caccggcacc 25080
accagccccc ctcacacacg gaacacggaa cggacaggcg agaacgggag ccatggcgaa 25140
caacgaagac aagctccgcg actacctcaa gcgcgtcacc gccgagctgce agcagaacac 25200
caggcgtctg cgcgagatcg agggacgcac gcacgagccg gtggcgatcg tgggcatgge 25260
ctgccgectg ccogggeggtg tcogectecgece cgaggacctg tggcagetgg tggeccgggga 25320
cggggacgcg atctcggagt tcccgcagga ccgceggetgg gacgtggagg ggectgtacga 25380
ccccgacccg gacgecgtccg gcaggacgta ctgccggtce ggecggattce tgcacgacge 25440
cggcgagttc gacgccgact tcttcgggat ctcgeccgege gaggcccteg ccatggacce 25500
gcagcagcga ctgtccctca ccaccgegtg ggaggcgatc gagagcgcgg gcatcgaccce 25560
gacggccctg aagggcagcg gcctcggegt cttegtcecgge ggectggcaca ccggctacac 25620
ctcggggecag accaccgccg tgcagtcgcc cgagctggag ggccacctgg tcagcggege 25680
ggcgctggge ttcctgtccg geocgtatcge gtacgtccte ggtacggacg gaccggeccct 25740
gaccgtggac acggcctgect cgtcctcget ggtecgeccctg cacctecgecg tgcaggcccet 25800
ccgcaagggc gagtgcgaca tggccctcge cggtggtgtce acggtcatge ccaacgcgga 25860
cctgttegtg cagttcagecc ggcagecgcecgg gectggeccgeg gacggccggt cgaaggegtt 25920
cgccacctcg gcoggacggct tcggccccge ggagggcegec ggagtcctge tggtggageg 25980
cctgtcggac gcccgeccgca acggacaccg gatcctcgeg gtcgtccgeg gcagegeggt 26040
caaccaggac ggcgccagca acggcctcac ggctccgcac gggccctccc agcagcgegt 26100
catccgacgg gccctggegg acgcccggct cgcgeccgggt gacgtggacg tcecgtcgagge 26160
gcacggcacg ggcacgcggc tcggcgaccce gatcgaggcg caggccctca tcgceccaccta 26220
cggccaggag aagagcagcg aacagccgct gaggctggge gcocgttgaagt cgaacatcgg 26280
gcacacgcag gccgcggccg gtgtcgcagg tgtcatcaag atggtccagg cgatgcgcca 26340
cggactgctg ccgaagacgc tgcacgtcga cgagccctcg gaccagatcg actggtcgge 26400
gggcacggtg gaactcctca ccgaggccgt cgactggccg gagaagcagg acggcggget 26460
gcgeccgegeg getgtectecet ccttecggcat cagecgggacg aacgcgcacg tcegtcctgga 26520
ggaggccccg gcggtcgagg actccccgge cgtcgageccg ccggeccggtg goggtgtggt 26580
gccgtggecg gtgtccgega agactccgge cgcgectggac gcccagatcg ggcagctcge 26640
cgcgtacgcg gacggtcgta cggacgtgga tccggcggtg gccgecccgeg ccctggtcga 26700
cagccgtacg gcgatggagc accgcgcggt cgcggtcgge gacagccggg aggcactgeg 26760
ggacgccctg cggatgccgg aaggactggt acgcggcacg tcctcggacg tgggccgggt 26820
ggcgttegte ttccccggece agggcacgca gtgggccgge atgggcgccg aactccttga 26880
cagctcaccg gagttcgctg cctcecgatgge cgaatgcgag accgcgctect cccgectacgt 26940
cgactggtct cttgaagccg tcgtccgaca ggaacccgge gcacccacgce tcgaccgegt 27000
cgacgtcgtc cagcccgtga ccttecgetgt catggtcteg ctggecgaagg tctggcagca 27060

ccacggcatc accccccagg ccgtcgtcgg ccactcgcag ggcgagatcg ccgeccgegta 27120
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cgtcgeccggt gcactcacce tcgacgacgc cgcccgcgtce gtcaccctge gcagcaagtce 27180
catcgccgec cacctcgecg gcaagggcgg catgatctce ctcgcccteg acgaggegge 27240
cgtcctgaag cgactgagcg acttcgacgg actctccgtce gccgeccgtca acggccccac 27300
cgccaccgtce gtctccggeg acccgaccca gatcgaggaa ctcgcccgca cctgegagge 27360
cgacggcgtc cgtgcgcgga tcatcccggt cgactacgcc tcccacagcc ggcaggtcga 27420
gatcatcgag aaggagctgg ccgaggtcct cgccggactc gccccgcagg ctccecgcacgt 27480
gccgttette tccaccctecg aaggcacctg gatcaccgag ccggtgctcg acggcaccta 27540
ctggtaccgc aacctgcgcc atcgegtggg cttecgecccece geccgtggaga ccttggeggt 27600
tgacggcttc acccacttca tcgaggtcag cgcccacccc gtcctcacca tgaccctcce 27660
cgagaccgtc accggcctcg gcaccctccg ccgcgaacag ggaggccagg agcgtctggt 27720
cacctcactc gccgaagcct gggccaacgg cctcaccatc gactgggcge ccatcctcce 27780
caccgcaacc ggccaccacc ccgagctccc cacctacgcc ttccagaccg agcgecttctg 27840
gctgcagagc tccgcgccca ccagcgccgce cgacgactgg cgttaccgeg tcgagtggaa 27900
gccgectgacg gcctcecggec aggcggacct gtcecgggegg tggatcgtceg ccecgtcecgggag 27960
cgagccagaa gccgagctgce tgggcgcget gaaggccgeg ggagcggagg tcgacgtact 28020
ggaagccggg gcggacgacg accgtgaggc cctcgeccgec cggctcaccg cactgacgac 28080
cggcgacggce ttcaccggcg tggtctcget cctecgacgac ctcgtgccac aggtcgecctg 28140
ggtgcaggca ctcggcgacg ccggaatcaa ggcgcccctg tggtccgtca cccagggege 28200
ggtctcecgte ggacgtctcg acacccccge cgaccccgac cgggccatge tctggggect 28260
cggccgegte gtcgecccttg agcaccccga acgctgggec ggcctcegteg acctccccge 28320
ccagcccgat gccgccgccce tcgcccacct cgtcaccgca ctctcecggeg ccaccggecga 28380
ggaccagatc gccatccgca ccaccggact ccacgcccgce cgcctcgeccc gcocgcacccct 28440
ccacggacgt cggcccaccc gcgactggca gccccacggc accgtcctca tcaccggegg 28500
caccggagcc ctcggcagcc acgccgcacg ctggatggcc caccacggag ccgaacacct 28560
cctecctegte agccgcageg gcgaacaagc ccccggagec acccaactca ccgceccgaact 28620
caccgcatcg ggcgcccgeg tcaccatcge cgcctgegac gtcgccgacc cccacgccat 28680
gcgcacccte ctcgacgcca tccccgeccga gacgcccctce accgeccgteg tccacaccge 28740
cggcgcaccg ggcggcgatc cgctggacgt caccggcccg gaggacatcg cccgcatcct 28800
gggcgcgaag acgagcggcg ccgaggtcct cgacgacctg ctcecgecggca ctcecgectgga 28860
cgccttegte ctcoctactcect cgaacgccgg ggtctgggge agecggcagcc agggegtcta 28920
cgcggeggec aacgcccacc tcgacgcget cgccgcocccgg cgccgcocgceccc ggggcocgagac 28980
ggcgacctcg gtcgecctggg gectectggge cggcgacgge atgggccggg gcocgceccgacga 29040
cgcgtactgg cagcgtcgcg gcatccegtcce gatgagccce gaccgcecgceccc tggacgaact 29100
ggccaaggcc ctgagccacg acgagacctt cgtcgeccgtg gcoccgatgtcg actgggageg 29160
gttcgegece gegttcacgg tgtccegtce cagccttcectg ctcgacggeg tccecggagge 29220
ccggcaggcg ctcgeccgcac ccgtecggtge cccggctcce ggecgacgceccg ccegtggegec 29280
gaccgggcag tcgtcggcege tggccgcgat caccgcgctce cccgagcccg agcgccggec 29340

