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MICROGININ PRODUCING PROTEINS AND
NUCLEIC ACIDS ENCODING A MICROGININ
GENE CLUSTER AS WELL AS METHODS
FOR CREATING NOVEL MICROGININS

CROSS REFERENCE TO RELATED
APPLICATION

This application is a 35 U.S.C. 371 National Phase Entry
Application from PCT/EP2006/011563, filed Dec. 1, 2006,
which claims the benefit of European Patent Application No.
05026396.1 filed on Dec. 2, 2005, the disclosure of which is
incorporated herein in its entirety by reference.

TECHNICAL FIELD

The present invention relates to the fields of chemistry,
biology, biochemistry, molecular biology. The invention pro-
vides for novel nucleic acid molecules enabling the synthesis
of' microginin and microginin analogues. Microginin finds an
application in therapeutics. The invention thus extends into
the field of mammalian therapeutics and drug development.

INTRODUCTION

Cyanobacteria and Microginin

Cyanbacteria are gram-negative bacteria. Due to their abil-
ity to perform photosynthesis they were long thought to
belong to the plant kingdom and were formerly classified as
blue-green algae. Cyanbacteria have adapted to almost all
ecological niches. Most of strains known up to date are found
in fresh water lakes and oceans. In the last few years cyano-
bacteria have been recognised as a source for biologically
active natural compounds.

Cyanobacteria are a group of microscopic organisms
somewhere “in between” algae and bacteria and they are
found in freshwater and marine areas throughout the world.
Scientifically, they are considered to be bacteria, but because
they can perform photosynthesis, they also used to be classi-
fied as “blue-green algae”.

Cyanobacterial peptides (cyanopeptides) are among the
most ubiquitously found potentially hazardous natural prod-
ucts in surface waters used by humans. Though these sub-
stances are natural in origin, eutrophication (i.e. excessive
loading with fertilising nutrients) has caused massive cyano-
bacterial proliferation throughout Europe. Thus, cyanopep-
tides now occur with unnatural frequency and concentration.

A large group among the diverse cyanopeptides are the
oligopeptides (peptides with a molecular weight of <2 KD).
But while specific cyanopeptides—e.g. microcystins and
nodularins—are well studied and recognised as being caus-
ative for many animal poisonings and human illness, a sub-
stantial and increasing body of evidence points toward a
decisive role of other potentially toxic cyanopeptides in the
causation of both acute and chronic human illnesses.

Freshwater and marine cyanobacteria are known to pro-
duce a variety of bioactive compounds, among them potent
hepatotoxins and neurotoxins. Many of the toxic species of
cyanobacteria tend to massive proliferation in eutrophicated
water bodies and thus have been the cause for considerable
hazards for animal and human health. One of the most wide-
spread bloom-forming cyanobacteria is the genus Microcys-
tis, a well-known producer of the hepatotoxic peptide micro-
cystin. Microcystins are a group of closely related cyclic
heptapeptides sharing the common structure. So far, more
than 80 derivatives of microcystins have been identified, vary-
ing largely by the degree of methylation, peptide sequence,
and toxicity.
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The traditional botanical code describes the genus Micro-
cystis as a coccal, unicellular cyanobacterium that grows as
mucilaginous colonies of irregularly arranged cells (under
natural conditions, while strain cultures usually grow as
single cells). According to this tradition, morphological cri-
teria such as size of the individual cells, colony morphology,
and mucilage characteristics are used for species delimitation
within Microcystis (i.e., morphospecies). Microcystin-pro-
ducing strains as well as strains that do not synthesize micro-
cystin have been reported for all species within the genus
Microcystis. However, whereas most field samples and strains
of Microcystis aeruginosa and Microcystis viridis studied to
date were found to contain microcystins, strains of M. wesen-
bergii, M. novaceckii,and M. ichthyoblabe have only sporadi-
cally been reported to contain microcystins.

Beside microcystins, various other linear and cyclic oli-
gopeptides such as anabaenopeptins, aeruginosins, microgi-
nins and cyanopeptolins are found within the genus Micro-
cystis (Namikoshi, M., and K. L. Rinehart. 1996. Bioactive
compounds produced by cyanobacteria. J. Ind. Microbiol.
17:373-384.).

Similar to microcystins, these peptides possess unusual
amino acids like 3-amino-6-hydroxy-2-piperidone (Ahp) in
cyanopeptolins, 2-carboxy-6-hydroxyoctahydroindol (Choi)
in aeruginosin-type molecules or 3-amino-2 hydroxy-de-
canoic acid (Ahda) in microginins and numerous structural
variants also exist within these groups. These peptides show
diverse bioactivities, frequently protease inhibition (Namiko-
shi, M., and K. L. Rinehart. 1996. Bioactive compounds
produced by cyanobacteria. J. Ind. Microbiol. 17:373-384).

The occurrence of both microcystins and other oligopep-
tides such as anabaenopeptins, microginins and cyanopepto-
lins in natural Microcystis populations was recently demon-
strated. It is well known that the species and genotype
composition in natural Microcystis populations is heteroge-
neous, and both microcystin- and non-microcystin-contain-
ing strains have been isolated from the same sample. Just as
strains producing microginin and strains not producing
microginin have been found. These results suggest a consid-
erable diversity of genotypes with different oligopeptide pat-
terns in natural Microcystis populations.

By typing single Microcystis colonies, it was possible in
1999 to show for the first time that the actual peptide diversity
in a natural population of this genus is extremely high. Many
of the substances detected belong to well-known groups of
cyanobacterial peptides like microcystins, anabaenopeptins,
microginins, cyanopeptolins, and aeruginosins, of which
many have been discovered in Microcystis spp. In addition,
numerous unknown components have been detected in such
colonies. However, the origin of these unknown components
has yet to be investigated, since besides the observed epi-
phytic cyanobacteria and algae, heterotrophic bacteria are
also known to be present in Microcystis colonies. Chemical
screening of cyanobacterial samples (both from field samples
and from culture strains) has demonstrated a wide variety of
substances: e.g. an almost monospecific bloom of Plankto-
thrix agardhii contained as many as 255 different substances,
most of which were oligopeptides.

Thus, it may be concluded, that the situation with respect to
the assignment of the capability of microginin production to
certain species and strains, i.e. also a true understanding of the
genotypes and species involved as well as their evolution has
to date, not been possible. In fact PEPCY a research project
supported by the European Commission concluded that
present information shows that one species or “morphotype”
(i.e. individuals with the same morphological characteristics)
may comprise a range of genotypes that encode for different
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“chemotypes” (i.e. morphologically indistinguishable indi-
viduals containing different cyanopeptides).

ACE Inhibitors and Microginin

ACE catalyses the conversion of angiotensin I into angio-
tensin II within the mammalian renin-angiotensin system,
leading to arterial stenosis, which in turn causes an increase of
blood pressure. ACE inhibitors counteract this process and
therefore play a role in human medicine as blood pressure
lowering agents. Microginin is an important drug candidate
for ACE inhibition. So far only 30 structural variants of
microginin are known, making clinical development difficult.

Microginins are characterized by a decanoic acid derivate,
3-amino-2-hydroxy-decanoic acid (Ahda) at the N-terminus
and a predominance of two tyrosine units at the C-terminus.
They vary in length from 4 to 6 amino acids with the variabil-
ity occurring at the C-terminal end (Microginins, zinc metal-
loprotease inhibitors from the cyanobacterium Microcystis
aeruginosa, 2000, Tetrahedron 56:8643-8656). In the past it
has only been possible by means of synthesis of 3-amino-2-
hydroxy-decanoic acid to chemically generate microginin
variants (J Org. Chem. 1999 Apr. 16; 64(8):2852-2859.
Acylnitrene Route to Vicinal Amino Alcohols. Application to
the Synthesis of (-)-Bestatin and Analogues. Bergmeier S C,
Stanchina D M.) Alternatively cyanobacterial strains were
screened for microginin activity, which was tedious and time
consuming. Ithas so far not been possible to screen for strains
efficiently due to the lack of species understanding and a
methodology of efficiently distinguishing microginin pro-
ducers from non-producers (see above). Further it was not
possible to easily and efficiently alter and thus develop micro-
ginins in order to provide for a variety of lead compounds
from which better ACE-inhibitors may be developed.

BRIEF DESCRIPTION OF THE INVENTION

From Microcystis aeruginosa a cluster of genes, spanning
about 30 kbps has been isolated encoding a hybrid synthetase
composed of non-ribosomal peptide synthetases (NRPS),
polyketide synthases (PKS) and tailoring enzyme which as
the inventors show is responsible for the biosynthesis of
microginin. The strain from which this nucleic acid was first
isolated by G. C. Kiirzinger from Lake Pehlitz 1977].

The inventors provide for a biological system enabling not
only the production of micoginins, the heterologous expres-
sion of microginin, but also a system for modifying microgi-
nin and thus developing so far unknown variants of microgi-
nin. The invention further provides for nucleic acids and
methods for identifying strains which have the ability to
produce microginin.

In particular the invention relates to one or more nucleic
acids encoding a microginin synthetase enzyme complex
with the following activities: an adenylation domain (A*)
wherein, the adenylation domain comprises a peptide
sequence according to SEQ ID NO. 1, an acyl carrier protein
(ACP), an elongation module (EM) of polyketide synthases
(PKS) comprising the following activities: (i) ketoacylsyn-
thase (KS), (ii) acyl transferase (AT) (iii) acyl carrier protein
(ACP2), an aminotransferase (AMT), three to five elongation
modules (EM) of non-ribosomal peptide synthetases (NRPS)
comprising the following activities: (i) condensation domain
(C), (i) adenylation domain (A), (iii) thiolation domain (T)
and a thioesterase (TE).

DETAILED DESCRIPTION OF THE INVENTION

As outlined above the invention in particular relates to one
or more nucleic acids encoding a microginin synthetase
enzyme complex with the following activities: an adenylation
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domain (A*) wherein, the adenylation domain comprises a
peptide sequence according to SEQ ID NO. 1, an acyl carrier
protein (ACP), an elongation module (EM) of polyketide
synthases (PKS) comprising the following activities: (i)
ketoacylsynthase (KS), (ii) acyl transferase (AT) (iii) acyl
carrier protein (ACP 2), an aminotransferase (AMT), three to
five elongation modules (EM) of non-ribosomal peptide syn-
thetases (NRPS) comprising the following activities: (i) con-
densation domain (C), (ii) adenylation domain (A), (iii) thi-
olation domain (T) and a thioesterase (TE).

The inventors have found that microginin is the product of
non-ribosomal synthesis. It is important to understand that
microginin as previously identified in nature may also in part
have been the product of ribosomal synthesis and further
processed via various enzymatic reactions.

It is important to note that the nucleic acid claimed herein,
i.e. a microginin synthetase enzyme complex may also be
present in organisms other organisms than Microcystis sp.,
such as Nostoc, Anabaena, Plankthotrix or Oscillatoria. The
term microginin shall thus not limit the invention to such
nucleic acids producing synthetase enzyme complexes result-
ing in peptides officially termed “microginin”.

Herein, an adenylation domain (A*) is understood to acti-
vate octanoic acid as an acyl adenylate and an acyl carrier
protein (ACP) is understood to bind the octanoic acid adeny-
late as a thioester.

An clongation module (EM) of polyketide synthases
(PKS) is also known e.g. from the Jamaicamide synthetase
gene cluster isolated from Lyngbya majuscula (Chem. Biol.
Vol. 11, 2004 pp 817-833. Structure and Biosynthesis of the
Jamaicamides, new mixed polyketide-peptide neurotoxin
from the marine cyanobacterium Lyngbya majuscula) herein
comprises at least the following activities: (i) ketoacylsyn-
thase (KS), (ii) acyl transferase (AT) and (iii) acyl carrier
protein (ACP2). The AT is responsible for the recognition of
malonyl-CoA, the KS is responsible for the Claisen-type-
condensation of the activated octanoic acid adenylate with
malonyl-CoA and the ACP2 is responsible for binding of the
resulting decanoic acid. An aminotransferase (AMT) per-
forms the p-amination of the decanoic acid.

The nucleic acid according to the invention may have three
to five elongation modules (EM) of non-ribosomal peptide
synthetases (NRPS) comprising at least the following activi-
ties: (i) condensation domain (C), (ii) adenylation domain
(A), (iii) thiolation domain (T). The A is responsible for the
activation of carboxyl groups of amino acids, the T is respon-
sible for the binding and the transport of the activated inter-
mediate, the C is responsible for the condensation of the
activated amino acids with the growing peptide chain.

Finally the nucleic acid according to the invention shall
contain a thioesterase (TE) activity which performs the clev-
age of the final product from the synthetase complex.

One may envision that the nucleic acid according to the
invention is present in a vector or a bacterial chromosome, in
which case one may envision that the portions designated
above while being in one cell need not all, be in, or on, one
molecule. It is essential to the invention however, that a cell
meant to produce microginin synthetase enzyme complex
contains the activities designated above in order to produce an
enzyme complex according to the invention which in turn
may produce a microginin. Thus, the invention also encom-
passes derivatives of the nucleic acid molecule as outlined
above having the function of a microginin synthetase enzyme
complex.

The molecule is characterized by a special adenylation
domain (A*) which is unusual in that it is not similar to known
adenlyation domains found in other molecules encoding non-
ribosomal enzyme complexes such as the microcystin syn-
thetase gene cluster (Chem. Biol. Vol. 7 2000, pp 753-764:
Structural organisation of microcystin synthesis in Microcys-
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tis aeruginosa PCC 7806: In integrated peptide-polyketide-
synthetase system) Molecules encompassed herein are those
which carry this adenylation domain (A*) as depicted in SEQ
ID NO. 1 and at least an ACP whereby this ACP may stem
from another known non-ribosomal enzyme complex, at least
one EM of PKS whereby this EM may stem from another
known non-ribosomal enzyme complex comprising at least
the following activities: (1) KS, (ii) AT (iii) ACP, an AMT
whereby this AMT may stem from another known non-ribo-
somal enzyme complex three to five EMs comprising at least
the following activities: (i) C, (ii) A, (iii) T whereby these
EMs may stem from another known non-ribosomal enzyme
complex and a TE whereby this TE may stem from another
known non-ribosomal enzyme complex. Chimeras whereby
parts ofthe above are on one or more vectors and or integrated
in chromosomes are equally encompassed by the invention as
long as all the components are in one cell.

The invention also pertains to isolated nucleic acid mol-
ecules encoding a microginin synthetase enzyme complex
comprising an adenylation domain which is 85% identical to
SEQ ID NO. 1, more preferred 90% identical to SEQ ID NO.
1 most preferred 95% identical to SEQ ID NO. 1. Sequence
identity herein is in percent of total sequence of the adenyla-
tion domains when aligned with conventional nucleotide
alignment software, such as the best fit and or pileup pro-
grams of the GCG package

The invention also pertains to a microginin synthetase
enzyme protein complex with the following activities: an
adenylation domain (A*) wherein, the adenylation domain
comprises a peptide sequence according to SEQ ID NO. 1, an
acyl carrier protein (ACP), an elongation module (EM) of
polyketide synthases (PKS) comprising the following activi-
ties: (i) ketoacylsynthase (KS), (ii) acyl transferase (AT) (iii)
acyl carrier protein (ACP 2), an aminotransferase (AMT),
three to five elongation modules (EM) of non-ribosomal pep-
tide synthetases (NRPS) comprising the following activities:
(1) condensation domain (C), (ii) adenylation domain (A),
(iii) thiolation domain (T) and a thioesterase (TE).

The invention in particular also relates to a nucleic acid
molecule encoding an adenylation domain (A*) wherein, the
adenylation domain comprises a peptide sequence according
to SEQ IDNO. 1.

The invention in particular also relates to a peptide mol-
ecule, an adenylation domain (A*) wherein, the molecule
comprises a peptide sequence according to SEQ ID NO. 1.

The invention in particular also relates to a nucleic acid
molecule encoding an adenylation domain (A*) wherein, the
molecule comprises a nucleic acid sequence according to
SEQ ID NO. 25.

In a preferred embodiment of the invention the nucleic acid
additionally and optionally comprises sequences encoding
the following activities or domains: a monooxygenase (MO),
an integrated N-methyltransferase domain (MT) within one
or more elongation modules (EM) of NRPS, a non-integrated
N-methyltrasferase (MT), a modifying activity (MA)
wherein, said MA is selected from the group comprising the
following activities: halogenase, sulfatase, glycosylase, race-
mase, O-methyltransferase and C-methyltransferase, two or
more peptide repeat spacer sequences (SP) consisting of one
or more repeats of being either glycine rich or proline and
leucine rich, located adjacently upstream and downstream of
the MO and/or another MA.

Herein MO is an enzyme catalyzing the hydroxylation of
the decanoic acid, an integrated N-methyltransferase domain
(MT) within one or more elongation modules (EM) of NRPS
catalyses the methylation of the amide bond by the respective
module and a non-integrated N-methyltrasferase (MT) cata-
lyzes the methylation of an amino group of the microginin.
The term modifying enzyme stands for numerous enzymes
such enzymes may add groups or create bonds, in a preferred
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embodiment MA is selected from the group comprising the
following activities: halogenase, sulfatase, glycosylase, race-
mase, O-methyltransferase and C-methyltransferase.

Nucleic acids encoding two or more peptide repeat spacer
sequences (SP) consisting of one or more repeats being either
glycine rich or proline and leucine rich have astonishingly
been found by the inventors to aid in integration of novel MAs
into existing microginin synthetase enzyme complexes. By
means of placing such SPs adjacently to MAs the inventors
are able to create microginin synthetase enzyme complexes
(MSEC) comprising activities previously not found in
MSECs. This in turn allows for the creation of novel micro-
ginins with potentially novel therapeutic properties. Thus the
invention relates to nucleic acids encoding two or more pep-
tide repeat spacer sequences (SP) consisting of one or more
repeats being either glycine rich or proline and leucine rich
may be positioned adjacently to a MA such as but not limited
to a halogenase, a sulfatase, a glycosylase, a racemase, an
O-methyltransferase or a C-methyltransferase. These SPs aid
in ensuring that the “foreign” activity “works” in the enzyme
complex. The inventors have found, that this is due to the lack
of secondary structures in the SP peptide chains.