ggcgctccte accctegtece gtacccacgce ggcggccgta ctcggccatt cctecccccga 29400
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ccgggtggece cccggecgtg ccttcaccga geoteggette gactcgetga cggeccgtgca 29460
gctccgcaac cagctctcca cggtggtcgg caacaggctc cccgccacca cggtcttcga 29520
ccacccgacg cccgccgcac tcgccgecgca cctccacgag gcocgtaccteg caccggccga 29580
gccggecccg acggactggg aggggcgggt gcocgccgggec ctggccgaac tgcccctcga 29640
ccggectgegg gacgcggggg tcctcgacac cgtcctgege ctcaccggca tcgagcccga 29700
gccgggttee ggcggttcgg acggecggcege cgccgaccct ggtgeocggage cggaggegte 29760
gatcgacgac ctggacgccg aggccctgat ccggatgget ctcggccccce gtaacacctg 29820
acccgaccgc ggtcctgccce cacgcgccge accccgcgca tcccgcecgcac cacccgcccc 29880
cacacgccca caaccccatc cacgagcgga agaccacacc cagatgacga gttccaacga 29940
acagttggtg gacgctctgc gcgcctctect caaggagaac gaagaactcc ggaaagagag 30000
ccgtecgecgg geocgaccgtce ggcaggagcc catggcgatc gtcggcatga gcoctgeccggtt 30060
cgcgggcgga atccggtcce ccgaggacct ctgggacgcc gtcgccgecgg gcaaggacct 30120
ggtctccgag gtaccggagg agcgcggctg ggacatcgac tccctctacg acceggtgec 30180
cgggcgcaag ggcacgacgt acgtccgcaa cgccgcegttce ctcgacgacg ccgccggatt 30240
cgacgcggcc ttcttcggga tctecgeccgeg cgaggcccte gcoccatggacc cgcagcageg 30300
gcagctcctc gaagcctcect gggaggtctt cgagecgggec ggcatcgacc ccgegtcecggt 30360
ccgeggcacce gacgtcggeg tgtacgtggg ctgtggectac caggactacg cgccggacat 30420
ccgggtcgec cccgaaggca ccggecggtta cgtcecgtcace ggcaactcect ccecgeccgtgge 30480
ctcecgggege atcgcecgtact ccctecggeoct ggagggacce gceccgtgaccg tggacacgge 30540
gtgctcctet tcgctegteg ccctgecacct cgccctgaag ggecctgegga acggecgactg 30600
ctcgacggca ctcgtgggeg geogtggeccgt cctecgecgacg ccgggegegt tcatcgagtt 30660
cagcagccag caggccatgg ccgccgacgg ccggaccaag ggcttcgecct cggeggegga 30720
cggcctcgece tggggcgagg gcogtcgccgt actcctccte gaacggectet ccgacgegeg 30780
gcgcaagggce caccgggtcc tggccgtcgt gcocgcecggcage gccatcaacc aggacggcge 30840
gagcaacggc ctcacggctc cgcacgggcc ctcccagcag cgcctgatcc gccaggccct 30900
ggccgacgcg cggctcacgt cgagcgacgt ggacgtcgtg gagggccacg gcacggggac 30960
ccgtctegge gacccgatcg aggcgcaggce gctgcoctcgec acgtacgggce aggggcgcege 31020
cccggggeag ccgctgegge tggggacgct gaagtcgaac atcgggcaca cgcaggccge 31080
ttcgggtgte geccggtgtca tcaagatggt gcaggcgetg cgccacgggg tgctgccgaa 31140
gaccctgcac gtggacgagc cgacggacca ggtcgactgg tcggccecggtt cggtcgaget 31200
gctcaccgag gccgtggact ggccggageg gccgggccgg ctccegeccggg cgggegtcte 31260
cgcgttegge gtgggcggga cgaacgcgca cgtcgtcctg gaggaggccce cggcecggtcga 31320
ggagtcccct gccgtcgage cgccggecgg tggceggegtg gtgccgtgge cggtgtcecge 31380
gaagacctcg gccgcactgg acgcccagat cgggcagctc gccgcatacg cggaagaccg 31440
cacggacgtg gatccggcgg tggccgcccg cgccctggtce gacagccgta cggcecgatgga 31500
gcaccgcgeg gtcgeggtcg gcocgacagccg ggaggcactg cgggacgccc tgcggatgece 31560
ggaaggactg gtacggggca cggtcaccga tccgggccgg gtggegtteg tcettcccecgg 31620

ccagggcacg cagtgggccg gcatgggcgc cgaactcctc gacagctcac ccgaattcge 31680
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cgccgecatg gccgaatgcg agaccgcact ctccccegtac gtcgactggt ctctcgaage 31740
cgtcgtccga caggctccca gcogcaccgac actcgaccgce gtcgacgtcg tccagcccgt 31800
caccttcgec gtcatggtct ccctcgeccaa ggtctggcag caccacggca tcacccccga 31860
ggccgtcatc ggccactccc agggcgagat cgccgccgeg tacgtcgeccg gtgeccctcac 31920
cctcgacgac gccgctcgtg tcogtgaccet ccgcagcaag tccatcgeccg cccacctecge 31980
cggcaagggc ggcatgatct ccctcgccct cagcgaggaa gccacccggce agcgcatcga 32040
gaacctccac ggactgtcga tcgccgccgt caacgggcct accgccaccg tggtttcecggg 32100
cgaccccacc cagatccaag aacttgctca ggcgtgtgag gccgacggca tccgegcacg 32160
gatcatcccc gtcgactacg cctcccacag cgcccacgtc gagaccatcg agaacgaact 32220
cgccgacgtce ctggecggggt tgtcccccca gacaccccag gtccccttet tcoteccaccet 32280
cgaaggcacc tggatcaccg aacccgccct cgacggcgge tactggtacc gcaacctccg 32340
ccatcgtgtg ggcttcgece cggccgtcga gaccctcgec accgacgaag gcttcaccca 32400
cttcatcgag gtcagcgccc accccgtcct caccatgacc ctccccgaca aggtcaccgg 32460
cctggccacce ctccgacgcg aggacggcgg acagcaccgc ctcaccacct cccttgeccga 32520
ggcctgggecce aacggcctcg ccctcgactg ggcctcccte ctgecccgecca cgggegecct 32580
cagccccgec gtccccgacce tcccgacgta cgccttccag caccgctcgt actggatcag 32640
cccegegggt cccggegagg cgcccgcgca caccgcttce gggegecgagg ccgtcgeccga 32700
gacggggctc gcgtggggcce cgggtgccga ggacctcgac gaggagggcec ggcgcagcgce 32760
cgtactcgcg atggtgatgc ggcaggcgge ctcegtgcte cggtgcgact cgceccgaaga 32820
ggtccececgte gaccgecccge tgcgggagat cggcttcgac tcgectgaccg ccecgtcgactt 32880
ccgcaaccgc gtcaaccggce tgaccggtct ccagctgccg cccaccgteg tgttcgagca 32940
cccgacgccce gtcgecgectcg ccgagcegcat cagcgacgag ctggccgagce ggaactggge 33000
cgtcgeccgag ccgtcggatc acgagcaggc ggaggaggag aaggccgccg ctccecggeggg 33060
ggcccgctece ggggccgaca ccggcgccgg cgccgggatg ttcecgegece tgttcecggeca 33120
ggccgtggag gacgaccggt acggcgagtt cctcgacgtc ctcgeccgaag ccteccgegtt 33180
ccgeccecgeag ttcgecctcege ccgaggectg ctcggagecgg ctcgacccecgg tgectgectecge 33240
cggcggtccg acggaccggg cggaaggccg tgccgttcte gtcggectgca ccecggcaccge 33300
ggcgaacggc ggcccgcacg agttcctgeg gctcagcacce tccttccagg aggagcggga 33360
cttcctegece gtacctctece ccggectacgg cacgggtacg ggcaccggca cggccctcct 33420
cccggecgat ctcgacaccg cgctcgacgce ccaggcccgg gcgatcctece gggeccgccgg 33480
ggacgccccg gtcgtecctge tcecgggcactce cggcecggegece ctgcectcecgege acgagctgge 33540
cttccgectg gagecgggege acggcgcgec gcocggceccggg atcgtcctgg tcgaccccta 33600
tcecgeecggge catcaggage ccatcgaggt gtggagcagg cagctgggcg agggcctgtt 33660
cgcgggcgag ctggagccga tgtccgatge gcocggectgetg gceccatgggec ggtacgegeg 33720
gttcctcgee ggcccgecgge cgggeccgcag cagcgcgccce gtgcettetgg tccgtgecte 33780
cgaaccgctg ggcgactggc aggaggagcg gggcgactgg cgtgcccact gggaccttcc 33840
gcacaccgtc gcggacgtgc cgggcgacca cttcacgatg atgcgggacc acgcgccgge 33900