The nucleic acid according to the invention in a preferred
embodiment optionally comprises the following sequences,
nucleic acid sequences encoding protein sequences as fol-
lows:

An adenylation domain (A*) according to SEQ ID NO. 1,
an acyl carrier protein (ACP) according to SEQ ID NO. 2, an
elongation module of polyketide synthases responsible for
the activation and the condensation of malonyl-Co A: (i)
ketoacylsynthase domain (KS) according to SEQ ID NO. 3,
(ii) acyl transferase domain (AT) according to SEQ ID NO. 4,
an acyl carrier protein domain (ACP 2) according to SEQ ID
NO. 5, an aminotransferase (AMT) according to SEQ ID NO.
6, an elongation modules of non-ribosomal peptide syn-
thetases responsible for the activation and condensation of
alanin: (i) condensation domain (C) according to SEQ ID NO.
7, (i1) adenylation domain (A) according to SEQ ID NO. 8,
(iii) thiolation domains (T) according to SEQ ID NO. 9, an
elongation modules of non-ribosomal peptide synthetases
responsible for the activation and condensation of leucin: (i)
condensation domain (C2) according to SEQ ID NO. 10, (ii)
adenylation domain (A 2) according to SEQ ID NO. 11, (iii)
thiolation domain (T 2) according to SEQ ID NO. 12, an
elongation modules of non-ribosomal peptide synthetases
responsible for the activation and condensation of tyrosine 1:
(1) condensation domain (C 3) according to SEQ ID NO. 13,
(i1) adenylation domain (A 3) according to SEQ ID NO. 14
(iii) thiolation domain (T 3) according to SEQ ID NO. 15, an
elongation modules of non-ribosomal peptide synthetases
responsible for the activation and condensation of tyrosine 2:
(1) condensation domain (C4) according to SEQ ID NO. 16,
(i1) adenylation domain (A 4) according to SEQ ID NO. 17,
(iii) thiolation domain (T 4) according to SEQ ID NO. 18, a
thioesterase (TE) according to SEQ ID NO. 19, a monooxy-
genase (MO) according to SEQ ID NO. 20, two or more
peptide repeat spacer sequences (SP1/SP2) according to SEQ
ID NO. 21 and 22, an integrated N-methyltransferase domain
(MT) within the elongation module (EM) of the NRPS
responsible for the activation and condensation of leucin
according to SEQ ID 23 and a non-integrated N-methyltras-
ferase (MT 2) according to SEQ ID NO. 24.

As outlined above, the minimal requirement according to
the invention is a nucleic acid encoding a microginin syn-
thetase enzyme complex with the following activities: an
adenylation domain (A*) wherein, the adenylation domain
comprises a peptide sequence according to SEQ ID NO. 1, an
ACP according to SEQID NO. 2, an elongation module (EM)
of polyketide synthases (PKS) comprising the following
activities: (i) ketoacylsynthase (KS) according to SEQ ID
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NO. 3, (ii) acyl transferase (AT) according to SEQ ID NO 4,
(iii) acyl carrier protein (ACP 2) according to SEQ ID NO. 5,
an aminotransferase (AMT) according to SEQ ID NO. 6,
three to five elongation modules (EM) of non-ribosomal pep-
tide synthetases (NRPS) comprising the following activities:
(1) condensation domain (C) according to SEQ ID NO. 7, (ii)
adenylation domain (A) according to SEQ ID NO. 8, (iii)
thiolation domain (T) according to SEQ ID NO. 9 and a
thioesterase (TE) according to SEQ ID NO. 10. A molecule
comprising the above sequences is preferred herein.

The invention explicitly also relates to analogs hereto,
additionally comprising, e.g. other activities and/or spacer
regions both transcribed and non-transcribed.

It is apparent to those skilled in the art, that amino acids
may be exchanged maintaining the enzymatic activity
required. Thus, the invention also relates to molecules with
sequences which are not identical to those outlined above
however, altered only in so far as the enzymatic activity
desired is retained.

The nucleic acid according to the invention may contain
nucleic acids selected from the group comprising: an adeny-
lation domain (A*) according to SEQ ID NO. 25, an acyl
carrier protein (ACP) according to SEQ ID NO. 26, an elon-
gation module of polyketide synthases encoding for the acti-
vation and the condensation of malonyl-Co A: (i) ketoacyl-
synthase domain (KS) according to SEQ ID NO. 27, (ii) acyl
transferase domain (AT) according to SEQ ID NO. 28, (iii)
acyl carrier protein domain (ACP 2) according to SEQ ID
NO. 29, an aminotransferase (AMT) according to SEQ ID
NO. 30, an elongation modules of non-ribosomal peptide
synthetases encoding for the activation and condensation of
alanin: (i) condensation domain (¢) according to SEQ ID NO.
31, (ii) adenylation domain (A) according to SEQ ID NO. 32,
(iii) thiolation domain (T) according to SEQ ID NO. 33, an
elongation modules of non-ribosomal peptide synthetases
encoding for the activation and condensation of leucin: (i)
condensation domain (C 2) according to SEQ ID NO. 34, (ii)
adenylation domain (A 2) according to SEQ ID NO. 35, (iii)
thiolation domain (T 2) according to SEQ ID NO. 36, elon-
gation modules of non-ribosomal peptide synthetases encod-
ing for the activation and condensation of tyrosine 1: (i)
condensation domains (C3) according to SEQ ID NO. 37, (ii)
adenylation domains (A 3) according to SEQ ID NO. 38, (iii)
thiolation domains (T 3) according to SEQ ID NO. 39, elon-
gation modules of non-ribosomal peptide synthetases encod-
ing for the activation and condensation of tyrosine 2: (i)
condensation domains (C4) according to SEQ ID NO. 40, (ii)
adenylation domains (A 4) according to SEQ ID NO. 41, (iii)
thiolation domains (T 4) according to SEQ ID NO. 42, a
thioesterase (TE) according to SEQ ID NO. 43, a monooxy-
genase (MO) according to SEQ ID NO. 44, two or more
peptide repeat spacer sequences (SP1/2) according to SEQ ID
NO. 45 and 46, an integrated N-methyltransferase domain
(MT) within the elongation module (EM) of the NRPS encod-
ing for the activation and condensation of leucin according to
SEQ ID 47 and a non-integrated N-methyltrasferase (MT 2)
according to SEQ ID NO. 48.

As outlined above, the minimal requirement according to
the invention is a nucleic acid encoding a microginin syn-
thetase enzyme complex with the following activities: an
adenylation domain (A*) wherein, the adenylation domain is
anucleic acid sequence according to SEQ ID NO. 25, an ACP
with a nucleic acid sequence according to SEQ ID NO. 26, an
elongation module (EM) of polyketide synthases (PKS) com-
prising the following activities: (i) ketoacylsynthase (KS)
with anucleic acid sequence according to SEQ ID NO. 27, (i1)
acyl transferase (AT) with a nucleic acid sequence according
to SEQ ID NO 28, (iii) acyl carrier protein (ACP 2) with a
nucleic acid sequence according to SEQ ID NO. 29, an ami-
notransferase (AMT) with a nucleic acid sequence according
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to SEQ ID NO. 30, three to five elongation modules (EM) of
non-ribosomal peptide synthetases (NRPS) comprising the
following activities: (i) condensation domain (C) with a
nucleic acid sequence according to SEQ ID NO. 31, (ii)
adenylation domain (A) with a nucleic acid sequence accord-
ing to SEQ ID NO. 32, (iii) thiolation domain (T) with a
nucleic acid sequence according to SEQ ID NO. 33 and a
thioesterase (TE) with a nucleic acid sequence according to
SEQID NO. 43. A molecule comprising the above sequences
is preferred herein.

The invention also relates to nucleic acid molecules with
sequences which are not identical to those outlined above
however, altered only in so far as the enzymatic activity
desired is retained. I particular one skilled in the art will know
that positions in nucleic acid triplets may “wobble” and these
positions may thus be altered with no influence on the peptide
sequence. Further multiple amino acids are encoded by more
than one DNA triplet. One skilled in the art will know that one
may alter such triplets maintaining the amino acid sequence.
Thus said sequences are equally encompassed by the inven-
tion.

The invention also pertains to isolated nucleic acid mol-
ecules encoding a microginin synthetase enzyme complex
comprising an adenylation domain which is 85% identical to
SEQIDNO. 25, more preferred 90% identical to SEQID NO.
1 most preferred 95% identical to SEQ ID NO. 1. Sequence
identity herein is in percent of total sequence of the adenyla-
tion domains when aligned with a conventional amino acid
alignment software such as the best fit and or pileup programs
of'the GCG package.

In a preferred embodiment the one or more nucleic acids
according to the invention are organized in sequence parts
encoding the microginin synthetase enzyme complex in an
upstream to downstream manner as depicted in FIG. 1. In a
particularly preferred embodiment the activities and domains
are arranged as shown and on one molecule.

The nucleic acid molecule may be part of a vector. Such
vectors are in particular, bacterial artificial chromosomes
(BAC), Cosmids or Fosmids, and Lambda vectors. Preferred
plasmid vectors which are able to replicate autonomously in
cyanobacteria are derived from the pVZ vectors. Preferred
fosmid vectors which are able to replicate autonomously in
cyanobacteria are derived from the pCCI1FOS™ and
pCC2FOS™ vectors (Epicentre Biotechnologies). The inte-
gration of the nucleic acid according to the invention into the
vector is a procedure known to those skilled in the art (Mo-
lecular Cloning: A Laboratory manual, 1989, Cold Spring
Harbour Labaratory Press) or in the manuals of manufactures
of kits for creation of genomic libraries (e.g. Epicenter Bio-
technologies).

In a preferred embodiment the invention concerns a micro-
organism transformed with a nucleic acid according to the
invention. The nucleic acid according to the invention may
integrated into the chromosome of the host organism or may
present on a separate vector (see also examples). It is pre-
ferred that the phototrophic cyanobacterial host organism is
selected for the group comprising: Synechocystis sp., Syn-
echococcus sp., Anabaena sp., Nostoc sp., Spirulina sp.,
Microcystis sp . . . . Cells are cultured as follows:

Media: Bg 11 (for cultivation of cyanobacteria)
Aeration: air containing 0.3-3.0% carbon dioxide

Light intensity: 40-100 pE/m**s (diameter of illuminated
culture vessels of photobioreactor d=4-12 cm)

Cell density at harvest: OD.;,1-2
And if the host is Microcystis aeruginosa:

Light quality: Additional red light illumination with 25
pE/m>*s for 24-48 hours before harvesting.
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It is preferred that the heterotrophic host organism is
selected for the group comprising: E. coli and Bacillus sp. due
to a more suitable GC content and codon usage than other
heterotrophic bacteria.

In case of using F. coli for the heterologues expression of
the microginin synthetase a phosphopanthetein transferase
(Ppt) has to be co-expressed in order to enable the synthesis of
microginin. The co-expression of the Ppt from a microginin
producing strain would be preferred. Other Ppt’s with a broad
specificity even from heterotophic organisms like Bacillus sp.
are also suitable.

In one embodiment of the invention the invention relates to
a method of producing a microginin, comprising culturing a
cell under conditions under which the cell will produce
microginin, wherein said cell comprises a nucleic acid encod-
ing a recombinant microginin, according to the invention, and
wherein said cell does not produce the microginin in the
absence of said nucleic acid.

The inventors have identified nucleic acid sequences which
for the first time make it possible to detect nucleic acids
encoding a microginin synthetase enzyme complex. This has
been extremely difficult, due to the fact that other gene clus-
ters which encode non-ribosomal protein producing com-
plexes share sequence similarity with the present cluster
claimed herein. Such primers or probes according to the
invention are selected from the group of, a) nucleic acid
according to SEQ ID NO. 49 (Primer A), b) nucleic acid
according to SEQ ID NO. 50 (Primer B), ¢) nucleic acid
according to SEQ ID NO. 51 (Primer C), d) nucleic acid
according to SEQ ID NO. 52 (Primer D), e) nucleic acid
according to SEQ ID NO. 53 (Primer E), f) nucleic acid
according to SEQ ID NO. 54 (Primer F), g) nucleic acid
according to SEQ ID NO. 55 (Primer (), h) nucleic acid
according to SEQ ID NO. 56 (Primer H), i) nucleic acid
according to SEQ ID NO. 57 (Primer I) and j) nucleic acid
according to SEQ ID NO. 58 (Primer J). It is known to one
skilled in the art that such primers or probes may be altered
slightly and still accomplishes the task of specifically detect-
ing the desired target sequence. Such alterations in sequence
are equally encompassed by the invention. The primers or
probes according to the invention may be applied in hybrid-
ization reactions and/or amplification reactions. Such reac-
tions are known to one skilled in the art.

The invention also concerns a method for detecting a
microginin synthetase gene cluster in a sample wherein, one
or more of the nucleic acids according to the invention are,
applied in an amplification and/or a hybridization reaction.

In a preferred embodiment of the method according to the
invention primers D andF orHand Jor E and I or E and A are
added to a PCR reaction mixture comprising a sample and
wherein, presence of an amplification product represents
presence of microginin synthetase gene cluster and absence
of'an amplification product represents absence of a microgi-
nin synthetase gene cluster. As can be seen from the examples
(example 3 below), certain combinations are preferred.
Samples may be isolated DNA, prokaryotic cells stemming
from plates or liquid cultures.

When performing an amplification reaction with primers D
and F the most preferred amplification conditions are as fol-
lows: a) denaturing, b) 48° C. annealing and c¢) elongation
(product size: 675 bp). These temperatures may vary a bit in
the range of 2-8 degrees C.

When performing an amplification reaction with primers H
and J the most preferred amplification conditions are as fol-
lows: a) denaturing, b) 54° C. annealing and ¢) elongation
(product size: 1174 bp). These temperatures may vary a bitin
the range of 2-8 degrees C.

When performing an amplification reaction with primers E
and I the most preferred amplification conditions are as fol-
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lows: a) denaturing, b) 56° C. annealing and c¢) elongation
(product size: 1279 bp). These temperatures may vary a bit in
the range of 2-8 degrees C.

When performing an amplification reaction with primers E
and A the most preferred amplification conditions are as
follows: a) denaturing, b) 57° C. annealing and ¢) elongation
(product size: 621 bp). These temperatures may vary a bit in
the range of 2-8 degrees C. Molarity is most commonly 0.2-
1.0 uM for the primers. Buffers and other reagents depending
on polymerase used.

When performing hybridisation reactions the above
nucleic acids are usually labeled. Such labels may be radio-
active or non-radioactive, such as fluorescent. The nucleic
acid primers or probes may be applied, e.g. for the screening
of libraries.

The invention also relates to antibodies against a peptide
according to SEQ ID NO. 1 (A*).

The creation of such antibodies is known to one skilled in
the art. The antibodies may be polyclonal or monoclonal.
Such antibodies may be labeled or non-labeled, they may also
be altered in other form, such as humanized.

The inventors have astonishingly found that newly identi-
fied peptide repeat spacer sequences (SP) may be placed
adjacently to MAs I in order to create novel hybrid gene
clusters. These SPs act by spacing the novel activity or
domain so that it is functionally active in the microginin
synthetase enzyme complex.

The invention thus, further relates to nucleic acids encod-
ing a peptide repeat spacer sequence (SP) wherein, the pep-
tide sequence comprises at least 4 glycin amino acids per
single repeat unit (SRU) or, at least 5 proline and/or leucin
amino acids per SRU. A SRU within the SP is between 7 and
15 amino acids in length and, the SP comprises between 2 and
10 SRUs.

The invention further relates to peptides of a peptide repeat
spacer sequence (SP) wherein, the peptide sequence com-
prises at least 4 glycin amino acids or, at least 5 proline and/or
leucin amino acids, the single repeat unit (SRU) within the SP
is between 7 and 15 amino acids in length and, the SP com-
prises between 2 and 10 SRU. In a preferred embodiment of
the invention the SRU is between 9 and 13 amino acids in
length in a particularly preferred embodiment the SRU is
eleven amino acids in length. In a preferred embodiment the
SP comprises between 3 and 9 SRU.

In a preferred embodiment the nucleic acid encoding the
peptide repeat spacer sequence (SP) according to the inven-
tion, encodes a peptide SRU as shown in SEQ ID NO. 20 or
SEQ ID NO. 21. In a further embodiment the peptide repeat
spacer sequence (SP) according to the invention, comprises or
contains a sequence as shown in SEQ ID NO. 20 or SEQ ID
NO. 21. In a further embodiment the nucleic acid according to
the invention has a sequence as laid down in SEQ ID NO. 43
or SEQ ID NO. 44.

Not only by means of the above mentioned SPs but in
particular because of these the inventors are able to create
enzyme complexes resulting in microginin variants which
may not be found in nature. This is an essential aspect of the
present invention. The invention provides for, for the first time
a simple method of producing recombinant microginin vari-
ants comprising, modifying the nucleic acid according to the
invention in vitro or in vivo, growing a recombinant cell
comprising said recombinantly modified nucleic acid encod-
ing a microginin synthetase under conditions which lead to
synthesis of a microginin and, recovering the synthesized
microginin.

In a preferred embodiment of said method according to the
invention, said modifying of said nucleic acid may be an
action selected from the group of one or more of the following
actions: a) inactivation of one or more of the MTs present, b)
substitution of one or more of the MTs present with a halo-
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genase, a sulfatase, a glycosylase, a racemase, an O-methyl-
transferase or a C-methyltransferase, ¢) inactivation of the
MO, d) substitution of the MO with a halogenase, a sulfatase,
a glycosylase, aracemase, an O-methyltransferase or a C-me-
thyltransferase, e) inactivation of the AMT, f) substitution of
the AMT with a halogenase, a sulfatase, a glycosylase, a
racemase, an O-methyltransferase or a C-methyltransferase,
g) inactivation of the PKS module, h) substitution of the entire
PKS module with an alternative PKS module and/or substi-
tution of one or more of the domains (KS, AT, ACP) therein,
i) inactivation of the A* domain, j) substitution of the A*
domain with alternative A domains, k) inactivation of one or
more of the NRPS modules and 1) substitution of one or more
of'the NRPS modules with alternative NRPS modules and/or
substitution of one or more of the domains (C, A, T) therein.

Halogenases, sulfatases, glycosylases, racemases, O-me-
thyltransferases or C-methyltransferases are known from
prokaryotes. These enzymes are encoded by genes of the
secondary metabolism in particular NRPS/PKS systems.

Alternative PKS-systems, entire modules as well as single
domains (KS, AT, ACP) are found in cyanobacteria as well as
Actinomycetes, Myxobacteria, Bacillus among the bacteria.

Alternative NRPS-systems, entire modules as well as
single domains (C, A, T) are found in cyanobacteria as well as
Actinomycetes, Myxobacteria, Bacillus among the bacteria.

In a preferred embodiment the above are from cyanobac-
teria.

It is important to note, that said inactivation and/or substi-
tution may done in many ways, e.g. inactivation may imply
deleting the complete activity or domain, or may imply inac-
tivation by means of a single nucleotide exchange.

The methods are known to those skilled in the art and
comprise basic molecular biological methods such as DNA
isolation, restriction digestion, ligation, transformation,
amplification etc.

In a preferred embodiment said alternative modules or
domains which are used for substitution of the original mod-
ule or domain, additionally may comprise one or more SP
nucleic acids according to the invention located adjacently
upstream of the module or domain used for substitution and
one or more SP nucleic acids according the invention located
adjacently downstream of the module or domain used for
substitution. Thus, in this embodiment of the invention a
construct is made comprising the domain which is to be
entered into the original nucleic acid according to the inven-
tion, further comprising one or more SPs located adjacently in
an upstream and downstream manner. This construct is then
ligated into the original microginin synthetase encoding
nucleic acid. The resultant construct is then brought into a
host by means of transformation for either a) integration into
the host chromosome or b) with a self-replicating vector.

The polypeptides, i.e. proteins can be any of those
described above but with not more than 10 (e.g., not more
than: 10, nine, eight, seven, six, five, four, three, two, or one)
conservative substitutions. Conservative substitutions are
known in the art and typically include substitution of, e.g. one
polar amino acid with another polar amino acid and one acidic
amino acid with another acidic amino acid. Accordingly,
conservative substitutions preferably include substitutions
within the following groups of amino acids: glycine, alanine,
valine, proline, isoleucine, and leucine (non polar, aliphatic
side chain); aspartic acid and glutamic acid (negatively
charged side chain); asparagine, glutamine, methionine, cys-
teine, serine and threonine (polar uncharged side chain);
lysine, histidine and arginine; and phenylalanine, tryp-
tophane and tyrosine (aromatic side chain); and lysine, argi-
nine an histidine (positively charged side chain). It is well
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known in the art how to determine the effect of a given
substitution, e.g. on pK, etc. All that is required of a polypep-
tide having one or more conservative substitutions is that it
has at least 50% (e.g., at least: 55%; 60%; 65%, 70%; 75%;
80%; 85%; 90%; 95%; 98%; 99%; 99.5%; or 100% or more)
of' the ability of the unaltered protein according to the inven-
tion.

In preferred embodiments the polynucleotides, i.e. nucleic
acids of the present invention also comprise nucleic acid
molecules which are at least 85%, preferably 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to those claimed herein.

The determination of percent identity between two
sequences is accomplished using the mathematical algorithm
of' Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:
5873-5877. Such an algorithm is incorporated into the
BLASTN and BLASTP programs of Altschul et al. (1990) J.
Mol. Biol. 215: 403-410. BLAST nucleotide searches are
performed with the BLASTN program, score=100, word
length=12, to obtain nucleotide sequences homologous to the
nucleic acids according to the invention. BLAST protein
searches are performed with the BLASTP program,
score=50, wordlength=3, to obtain amino acid sequences
homologous to the EPO variant polypeptide, respectively. To
obtain gapped alignments for comparative purposes, Gapped
BLAST is utilized as described in Altschul et al. (1997)
Nucleic Acids Res. 25: 3389-3402. When utilizing BLAST
and Gapped BLAST programs, the default parameters of the
respective programs are used.

FIGURES

FIG. 1 depicts the structure of microginin.
FIG. 2 depicts the microginin synthetase gene cluster and
the biosynthetic pathway of microginin.

EXAMPLES
Example 1

Method for Detecting Gene Clusters According to
the Invention

Strains carrying a gene cluster encoding a microginin syn-
thetase complex can be distinguished from strains not carry-
ing such a gene cluster performing a PCR reaction using
RedTaq ReadyMix PCR Reaction Mix with MgCl, (Sigma)
and primer pairs and the corresponding annealing tempera-
tures as described. In particular the PCR conditions are as
follows: an initial denaturation for 1 minutes at 95° C., fol-
lowed by 30 cycles of denaturation at 95° C. for 30 seconds,
elongation at said annealing temperatures for 30 seconds and
extension at 72° C. for 1 kb of product size.

Example 2

Method for Optimised Cultivation of Microginin
Producing Microcystis spp

Strains. Media: Bg 11 (for cultivation of cyanobacteria)
Aeration: air containing 0.3-3.0% carbon dioxide

Light intensity: 40-100 pE/m**s (diameter of illuminated
culture vessels of photobioreactor d=4-12 cm)

Light quality: Additional red light illumination with
25 uE/m**S for 24-48 hours before harvesting.

Cell density at harvest: OD,,,,,,, 1-2
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TABLE 1

SEQ ID
NO. 1
A*

SEQ ID
NO. 2
ACP

SEQ ID
NO. 3
KS

SEQ ID
NO. 4
AT

SEQ ID
NO. 5
ACP 2

SEQ ID
NO. 6
AMT

SEQ ID
NO. 7

SEQ ID
NO. 8

SEQ ID
NO. 9
T

MTINYGDLQEPFNKFSTLVELLRYRASSQPERLAYIFLRDGEIE
EARLTYGELDQKARATIAAYLQSLEAEGERGLLLYPPGLDFISAF
FGCLYAGVVAIPAYPPRRNOQNLLRLQAITIADSQARFTFTNAALF
PSLKNQWAKDPELGAMEWIVTDEIDHHLREDWLEPTLEKNSLAF
LOYTSGSTGTPKGVMVSHHNLLINSADLDRGWGHDQDSVMVTWL
PTFHDMGLIYGVIQPLYKGFLCYMMS PASFMERPLRWLQALSDK
KATHSAAPNFAYDLCVRKIPPEKRATLDLSHWCMALNGAEPVRA
EVLKKFAEAFQVSGFKATALCPGYGLAEATLKVTAVSYDSPPYF
YPVOANALEKNKIVGATETDTNVQTLVGCGWTTIDTQIVIVNPE
TLKPCSPEIVGEIWVSGSTIAQGYWGKPQETQETFQAYLADTGA
GPFLRTGDLGFIKDGELFITGRLKEIILIRGRNNYPQDIELTVQ
NSHPALRPSCGAAFTVENKGEEKLVVVQEVERTWLRKVDIDEVK
RAIRKAVVQEYDLQVYATIALIRTGSLPKTSSGKIQRRSCRAKFL
EGSLEILG

MSTEIPNDKKQPTLTKIQNWLVAYMTEMMEVDEDEIDLSVPFDE
YGLDSSMAVALIADLEDWLRRDLHRTLIYDYPTLEKLAKQVSEP

MEPIAIIGLACRFPGADNPEAFWQLMRNGVDAIADIPPERWDIE
RFYDPTPATAKKMYSRQGGFLKNVDQFDPQFFRISPLEATYLDP
QQORLLLEVTWEALENAAIVPETLAGSQSGVFIGISDVDYHRLAY
QSPTNLTAYVGTGNSTSIAANRLSYLFDLRGPSLAVDTACSSSL
VAVHLACQSLQSQESNLCLVGGVNLILSPETTVVFSQARMIAPD
SRCKTFDARADGYVRSEGCGVVVLKRLRDAIQDGDRILAVIEGS
AVNQDGLSNGLTAPNGPAQQAVIRQALANAQVKPAQISYVEAHG
TGTELGDPIEVKSLKAVLGEKRSLDQTCWLGSVKTNIGHLEAAA
GMAGLIKVVLCLQHQEIPPNLHFQTLNPYISLADTAFAIPTQAQ
PWRTKPPKSGENGVERRLAGLSSFGFGGTNSHVIL

VFLFAGQGSQYVGMGRQLYETQPIFRQTLDRCAEILRPHLDQPL
LEILYPADPEAETASFYLEQTAYTQPTLFAFEYALAQLWRSWGI
EPAAVIGHSVGEYVAATVAGALSLEEGLTLIAKRAKLMQSLPKN
GTMIAVFAAEERVKAVIEPYRTDVAIAAVNGPENFVISGKAPII
AEIIIHLTAAGIEVRLPLKVSHAFHSHLLEPILDSLEQEAAATIS
YOPLQIPLVANLTGEVLPEGAT IEARYWRNHARNPVQFYGSIQT
LIEQKFSLFLEVSPKPTLSRLGQQCCPERSTTWLFSLALPPQEE
EQSLLNSLAILYDSQGAE

ITLQTLVGNLLQLSPADVNVHTPFLEMGADSIVMVEAVRRIENT
YNVKIAMRQLFEELSTLDALATYL

KEMLYPIVAQRSQGSRIWDVDGNEYIDMTMGQGVTLFGHQPDFI
MSALQSQLTEGIHLNPRSPIVGEVAALICELTGAERACFCNSGT
EAVMAAIRIARATTGRSKIALFEGSYHGHADGTLFRNQIIDNQL
HSFPLALGVPPSLSSDVVVLDYGSAEALNYLQTQGQODLAAVLVE
PIQSGNPLLQPQOQFLQSLRQITSQMGIALIFDEMI TGFRSHPGG
AQALFGVQADIATYGKVVAGGMPIGVIAGKAHYLDSIDGGMWRY
GDKSYPGVDRTFFGGTFNQHPLAMVAARAVLTHLKEQGPGLQQQ
LTERTAALADTLNHYFQAEEVPIKIEQFSSFFRFALSGNLDLLF
YHMVEKGIYVWEWRKHFLSTAHTEADLAQFVQAVKDSITELR

GGDQVPLTEAQRQLWI LAQLGDNGSVAYNQSVTLQLSGPLNPVA
MNQAIQQISDRHEALRTKINAQGDSQEILPQVEINCPILDFSLD
QASAQQQAEQWLKEESEKPFDLSQGSLVRWHLLKLEPELHLLVL
TAHHIISDGWSMGVILRELGELYSAKCQGVTANLKTPKQFRELI
EWQSQPSQGEELKKQQAYWLATLADPPVLNLPTDKPRPALPSYQ
ANRRSLTLDSQFTEKLKQFSRKQGCTLLMTLLSVYNILVHRLTG
QODDILVGLPASGRGLLDSEGMVGYCTHFLPIRSQLA

TYSELNCRANQLALHYLQKLGVGPEVLVGILVERSLEMIVGLLG
ILKAGGAYVPLDPDYPPERLQFMLEDSQFFLLLTQQOHLLESFAQ
SSETATPKIICLDSDYQIISQAKNINPENSVTTSNLAYVIYTSG
STGKPKGVMNNHVAISNKLLWVQDTYPLTTEDCILQKTPFSFDV
SVWELFWPLLNGARLVFAKPNGHKDASYLVNLIQEQQVTTLHFV
SSMLQLFLTEKDVEKCNSLKRVICSGEALSLELQERFFARLVCE
LHNLYGPTEAATIHVTFWQCQSDSNLKTVPIGRPIANIQIYILDS
HLQPVPIGVIGELHIGGVGLARGYLNRPELTAEKFIANPFASLD
PPLTPLDKGGDESYKTFKKGGEQPSRLYKTGDLARYLPDGKIEY
LGRIDNQVKIRGFRIELGEIEAVLLSHPQVREAVV

EAIAATFGQVLKLEKVGIYDNFFEIGGNSLQATQVISRLRESFA
LELPLRRLFEQPTVADLALAV
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TABLE 1-continued

SEQ
NO.
c2

SEQ
NO.
A2

SEQ
NO.
T2

SEQ
NO.
c3

SEQ
NO.
A3

SEQ
NO.
T3

SEQ
NO.
ca

SEQ
NO.
A4

SEQ
NO.
T4

SEQ
NO.
TE

iD
10

iD
11

iD
12

iD
13

iD
14

iD
15

iD
16

iD
17

iD
18

iD
19

PRDGQLPLSFAQSRLWFLYQLEGATGTYNMTGALSLSGPLQVEA
LKQALRTIIQRHEPLRTSFQSVDGVPVQVINPYPVWELAMVDLT
GKETEAEKLAYQESQTPFDLTNSPLLRVTLLKLQPEKHILLINM
HHIISDGWSIGVFVRELSHLYRAFVAGKEPTLPILPIQYADFAV
WOREWLQGKVLAAQLEYWKRQLADAPPLLELPTDRPRPAIQTFQ
GKTERFELDRKLTQELKALSQQSGCTLFMTLLAAFGVVLSRYSG
QTDIVIGSAIANRNRODIEGLIGFFVNTLALRLDLS

TYGELNHRANQLAHYLQSLGVTKEQIVGVYLERSLEMAIGFLGI
LKAGAAYLPIDPEYPSVRTQFILEDTQLSLLLTQAELAEKLPQT
QONKIICLDRDWPEITSQPQTNLDLKIEPNNLAYCIYTSGSTGQP
KGVLISHQALLNLIFWHQQAFEIGPLHKATQVAGIAFDATVWEL
WPYLTTGACINLVPONILLSPTDLRDWLLNREITMSFVPTPLAE
KLLSLDWPNHSCLKTLLLGGDKLHFYPAASLPFQVINNYGPTEN
TVVATSGLVKSSSSHHFGTPTIGRPIANVQIYLLDONLQPVPIG
VPGELHLGGAGLAQGYLNRPELTAEKFIANPFDPPLTPLDKGGE
EPSKLYKTGDLARYLPDGNVEFLGRIDNQVKIRGFRIETGEIEA
VLSQYFLLAESVV

AQLTQIWSEVLGLERIGVKDNFFELGGHSLLATQVLSRINSAFG
LDLSVQIMFESPTIAGIAGYI

ARDGHLPLSFAQQRLWFLHYLSPDSRSYNTLEILQIDGNLNLTV
LEQSLGELINRHEIFRTTFPTVSGEPIQKIALPSRFQLKVDNYQ
DLDENEQSAKIQQVAELEAGQAFDLTVGPLIQFKLLQLSPQKSV
LLLKMHHIIYDGWSFGILIRELSALYEAFLKNLANPLPALSIQY
ADFAVWQRQYLSGEVLDKQLNYWQEQLATVSPVLTLPTDRPRPA
IQTFQGGVERFQLDONVTQGLKKLGODQVATLFMTLLAGFGVLL
SRYSGQSDLMVGSPIANRNQAATEPLIGFFANTLALRINLS

TYTELNHRANQLAHYLQTLGVGAEVLVGISLERSLEMIIGLLGI
LKVGGAYLPLDPDYPTERLQLMLEDSQVPFLITHSSLLAKLPPS
QATLICLDHIQEQISQYSPDNLQCQLTPANLANVIYTSGSTGKP
KGVMVEHKGLVNLALAQIQSFAVNHNSRVLQFASFSFDACISEI
LMTFGSGATLYLAQKDALLPGQPLIERLVKNGI THVTLPPSALV
VLPQEPLRNLETLIVAGEACSLDLVKQWSIDRNFFNAYGPTEAS
VCATIGQCYQDDLKVTIGKAIANVQIYILDAFLQPVPVGVSGEL
YIGGVGVARGYLNRPELTQEKFIANPFSNDPDSRLYKTGDLARY
LPDGNIEYLGRIDNQVKIRGFRIELGEIEAVLSQCPDVQNTAV

EILAQIWGQVLKIERVSREDNFFELGGHSLLATQVMSRLRETFQ
VELPLRSLFTAPTIAELALTI

NDSANLPLSFAQQRLWFLDQLEPNSAFYHVGGAVRLEGTLNITA
LEQSLKEIINRHEALRTNFITIDGQATQIIHPTINWRLSVVDCQ
NLTDTQSLEIAEAEKPFNLAQDCLFRATLFVRSPLEYHLLVTMH
HIVSDGWSIGVFFQELTHLYAVYNQGLPSSLTPIKIQYADFAVW
ORNWLQGEILSNQLNYWREQLANAPAFLPLPTDRPRPAIQTFIG
SHQEFKLSQPLSQKLNQLSQKHGVTLFMTLLAAFATLLYRYTGQ
ADILVGSPIANRNRKEIEGLIGFFVNTLVLRLSLD

TYAELNHOQANQLVHYLQTLGIGPEVLVAISVERSLEMI IGLLAI
LKACGAYLPLAPDYPTERLQFMLEDSQASFLITHSSLLEKLPSS
QATLICLDHIQEQISQYSPDNLQSELTPSNLANVIYTSGSTGKP
KGVMVEHRGLVNLASSQIQSFAVKNNSRVLQFASFSFDACISEI
LMTFGSGATLYLAQKNDLLPGQPLMERLEKNKI THVTLPPSALA
VLPKKPLPNLQTLIVAGEACPLDLVKQWSVGRNFFNAYGPTETS
VCATIGQCYQDDLKVTIGKAIANVQIYILDAFLQPVPIGVPGEL
YIGGVGVARGYLNRPELTAERFIPNPFDPPLTPLKKGGDKSYET
FKKGEEQPSKLYKTGDLARYLPDGNIEYLGRIDNQVKIRGFRIE
LGEIEAVLSQCPDVQNTAV