cgtcgccgag gccgtecctet cctggetcga cgccatcgag ggcatcgagg gggecgggcaa 33960
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gtgaccgaca gacctctgaa cgtggacagc ggactgtgga tccggcgectt ccaccccgeg 34020
ccgaacagcg cggtgcggect ggtctgecctg ccgcacgececg gecggectccge cagctactte 34080
ttccgettet cggaggagct gcacccctcec gtcgaggccce tgtcggtgca gtatccggge 34140
cgccaggacc ggcgtgccga gccgtgtctg gagagecgtcg aggagctcge cgagcatgtg 34200
gtcgcggeca ccgaaccctg gtggcaggag ggccggetgg ccttecttecgg gcacageccte 34260
ggcgcecteceg tcgcocttcecga gacggcecccge atcctggaac agcggcacgg ggtacggccce 34320
gagggcctgt acgtctccgg tcggegegece ccegtecgetgg cgeccggaccg gcoctcegtccac 34380
cagctggacg accgggcgtt cctggeccgag atccggegge tcagcggcac cgacgagcgg 34440
ttccteccagg acgacgagct gctgeggetg gtgctgcceg cgetgcgcag cgactacaag 34500
gcggcggaga cgtacctgca ccggccgtcce gccaagctca cctgcccggt gatggeccctg 34560
gccggegacce gtgacccgaa ggcgccgctg aacgaggtgg ccgagtggeg tcggcacacc 34620
agcgggccgt tctgecctcecg ggecgtactce ggecggccact tctacctcaa cgaccagtgg 34680
cacgagatct gcaacgacat ctccgaccac ctgctcgtca cccgecggecge gcccgatgec 34740
cgcgtegtge agcccccgac cagccttatc gaaggagcgg cgaagagatg gcagaaccca 34800
cggtgaccga cgacctgacg ggggccctca cgcagccccce gctgggeccge accgtccgeg 34860
cggtggccga ccgtgaactc ggcacccacc tcctggagac ccgcggcatc cactggatcc 34920
acgccgcgaa cggcgacccg tacgccaccg tgctgcgcecgg ccaggcggac gacccgtatc 34980
ccgegtacga gcgggtgcegt gcccecgeggeg cgctctcctt cagecccgacg ggcagectggg 35040
tcaccgccga tcacgccctg gecggcgagca tcctetgete gacggactte ggggtctcecg 35100
gcgccgacgg cgtcceggtg ccgcagcagg tcctctecgta cggggaggge tgtccgetgg 35160
agcgcgagca ggtgctgccg gcocggeccggtg acgtgccgga gggcecgggcag cgtgececgtgg 35220
tcgaggggat ccaccgggag acgctggagg gtctcgcgec ggacccgtcg gecgtcgtacg 35280
ccttcgaget getgggeggt ttecgteccgece cggeggtgac ggcegetgec geccgecgtge 35340
tgggtgttcc cgcggaccgg cgcgcggact tcgcggatct gectggagegg ctcecggeccge 35400
tgtccgacag cctgetggec ccgcagtccc tgcggacggt acgggcggceg gacggcgege 35460
tggccgagcet cacggcgetg ctcgeccgatt cggacgactc cccecggggece ctgectgtcegg 35520
cgctcggggt caccgcagcc gtccagctca ccgggaacgc ggtgectcgeg ctcectecgege 35580
atcccgagca gtggcgggag ctgtgcgacc ggcccggget cgcggcggec gcocggtggagg 35640
agaccctccg ctacgacccg ccggtgcage tcgacgcceg ggtggtccge ggggagacgg 35700
agctggcggg ccggcggcetg ccggeccgggg cgcatgtecgt cgtcecctgacce geccgegaccg 35760
gccgggacce ggaggtcttce acggacccgg agecgcttcga cctegecgege cccgacgecg 35820
ccgegecacct cgcgctgcac cccgccggtce cgtacggcce ggtggegtecce ctggtccgge 35880
ttcaggcgga ggtcgcgetg cggaccctgg ccgggcgttt cccecgggetg cggcaggegg 35940
gggacgtgct ccgcccccge cgecgegectg tcggeccgegg gcoccgetgage gtceccggtca 36000
gcagctcctg agacaccggg gccccggtcce gcocccggeccce ccttcggacg gaccggacgg 36060
ctcggaccac ggggacggct cagaccgtcc cgtgtgtcce cgteccggete cecgtcecgece 36120
catccecgeccce ctccaccgge aaggaaggac acgacgccat gcgcegtcctg ctgacctecgt 36180