LOLAQIWSEILGINNIGIQENFFELGGHSLLAVSLINRIEQKLD
KRLPLTSLFQNGTIASLAQLL

TPFFAVHPIGGNVLCYADLARNLGTKQPFYGLQSLGLS ELEKTV
ASIEEMAMIYIEAIQTVQASGPYYLGGWSMGGY IAFEIAQQLLT
QGOEVALLALIDSYSPSLLNSVNREKNSANS LTEEFNEDINIAY
SFIRDLASIFNQEISFSGSELAHFTSDELLDKFITWSQETNLLP
SDFGKQQVKTWEKVFQINHQALSSYSPKTYLGRSVFLGAEDSST
KNPGWHQ
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TABLE 1-continued

SEQ
NO.
MO

SEQ
NO.
SP 1

SEQ
NO.
SP 2

SEQ
NO.
MT

SEQ
NO.
MT 2

SEQ
NO.
Ax
nucl
acid

iD
20

iD
21

iD
22

iD
23

iD
24

iD
25

FSLYYFGSYEAEFNPNKYNLLFEGAKFGDRAGF TALWIPERHFH
AFGGFSPNPSVLAAALARETKQIQLRSGSVVLPLHNS IRVAEEW
AVVDNLSQGRVGIAFASGWHPQDFVLAYQSFGQHRELMFQEIET
VOKLWRGEAITVPDGKGQRVEVKTYPQPMQSQLPSWITIVNNPD
TYIRAGAIGANILTNLMGQSVEDLARNIALYRQSLAEHGYDPAS
GTVTVLLHTFVGKDLEQVREQARQPFGQYLTSSVGLLONMVKSQ
GMKVDFEQLRDEDRDFLLASAYKRYTETSALIGTPESCRQIIDH
LOSIGVDEVACFIDFGVDEQTVLANLPYLQSLKDLYQ

IDPPLTPLDKGIDPPLTPLDKGIDPPLTPLDKG

PYQGGLGCGDQS PYQGGLGGDOS PYQGGLGGDQS PYQGGLGGDQS
PYQGGLGCGDQS PYQGELGGDQS PYQGGLGGDQV

PASEMREWVENTVSRILAFQPERGLEIGCGTGLLLSRVAKHCLE
YWATDYSQGAIQYVERVCNAVEGLEQVKLRCOMADNFEGIALHQ
FDTVVLNSIIQYFPSVDYLLQVLEGAINVIGERGQIFVGDVRSL
PLLEPYHAAVQLAQASDSKTVEQWQQQVRQSVAGEEELVIDPTL
FLALKQHFPQI SWVEIQPKRGVAHNELTQFRYDVTLHLET INNQ
ALLSGNPTV I TWLNWQLDQLSLTQIKDKLLTDKPELWGIRGI PN
QRVEEALKIWEWVENAPDVETVEQLKKLLKQQVDTGINPEQVHQ
LAESLGYTAHLSWWES SQDGSFDV IFQRNSEAEDSKKLTLSKLA
FWDEKPFKIKPWSDYTNNPLRGKLVQKLIP

MTNYGKSMSHYYDLVVGHKGYNKDYATEVEFIHNLVETYTTEAK
SILYLGCGTGYHAALLAQKGYSVHGVDLSAEMLEQAKTRIEDET
IASNLSFSQGNICEIRLNRQFNVVLALFHVVNYQTTNONLLATF
ATVKNHLKAGGIFICDVSYGSYVLGEFKSRPTASILRLEDNSNG
NEVTYISELNFLTHENIVEVTHNLWVTNQENQLLENSRETHLQR
YLFKPEVELLADACELTVLDAMPWLEQRPLTNIPCPSVCFVIGH
KTTHSA

ATGACTATTAACTATGGTGATCTGCAAGAACCCTTTAATAAATT
CTCAACCCTAGTTGAATTACTCCGTTATCGGGCAAGCAGTCAAC
CGGAACGCCTCGCCTATATTTTTCTGCGAGACGGAGAAATCGAA
GAAGCTCGTTTAACCTATGGGGAACTGGATCAAAAGGCTAGGGC
GATC
GCCGCTTATCTACAATCCTTAGAAGCCGAGGGCGAAAGGGGTTT
ACTGCTCTATCCCCCAGGACTAGATTTTATTTCAGCTTTTTTTG
GTTGTTTATATGCGGGAGTCGTTGCCATTCCCGCCTATCCACCC
CGACGGAATCAAAACCTTTTGCGTTTACAGGCGATTATTGCCGA
TTCTCAAGCCCGATTTACCTTCACCAATGCCGCTCTATTTCCCA
GTTTAAAAAACCAATGGGCTAAAGACCCTGAATTAGGAGCAATG
GAATGGATTGTTACCGATGAAATTGACCATCACCTCAGGGAGGA
TTGGCTAGAACCAACCCTCGAAAAAAACAGTCTCGCTTTTCTAC
AATACACCTCTGGTTCAACGGGAACTCCAAAGGGAGTAATGGTC
AGTCACCATAATTTGTTGATTAATTCAGCCGATTTAGATCGTGG
TTGGGGCCATGATCAAGATAGCGTAATGGTCACTTGGCTACCGA
CCTTCCATGATATGGGTCTGATTTATGGGGTTATTCAGCCTTTG
TACAAAGGATTTCTTTGTTACATGATGTCCCCTGCCAGCTTTAT
GGAACGACCGTTACGTTGGTTACAGGCCCTTTCTGATAAAAALG
CAACCCATAGTGCGGCCCCCAACTTTGCCTACGATCTTTGTGTG
CGGAAAATTCCCCCTGAAAAACGGGCTAGGTTAGACTTAAGCCA
TTGGTGCATGGCCTTAAATGGGGCCGAACCCGT CAGAGCGGAGG
TACTTAAAAAGTTTGCGGAGGCTTTTCAAGTTTCTGGTTTCAAA
GCCACAGCCCTTTGTCCTGGCTACGGTTTAGCAGAAGCCACCCT
GAAAGTTACGGCGGTTAGTTATGACAGTCCCCCTTACTTTTATC
CCGTTCAGGCTAATGCTTTAGAAAAAAATAAGATTGTGGGAGCC
ACTGAAACCGATACCAATGTGCAGACCCTCGTGGGC
TGCGGCTGGACAACGATTGATACTCAAATCGTCATTGTCAATCC
TGAAACCCTGAAACCTTGCTCCCCTGAAATTGTCGGCGAAATTT
GGGTATCAGGTTCAACAATCGCCCAAGGCTATTGGGGAAAACCT
CAAGAGACTCAGGAAACCTTTCAAGCTTATTTGGCAGATACAGG
AGCC
GGGCCTTTTCTGCGAACAGGAGACTTGGGCTTCATTAAAGATGG
TGAATTGTTTATCACAGGTCGGCTCAAGGAAATTATTCTGATTC
GAGGACGCAATAATTATCCCCAGGATATTGAATTAACCGTCCAA
AATAGTCATCCCGCTCTGCGTCCCAGTTGTGGGGCTGCTTTTAC
CGTTGAAAATAAGGGCGAAGAAAAGCTCGTGGTCGTTCAGGAAG
TGGAGCGCACCTGGCTCCGT
AAGGTAGATATAGATGAGGTAAAAAGAGCCATTCGTAAAGCTGT
TGTCCAGGAATATGAT
TTACAGGTTTATGCGATCGCGCTGATCAGGACTGGCAGTTTACC
AAAAACCTCTAGCGGTAAAATTCAGCGTCGTAGCTGTCGGGCCA
AATTTTTAGAGGGAAGCCTGGAAATTTTGGGCTAA
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SEQ
NO.
ACP
nucl
acid

SEQ
NO.
KS
nucl
acid

SEQ
NO.
AT
nucl
acid

SEQ
NO.
ACP
nucl
acid

SEQ
NO.

nucl
acid

iD
26

iD
27

iD
28

iD
29
2

iD
30

ATGTCCACAGAAATCCCAAACGACAAAAAACAACCGACCCTAAC
GAAAATTCAAAACTGG
TTAGTGGCTTACATGACAGAGATGATGGAAGTGGACGAAGATGA
GATTGATCTGAGCGTTCCCTTTGATGAATATGGTCTCGATTCTT
CTATGGCAGTTGCTTTGATCGCTGATCTAGAGGATTGGTTACGA
CGAGATTTACATCGCACCCTGATCTACGATTATCCAACTCTAGA
ARAAGTTGGCTAAACAGGTTAGTGAACCCTGA

ATGGAACCCATCGCAATTATTGGTCTTGCTTGCCGCTTTCCAGG
GGCTGACAATCCAGAAGCTTTCTGGCAACTCATGCGAAATGGGG
TGGATGCGATCGCCGATATTCCTCCTGAACGTTGGGATATTGAG
CGTTTCTACGATCCCACACCTGCCACTGCCAAGAAGATGTATAG
TCGCCAGGGCGGTTTTCTAAAAAATGTCGATCAATTTGACCCTC
AATTTTTCCGAATTTCTCCCCTAGAAGCCACCTATCTAGATCCT
CAACAAAGACTGCTACTGGAAGTCACCTGGGAAGCCTTAGAAAR
TGCTGCCATTGTGCCTGAAACCTTAGCTGGTAGCCAAT CAGGGG
TTTTTATTGGTATCAGTGATGTGGATTATCATCGTTTGGCTTAT
CAAAGTCCTACTAACTTGACCGCCTATGTGGGTACAGGCAACAG
CACCAGTATTGCGGCTAACCGTTTATCATATCTGTTTGATTTGC
GTGGCCCCAGTTTGGCCGTAGATACCGCTTGCTCTTCTTCCCTC
GTCGCCGTTCACTTGGCCTGTCAGAGTTTGCAAAGTCAAGAATC
GAACCTCTGCTTAGTGGGGGGAGTTAATCTCATTTTGTCGCCAG
AGACAACCGTTGTTTTTTCCCAAGCGAGAATGATCGCCCCCGAC
AGTCGTTGTAAAACCTTTGACGCGAGGGCCGATGGTTATGTGCG
CTCGGAAGGCTGTGGAGTAGTCGTACTTAAACGTCTTAGGGATG
CCATTCAGGACGGCGATCGCATTTTAGCAGTGATTGAAGGTTCC
GCGGTGAATCAGGATGGTTTAAGTAATGGACTCACGGCCCCTAA
TGGCCCTGCTCAACAGGCGGTGATTCGTCAGGCCCTGGCARAATG
CCCAGGTAAAACCGGCCCAG
ATTAGCTATGTCGAAGCCCATGGCACGGGGACAGAATTGGGGGA
TCCGATCGAAGTTAAA
TCTCTGAAAGCGGTTTTGGGTGAAAAGCGATCGCTCGATCAAAC
CTGTTGGCTCGGTTCTGTGAAAACCAACATTGGTCATTTAGAAG
CGGCGGCGGGAATGGCGGGTCTGATTAARAGTC
GTTCTCTGCCTACAACACCAAGAAATTCCCCCTAATCTCCACTT
TCAAACCCTTAATCCCTATATTTCCCTAGCTGACACAGCTTTTG
CGATTCCCACTCAGGCTCAACCCTGGCGGACCAAACCCCCTAAG
TCTGGTGAAAACGGTGTCGAACGACGTTTAGCAGGACTCAGTTC
CTTTGGGTTTGGGGGGACAAATTCCCATGTGATTCTC

GTTTTTCTATTTGCCGGTCAAGGTTCTCAATATGTAGGTATGGG
TCGTCAACTGTACGAAACCCAACCCATCTTTCGCCAAACCTTGG
ATCGCTGTGCTGAAATCCTGCGACCCCATTTAGATCAACCCCTC
TTAGAAATTCTTTATCCTGCTGACCCAGAAGCCGAAACAGCGAG
TTTTTACCTAGAGCAGACTGCCTATACCCAACCCACTTTATTCG
CATTCGAGTATGCCCTAGCACAGTTATGGCGTTCCTGGGGAATA
GAACCGGCGGCAGTAATTGGTCACAGTGTCGGTGAATATGTGGC
GGCCACCGTTGCCGGAGCCTTAAGTCTAGAAGAAGGATTAACGC
TAATTGCCAAACGGGCAAAACTGATGCAGTCTCTCCCCAAGAAT
GGGACAATGATGGCCGTTTTTGCCGCAGAAGAGCGGGTTAAAGC
TGTTATTGAGCCTTATAGGACTGATGTAGCGATCGCTGCTGTTA
ATGGACCAGAAAATTTTGTTATTTCAGGAAAAGCGCCGATTATT
GCTGAGATTATCATTCATTTAACGGCAGCAGGAATAGAAGTTCG
TCCTCTCAAAGTTTCCCATGCTTTTCACTCGCACCTGTTGGAGC
CAATTTTAGATTCCTTAGAACAGGAAGCTGCTGCTATTTCCTAC
CAACCCCTGCAAATTCCCTTAGTTGCTAATT TAACGGGGGAAGT
TCTACCAGAAGGAGCAACGATTGAGGCTCGTTACTGGCGAAATC
ATGCACGCAACCCTGTACAATTTTATGGGAGTATCCAAACGCTG
ATCGAGCAGAAATTCAGTCTTTTTTTAGAAGTTAGCCCTAAACC
GACTTTATCTCGATTGGGTCAACAATGTTGTCCAGAAAGATCGA
CCACTTGGCTATTTTCCCTCGCCCCTCCTCAAGAAGAAGAACAR
AGCCTACTAAATAGTTTGGCGATTCTCTATGATTCCCAAGGAGC
CGAA

ATCACATTGCAAACCCTAGTGGGAAATTTACTGCAATTGTCCCC
TGCTGATGTCAATGTTCATACACCTTTCCTGGAGATGGGGGCAG
ATTCCATTGTCATGGTTGAGGCGGTCAGACGGATTGAGAATACC
TATAACGTTAAAATTGCTATGCGTCAGTTATTTGAGGAGTTATC
TACTTTAGATGCTTTAGCTACTTATTTA

AAAGAGATGCTTTATCCCATTGTGGCCCAACGTTCTCAAGGATC
AAGAATTTGGGATGTGGACGGTAATGAATATATTGATATGACGA
TGGGGCAAGGGGTAACGCTGTTTGGGCATCAA

CCAGACTTCATTATGTCGGCCCTACAAAGCCAACTCACTGAAGG
CATTCATCTCAATCCGCGATCGCCAATTGTGGGAGAAGTGGCCG
CCTTAATTTGTGAACTAACAGGAGCCGAACGA

GCTTGTTTTTGCAACTCTGGAACCGAAGCCGTAATGGCCGCTAT
TCGTATCGCCAGGGCAACAACAGGTCGGAGTAAAATTGCCCTCT
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TABLE 1-continued

SEQ ID
NO. 31
C nucl
acid

SEQ ID
NO. 32
A nucl
acid

TTGAAGGCTCCTATCATGGACATGCGGACGGAACCCTTTTTAGG
AACCAAATTATTGATAACCAACTCCACTCTTTTCCCCTAGCTCT
AGGCGTTCCCCCCAGCCTTAGTTCCGATGTGGTGGTATTGGACT
ATGGCAGTGCGGAAGCTCTGAACTATTTACAAACCCAGGGGCAG
GATTTAGCGGCGGTCTTAGTAGAACCAATTCAAAGTGGCAATCC
TCTACTCCAACCCCAACAATTTCTCCAAAGTCTGCGACAAATTA
CCAGTCAAATGGGCATTGCCCTGATTTTTGATGAAATGATTACG
GGTTTTCGATCGCACCCAGGGGGAGCGCAAGCTTTATTTGGAGT
ACAGGCGGATATTGCCACCTATGGCAAAGTAGTTGCGGGAGGAA
TGCCCATTGGAGTTATTGCAGGTAAGGCCCATTATCTGGACAGC
ATTGACGGGGGAATGTGGCGTTATGGCGATAAATCCTATCCTGG
GGTGGACAGAACCTTTTTTGGGGGAACCTTTAATCAGCATCCGT
TAGCAATGGTAGCGGCTAGGGCTGTCCTGACCCATTTAAAGGAG
CAGGGGCCAGGTCTGCAACAACAATTAACTGAACGCACTGCGGC
CTTAGCCGATACACTG
AATCATTATTTTCAAGCCGAAGAAGTTCCTATTAAAATCGAACA
GTTTAGTTCTTTCTTCCGGTTTGCCCTCTCTGGCAATTTGGATT
TACTTTTCTATCACATGGTAGAAAAAGGTATTTATGTCTGGGAA
TGGCGTAAACATTTTCTTTCAACCGCCCATACGGAAGCCGATCT
TGCCCAATTTGTCCAAGCGGTTAAGGATAGCATCACAGAATTGC
GT

GGGGGGGATCAAGTCCCTCTCACCGAAGCCCAACGACAACTGTG
GATTTTGGCTCAATTAGGAGACAACGGCTCTGTGGCCTATAACC
AATCAGTGACATTGCAATTAAGTGGCCCATTAAATCCCGTCGCA
ATGAATCAAGCTATTCAACAAATCAGCGATCGCCATGAAGCGTT
ACGAACCAAAATTAATGCCCAGGGAGATAGTCAAGAAATCCTGC
CCCAGGTCGAAATTAACTGC
CCTATCTTAGACTTCAGTCTTGACCAAGCTTCGGCCCAACAGCA
AGCAGAACAATGGTTAAAGGAAGAAAGTGAAAAACCCTTTGATT
TGAGCCAGGGTTCTCTCGTGCGTTGGCATCTACTCAAATTAGAA
CCAGAATTACATTTGTTAGTATTAACGGCCCATCACATTATCAG
TGACGGTTGGTCAATGGGGGTAATCCTTCGGGAAT TAGGAGAGT
TATATTCAGCCAAATGTCAGGGTGTTACGGCTAATCTTAAAACC
CCAAAACAGTTTCGAGAATTGATTGAATGGCAAAGCCAGCCAAG
CCAAGGGGAAGAACTGAAAAAACAGCAAGCCTATTGGTTAGCAA
CCCTTGCC
GATCCCCCTGTTTTGAATTTACCCACTGACAAACCTCGTCCAGC
TTTACCCAGTTACCAAGCTAATCGTCGAAGTCTAACTTTAGATA
GCCAATTTACAGAAAAACTAAAGCAATTTAGTCGTAAACAGGGC
TGTACCTTGCTGATGACCCTGTTATCGGTTTATAACATTCTCGT
TCATCGTTTGACGGGACAGGATGATATTCTGGTGGGTCTGCCAG
CCTCTGGACGGGGGCTTTTAGATAGTGAAGGTATGGTGGGTTAT
TGCACCCATTTTTTACCAATTCGCAGTCAATTAGCA

ACTTACAGTGAATTAAATTGTCGAGCCAATCAGTTAGCACATTA
TTTACAAAAATTAGGAGTTGGGCCAGAGGTCTTAGTCGGTATTT
TGGTCGAACGTTCTTTAGAAATGATTGTCGGATTGTTAGGGATT
CTCAAGGCTGGGGGAGCCTATGTACCTCTTGATCCTGACTATCC
CCCTGAACGTCTTCAATTTATGTTAGAAGATAGTCAATTTTTTC
TCCTCTTAACCCAACAGCATTTACTGGAATCTTTTGCTCAGTCT
TCAGAAACGGCTACTCCCAAGATTATTTGTTTGGATAGCGACTA
CCAAATTATTTCCCAGGCAAAGAATATTAATCCCGAAAATTCAG
TCACAACGAGTAATCTTGCCTATGTAATTTATACCTCTGGTTCG
ACAGGTAAACCGAAGGGCGTGATGAATAATCATGTTGCTATTAG
TAATAAATTGTTATGGGTACAAGACACTTATCCTCTAACCACAG
AAGACTGTATTTTACAAAAAACTCCCTTTAGTTTTGATGTTTCA
GTGTGGGAATTATTCTGGCCCCTACTAAACGGAGCGCGTTTGGT
TTTTGCCAAGCCGAATGGCCATAAAGATGCCAGTTACTTAGTCA
ATCTGATTCAAGAGCAACAAGTAACAACGCTACATTTTGTGTCT
TCTATGCTACAGCTTTTTCTGACAGAAAAAGACGTAGAAARAATG
TAATAGTCTTAAACGAGTCATTTGTAGTGGTGAAGCCCTTTCTT
TAGAGCTTCAAGAACGTTTTTTTGCTCGTTTAGTCTGTGAATTA
CACAATCTTTATGGACCGACAGAAGCCGCTATTCATGTCACATT
TTGGCAATGTCAATCAGATAGCAATTTGAAAACAGTACCCATTG
GTCGGCCGATCGCTAATATCCAAATTTACATTTTAGACTCTCAT
TTCAGCCAGTACCTATTGGAGTAATCGGAGAATTGCACATTGGT
GGGGTTGGTTTGGCGCGGGGTTATTTAAACAGGCCTGAGTTAAC
GGCGGAGAAATTTATTGCAAATCCGTTTGCTTCCCTTGATCCCC
CCCTAACCCCCCTTGATAAGGGGGGAGATGAGAGCTATAAAACT
TTTAAAAAGGGGGGAGAGCAACCATCAAGATTGTATAAR
ACGGGAGATTTAGCTCGTTATTTACCCGATGGCAAGATTGAGTA
TCTAGGGCGCATTGATAATCAGGTAAAAATTCGCGGTTTCCGGA
TTGAATTGGGGGAAATTGAAGCGGTTTTGCTATCCCATCCCCAG
GTACGAGAAGCGGTCGTT
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SEQ
NO.

T nu
acid

SEQ
NO.
c2
nucl
acid

SEQ
NO.
A2
nucl
acid

SEQ
NO.
T2
nucl
acid

SEQ
NO.
Cc3
nucl
acid

iD
33
cl

iD
34

iD
35

iD
36

iD
37

GAGGCGATCGCCGCTATTTTTGGTCAAGTTTTAAAACTGGAAAA
AGTGGGAATTTATGATAACTTTTTTGAGATCGGCGGTAATTCTT
TGCAAGCCACTCAAGTTATTTCACGCTTACGAGAAAGTTTTGCC
CTAGAGTTGCCCTTGCGTCGCCTGTTTGAACAACCGACTGTGGC
GGATTTGGCTTTAGCCGTA

CCTCGTGATGGCCAATTACCCCTCTCCTTTGCCCAGTCGCGACT
CTGGTTCTTGTATCAATTAGAAGGAGCCACGGGAACCTATAACA
TGACAGGGGCCTTGAGTTTAAGCGGGCCTCTTCAGGTCGAAGCC
CTCAAACAAGCCCTAAGAACTATCATTCAACGCCATGAGCCATT
GCGTACCAGTTTCCAATCGGTTGACGGGGTTCCAGTGCAGGTGA
TTAATCCCTATCCTGTTTGGGAATTAGCGATGGTTGATTTGACA
GGAAAGGAGACAGAAGCAGAAAAATTGGCCTATCAG
GAATCCCAAACCCCGTTTGATTTGACCAATAGTCCTTTGTTGAG
GGTAACGCTCCTCAAATTACAGCCAGAAAAGCATATTTTATTAA
TTAATATGCACCATATTATTTCCGATGGCTGGTCAATCGGTGTT
TTTGTTCGTGAATTGTCCCATCTCTATAGGGCTTTTGTGGCGGG
TAAAGAACCAACTTTACCGATTTTACCAATTCAGTATGCGGATT
TTGCCGTTTGGCAGCGAGAGTGGTTACAGGGTAAGGTTTTAGCG
GCTCAATTGGAATATTGGAAGCGACAATTGGCAGATGCTCCTCC
TCTGCTGGAACTGCCCACTGATCGCCCTCGTCCCGCAATCCAAR
CCTTTCAAGGCAAGACAGAAAGATTTGAGCTAGATAGGAAACTG
ACCCAAGAATTAAAGGCATTAAGT
CAACAGTCGGGTTGTACTTTATTTATGACTTTGTTGGCCGCTTT
TGGGGTGGTTTTATCCCGTTATAGTGGCCAGACTGATATCGTCA
TTGGTTCGGCGATCGCCAACCGTAATCGCCAAGACATTGAGGGG
TTAATTGGCTTTTTTGTTAACACTTTGGCGTTGAGGTTAGATTT
ATCA

ACCTATGGAGAATTAAACCATCGCGCCAATCAATTAGCTCACTA
TCTTCAGTCGTTAGGAGTCACCAAAGAACAAATCGTCGGGGTTT
ATCTGGAACGTTCCCTTGAAATGGCGATCGGATTTTTAGGTATT
CTCAAAGCAGGAGCCGCCTATCTCCCCATTGATCCTGAATATCC
CTCAGTACGCACCCAATTTATTCTCGAAGATACCCAACTTTCGC
TTCTCTTAACTCAGGCAGAACTGGCAGAAAAACTGCCCCAGACT
CAAAACAAAATTATCTGTCTAGATCGGGACTGGCCA
GAAATTACCTCCCAACCCCAGACAAACCTAGACCTAAAGATAGA
ACCTAATAACCTAGCC
TATTGCATCTATACTTCTGGTTCCACAGGACAACCCAAAGGAGT
ACTGATTTCCCATCAAGCCCTACTCAACTTAATTTTCTGGCATC
AACAAGCGTTTGAGATTGGCCCCTTACATAAAGCGACCCAAGTG
GCAGGCATTGCTTTCGATGCAACGGTTTGGGAATTGTGGCCCTA
TCTGACCACAGGAGCCTGTATTAATCTGGTTCCCCAAAATATTC
TGCTCTCACCGACGGATTTACGGGATTGGTTGCTTAACCGAGAA
ATTACCATGAGTTTTGTGCCAACTCCTTTAGCTGAAAAATTATT
ATCCTTGGATTGGCCTAACCATTCTTGTCTAAAAACCCTGTTAC
TGGGAGGTGACAAACTTCATTTTTATCCTGCTGCGTCCCTTCCC
TTTCAGGTCATTAACAACTATGGCCCAACGGAAAATACAGTGGT
TGCGACCTCTGGACTGGTCAAATCATCTTCATCTCATCACTTTG
GAACTCCGACTATTGGTCGTCCCATTGCCAACGTCCAAATCTAT
TTATTAGACCAAAACCTACAACCTGTCCCCATTGGTGTACCAGG
AGAATTACATTTAGGTGGGGCGGGTTTAGCGCAGGGCTATCTCA
ATCGTCCTGAGTTAACGGCTGAAAAATTTATTGCCAATCCCTTT
GATCCCCCCCTAACCCCCCTTGATAAGGGGGGAGAAGAACCCTC
AAAACTCTATAAAACG
GGAGACTTAGCCCGTTATTTACCCGATGGCAATGTAGAATTTTT
GGGACGTATTGACAATCAGGTAAAAATTCGGGGTTTTCGCATCG
ARACTGGGGAAATCGAAGCCGTTTTAAGTCAATATTTCCTATTA
GCTGAAAGTGTAGTC

GCTCAACTGACTCAAATTTGGAGTGAAGTTTTGGGACTGGAACG
CATTGGCGTTAAGGACAACTTTTTTGAATTGGGAGGACATTCTC
TTTTGGCTACCCAGGTTTTATCAAGAATTAATTCAGCCTTTGGA
CTTGATCTTTCTGTGCAAATTATGTTTGAATCACCAACGATCGC
GGGCATTGCGGGTTATATT

GCTAGAGACGGTCATTTACCCCTGTCTTTTGCTCAACAACGTTT
ATGGTTTTTACATTATCTTTCCCCTGATAGTCGTTCCTACAATA
CCCTGGAAATATTGCAAATTGATGGGAATCTCAATCTGACTGTG
CTAGAGCAGAGTTTGGGGGAATTAATTAACCGCCATGAAATTTT
TAGAACAACATTCCCCACTGTTTCAGGGGAACCGATTCAGAAAR
TTGCACTTCCTAGTCGTTTTCAGTTAAAAGTTGATAATTATCAA
GATTTAGACGAAAATGAACAATCAGCTAAAATTCAACAAGTAGC
AGAATTGGAAGCAGGACAAGCTTTTGATTTAACGGTGGGGCCAC
TGATTCAGTTTAAGCTATTGCAATTGAGTCCCCAGAAGTCGGTG
CTGCTGTTGAAAATGCACCATATTATCTATGATGGCTGGTCTTT
TGGGATTCTGATTCGGGAATTATCGGCTCTATACGAAGCATTTT
TAAAGAACTTAGCCAATCCTCTCCCTGCGTTGTCTATTCAGTAT
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TABLE 1-continued

SEQ
NO.
A3
nucl
acid

SEQ
NO.
T3
nucl
acid

SEQ
NO.
c4
nucl
acid

SEQ
NO.
A4
nucl
acid

iD
38

iD
39

iD
40

iD
41

GCAGATTTTGCGGTTTGGCAACGTCAATATCTCTCAGGTGAGGT
CTTAGATAAACAACTCAATTATTGGCAAGAACAGTTAGCAACAG
TCTCTCCTGTTCTTACTTTACCAACGGATAGACCCCGTCCGGCG
ATACAAACTTTTCAGGGAGGAGTTGAGCGTTTTCAACTGGATCA
AAATGTCACTCAAGGTCTTAAAAAGT TAGGTCAAGATCAGGTTG
CAACCCTGTTTATGACGTTGTTGGCCGGTTTCGGCGTTTTGCTA
TCTCGTTATAGTGGTCAATCTGATCTGATGGTGGGTTCTCCGAT
CGCTAATCGTAATCAAGCAGCGATCGAACCTTTAATTGGCTTTT
TTGCTAACACTTTGGCTTTAAGAATTAATTTATCA

ACATACACTGAATTAAACCATCGCGCTAATCAGTTAGCCCATTA
TTTACAAACTTTAGGCGTGGGAGCAGAAGTCTTAGTCGGTATTT
CCCTAGAACGTTCTTTAGAGATGATTATCGGCTTATTAGGGATT
CTCAAGGTAGGTGGTGCTTATCTTCCTCTTGATCCAGACTATCC
CACTGAGCGTCTTCAGTTGATGTTAGAAGACAGTCAAGTTCCTT
TTTTGATTACCCACAGTTCTTTATTAGCAAAATTGCCTCCCTCT
CAAGCAACTCTGATTTGTTTAGATCATATCCAAGAGCAGATTTC
TCAATATTCTCCAGATAATCTTCAATGTCAGTTAACTCCTGCCA
ATTTAGCTAACGTTATTTATACCTCTGGCTCTACGGGTAAGCCT
AAAGGGGTGATGGTTGAACATAAAGGTTTAGTTAACTTAGCTCT
TGCTCAAATTCAATCTTTTGCAGTCAACCATAACAGTCGTGTGC
TGCAATTTGCTTCTTTTAGTTTTGATGCTTGTATTTCAGAAATT
TTGATGACCTTTGGTTCTGGAGCGACGCTTTATCTTGCACAAAL
AGATGCTTTATTGCCAGGTCAGCCATTAATTGAACGGTTAGTAA
AGAATGGAATTACTCATGTGACTTTGCCGCCTTCAGCTTTAGTG
GTTTTACCCCAGGAACCGTTACGCAACTTAGAAACCTTAATTGT
GGCGGGTGAGGCTTGTTCTCTTGATT TAGTGAAACAATGGTCAA
TCGATAGAAACTTTTTCAATGCCTATGGGCCAACGGAAGCGAGT
GTTTGTGCCACTATTGGACAATGTTATCAAGATGATTTAAAGGT
GACGATTGGTAAGGCGATCGCCAATGTCCAAATTTATATTTTAG
ATGCCTTTTTACAGCCGGTGCCGGTGGGAGTGTCAGGAGAGTTA
TACATTGGTGGAGTTGGGGTGGCAAGGGGCTATTTAAATCGTCC
TGAATTAACCCAAGAAAAATTTATTGCTAATCCTTTTAGTAACG
ACCCAGATTCTCGGCTCTATAAAACTGGCGACTTAGCGCGTTAT
TTACCCGATGGTAATATTGAATATTTAGGACGCATTGACAATCA
GGTAAAAATTCGCGGTTTTCGCATTGAGTTAGGAGAAATTGAAG
CGGTTCTGAGTCAATGTCCCGATGTGCAAAATACGGCGGTG

GAAATTCTGGCTCAAATATGGGGGCAAGTTCTCAAGATAGAAAG
AGTCAGCAGAGAAGAT
AATTTCTTTGAATTGGGGGGGCATTCCCTTTTAGCTACCCAGGT
AATGTCCCGTCTGCGTGAAACTTTTCAAGTCGAATTACCTTTGC
GTAGTCTCTTTACCGCTCCCACTATTGCTGAATTGGCCCTAACA
ATT

AACGACAGTGCTAACCTCCCGTTATCTTTTGCTCAACAACGTTT
ATGGTTTCTGGATCAATTAGAACCTAACAGCGCCTTTTATCATG
TAGGGGGAGCCGTAAGACTAGAAGGAACATTAAATATTACTGCC
TTAGAGCAAAGCTTAAAAGAAATTATTAATCGTCATGAAGCTTT
ACGCACAAATTTTATAACGATTGATGGTCAAGCCACTCAAATTA
TTCACCCTACTATTAATTGGCGATTGTCTGTTGTTGATTGTCAA
AATTTAACCGACACTCAATCTCTGGAAATTGCGGAAGCTGAAAA
GCCCTTTAATCTTGCTCAAGATTGCTTATTTCGTGCTACTTTAT
TCGTGCGATCACCGCTAGAATATCATCTACTCGTGACCATGCAC
CATATTGTTAGCGATGGCTGGTCAATTGGAGTATTTTTTCAAGA
ACTAACTCATCTTTACGCTGTCTATAATCAGGGTTTACCCTCAT
CTTTAACGCCTATTAAAATACAATATGCTGATTTTGCGGTCTGG
CAACGGAATTGGTTACAAGGTGAAATTTTAAGTAATCAATTGAA
TTATTGGCGCGAACAATTAGCAAATGCTCCTGCTTTTTTACCTT
TACCGACAGATAGACCTAGGCCCGCAATCCAAACTTTTATTGGT
TCTCATCAAGAATTTAAACTTTCTCAGCCATTAAGCCAAAAATT
GAATCAACTAAGTCAGAAGCATGGAGTGACTTTATTTATGACTC
TCCTGGCTGCTTTTGCTACCTTACTTTACCGTTATACAGGACAA
GCAGATATTTTAGTTGGTTCTCCTATTGCTAACCGTAATCGTAA
GGAAATTGAGGGATTAATCGGCTTTTTTGTTAATACATTAGTTC
TGAGATTGAGTTTAGAT

ACCTATGCTGAATTAAATCATCAAGCTAATCAGTTAGTCCATTA
CTTACAAACTTTAGGAATTGGGCCAGAGGTCTTAGTCGCTATTT
CAGTAGAACGTTCTTTAGAAATGATTATCGGCTTATTAGCCATT
CTCAAGGCGTGTGGTGCTTATCTCCCTCTTGCTCCTGACTATCC
CACTGAGCGTCTTCAGTTCATGTTAGAAGATAGTCAAGCTTCTT
TTTTGATTACCCACAGTTCTTTATTAGAAAAATTGCCTTCTTCT
CAAGCGACTCTAATTTGTTTAGATCACATCCAAGAGCAGATTTC
TCAATATTCTCCCGATAATCTTCAAAGTGAGTTAACTCCTTCCA
ATTTGGCTAACGTTATTTACACCTCTGGCTCTACGGGTAAGCCT
AAAGGGGTGATGGTTGAACATCGGGGCTTAGTTAACTTAGCGAG
TTCTCAAATTCAATCTTTTGCAGTCAAAAATAACAGTCGTGTAC
TGCAATTTGCTTCCTTTAGTTTTGATGCTTGTATTTCAGAAATT
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SEQ
NO.
T4
nucl
acid

SEQ
NO.
TE
nucl
acid

SEQ
NO.
MO
nucl
acid

SEQ
NO.