tcgcacatca cacgcactac tacggcctgg tgcccctgge ctgggcgetg ctegecgecg 36240
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ggcacgaggt gcgggtcgcc agccagcccg cgctcacgga caccatcacc gggtccggge 36300
tcgecegeggt geccggtcegge accgaccacc tcatccacga gtaccgggtg cggatggegg 36360
gcgagccgceg cccgaaccat ccggcgatcg ccttcgacga ggcccgtcce gageccgetgg 36420
actgggacca cgccctcgge atcgaggcga tcctcgccce gtacttctat ctgectcgecca 36480
acaacgactc gatggtcgac gacctcgtcg acttcgcceg gtcectggcag ccggacctgg 36540
tgctgtggga gccgacgacc tacgcgggceg ccgtcgcecge ccaggtcacce ggtgccgege 36600
acgccecgggt cctgtggggg cccgacgtga tgggcagcge ccgccgcaag ttcgtecgege 36660
tgcgggaccg gcagccgccc gagcaccgcg aggaccccac cgcggagtgg ctgacgtgga 36720
cgctcgaccg gtacggcgcc tccttcgaag aggagctget caccggccag ttcacgatcg 36780
acccgacccc gccgagcctg cgcctcgaca cgggecctgec gaccgtcggg atgcegttatg 36840
ttccgtacaa cggcacgtcg gtcgtgccgg actggctgag tgagccgcce gecgeggcecce 36900
gggtctgcct gaccctcgge gtctcegege gtgaggtcet cggecggegac ggegtctecge 36960
agggcgacat cctggaggcg ctcgccgacc tcgacatcga gctcecgtcgec acgctcgacg 37020
cgagtcagcg cgccgagatc cgcaactacc cgaagcacac ccggttcacg gacttcgtge 37080
cgatgcacgc gctcctgecg agectgectcgg cgatcatcca ccacggeggg gecgggcacct 37140
acgcgaccgc cgtgatcaac gcggtgccge aggtcatget cgccgagectg tgggacgege 37200
cggtcaaggc gcgggccgtc gccgagcagg gggcggggtt cttecctgeccg ccggeccgage 37260
tcacgccgca ggccgtgegg gacgccgtceg tccgcatcct cgacgaccce tcggtcgeca 37320
ccgeccgegeca ccggctgege gaggagacct tcggcgacce caccccggec gggatcgtce 37380
ccgagctgga gcggctcgecc gcogcagcacc gccgcccgec ggccgacgcec cggcactgag 37440
ccgcaccecct cgccccagge ctcacccctg tatctgegec gggggacgcc cccggcecccac 37500
cctccgaaag accgaaagca ggagcaccgt gtacgaagtc gaccacgccg acgtctacga 37560
cctecttectac ctgggtcgeg gcaaggacta cgccgccgag gcctccgaca tcgeccgacct 37620
ggtgcgctce cgtaccccecg aggcctccte geotecctggac gtggecctgeg gtacgggcac 37680
gcatctggag cacttcacca aggagttcgg cgacaccgcc ggcctggage tgtccgagga 37740
catgctcacc cacgcccgca agcggctgcc cgacgccacg ctccaccagg gcgacatgeg 37800
ggacttccgg ctcggccgga agttctccocge cgtggtcage atgttcaget ccecgtcggecta 37860
cctgaagacg accgaggaac tcggcgcggce cgtcgcecteg ttcgecggage acctggagcc 37920
cggtggcegte gtcgtcegteg agecegtggtg gttccecggag accttcecgeccg acggetgggt 37980
cagcgccgac gtcgtccgecc gtgacgggeg caccgtggec cgtgtctcge acteggtgeg 38040
ggaggggaac gcgacgcgca tggaggtcca cttcaccgtg gccgacccgg gcaagggegt 38100
gcggcacttc tccgacgtcc atctcatcac cctgttccac caggccgagt acgaggccge 38160
gttcacggcc gccgggctge gcogtcgagta cctggaggge ggcccgtecgg gcoccgtggect 38220
cttcgtegge gtcccecgect gagcaccgcc caagaccccce cggggcggga cgtcccgggt 38280
gcaccaagca aagagagaga aacgaaccgt gacaggtaag acccgaatac cgcgtgtccg 38340
ccgeggecge accacgccca gggccttcac cctggecgte gtcggcacce tgetggeggg 38400
caccaccgtg gcggccgecg ctcccggcege cgccgacacg gccaatgttc agtacacgag 38460

ccgggeggeg gagctcegtcg cccagatgac gctcgacgag aagatc 38506
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<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 20

LENGTH: 2401

TYPE: DNA

ORGANISM: Streptomyces venezuelae

FEATURE:

NAME/KEY: 1540

LOCATION: unsure

OTHER INFORMATION: unsure of nucleotide at this position

SEQUENCE: 20

cgtggcggece gccgctcccg gegceccgccga cacggccaat gttcagtaca cgagccggge

ggcggagctce gtcgcccaga tgacgctcga cgagaagatc agcttcgtcc actgggeget

ggaccccgac cggcagaacg tcggctacct tccecggegtg ccgegtectgg gecatcccgga

gctgcgtgecce gccgacggcc cgaacggcat ccgecctggtg gggcagaccg ccaccgcgcet

gcccgegecg gtcecgecctgg ccagcacctt cgacgacacc atggccgaca gctacggcaa

ggtcatgggc cgcgacggtc gcgcgctcaa ccaggacatg gtcctgggecc cgatgatgaa

caacatccgg gtgccgcacg gcggccggaa ctacgagacce ttcagcgagg accccctggt

ctcctegege accgeggteg cccagatcaa gggcatccag ggtgcgggtce tgatgaccac

ggccaagcac ttcgcggcca acaaccagga gaacaaccgc ttctccgtga acgccaatgt

cgacgagcag acgctccgecg agatcgagtt cccggecgttce gaggcgtcct ccaaggccgg

cgcgggctee ttcatgtgtg cctacaacgg cctcaacggg aagccgtcct geggcaacga

cgagctcctc aacaacgtgc tgcgcacgca gtggggcttc cagggctggg tgatgtccga

ctggctcgece accccgggca ccgacgccat caccaagggce ctcgaccagg agatgggegt

cgagctcccce ggcgacgtcc cgaagggcga gccctcgecg ccggccaagt tettceggega

ggcgctgaag acggccgtcc tgaacggcac ggtccccgag gcggccgtga cgcggtcgge

ggagcggatc gtcggccaga tggagaagtt cggtctgctce ctcecgccacte cggcgeccgeg

gcccgagege gacaaggcgg gtgcccagge ggtgtcccge aaggtegecg agaacggcegce

ggtgctcctg cgcaacgagg gccaggccct gccgctcegece ggtgacgccg gcaagagcat

cgcggtcate ggcccgacgg ccgtcgaccce caaggtcacce ggcecctgggca gcegcccacgt

cgtcccggac tcggecggegg cgccactcga caccatcaag gcccgcgegqg gtgcgggtge

gacggtgacg tacgagacgg gtgaggagac cttcgggacg cagatcccgg cggggaacct

cagcccggeg ttcaaccagg gccaccagct cgagccgggce aaggcggggg cgctgtacga

cggcacgctg accgtgcccg ccgacggcga gtaccgcatc gcggtccecgtg ccaccggtgg

ttacgccacg gtgcagctcg gcagccacac catcgaggcc ggtcaggtct acggcaaggt

gagcagcccg ctcctcaage tgaccaaggg cacgcacaag ctcacgatct cgggettcge

gatgagtgcc accccgctect ccctggaget gggetgggtn acgccggegg cggccgacge

gacgatcgcg aaggccgtgg agtcggcgceg gaaggcccgt acggcggtceg tcttcegecta

cgacgacggc accgagggcg tcgaccgtcc gaacctgtcg ctgeccgggta cgcaggacaa

gctgatctcg gectgtcgegg acgccaaccc gaacacgatc gtggtcctca acaccggtte

gtcggtgectg atgeccgtgge tgtccaagac ccgecgcecggte ctggacatgt ggtacccggg

ccaggcgggce gccgaggcca ccgccgcgcet gctctacggt gacgtcaacc cgagcggcaa

gctcacgcag agcettcccegg ccgecgagaa ccagcacgeg gtogocggeg acccgaccag

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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ctacccggge gtcgacaacc agcagacgta ccgcgagggce atccacgtcg ggtaccgcetg 1980
gttcgacaag gagaacgtca agccgctgtt cccgttcggg cacggcctgt cgtacacctc 2040
gttcacgcag agcgccccga ccgtcgtgeg tacgtccacg ggtggtctga aggtcacggt 2100
cacggtccge aacagcggga agcgcgccgg ccaggaggtce gtccaggegt acctceggtge 2160
cagcccgaac gtgacggctc cgcaggcgaa gaagaagctc gtgggctaca cgaaggtctce 2220
gctcgccgeg ggcgaggcga agacggtgac ggtgaacgtc gaccgccgtc agctgcagtt 2280
ctgggatgcc gccacggaca actggaagac gggaacgggc aaccgcctcc tgcagaccgg 2340
ttcgtectee geccgacctge ggggcagecge cacggtcaac gtctggtgac gtgacgcegt 2400
g 2401
<210> SEQ ID NO 21

<211> LENGTH: 5970

<212> TYPE: DNA

<213> ORGANISM: Streptomyces venezuelae

<220> FEATURE:

<221> NAME/KEY: 4139 and 4819

<222> LOCATION: unsure

<223> OTHER INFORMATION: unsure of nucleotides at these positions

<400> SEQUENCE: 21

ggcgagaagt aggcgcgggt gtgcacgcct tcggccttca ggacctccat gacgaggtceg 60
cggtggatgce cggtggtggce ctcgtcgatc tcgacgatca cgtactggtg gttgttgagg 120
ccgtggeggt cgtggtcgge gacgaggacg ccggggaggt ccgcgaggtg ctcgcggtag 180
scggcegtggt tgcgeccggtt ccggtcgatg acctcecgggaa acgcgtcgag ggaggtgagg 240
cccatggegg cggeggecte gctcatcttg gegttggtcece cgececggecggg getgecgeceg 300
ggcaggtcga agccgaagtt gtggagggcg cggatccggg cggcgaggtc ggcgtcgtceg 360
gtgacgacgg cgccgccctce gaaggcegttg acggccttgg tggcgtggaa gctgaagacce 420
tcggegtege cgaggctgec ggcgggecgg ccgtcgaccg cgcagcecgag ggcgtgcegeg 480
gcgtcgaagt acagccgcag gccgtgctceg tcggcgacct tccgcagetg gtcggeggeg 540
caggggcgge cccagaggtg gacgccgacg acggcecgagg tgcggggtgt gaccgeggeg 600
gccacctggt ccgggtcgag gttgccggtg tccgggtcga tgtcggcgaa gaccggggtg 660
aggccgatcc agcgcagtgce gtgcggggtg gcggcgaacg tcatcgacgg catgatcact 720
tcgececggtga ggccggcgge gtgcgcgagg agctggagcc cggccgtgge gttgcaggtg 780
gccacggcat gccggacccece ggcgagcccg gcgacgeget ccotecgaacte geggacgage 840
gggccgccgt tggacagcca ctggcetgtcg agggcccggt cgagccgctce gtacagcctg 900
gcgcggtcga tgcggttggg ccgccccacg aggagcggct ggtcgaaagc ggcggggcecg 960
ccgaagaatg cgaggtcgga taaggcgctt ttcacggatg ttccctccgg gccaccgtca 1020
cgaaatgatt cgccgatccg ggaatcccga acgaggtcge cgcgctccac cgtgacgtac 1080
gacgagatgg tcgattgtgg tggtcgattt cggggggact ctaatccgeg cggaacggga 1140
ccgacaagag cacgctatgc gctctcgatg tgcttcggat cacatccgecc tccggggtat 1200
tccatcggeg gecccgaatgt gatgatcctt gacaggatcc gggaatcage cgagccgecg 1260
ggagggccgg ggcgcgctcce gcggaagagt acgtgtgaga agtcccgttce ctecttecegt 1320

ttcegttceg cttceceggecce ggtctggagt tcectcegtgeg ccgtacccag cagggaacga 1380
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ccgettetee cccggtacte gacctecgggg ccctggggeca ggatttcecgeg gcoccgatcegt 1440
atccgacgta cgcgagactg cgtgccgagg gtccggccca ccgggtgecge acccccgagg 1500
gggacgaggt gtggctggtc gtcggctacg accgggcecgcg ggcggtccte gecgatcccee 1560
ggttcagcaa ggactggcgc aactccacga ctcccctgac cgaggccgag gccgcgctca 1620
accacaacat gctggagtcc gacccgccgc ggcacacccg gctgcgcaag ctggtggccce 1680
gtgagttcac catgcgccgg gtcgagttge tgecggccceg ggtccaggag atcgtcgacg 1740
ggctcgtgga cgccatgctg gcoggcegcceccg acggccgcege cgatctgatg gagtccctgg 1800
cctggecget geccgatcacce gtgatctceccg aactcctegg cgtgcccgag ccggaccgceg 1860
ccgectteecg cgtcectggace gacgcecctteg tcttceccgga cgatcccgec caggcccaga 1920
ccgccatgge cgagatgagce ggctatctct cccggctcat cgactccaag cgcgggcagg 1980
acggcgagga cctgctcage gcgctcegtge ggaccagcga cgaggacggc tcccggctga 2040
cctccgagga gectgctcecggt atggcccaca tcctgectegt cgcggggcac gagaccacgg 2100
tcaatctgat cgccaacggc atgtacgcgc tgctctcgeca ccccgaccag ctggccgecce 2160
tgcgggecga catgacgctc ttggacggcg cggtggagga gatgttgcge tacgagggec 2220
cggtggaatc cgcgacctac cgcttccecgg tcgagcccgt cgacctggac ggcacggtca 2280
tceceggecgg tgacacggte ctegtecgtece tggecgacge ccaccgcacc cccgagcget 2340
tcceggacce gcaccgette gacatccgecce gggacaccgce cggccatcte gectteggece 2400
acggcatcca cttctgcatc ggcgcccecct tggcceggtt ggaggccegg atcgccgtcc 2460
gcgcccttet cgaacgctge ccggacctcg ccctggacgt ctceccccgge gaactcegtgt 2520
ggtatccgaa cccgatgatc cgcgggctca aggccctgcce gatccgetgg cggcgaggac 2580
gggaggcggg ccgccgtacc ggttgaaccc gcacgtcacc cattacgact ccttgtcacg 2640
gaagccccgg atcggtccce cctcgecgta acaagacctg gttagagtga tggaggacga 2700
cgaagggttc ggcgcccgga cgagggggga cttccgcgat gaatctggtg gaacgcgacg 2760
gggagatagc ccatctcagg gccgttcttg acgcatccge cgcaggtgac gggacgctet 2820
tactcgtctec cggaccggcc ggcagcggga agacggagct gctgecggtcecg ctccgecgge 2880
tggccgeccga gcegggagacce cccgtectggt cggtccggge getgeccgggt gaccgcgaca 2940
tcecececetggg cgtcctetge cagttactcc gcagcgccga acaacacggt gccgacacct 3000
ccgccgtecg cgacctgetg gacgccgect cgcocggcecggge cggaacctca cctcccccge 3060
cgacgcgccg ctcegegteg acgagacaca ccgcctgcac gactggetge tctcegtete 3120
ccgccggcac cccgtteccte gtecgecegtecg acgacctgac ccacgccgac accgcgtccee 3180
tgaggttcct cctgtactge gccgecccacc acgaccaggg cggcatcgge ttcgtcatga 3240
ccgagcgggce ctcgcagege gccggatacc gggtgttcecg cgccgagcectg ctccgcecage 3300
cgcactgccg caacatgtgg ctctcecggge ttccccccag cggggtacge cagttacteg 3360
cccactacta cggccccgag gccgcocgage ggogggcoccoce cgcogtaccac gcgacgaccg 3420
gcgggaaccce gctgctcectg cgggegctga cccaggaccg gcaggcctcce cacaccaccce 3480
tcggegegge cggcggcgac gagcccgtcce acggcgacgce cttcgeccag geccgtecteg 3540
actgcctgca ccgcagcgcc gagggcacac tggagaccgce ccgctggcte geggtecteg 3600