SP 1
nucl
acid

SEQ
NO.

SP 2
nucl
acid

iD
42

iD
43

iD
44

iD
45

iD
46

TTGATGACCTTTGGTTCTGGAGCGACTCTTTATCTTGCTCAAAA
AARATGATTTATTGCCAGGTCAGCCATTAATGGAAAGGTTAGAAA
AGAATAAAATTACCCATGTTACTTTACCCCCTTCAGCTTTAGCT
GTTTTACCAAAAAAACCGTTACCCAACTTACAAACTTTAATTGT
GGCGGGTGAGGCTTGTCCTCTGGATTTAGTCAAACAATGGTCAG
TCGGTAGAAACTTTTTCAATGCCTATGGCCCGACAGAAACGAGT
GTTTGTGCCACGATTGGACAATGTTATCAAGATGATTTAAAGGT
CACGATTGGTAAGGCGATCGCTAATGTCCAAATTTATATTTTGG
ATGCCTTTTTACAACCAGTACCCATCGGAGTACCAGGGGAATTA
TACATTGGTGGAGT CGGAGTTGCGAGGGGTTATCTAAATCGTCC
TGAATTAACGGCGGAAAGATTTATTCCTAATCCTTTTGATCCCC
CCCTAACCCCCCTTAAAAAGGGGGGAGATAAGAGCTATGAAACT
TTTAAAAAGGGGGAAGAGCAACCA
TCAAAACTCTATAAAACGGGAGATTTAGCTCGTTATTTACCCGA
TGGCAATATTGAATATTTAGGACGCATTGACAATCAGGTAAAAR
TTCGCGGTTTTCGCATTGAGTTAGGAGAAATTGAAGCGGTTCTG
AGTCAATGTCCCGATGTGCAAAATACGGCGGTG

TTACAATTAGCTCAAATCTGGTCAGAGATTTTAGGCATTAATAA
TATTGGTATTCAGGAAAACTTCTTTGAATTAGGCGGTCATTCTT
TATTAGCAGTCAGTCTGATCAATCGTATTGAACAAAAGTTAGAT
AAACGTTTACCATTAACCAGTCTTTTTCAAAATGGAACCATAGC
AAGTCTAGCTCAATTACTAG

ACTCCATTTTTTGCTGTTCATCCCATTGGTGGTAATGTGCTATG
TTATGCCGATTTAGCTCGTAATTTAGGAACGAAACAGCCGTTTT
ATGGATTACAATCATTAGGGCTAAGTGAATTAGAAAAAACTGTA
GCCTCTATTGAAGAAATGGCGATGATTTATATTGAAGCAATACA
AACTGTTCAAGCCTCTGGTCCCTACTATTTAGGAGGTTGGTCAA
TGGGAGGAGTGATAGCTTTTGAAATCGCCCAACAATTATTGACC
CAAGGTCAAGAAGTTGCTTTACTGGCTTTAATAGATAGTTATTC
TCCCAGTTTACTTAATTCAGTTAATAGGGAGAAAAATTCTGCTA
ATTCCCTGACAGAAGAATTTAATGAAGATATCAATATTGCCTAT
TCTTTCATCAGAGACTTAGCAAGTATATTTAATCAAGAAATCTC
TTTCTCTGGGAGTGAACTTGCTCATTTTACATCAGACGAATTAC
TAGACAAGTTTATTACTTGGAGTCAAGAGACGAATCTTTTGCCG
TCAGATTTTGGGAAGCAGCAGGTTAAAACCTGGTTTAAAGTTTT
CCAGATTAATCACCAAGCTTTGAGCAGCTATTCTCCCAAGACGT
ATCTGGGTAGAAGTGTTTTCTTAGGAGCGGAAGACAGTTCTATT
AAAAATCCTGGTTGGCATCAA

AGCGGGTCTCAAGACCAAAAAACGATACAGTTTAGCCTCTACTA
CTTTGGTAGCTATGAAGCGGAATTTAACCCGAATAAATATAACT
TACTGTTTGAAGGAGCTAAATTTGGCGATCGCGCTGGTTTTACG
GCCCTTTGGATTCCTGAACGTCATTTCCACGCTTTTGGTGGTTT
TTCTCCCAATCCTTCGGTTTTGGCGGCGGCTTTAGCACGGGAAR
CCAAACAGATTCAACTGCGATCAGGCAGTGTGGTTTTACCGCTA
CATAATTCCATCCGAGTCGCCGAAGAATGGGCAGTGGTGGACAA
TCTTTCCCAGGGCCGCGTTGGTATTGCTTTTGCATCGGGTTGGC
ATCCCCAGGATTTTGTCTTGGCTCCCCAGTCCTTTGGCCAACAT
CGGGAATTGATGTTCCAAGAAATTGAAACCGTCCAGAAACTTTG
GCGAGGGGAAGCGATCACCGTGCCAGACGGAAAGGGTCAA
AGGGTAGAGGTTAAAACCTATCCCCAACCGATGCAGTCCCAGTT
ACCCAGCTGGATTACTATTGTCAATAATCCCGATACCTATATCA
GAGCAGGGGCGATCGGTGCTAATATCCTTACCAATCTGATGGGG
CAAAGCGTGGAAGATTTAGCCCGTAATATTGCGCTATATCGTCA
ATCTTTGGCAGAGCATGGTTATGATCCCGCGTCGGGAACGGTGA
CAGTTCTCCTGCATACTTTTGTTGGCAAGGATTTAGAACAAGTT
CGAGAACAGGCTCGCCAACCCTTTGGGCAATACCTCACCTCCTC
TGTCGGACTCTTGCAGAACATGGTCAAGAGCCAGGGCATGAAAG
TGGATTTTGAACAATTAAGAGACGAAGATCGGGACTTTCTCCTC
GCTTCTGCCTATAAACGCTATACAGAAACCAGTGCTTTAATTGG
CACACCCGAATCCTGTCGTCAAATTATTGATCATTTGCAGTCCA
TCGGTGTGGATGAAGTGGCTTGTTTTATTGATTTTGGGGTAGAT
GAACAAACAGTTTTGGCCAATTTACCCTATCTCCAGTCCCTAAA
AGACTTATATCAA

ATTGATCCCCCCCTAACCCCCCTTGATAAGGGGATTGATCCCCC
CCTAACCCCCCTTGATAAGGGGATTGATCCCCCCCTAACCCCCC
TTGATAAGGGG

CCTTATCAAGGGGGGTTAGGGGGGGATCAATCCCCTTATCAAGG
GGGGTTAGGGGGGGAT
CAATCCCCTTATCAAGGGGGGTTAGGGGGTGATCAATCCCCTTA
TCAAGGGGGGTTAGGGGGTGATCAATCCCCTTATCAAGGGGGGT
TAGGGGGGGATCAATCCCCTTATCAAGGAGAG
TTAGGGGGGGATCAATCCCCTTATCAAGGGGGGTTAGGGGGGGA



US 7,846,686 B2

21

TABLE 1-continued

22
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SEQ ID
NO. 47
MT
nucl
acid

SEQ ID
NO. 48
MT 2
nucl
acid

SEQ ID
NO. 49
Primer
A

SEQ ID
NO. 50
Primer
B

SEQ ID
NO. 51
Primer
o

SEQ ID
NO. 52
Primer
D

SEQ ID
NO. 53
Primer
E

TCAAGTC

CCTGCTTCAGAAATGCGAGAGTGGGT CGAAAACACTGTTAGTCG
CATCTTGGCTTTCCAACCAGAACGCGGTTTAGAAATTGGTTGTG
GTACAGGTTTGTTACTCTCCAGGGTAGCAAAGCATTGTCTTGAA
TATTGGGCAACGGATTATTCCCAAGGGGCGATCCAGTATGTTGA
ACGGGTTTGCAATGCCGTTGAAGGTTTAGAACAGGTTAAATTAC
GCTGTCAAATGGCAGATAATTTTGAAGGTATTGCCCTACATCAA
TTTGATACCGTCGTCTTAAATTCGATTATTCAGTATTTTCCCAG
TGTGGATTATCTGTTACAGGTGCTTGAAGGGGCGATCAACGTCA
TTGGCGAGCGAGGTCAGATTTTTGTCGGGGATGTGCGGAGTTTA
CCCCTATTAGAGCCATATCATGCGGCTGTGCAATTAGCCCAAGC
TTCTGACTCGAAAACTGTTGAACAATGGCAACAACAGGTGCGTC
AAAGTGTAGCAGGTGAAGAAGAACTGGTCATTGATCCCACATTG
TTCCTGGCTTTAAAACAACATTTTCCGCAAATTAGCTGGGTAGA
AATTCAACCGAAACGGGGTGTGGCTCACAATGAGTTAACT CAAT
TTCGCTATGATGTCACTCTCCATTTAGAGACTATCAATAATCAA
GCATTATTGAGCGGCAATCCAACGGTAATTACCTGGTTAAATTG
GCAACTTGACCAACTGTCTTTAACACAAATTAAAGATAAATTAT
TAACAGACAAACCTGAATTGTGGGGAATTCGTGGTATTCCTAAT
CAGCGAGTTGAAGAGGCTCTAAAAATTTGGGAATGGGTGGAAAL
TGCCCCTGATGTTGAAACGGTTGAACAACTCAAAAAACTTCTCA
AACAACAAGTAGATACTGGTATTAATCCTGAACAGGTTTGGCAA
TTAGCTGAGTCTCTCGGTTACACCGCTCACCTTAGTTGGTGGGA
AAGTAGTCAAGACGGTTCCTTTGATGTCATTTTTCAGCGGAATT
CAGAAGCGGAGGACTCAAAAAAATTAACCCTTTCAAAACTTGCT
TTCTGGGATGAAAAACCCTTTAAAATAAAGCCCTGGAGTGACTA
TACTAACAACCCTCTGCGCGGTAAGTTAGTCCAAAAATTAATTC
CT

ATGACAAATTATGGCAAATCTATGTCTCATTACTATGATCTAGT
GGTAGGACATAAAGGTTATAACAAAGATTACGCCACTGAAGTAG
AATTCATTCACAATTTAGTTGAGACTTACACAACTGAAGCCAAA
TCTATCCTATACTTGGGCTGTGGTACGGGTTATCATGCCGCTCT
TTTAGCACAGAAAGGGTATTCTGTACATGGTGTTGATCTCAGTG
CTGAAATGT TAGAGCAGGCTAAAACTCGCATTGAAGATGAAACA
ATAGCTTCTAATCTGAGTTTTTCTCAAGGAAATATTTGTGAAAT
CCGTTTAAATCGTCAGTTTAATGTTGTTCTTGCTCTATTTCATG
TGGTTAACTATCAAACGACCAATCAAAATTTACTGGCAACGTTT
GCAACGGTTAAAAACCATTTAAAAGCTGGGGGGATTTTTATTTG
TGATGTGTCCTATGGGTCTTACGTACTGGGGGAATTTAAGAGTC
GGCCTACGGCATCAATATTGCGTTTAGAGGATAATTCCAATGGT
AACGAAGTAACCTATATTAGTGAACTAAATTTTTTAACCCATGA
AAATATAGTGGAAGTTACTCACAATTTATGGGTAACAAATCAAG
AAAATCAACTTCTAGAGAATTCACGGGAAACACATCTTCAGCGC
TATCTTTTCAAGCCTGAAGTTGAATTGTTGGCTGATGCTTGTGA
ACTAACTGTTCTTGATGCGATGCCCTGGCTTGAACAACGTCCTT
TGACAAACATTCCTTGTCCTTCAGTTTGTTTTGTTAT TGGGCAT
AAAACAACCCATTCAGCTTAA

CCGACCTGTGATAAACAATTC

CKNCCDGTDATRAANARYTC

TTCAATATCCTGGGGATA

YTCDATRTCYTGNGGRTA

CGTTGGTTACAGGCCCTTTCT

20

25

30

35

40

45

50

55

60

65

SEQ ID
NO. 54
Primer
F

SEQ ID
NO. 55
Primer
G

SEQ ID
NO. 56
Primer
H

SEQ ID
NO. 57
Primer
I

SEQ ID
NO. 58
Primer
J

SEQ ID
NO. 59
ABC

Trans-
porter

SEQ ID
NO. 60
ABC
Trans-
porter
Nucl
acid

MGNTGGYTNCARGCNYTNWS

TTAGACTTAAGCCATTGG

YTNGAYYTNWSNCAYTGG

CATAGAAGAATCGAGACCATATTC

CATNSWNSWRTCNARNCCRTAYTC

MTTQTASSANALASFNQFLRDVKATAQPYWYPTVSNKRSFSEVI
RSWGMLSLLIFLIVGLVAVTAFNSFVNRRLIDVIIQEKDASQFA
STLTVYAIGLICVTLLAGFTKDIRKKIALDWYQWLNTQIVEKYF
SNRAYYKINFQSDIDNPDQRLAQEIEPIATNAISFSATFLEKSL
EMLTFLVVVWSISRQIAIPLMFYTIIGNFIAAYLNQELSKINQA
QLOSKADYNYALTHVRTHAESIAFFRGEKEEQNIIQRRFQEVIN
DTKNKINWEKGNEIFSRGYRSVIQFFPFLVLGPLYIKGEIDYGQ
VEQASLASFMFASALGELITEFGTSGRFSSYVERLNEFSNALET
VTKQAENVSTITTIEENHFAFEHVTLETPDYEKVIVEDLSLTVQ
KGEGLLIVGPSGRGKSSLLRAIAGLWNAGTGRLVRPPLEEILFL
PORPYIILGTLREQLLYPLTNSEMSNTELQAVLQQVNLQONVLNR
VDDFDSEKPWENILSLGEQQRLAFARLLVNSPSFTILDEATSAL
DLTNEGILYEQLQTRKTTFISVGHRESLFNYHQWVLELSADSSW
ELLSVQDYRLKKAGEMFTNASSNNSITPDITIDNGSEPEIVYSL
EGFSHQEMKLLTDLSLSSIRSKASRGKVITAKDGFTYLYDKNPQ
ILKWLR

ATGACAACCCAAACAGCTTCTAGTGCCAATGCCCTTGCTTCCTT
TAACCAATTTTTAAGGGATGTAAAGGCGATCGCCCAACCCTATT
GGTATCCCACTGTATCAAATAAAAGAAGCTTTTCTGAGGTTATT
CGTTCCTGGGGAATGCTATCACTGCTTATCTTTTTGATTGTGGG
ATTAGTCGCCGTCACGGCTTTTAATAGTTTTGTTAATCGTCGTT
TAATTGATGTCATTATTCAAGAAAAAGATGCGTCTCAATTTGCC
AGTACATTAACTGTCTATGCGATCGGATTAATCTGTGTAACGCT
GCTGGCAGGGTTCACTAAAGATATTCGCAAAAAAATTGCCCTAG
ATTGGTATCAATGGTTAAACACCCAGATTGTAGAGAAATATTTT
AGTAATCGTGCCTATTATAAAATTAACTTTCAATCTGACATTGA
TAACCCCGATCAACGTCTAGCCCAGGAAATTGAACCGATCGCCA
CAAACGCCATTAGTTTCTCGGCCACTTTTTTGGAAAAAAGTTTG
GAAATGCTAACTTTTTTAGTGGTAGTTTGGTCAATTTCTCGACA
GATTGCTATTCCGCTAATGTTTTACACGATTATCGGTAATTTTA
TTGCCGCCTATCTAAATCAAGAATTAAGCAAGATCAATCAGGCA
CAACTGCAATCAAAAGCAGATTATAACTATGCCTTAACCCATGT
TCGGACTCATGCGGAATCTATTGCTTTTTTT CGGGGAGAAAALG
AGGAACAAAATATTATTCAGCGACGTTTTCAGGAAGTTATCAAT
GATACGAAAAATAAAATTAACTGGGAAAAAGGGAATGAAATTTT
TAGT

CGGGGCTATCGTTCCGTCATTCAGTTTTTTCCTTTTTTAGTCCT
TGGCCCTTTGTATATTAAAGGAGAAATTGATTATGGACAAGTTG
AGCAAGCTTCATTAGCTAGTTTTATGTTTGCATCGGCCCTGGGA
GAATTAATTACAGAATTTGGTACTTCAGGACGTTTTTCTAGTTA
TGTAGAACGTTTAAATGAATTTTCTAATGCCTTAGAAACTGTGA
CTAAACAAGCCGAGAATGTCAGCACAATTACAACCATAGAAGAR
AATCATTTTGCCTTTGAACACGTCACCCTAGAAACCCCTGACTA
TGAAAAGGTGATTGTTGAGGATTTATCTCTTACTGTTCAAAAAG
GTGAAGGATTATTGATTGTCGGGCCCAGTGGTCGAGGTAAAAGT
TCTTTATTAAGGGCGATCGCCGGTTTATGGAATGCTGGCACTGG
GCGTTTAGTGCGTCCTCCCCTAGAAGAAATTCTCTTTTTGCCCC
AACGTCCCTACATTATTTTGGGAACCTTACGCGAACAATTGCTG
TATCCTCTAACCAATAGTGAGATGAGCAATACCGAACTTCAAGC
AGTATTACAACAAGTCAATTTGCAAAATGTGCTAAATCGGGTGG
ATGACTTTGACTCCGAAAAACCCTGGGAAAACATTCTCTCCCTC
GGTGAACAACAACGCCTAGCCTTTGCTCGATTGTTAGTGAATTC
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TCCGAGTTTTACCATTTTAGATGAGGCGACCAGTGCCTTAGATT
TAACAAATGAGGGGATTTTATACGAGCAATTACAAACTCGCAAG
ACAACCTTTATTAGTGTGGGTCATCGAGAAAGTTTGTTTAATTA
CCATCAATGGGTTTTAGAACTTTCTGCTGACTCTAGTTGGGAAC
TCTTAAGCGTTCAAGATTATCGCCTTAAAAAAGCGGGAGAAATG
TTTACTAATGCTTCGAGTAACAATTCCATAACACCCGATATTAC
TATCGATAATGGATCAGAACCAGAAATAGTCTATTCTCTTGAAG
GATTTTCCCATCAGGAAATGAAACTATTAACAGACCTATCACTC
TCTAGCATTCGGAGTAAAGCCAGTCGAGGGAAGGTGATTACAGC
CAAGGATGGTTTTACCTACCTTTATGACAAAAATCCTCAGATAT
TAAAGTGGCTCAGAACTTAA

In one embodiment the entire gene cluster is transformed and
expressed in a heterologous system. SEQ ID NO. 61 encom-

passes the genes of said cluster.

1-27260
Microginin-
Cluster

1-1743
Adenylation-
Protein (A¥*)

1892-2158
Acyl-Carrier-
Protein (ACP)

2204-3016
Methyltrans-
ferase (MT)

3464-13123
PKS/NRPS (KS-
AT-ACP-AMT-
MO-C-A-T)
13120-17832
NRPS 2 (C-A-
Mt-T)
17836-25194
NRPS 3 (C-A-
T-C-A-T)
25257-27260
ABC-
Transporter

(ABC)

ATGACTATTAACTATGGTGATCTGCAAGAACCCTTTA

ATAAATTCTCAACCCTAGTTGAATTACTCCGTTATCG

GGCAAGCAGTCAACCGGAACGCCTCGCCTATATTTTT

CTGCGAGACGGAGAAATCGAAGAAGCTCGTTTAACCT

ATGGGGAACTGGATCAAAAGGCTAGGGCGATCGCCGC

TTATCTACAATCCTTAGAAGCCGAGGGCGAAAGGGGT

TTACTGCTCTATCCCCCAGGACTAGATTTTATTTCAG

CTTTTTTTGGTTGTTTATATGCGGGAGTCGTTGCCAT

TCCCGCCTATCCACCCCGACGGAATCAAAACCTTTTG

CGTTTACAGGCGATTATTGCCGATTCTCAAGCCCGAT

TTACCTTCACCAATGCCGCTCTATTTCCCAGTTTAAA

AAACCAATGGGCTAAAGACCCTGAATTAGGAGCAATG

GAATGGATTGTTACCGATGAAATTGACCATCACCTCA

GGGAGGATTGGCTAGAACCAACCCTCGAAAAARACAG

TCTCGCTTTTCTACAATACACCTCTGGTTCAACGGGA

ACTCCAAAGGGAGTAATGGTCAGTCACCATAATTTGT

TGATTAATTCAGCCGATTTAGATCGTGGTTGGGGCCA

TGATCAAGATAGCGTAATGGTCACTTGGCTACCGACC

TTCCATGATATGGGTCTGATTTATGGGGTTATTCAGC

CTTTGTACAAAGGATTTCTTTGTTACATGATGTCCCC

TGCCAGCTTTATGGAACGACCGTTACGTTGGTTACAG

GCCCTTTCTGATAAAAAAGCAACCCATAGTGCGGCCC

CCAACTTTGCCTACGATCTTTGTGTGCGGAAAATTCC

CCCTGAAAAACGGGCTACGTTAGACTTAAGCCATTGG

TGCATGGCCTTAAATGGGGCCGAACCCGTCAGAGCGG

AGGTACTTAAAAAGTTTGCGGAGGCTTTTCAAGTTTC

TGGTTTCAAAGCCACAGCCCTTTGTCCTGGCTACGGT

TTAGCAGAAGCCACCCTGAAAGTTACGGCGGTTAGTT

ATGACAGTCCCCCTTACTTTTATCCCGTTCAGGCTAA

TGCTTTAGAAAAAAATAAGATTGTGGGAGCCACTGAA
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-continued
ACCGATACCAATGTGCAGACCCTCGTGGGCTGCGGCT
GGACAACGATTGATACTCAAATCGTCATTGTCAATCC
TGAAACCCTGAAACCTTGCTCCCCTGAAATTGTCGGC
GAAATTTGGGTATCAGGTTCAACAATCGCCCAAGGCT
ATTGGGGAAAACCTCAAGAGACTCAGGAAACCTTTCA
AGCTTATTTGGCAGATACAGGAGCCGGGCCTTTTCTG
CGAACAGGAGACTTGGGCTTCATTAAAGATGGTGAAT
TGTTTATCACAGGTCGGCTCAAGGAAATTATTCTGAT
TCGAGGACGCAATAATTATCCCCAGGATATTGAATTA
ACCGTCCAAAATAGTCATCCCGCTCTGCGTCCCAGTT
GTGGGGCTGCTTTTACCGT TGAAAATAAGGGCGAAGA
ARAGCTCGTGGTCGT TCAGGAAGTGGAGCGCACCTGS
CTCCGTAAGGTAGATATAGATGAGGTAAAAAGAGCCA
TTCGTAAAGCTGTTGTCCAGGAATATGATTTACAGGT
TTATGCGATCGCGCTGATCAGGACTGGCAGTTTACCA
AARACCTCTAGCGGTAAAATTCAGCGTCGTAGCTGTC
GGGCCAARATTTTTAGAGGGAAGCCTGGARATTTTGGE
CTAAGAAAATTTCTCGATCGGCACTTAATGTGTTAARA
TTCGTATGTCGATTGAAACTTCGACCAATTCTTTCTC
TCCCCTTAAGTCCATGTCTCTGGATTTGAAAATTCCT
TAAACTTTAACTACATTTCTCAAGAAAGCAAATTGAA
TCTAATGTCCACAGAAATCCCAAACGACAAAAAACAA
CCGACCCTAACGAAAATTCAAAACTGGTTAGTGGCTT
ACATGACAGAGATGATGGAAGTGGACGAAGATGAGAT
TGATCTGAGCGTTCCCTTTGATGAATATGGTCTCGAT
TCTTCTATGGCAGTTGCTTTGATCGCTGATCTAGAGG
ATTGGTTACGACGAGATTTACATCGCACCCTGATCTA
CGATTATCCAACTCTAGAAAAGTTGGCTAAACAGGTT
AGTGAACCCTGACATTTTTATAAAGTTTGTGCTTAAA
AATTTTGAGGAAGTTCTAAAATGACAAATTATGGCAA
ATCTATGTCTCATTACTATGATCTAGTGGTAGGACAT
AAAGGTTATAACAAAGATTACGCCACTGAAGTAGAAT
TCATTCACAATTTAGTTGAGACTTACACAACTGAAGC
CAAATCTATCCTATACTTGGGCTGTGGTACGGGTTAT
CATGCCGCTCTTTTAGCACAGAAAGGGTATTCTGTAC
ATGGTGTTGATCTCAGTGCTGAAATGTTAGAGCAGGC
TAAAACTCGCATTGAAGATGAAACAATAGCTTCTAAT
CTGAGTTTTTCTCAAGGAAATATTTGTGAAATCCGTT
TAAATCGTCAGTTTAATGTTGTTCTTGCTCTATTTCA

TGTGGTTAACTATCAAACGACCAATCAAAATTTACTG
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GCAACGTTTGCAACGGTTAAAAACCATTTAAAAGCTG
GGGGGATTTTTATTTGTGATGTGTCCTATGGGTCTTA
CGTACTGGGGGAATTTAAGAGTCGGCCTACGGCATCA
ATATTGCGTTTAGAGGATAATTCCAATGGTAACGAAG
TAACCTATATTAGTGAACTAAATTTTTTAACCCATGA
AAATATAGTGGAAGTTACTCACAATTTATGGGTAACA
AATCAAGAAAATCAACTTCTAGAGAATTCACGGGAAA
CACATCTTCAGCGCTATCTTTTCAAGCCTGAAGTTGA
ATTGTTGGCTGATGCTTGTGAACTAACTGTTCTTGAT
GCGATGCCCTGGCTTGAACAACGTCCTTTGACAAACA
TTCCTTGTCCTTCAGTTTGTTTTGTTATTGGGCATAA
AACAACCCATTCAGCTTAAATTCTGCTAAAAAAAATC
CAACTTACCTTATTCTCTGAAACCACACAAGCCATGA
ATACAATTCAAGATGCCAAGACCGAAAATTACTCAAT
CTTAAATCAGTCAATTCCAAGACCTCTCAAACTGAGT
AATATCCTATTACGATAAGATTTTGCGTTCTCCTTTG
TTTGGAATGTCAGCAGAGGAGTCTCTATATTGGCTAG
AGAAATGTTTATGTCAAGAGCATCAGGGCTTCGATGT
ACAAGTTAAGTATCATCAAAAAATGCTGAAGAATATG
TTACGTTTGACCGATAGTTTGGATTATCTATGGCCAG
TTAACCGTGAAATGCGGCTCATGAAAGCTGGGGGGTC
AATTGAACGGGCGATCACCAATAACATTAAAGCTTTT
CTTCAATTTAAAGAAACTGTAACCGTATTAAATTAGA
AAAACCGCAGTGAGGAATTTGAATGGAACCCATCGCA
ATTATTGGTCTTGCTTGCCGCTTTCCAGGGGCTGACA
ATCCAGAAGCTTTCTGGCAACTCATGCGAAATGGGGT
GGATGCGATCGCCGATATTCCTCCTGAACGTTGGGAT
ATTGAGCGTTTCTACGATCCCACACCTGCCACTGCCA
AGAAGATGTATAGTCGCCAGGGCGGTTTTCTAAAAAA
TGTCGATCAATTTGACCCTCAATTTTTCCGAATTTCT
CCCCTAGAAGCCACCTATCTAGATCCTCAACAAAGAC
TGCTACTGGAAGTCACCTGGGAAGCCTTAGAARATGC
TGCCATTGTGCCTGAAACCTTAGCTGGTAGCCAATCA
GGGGTTTTTATTGGTATCAGTGATGTGGATTATCATC
GTTTGGCTTATCAAAGTCCTACTAACTTGACCGCCTA
TGTGGGTACAGGCAACAGCACCAGTATTGCGGCTAAC
CGTTTATCATATCTGTTTGATTTGCGTGGCCCCAGTT
TGGCCGTAGATACCGCTTGCTCTTCTTCCCTCGTCGC
CGTTCACTTGGCCTGTCAGAGTTTGCAAAGTCAAGAA

TCGAACCTCTGCTTAGTGGGGGGAGTTAATCTCATTT
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-continued
TGTCGCCAGAGACAACCGTTGTTTTTTCCCAAGCGAG
AATGATCGCCCCCGACAGTCGTTGTAAAACCTTTGAC
GCGAGGGCCGATGGTTATGTGCGCTCGGAAGGCTGTG
GAGTAGTCGTACTTAAACGTCTTAGGGATGCCATTCA
GGACGGCGATCGCATTTTAGCAGTGATTGAAGGTTCC
GCGGTGAATCAGGATGGTTTAAGTAATGGACTCACGE
CCCCTAATGGCCCTGCTCAACAGGCGGTGATTCGTCA
GGCCCTGGCAAATGCCCAGGTAAAACCGGCCCAGATT
AGCTATGTCGAAGCCCATGGCACGGGGACAGAATTGS
GGGATCCGATCGAAGTTAAATCTCTGAAAGCGGTTTT
GGGTGAAAAGCGATCGCTCGATCAAACCTGTTGGCTC
GGTTCTGTGAAAACCAACATTGGTCATTTAGAAGCGE
CGGCGGGAATGGCGGGTCTGATTAAAGTCGTTCTCTG
CCTACAACACCAAGAAATTCCCCCTAATCTCCACTTT
CAAACCCTTAATCCCTATATTTCCCTAGCTGACACAG
CTTTTGCGATTCCCACTCAGGCTCAACCCTGGCGGAC
CAAACCCCCTAAGTCTGGTGAAAACGGTGTCGAACGA
CGTTTAGCAGGACTCAGTTCCTTTGGGTTTGGGGEGA
CAAATTCCCATGTGATTCTCAGCGAAGCCCCTGTCAC
CGTTAAAAACAATCAACAAAATGGGCAGAAGT TGATA
GAACGTCCCTGGCATTTGCTGACTTTATCTGCCAAGA
ATGAAGAAGCCTTAAAAGCCTTAGTCCATTGTTATCA
AAAGTATTTAGCTGATCATCATGAAATTCCTCTCGCT
GATGTTTGTTTTACGGCCAATAGTCGGCGATCGCACT
TTAATCATCGTTTAGGAGTAGTGGCTAGAGATCGCTT
AGAAATGTTGCAGAAGTTAGAGAACTTTAGTAACCAA
GAAAGGATGAGAGAACCGAAGAGTATTAACAAAAAAG
ARAAAACCTAAAATTGTTTTTCTATTTGCCGGTCAAGG
TTCTCAATATGTAGGTATGGGTCGTCAACTGTACGAA
ACCCAACCCATCTTTCGCCAAACCTTGGATCGCTGTG
CTGAAATCCTGCGACCCCATTTAGATCAACCCCTCTT
AGAAATTCTTTATCCTGCTGACCCAGAAGCCGAAACA
GCGAGTTTTTACCTAGAGCAGACTGCCTATACCCAAC
CCACTTTATTCGCATTCGAGTATGCCCTAGCACAGTT
ATGGCGTTCCTGGGGAATAGAACCGGCGGCAGTAATT
GGTCACAGTGTCGGTGAATATGTGGCGGCCACCGTTE
CCGGAGCCTTAAGTCTAGAAGAAGGATTAACGCTAAT
TGCCAAACGGGCAAAACTGATGCAGT CTCTCCCCAAG
AATGGGACAATGATCGCCGTTTTTGCCGCAGAAGAGC

GGGTTAAAGCTGTTATTGAGCCTTATAGGACTGATGT
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AGCGATCGCTGCTGTTAATGGACCAGAAAATTTTGTT
ATTTCAGGAAAAGCGCCGATTATTGCTGAGATTATCA
TTCATTTAACGGCAGCAGGAATAGAAGTTCGTCCTCT
CAAAGTTTCCCATGCTTTTCACTCGCACCTGTTGGAG
CCAATTTTAGATTCCTTAGAACAGGAAGCTGCTGCTA
TTTCCTACCAACCCCTGCAAATTCCCTTAGTTGCTAA
TTTAACGGGGGAAGT TC TACCAGAAGGAGCAACGATT
GAGGCTCGTTACTGGCGAAATCATGCACGCAACCCTG
TACAATTTTATGGGAGTATCCAAACGCTGATCGAGCA
GAAATTCAGTCTTTTTTTAGAAGTTAGCCCTARACCG
ACTTTATCTCGATTGGGTCAACAATGTTGTCCAGAAA
GATCGACCACTTGGCTATTTTCCCTCGCCCCTCCTCA
AGAAGAAGAACAAAGCCTACTAAATAGTTTGGCGATT
CTCTATGATTCCCAAGGAGCCGAAATAAACTGGGAAG
GGTTTAATCAAAATTATCCCCACCATTTACTGGCTCT
ACCGACCTATCCTTTTCAACGTCAACGCTATTGGCTT
GAAACCGGTAAACCGACTTCTGAAGAAACAACCATGA
CGACCAATGCCACTAATGTCCAAGCTATCTCCAGCCA
TCAAAAACAACAGGAGATTCTAATCACATTGCAAACC
CTAGTGGGAAATTTACTGCAATTGTCCCCTGCTGATG
TCAATGTTCATACACCTTTCCTGGAGATGGGGGCAGA
TTCCATTGTCATGGT TGAGGCGGTCAGACGGATTGAG
AATACCTATAACGTTAAAATTGCTATGCGTCAGTTAT
TTGAGGAGTTATCTACT TTAGATGCTTTAGCTACTTA
TTTAGCTCAAAATCCGGCTACTGATTGCCARACTGCT
CAAATTAATACCGAGGTGTTTTCTGCGCCCATTGCCT
GCTCAAATAACCGATCGCCCAATGTCGTGCTGAGTTC
TAATACCAACGGCTTTCAACGTCAAACAGCTTCTCCA
GGTTTTTCGGCGATCGCCCCCCTTGCAGGAATGGGAG
GAGCAGGGGAAATGGGAGGAGTTGAAGTGCCTCAAGT
TTCTGTGCCACAAACCAGTGCGGTAACAGCCTCAGGT
TCAACCGTTTCTAGTTCTGCCCTGGAAAACATTATGE
GTCAACAGTTACAACTGATGGCCAAACAGTTAGAAGT
CTTGCAAACGGCCAATTTTGCCCCGACGACTCCCCGA
ACCACAGAAAATTCCCCATCTTCCGTCAGTCAAAATA
GGTCAAACGGACTTACACAACAGTTAATTCCCCCCCA
GCAATTAGCGGCGAACCTAGAGCCAATAGCCAGTCGC
ACCCGTCAAACCAGCAATCAAGCTTCTGCTCCTAAAC
CGACAGTAACAGCCACTCCCTGGGGGCCGARARAACT
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CTAGAGGCATTAATTGCTCGCTTTACGGAACGTACCA
ARACCTCTAAGCAAATTGTGCAAAGCGATCGCCTGCG
TTTAGCAGATAGTCGAGCCTCGGTCGGATTCCGTATG
TCTATTAAAGAGATGCTTTATCCCATTGTGGCCCAAC
GTTCTCAAGGATCAAGAATTTGGGATGTGGACGGTAA
TGAATATATTGATATGACGATGGGGCAAGGGGTAACG
CTGTTTGGGCATCAACCAGACTTCATTATGTCGGCCC
TACAAAGCCAACTCACTGAAGGCATTCATCTCAATCC
GCGATCGCCAATTGTGGGAGAAGTGGCCGCCTTAATT
TGTGAACTAACAGGAGCCGAACGAGCTTGTTTTTGCA
ACTCTGGAACCGAAGCCGTAATGGCCGCTATTCGTAT
CGCCAGGGCAACAACAGGTCGGAGTAAAATTGCCCTC
TTTGAAGGCTCCTATCATGGACATGCGGACGGAACCT
TTTTTAGGAACCAAATTATTGATAACCAACTCCACTC
TTTTCCCCTAGCTCTAGGCGTTCCCCCCAGCCTTAGT
TCCGATGTGGTGGTATTGGACTATGGCAGTGCGGAAG
CTCTGAACTATTTACAAACCCAGGGGCAGGATTTAGC
GGCGGTCTTAGTAGAACCAATTCAAAGTGGCAATCCT
CTACTCCAACCCCAACAATTTCTCCAAAGTCTGCGAC
AAATTACCAGTCAAATGGGCATTGCCCTGATTTTTGA
TGAAATGATTACGGGTTTTCGATCGCACCCAGGGGGA
GCGCAAGCTTTATTTGGAGTACAGGCGGATATTGCCA
CCTATGGCAAAGTAGTTGCGGGAGGAATGCCCATTGG
AGTTATTGCAGGTAAGGCCCATTATCTGGACAGCATT
GACGGGGGAATGTGGCGTTATGGCGATARATCCTATC
CTGGGGTGGACAGAACCTTTTTTGGGGGAACCTTTAA
TCAGCATCCGTTAGCAATGGTAGCGGCTAGGGCTGTC
CTGACCCATTTAAAGGAGCAGGGGCCAGGTCTGCAAC
AACAATTAACTGAACGCACTGCGGCCTTAGCCGATAC
ACTGAATCATTATTTTCAAGCCGAAGAAGTTCCTATT
AAAATCGAACAGTTTAGTTCTTTCTTCCGGTTTGCCC
TCTCTGGCAATTTGGATTTACTTTTCTATCACATGGT
AGAAAAAGGTATTTATGTCTGGGAATGGCGTAAACAT
TTTCTTTCAACCGCCCATACGGAAGCCGATCTTGCCC
AATTTGTCCAAGCGGTTAAGGATAGCATCACAGAATT
GCGTCAGGGAGGTTTTATCCCCGCAAAAAAGCCTTCC
TGGCCAGTGCCAACGCCTCAAATTGATCCCCCCCTAR
CCCCCCTTGATAAGGGGATTGATCCCCCCCTAACCCC
CCTTGATAAGGGGATTGATCCCCCCCTAACCCCCCTT