aacagtccga cccgctcecctg gtggagcgge tcacgggaac gaccgccgcc gccgtcgage 3660
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gccacatcca ggagctcgcc gccatcggec tcctggacga ggacggcacc ctgggacagce 3720
ccgegatceg cgaggccgec ctccaggace tgocggecgg cgagogcacce gaactgcacce 3780
ggcgecgecge ggagcagctg caccgggacg gegccgacga ggacaccgtg goccgcocacce 3840
tgctggtegg cggecgccccee gacgcteccct gggegetgec cctgetcgaa cggggcgege 3900
agcaggccct gttcgacgac cgactcgacg acgccttccg gatcctcgag ttcgeccgtge 3960
ggtcgagcac cgacaacacc cagctggccc gcctcgccce acacctggte geggectcet 4020
ggcggatgaa cccgcacatg acgacccggg ccctcecgcact cttcecgaccgg ctcctgageg 4080
gtgaactgcc gcccagccac ccggtcatgg ccctgatccg ctgcctecgte tggtacggnce 4140
ggctgcccga ggccgceccgac gcgctgtccec ggctgecggece cagctccgac aacgatgccet 4200
tggagctgtc gctcacccgg atgtggctceg cggcgectgtg cccgecgete ctggagtecce 4260
tgcecggecac gccggageccg gagceggggtce ccgtcccegt acggetcgeg ccgcggacga 4320
ccgcgctcca ggcccaggcec ggcgtcttece agcggggccce ggacaacgcc tcggtcgcege 4380
aggccgaaca gatcctgcag ggctgccgge tgtcggagga gacgtacgag gccctggaga 4440
cggccctett ggtcctegte cacgccgacce ggectcgaccg ggecgetgtte tggtcggacg 4500
ccetgetege cgaggccgtg gagecggeggt cgctcggetg ggaggcggte ttcgccgcga 4560
ccecgggegat gatcgcgatc cgectgeggeg acctcccgac ggcgcocgggag cgggccgagce 4620
tggcgctecte ccacgcggeg ccggagagct ggggcctcege cgtgggcatg cccctetecg 4680
cgctgetget cgcctgcacg gaggccggceg agtacgaaca ggcggagcgg gtcctgcgge 4740
agccggtgecce ggacgcgatg ttcgactcge ggcacggcat ggagtacatg cacgcccggg 4800
gccgctactg getggeganc ggccggctge acgcggeget gggcgagttce atgctctgeg 4860
gggagatcct gggcagctgg aacctcgacc agccctcgat cgtgccctgg cggacctceg 4920
ccgccgaggt gtacctgegg ctcggcaacc gccagaaggce cagggcgctg gcocgaggccce 4980
agctcgeccct ggtgcggccce gggcgctccc gcacccegggg tcectcacccectg cgggtectgg 5040
cggcggceggt ggacggccag caggcggagc ggctgcacgce cgaggcggtc gacatgctge 5100
acgacagcgg cgaccggctce gaacacgcocce gegegetege cgggatgage cgccaccagce 5160
aggcccaggg ggacaactac cgggcgagga tgacggcgcg gctcgccgge gacatggegt 5220
gggcctgcgg cgcgtacceg ctggccgagg agatcgtgcce gggeccgcggce ggccgcecggg 5280
cgaaggcggt gagcacggag ctggaactgc cgggcggccce ggacgtcgge ctgctctcegg 5340
aggccgaacg ccgggtggeg gccctggcag cccgaggatt gacgaaccgce cagatagcge 5400
gccggetetg cgtcaccgeg agcacggtcg aacagcacct gacgcgcgtc taccgcaaac 5460
tgaacgtgac ccgccgagca gacctcccga tcagcctcege ccaggacaag tccgtcacgg 5520
cctgagecac ccceggtgte cecegtgegac gacccegecge acgggcecace gggoccgocog 5580
ggacacgccg gtgcgacacg ggggcgcgcec aggtgccatg gggacctccg tgaccgccceg 5640
aggcgcccga ggcgeccggt geggcacceg gagacgcecag gaccgecggg accaccggag 5700
acgccaggga ccgctgggga caccgggace tcagggaccg ccegggaccege ccgagttgca 5760
cceggtgege ccggggacac cagaccgcecg ggaccacceg agggtgccceg gtgtggeccce 5820
ggcggecggg gtgtccttca tcggtgggece ttcatcggeca ggaggaageg accgtgagac 5880

ccgtegtgece gtcggegatce agccgectgt acgggegtceg gactccctgg cggtcccgga 5940
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ccegtegtac gggctcgegg gacccggtge

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 22

LENGTH: 3292

TYPE: DNA

ORGANISM: Streptomyces venezuelae

FEATURE:

NAME/KEY: 2875

LOCATION: unsure

OTHER INFORMATION: unsure of nucleotide at this position

SEQUENCE: 22

accccccaaa ggggtggtga cactccccct gcgcagcecce tagcgcccce ctaactcgece

acgccgaccg ttatcaccgg cgccctgetg ctagtttccg agaatgaagg gaatagtccet

ggccggceggg agcggaactc ggctgcatcc ggcgacctcg gtcatttcga agcagattet

tccggtctac aacaaaccga tgatctacta tccgctgteg gttcectcatge tcggecggtat

tcgcgagatt caaatcatct cgacccccca gcacatcgaa ctcttccagt cgcttetegg

aaacggcagg cacctgggaa tagaactcga ctatgcggtc cagaaagagc ccgcaggaat

cgcggacgca cttctcgtecg gagccgagca catcggcgac gacacctgcg ccctgatcet

gggcgacaac atcttccacg ggcccggect ctacacgctce ctgcgggaca gcatcgcgeg

cctcgacgge tgcgtgctet tcggctaccce ggtcaaggac cccgagcecggt acggcegtcge

cgaggtggac gcgacgggcc ggctgaccga cctcgtcgag aagcccgtca agccgegcete

caacctcgecc gtcaccggecc tctacctcta cgacaacgac gtcgtcgaca tcgccaagaa

catccggccce tcgecgegeg gcegagctgga gatcaccgac gtcaaccgcg tctacctgga

gcggggcecgg gccgaactcg tcaacctggg ccgecggette gcctggetgg acaccggcac

ccacgactcg ctcctgeggg ccgecccagta cgtccaggtce ctggaggage ggcagggcegt

ctggatcgecg ggccttgagg agatcgccett ccgcatggge ttcatcgacg ccgaggectg

tcacggcctg ggagaaggcc tctcccgcac cgagtacggce agctatctga tggagatcge

cggccgegag ggagccccgt gagggcacct cgeggecgac gegttecccac gaccgacagce

gccaccgaca gtgcgaccca caccgcgacce cgcaccgcca ccgacagtge gacccacacce

gcgacctaca gcgcgaccga aaggaagacg gcagtgcgge ttctggtgac cggaggtgceg

ggcttcatcg gctegcactt cgtgcggcag ctecctecgecg gggegtacce cgacgtgccece

gccgatgagg tgatcgtcct ggacagcctc acctacgcgg gcaaccgcgce caacctcgece

ccggtggacg cggacccgceg actgcgctte gtccacggecg acatccgcga cgccggecte

ctcgecceggg aactgcgegg cgtggacgcec atcgtccact tcgecggccga gagccacgtg

gaccgctcca tcgecgggege gtccgtgttc accgagacca acgtgcaggg cacgcagacg

ctgctccagt gcgecgtcga cgccggcgte ggccgggtcg tgcacgtcte caccgacgag

gtgtacgggt cgatcgactc cggctcctgg accgagagca gcccgctgga gcccaactceg

ccctacgegg cgtccaagge cggctccgac ctegttgece gcgectacca ccggacgtac

ggcctcgacg tacggatcac ccgctgctge aacaactacg ggccgtacca gcaccccgag

aagctcatcc ccctecttegt gacgaacctc ctcgacggecg ggacgctcce getgtacgge

gacggcgcga acgtccgcga gtgggtgcac accgacgacc actgccgggg catcgegcete

gtcctcecgegg gecggecggge cggcgagatc taccacatcg gcggcocggect ggagctgacce

5970

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
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aaccgcgaac tcaccggcat cctcctggac tcgctcecggeg ccgactggtce ctecggtccgg 1920
aaggtcgccg accgcaaggg ccacgacctg cgctactccce tcgacggcgg caagatcgag 1980
cgcgagctcecg gctaccgccce gcaggtctcec ttcocgecggacg gcctcgecgeg gaccgtccge 2040
tggtaccggg agaaccgcgg ctggtgggag ccgctcaagg cgaccgcccc gcagctgecce 2100
gccaccgccg tggaggtgtc cgcgtgagca gccgcgcecga gaccccccge gtccecttee 2160
tcgacctcaa ggccgcctac gaggagctcce gcgcggagac cgacgccgceg atcgcccgeg 2220
tcctecgacte ggggegctac ctcctcggac ccgaactcga aggattcgag gcggagttcg 2280
ccgcgtactg cgagacggac cacgccgtcg gcgtgaacag cgggatggac gccctccage 2340
tcgececcteeg cggectecgge atcggacccg gggacgaggt gatcgtcccce tcgcacacgt 2400
acatcgccag ctggctcgeg gtgtccgecca ccggcgcegac ccccegtgecce gtcgagccge 2460
acgaggacca ccccaccctg gacccgctge tcgtcgagaa ggcgatcacc ccccgcacce 2520
gggcgctcct cccegtceccac ctctacggge accccgecga catggacgcc ctccgcgage 2580
tcgecggaccg gcacggcctg cacatcgtcg aggacgccgc gcaggcccac ggcgcccgcet 2640
accggggccg gcggatcgge gccgggtcegt cggtggecge gttcagette tacccgggcea 2700
agaacctcgg ctgcttcgge gacggcggeg ccgtcgtcac cggcgacccce gagctcgccg 2760
aacggctccg gatgctccge aactacggct cgcggcagaa gtacagccac gagacgaagg 2820
gcaccaactc ccgcctggac gagatgcagg ccgccgtgct gcggatccgg ctcgnccacce 2880
tggacagctg gaacggccgc aggtcggcgce tggccgcgga gtacctctcecc gggctcegecg 2940
gactgcccgg catcggectg ccggtgaccg cgcccgacac cgacccggtce tggcacctet 3000
tcaccgtgeg caccgagcge cgcgacgagc tgcgcagcca cctcgacgcec cgcggcatcg 3060
acaccctcac gcactacccg gtacccgtge acctctcgecce cgecctacgcg ggcgaggcac 3120
cgccggaagg ctcgctccecg cgggeccgaga gcttcgcegeg gcaggtccte agcctgccga 3180
tcggecccgea cctggagege ccgcaggcge tgcgggtgat cgacgccgtg cgcgaatggg 3240
ccgagegggt cgaccaggcc tagtcaggtg gtccggtaga cccagcaggce cg 3292
<210> SEQ ID NO 23

<211> LENGTH: 1693

<212> TYPE: DNA

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 23

atgcggcacc ccttggcgecc gagegtggtg atccaggtge cgacccgggce gagcacctcee 60
tgctcggtece agccegtett gectgagcage agcgcccget cgtaggcgtt cgtgaacage 120
agctcggectce cgtcgacgag ctcccggacg ctgtcgccct ccagccggge gagctgctge 180
gaggggtccg cggcccggceg gaggcccagce tcgcggcaga cccgegtgtg ccgcaccatce 240

gcctecggggt cgtccgecgec gacgaggacg aggtcgatcce cgccgggecg gcecggecgte 300

tcgecccaggt cgatgtcgeg cgcctcecggece atcgecgecccg cgtagaacga ggcgagctga 360
ttgcecgtect cgtcggtggt gcacatgaag cgggcggtgt gctgacggtce cgacacccge 420
acggagtcgg tgtcgacgcc cgcggcegegg agcagctgcce cgtacccgtc gaagtcecttg 480

ccgacggege cgacgaggac ggggcggoga ccgagcaggce cgaggccgta cgegatgttg 540

gcggcgacgce cgccgtgeccg gatgtccagg gtgtcgacga ggaacgacag ggacacgtgg 600
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gcgagctggt ccggcaggat ctgctcggceg aagcggcccg ggaaggtcat caggtggtceg 660
gtggcgatcg acccggtgac ggctatacgc atgtcagagc cccgcggect tcttcaggge 720
gtccacgcgg tcggtgecget cccaggtgaa gtccggcage tcgecggceccga agtggccgta 780
ggcggceggte tgggagtaga tcgggcggag caggtcgagg tcgcecggatga tcegcggccgg 840
gcggaggtcg aagacctcge cgatggcgtt ctcgatctte tcggtctcga tettgtgggt 900
gccgaaggtce tcgacgaaga ggccgacggg ctcggceccttg ccgatcgegt acgcgacctg 960
gacctcgcag cgcgaggcga gaccggcggce gacgacgttc ttcgccacce agcgcatcge 1020
gtacgcggecg gagcggtcga ccttcgacgg gtccttgecg gagaaggcge cgccaccgtg 1080
gcgggecatg ccgccgtagg tgtcgatgat gatcttgegg ccggtgagge cggegtcgec 1140
catcgggccg ccgatctcga agcgaccggt cgggttcacg agcaggcggt agccgtcggt 1200
gtcgagecttg atgccgtcect cgacgagctg cgcaagcacg tgctcgacga cgaacttceg 1260
cacgtcgggg gcgagcagcg actccaggtc gatgtccgag gcgtgctgcg aggagacgac 1320
gaccgtgtcg agacggaccg ccctgtcgcce gtcgtactcg atggtgacct gggtcttgec 1380
gtcgggacgce aggtacggga tggtcccgtt cttgecggace tcggtcagge ggecgcgagag 1440
acggtgcgeg aggtggatcg gcagcggcat cagctcggge gtctcgtccg aggcatagcece 1500
gaacatcagg ccctggtcac cggcgccctg cttgtcgage tcgtccccet cgtecegetg 1560
ggaggcaccc tcgacccget tctegtacge ggtgtcgaca ccctgggcecga tgtccgggga 1620
ctgcgacccg atggacaccg acacgccgca ggaggcgccg tcgaagccct tecttcgagga 1680
gtcgtacccg atc 1693
<210> SEQ ID NO 24

<211> LENGTH: 1565

<212> TYPE: DNA

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 24

cceccgetege ggccccccag acatccacge ccacgattgg acgctcccga tgaccgcccee 60
cgccctetece gccaccgeccce cggccgaacqg ctgcgcgcac cccggagcecqg atctggggge 120
ggcggtccac gccgtcggec agaccctcecge cgccggegge ctecgtgccge ccgacgagge 180
cggaacgacc gcccgccacce tcgtccgget cgccgtgege tacggcaaca gccccttcac 240
ccegetggag gaggcccgec acgacctggg cgtcgaccgg gacgccttcc ggcgectcet 300
cgccctgtte gggcaggtcce cggagctccg caccgcggtc gagaccggcc ccgccgggge 360
gtactggaag aacaccctgc tcccgctcga acagcgcegge gtcttcgacg cggecgcetcege 420
caggaagccc gtcttccegt acagecgtcecgg cctctaccce ggecccgacct gecatgttceg 480
ctgccacttc tgcgtcecgtg tgaccggege ccgctacgac ccgtccgece tcgacgccgg 540
caacgccatg ttccggtcgg tcatcgacga gatacccgcg ggcaacccct cggcgatgta 600
cttctecegge ggecctggage cgctcaccaa ccccggecte gggagcctgg ccgcgcacge 660
caccgaccac ggcctgcgge ccaccgtcta cacgaactcce ttcgcgectca ccgagcgcac 720
cctggagcgce cagcccggec tctggggect gcacgccatce cgcacctege tctacggecet 780
caacgacgag gagtacgagc agaccaccgg caagaaggcc gcocttccgec gegtccgega 840

gaacctgcgce cgcttccage agctgcgege cgagcgcgag tcgecgatca accteggett 900
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cgcctacatce gtgctccecgg gecgtgccete ccgectgete gacctggtcecg acttcatcge 960
cgacctcaac gacgccgggc agggcaggac gatcgacttc gtcaacattc gcgaggacta 1020
cagcggccegt gacgacggca agctgccgca ggaggagegg gcocgagctcece aggaggccct 1080
caacgccttc gaggagcggg tccgcgagcg cacccccgga ctccacatcg actacggcecta 1140
cgccctgaac agcctgcgca ccggggccga cgccgaactg ctgcggatca agcccgccac 1200
catgcggccce accgcgcacc cgcaggtcge ggtgcaggtce gatctccteg gegacgtgta 1260
cctgtaccge gaggccgget tccccgacct ggacggcegeg acccgctaca tcgcgggecg 1320
cgtgaccccce gacacctccce tcaccgaggt cgtcagggac ttcgtcgage geggcggcga 1380
ggtggcggcce gtcgacggcg acgagtactt catggacggce ttcgatcagg tcgtcaccgce 1440
ccgcctgaac cagctggagce gcgacgccgc ggacggcetgg gaggaggccce gceggcttcet 1500
gcgctgacce gcacccgccce cgatcccccec gatcccccce ccacgatcce cccacctgag 1560
ggccc 1565
<210> SEQ ID NO 25

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 25

ccctgecageg gcaaggaagg acacgacgcc a 31
<210> SEQ ID NO 26

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 26

aggtctagag ctcagtgccg ggcgtcggec gg 32
<210> SEQ ID NO 27

<211> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer (forward)

<400> SEQUENCE: 27

ttgcatgcat atgcgccgta cccagcaggg aacgacce 37
<210> SEQ ID NO 28

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer (reverse)

<400> SEQUENCE: 28

ttgaattctc aactagtacg gcggcccgece tccegtee 38

<210> SEQ ID NO 29
<211> LENGTH: 29
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<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotides 30-85a

<400> SEQUENCE: 29

ctagtatgca tcatcatcat catcattaa

<210> SEQ ID NO 30

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

29

<223> OTHER INFORMATION: Oligonucleotides 30-85b

<400> SEQUENCE: 30

aattttaatg atgatgatga tgatgcata

<210> SEQ ID NO 31

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 31

tcctctagac gttteccgt

<210> SEQ ID NO 32

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 32

tgaagcttga attcaaccgg t

<210> SEQ ID NO 33

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 33

tttatgcatc ccgcgggtcece cggcgag

<210> SEQ ID NO 34

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 34

tcagaattct gtcggtcact tgcccge

<210> SEQ ID NO 35

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer (forward)

29

18

21

27

27

27
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<400> SEQUENCE: 35

agatgcattt ctgggatgcc gccacgga

<210> SEQ ID NO 36

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer (reverse)

<400> SEQUENCE: 36

cgtctagacg tcaccagacg ttgaccgtg

<210> SEQ ID NO 37

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer (forward)

<400> SEQUENCE: 37

tttctagacg gtggcccgga gggaacatc

<210> SEQ ID NO 38

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer (reverse)

<400> SEQUENCE: 38

cggaattccg cagctggtcg gcggcgca

<210> SEQ ID NO 39

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Streptomyces venezuelae

<400> SEQUENCE: 39

Thr Val Asp Ala Cys Ser Ser Ser Leu
1 5

28

29

29

28

1. An isolated recombinant DNA compound that com-
prises a coding sequence for a domain of a narbonolide PKS.

2. The isolated recombinant DNA compound of claim 1,
wherein said domain is selected from the group consisting of
a thioesterase domain, a KSQ domain, an AT domain, a KS
domain, an ACP domain, a KR domain, a DH domain, and
an ER domain.

3. The isolated recombinant DNA compound of claim 2
that comprises the coding sequence for a loading module,
thioesterase domain, and all six extender modules of the
narbonolide PKS.

4. An isolated recombinant DNA compound that com-
prises a coding sequence for a desosamine biosynthetic gene
or a desosaminyl transferase gene or a beta-glucosidase gene
of Streptomyces venezuelae.

5. An isolated recombinant DNA compound that com-
prises a coding sequence for a picK hydroxylase gene of
Streptomyces venezuelae.

6. An isolated DNA compound of any of claim 1 that
further comprises a promoter operably linked to said coding
sequence.

7. The isolated recombinant DNA compound of claim 6,
wherein said promoter is a promoter derived from a cell
other than a Streptomyces venezuelae cell.

8. The isolated recombinant DNA compound of claim 7
that is a recombinant DNA expression vector.

9. The recombinant DNA expression vector of claim 8
that expresses a PKS in Strepromyces host cells.

10. The recombinant DNA expression vector of claim 9
that encodes a hybrid PKS comprising at least a portion of
a narbonolide PKS gene and at least a portion of a second
PKS gene for a macrolide aglycone other than narbonolide.

11. The recombinant DNA compound of claim 10,
wherein said second PKS gene is a DEBS gene.

12. The recombinant DNA compound of claim 11,
wherein said hybrid PKS is composed of a loading module
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and extender modules 1 through 6 of DEBS excluding a KR
domain of extender module 6 of DEBS and an ACP of
extender module 6 and a thioesterase domain of the nar-
bonolide PKS.

13. A recombinant host cell, which in its untransformed
state does not produce 10-deoxymethynolide or narbonolide,
that comprises a recombinant DNA expression vector of
claim 9 that encodes a narbonolide PKS and said cell
produces 10-deoxymethynolide or narbonolide.

14. The recombinant host cell of claim 13 that further
comprises a picB gene.

15. The recombinant host cell of claim 13 that further
comprises desosamine biosynthetic genes and a gene for
desosaminyl transferase and produces YC17 or narbomycin.

16. The recombinant host cell of claim 15 that further
comprises a picK gene and produces methymycin, neom-
ethymycin, or picromycin.
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17. The recombinant host cell of any of claim 16 that is
Streptomyces coelicolor or Streptomyces lividans.

18. A recombinant host cell other than a Strepromyces
venezuelae cell that expresses a picK hydroxylase gene of S.
venezuelae encoded by the DNA compound of claim 5.

19. A recombinant host cell other than a Strepromyces
venezuelae host cell that expresses a desosamine biosyn-
thetic gene or desosaminyl transferase gene of S. venezuelae
encoded by the DNA compound of claim 4.

20. A method for increasing the yield of a desosaminy-
lated polyketide in a cell, which method comprises trans-
forming the cell with a recombinant expression vector that
encodes a functional beta-glucosidase gene.