GATAAGGGGGGAGATGTTGATGTCGCGCTTGATAAGG
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GAGGAAATTCTCATTCTGT TAGGGACAGTAAGTTAGG
GAAAGGGAGCGGGTCTCAAGACCAAAAAACGATACAG
TTTAGCCTCTACTACTTTGGTAGCTATGAAGCGGAAT
TTAACCCGAATAAATATAACTTACTGTTTGAAGGAGC
TAAATTTGGCGATCGCGCTGGTTTTACGECCCTTTGE
ATTCCTGAACGTCATTTCCACGCTTTTGGTGGTTTTT
CTCCCAATCCTTCGGTTTTGGCGGCGGCTTTAGCACG
GGAAACCAAACAGATTCAACTGCGATCAGGCAGTGTG
GTTTTACCGCTACATAATTCCATCCGAGTCGCCGAAG
AATGGGCAGTGGTGGACAATCTTTCCCAGGGCCGCGT
TGGTATTGCTTTTGCATCGGGTTGGCATCCCCAGGAT
TTTGTCTTGGCTCCCCAGTCCTTTGGCCAACATCGEE
AATTGATGTTCCAAGAAATTGAAACCGTCCAGAAACT
TTGGCGAGGGGAAGCGATCACCGTGCCAGACGGARAG
GGTCAAAGGGTAGAGGTTAAAACCTATCCCCAACCGA
TGCAGTCCCAGTTACCCAGCTGGATTACTATTGTCAA
TAATCCCGATACCTATATCAGAGCAGGGGCGATCGGT
GCTAATATCCTTACCAATCTGATGGGGCAAAGCGTGE
AAGATTTAGCCCGTAATATTGCGCTATATCGTCAATC
TTTGGCAGAGCATGGTTATGATCCCGCGTCGGGAACG
GTGACAGTTCTCCTGCATACTTTTGT TGGCAAGGATT
TAGAACAAGT TCGAGAACAGGCTCGCCAACCCTTTGE
GCAATACCTCACCTCCTCTGTCGGACTCTTGCAGAAC
ATGGTCAAGAGCCAGGGCATGAAAGTGGATTTTGAAC
AATTAAGAGACGAAGATCGGGACTTTCTCCTCGCTTC
TGCCTATAAACGCTATACAGAAACCAGTGCTTTAATT
GGCACACCCGAATCCTGTCGTCAAATTATTGATCATT
TGCAGTCCATCGGTGTGGATGAAGTGGCTTGT TTTAT
TGATTTTGGGGTAGATGAACAAACAGTTTTGGCCAAT
TTACCCTATCTCCAGTCCCTAAAAGACTTATATCAAC
CTCATCTCCCCCCTTATCAAGGGGGGTTAGGGGGGGA
TCAATCCCCTTATCAAGGGGGGT TAGGGGGGGATCAA
TCCCCTTATCAAGGGGGGT TAGGGGGTGATCAATCCC
CTTATCAAGGGGGGT TAGGGGGTGATCAATCCCCTTA
TCAAGGGGGGTTAGGGGGGGATCAATCCCCTTATCAA
GGAGAGTTAGGGGGGGATCAATCCCCTTATCAAGGGS
GGTTAGGGGGGGATCAAGT CCCTCTCACCGAAGCCCA
ACGACAACTGTGGATTTTGGC TCAATTAGGAGACAAC
GGCTCTGTGGCCTATAACCAATCAGTGACATTGCAAT

TAAGTGGCCCATTAAATCCCGTCGCAATGAATCAAGC
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TATTCAACAAATCAGCGATCGCCATGAAGCGTTACGA
ACCAAAATTAATGCCCAGGGAGATAGTCAAGARATCC
TGCCCCAGGTCGAAATTAACTGCCCTATCTTAGACTT
CAGTCTTGACCAAGCTTCGGCCCAACAGCAAGCAGAA
CAATGGTTAAAGGAAGAAAGTGAAAAACCCTTTGATT
TGAGCCAGGGTTCTCTCGTGCGTTGGCATCTACTCAA
ATTAGAACCAGAATTACATTTGTTAGTATTAACGGCC
CATCACATTATCAGTGACGGTTGGTCAATGGGGGTAA
TCCTTCGGGAATTAGGAGAGTTATATTCAGCCARATG
TCAGGGTGTTACGGCTAATCTTAAAACCCCAAAACAG
TTTCGAGAATTGATTGAATGGCAAAGCCAGCCAAGCC
AAGGGGAAGAACTGAAAAAACAGCAAGCCTATTGGTT
AGCAACCCTTGCCGATCCCCCTGTTTTGAATTTACCC
ACTGACAAACCTCGTCCAGCTTTACCCAGTTACCAAG
CTAATCGTCGAAGTCTAACTTTAGATAGCCAATTTAC
AGAAAAACTAAAGCAATTTAGTCGTAAACAGGGCTGT
ACCTTGCTGATGACCCTGTTATCGGTTTATAACATTC
TCGTTCATCGTTTGACGGGACAGGATGATATTCTGGT
GGGTCTGCCAGCCTCTGGACGGEGGC TTTTAGATAGT
GAAGGTATGGTGGGTTATTGCACCCATTTTTTACCAA
TTCGCAGTCAATTAGCAGGTAATCCCACTTTTGCTGA
ATATCTCAAACAAATGCGGGGGGTTTTGTTGTCGGCT
TATGAACATCAGGACTATCCCTTTGCTCTTTTGCTCA
ATCAGTTAGATTTACCGCGTAATACCAGTCGCTCTCC
TTTAATTGATGTCAGTTTCAATTTAGAACCAGTTATT
AACCTACCCAAAATGAAAGGATTAGAGATTAGTTTGT
TGCCTCAAAGTGTAAGT TTTAAGGAT CGAGATTTGCA
TTGGAATGTGACAGAAATGGGTGGAGAAGCTCTGATT
GATTGTGACTACAATACAGACTTATTTAAAGATGAAA
CGATTCAGCGTTGGT TAGGCCATTTTCAAACCTTACT
TGAGGCAGTTATTAATGATTCGCAACAAAATCTGCGG
GAATTACCCTTATTAAGTTCTGCTGAACGACAACAGT
TATTAGTGGATTGGAATCAAACCAAGACCGACTATCC
CCAAGATCAGTGTATTCATCAATTATTTGAAGCGCAA
GTTGAACGGACTCCCGATGCGATTGCGGTGGTATTTG
AAACTCAACAATTAACTTACAGTGAATTAAATTGTCG
AGCCAATCAGTTAGCACATTATTTACAAAAATTAGGA
GTTGGGCCAGAGGTCTTAGTCGGTATTTTGGTCGAAC
GTTCTTTAGAAATGATTGTCGGATTGTTAGGGATTCT

CAAGGCTGGGGGAGCCTATGTACCTCTTGATCCTGAC
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TATCCCCCTGAACGTCTTCAATTTATGTTAGAAGATA
GTCAATTTTTTCTCCTCTTAACCCAACAGCATTTACT
GGAATCTTTTGCTCAGTCTTCAGAAACGGCTACTCCC
AAGATTATTTGTTTGGATAGCGACTACCAAATTATTT
CCCAGGCAAAGAATATTAATCCCGAAAATTCAGTCAC
AACGAGTAATCTTGCCTATGTAATTTATACCTCTGGT
TCGACAGGTAAACCGAAGGGCGTGATGAATAATCATG
TTGCTATTAGTAATAAATTGTTATGGGTACAAGACAC
TTATCCTCTAACCACAGAAGACTGTATTTTACAAAAA
ACTCCCTTTAGTTTTGATGTTTCAGTGTGGGAATTAT
TCTGGCCCCTACTAAACGGAGCGCGTTTGGTTTTTGC
CAAGCCGAATGGCCATAAAGATGCCAGTTACTTAGTC
AATCTGATTCAAGAGCAACAAGTAACAACGCTACATT
TTGTGTCTTCTATGCTACAGCTTTTTCTGACAGAAAA
AGACGTAGAAAAATGTAATAGTCTTAAACGAGTCATT
TGTAGTGGTGAAGCCCTTTCTTTAGAGCTTCAAGAAC
GTTTTTTTGCTCGTTTAGTCTGTGAATTACACAATCT
TTATGGACCGACAGAAGCCGCTATTCATGTCACATTT
TGGCAATGTCAATCAGATAGCAATTTGAAAACAGTAC
CCATTGGTCGGCCGATCGCTAATATCCAAATTTACAT
TTTAGACTCTCATCTTCAGCCAGTACCTATTGGAGTA
ATCGGAGAATTGCACATTGGTGGGETTGGTTTGGCGC
GGGGTTATTTAAACAGGCCTGAGTTAACGGCGGAGAA
ATTTATTGCAAATCCGTTTGCTTCCCTTGATCCCCCC
CTAACCCCCCTTGATAAGGGGGGAGATGAGAGCTATA
AAACTTTTAAAAAGGGGGGAGAGCAACCATCAAGATT
GTATAAAACGGGAGATTTAGCTCGTTATTTACCCGAT
GGCAAGATTGAGTATCTAGGGCGCATTGATAATCAGG
TAAAAATTCGCGGTTTCCGGATTGAATTGGGGGARAT
TGAAGCGGTTTTGCTATCCCATCCCCAGGTACGAGAA
GCGGTCGTTTTGGTGAGCGAAAGCGATCGCTCTGAAA
ATCGGGCTTTGGTCGCTTATATTGTCCCTAATGATCC
TGCTTGTACGACTCAATCATTACGAGAGTTTGTTAAA
CGGCAGCTTCCTGACTATATGATCCCAGCTTATTGGC
TGATCCTTGACAATTTACCGTTAACCAGCAATGGCAA
AATTGATCGTCGGGCTTTACCGTTACCTAATCCAGAG
TTAAATCGTTCGATAGACTATGTGGCTCCCAAAAATC
CTACCCAGGAGGCGATCGCCGCTATTTTTGGTCAAGT
TTTAAAACTGGAAAAAGTGGGAATTTATGATAACTTT

TTTGAGATCGGCGGTAATTCTTTGCAAGCCACTCAAG
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TTATTTCACGCTTACGAGAAAGTTTTGCCCTAGAGTT
GCCCTTGCGTCGCCTGTTTGAACAACCGACTGTGGCE
GATTTGGCTTTAGCCGTAACGGACATTCATGCCACTT
TACAAAAATTACAAACCCCTATTGATGATTTATCAGG
CGATCGCGAGGAGATTGAACTATGAAATCTATTGARA
CCTTTTTGTCAGATTTAGCCAATCAAGATATTAAACT
CTGGATGGACGGCGATCGCCTGCGTTGTAATGCACCC
CAGGGCCTATTAACCCCAGAGATTCAAACAGAACTGA
ARAACCGTAAAGCAGAAATCATTCACTTTCTCAATCA
ACTGGGTTCAGAGGAGCAAATTAATCCTAGAACGATT
CTTCCCATTCCTCGTGATGGCCAATTACCCCTCTCCT
TTGCCCAGTCGCGACTCTGGTTCTTGTATCAATTAGA
AGGAGCCACGGGAACCTATAACATGACAGGGGCCTTG
AGTTTAAGCGGGCCTCTTCAGGTCGAAGCCCTCARAC
AAGCCCTAAGAACTATCATTCAACGCCATGAGCCATT
GCGTACCAGTTTCCAATCGGTTGACGGGGTTCCAGTG
CAGGTGATTAATCCCTATCCTGTTTGGGAATTAGCGA
TGGTTGATTTGACAGGAAGGAGACAGAAGCAGAAAAA
ATTGGCCTATCAGGAATCCCAAACCCCGTTTGATTTG
ACCAATAGTCCTTTGTTGAGGGTAACGCTCCTCAAAT
TACAGCCAGAAAAGCATATTTTATTAATTAATATGCA
CCATATTATTTCCGATGGCTGGTCAATCGGTGTTTTT
GTTCGTGAATTGTCCCATCTCTATAGGGCTTTTGTGE
CGGGTAAAGAACCAACTTTACCGATTTTACCAATTCA
GTATGCGGATTTTGCCGTTTGGCAGCGAGAGTGGTTA
CAGGGTAAGGTTTTAGCGGCTCAATTGGAATATTGGA
AGCGACAATTGGCAGATGCTCCTCCTCTGCTGGAACT
GCCCACTGATCGCCCTCGTCCCGCAATCCARACCTTT
CAAGGCAAGACAGAAAGATTTGAGCTAGATAGGAAAC
TGACCCAAGAATTAAAGGCATTAAGT CAACAGTCGGG
TTGTACTTTATTTATGACTTTGTTGGCCGCTTTTGGG
GTGGTTTTATCCCGTTATAGTGGCCAGACTGATATCG
TCATTGGTTCGGCGATCGCCAACCGTAATCGCCAAGA
CATTGAGGGGTTAATTGGCTTTTTTGTTAACACTTTG
GCGTTGAGGTTAGATTTATCAGAAAAACCCAGCTTTG
CCGCTTTTTTAAAACAAGTACAGGAAGTCACTCAGGA
TGCCTATGAGCATCAAGACTTGCCCTTTGAAATGTTA
GTGGAAGAATTACAACTAGAGCGCAAATTAGACCGAA
ATCCTTTGGTACAGGTGATGTTTGCCCTACAARATGC

GGCCAATGAAACCTGGAATTTACCTGGGTTGACCATT
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GAAGAAATGTCTTGGGAACTTGAACCTGCCCGTTTTG
ACCTAGAGGTTCATTTATCAGAAGTTAACGCCGGCAT
AGCTGGATTCTGTTGCTACACCATTGATCTATTTGAT
GATGCAACGATCGCCCGTCTATTGGAACATTTTCAGA
ATCTTCTCAGGGCAATTATTGTTAATCCTCAAGAATC
GGTAAGTTTATTACCCTTGTTGTCAGAACAGGAAGAA
AAGCAACTTTTAGTTGATTGGAATCAAACCCAAGCCG
ATTATCCCCAAGATAAGCTTGTCCATCAGTTATTTGA
AGTTCAAGCAGCCAGTCAGCCAGAAGCGATCGCTCTA
ATCTTTGAAAATCAGGTTTTGACCTATGGAGAATTAA
ACCATCGCGCCAATCAATTAGCTCACTATCTTCAGTC
GTTAGGAGTCACCAAAGAACAAATCGTCGGGGTTTAT
CTGGAACGTTCCCTTGAAATGGCGATCGGATTTTTAG
GTATTCTCAAAGCAGGAGCCGCCTATCTCCCCATTGA
TCCTGAATATCCCTCAGTACGCACCCAATTTATTCTC
GAAGATACCCAACTTTCGCTTCTCTTAACTCAGGCAG
AACTGGCAGAAAAACTGCCCCAGACTCAAAACAAAAT
TATCTGTCTAGATCGGGACTGGCCAGAAATTACCTCC
CAACCCCAGACAAACCTAGACCTAAAGATAGAACCTA
ATAACCTAGCCTATTGCATCTATACTTCTGGTTCCAC
AGGACAACCCAAAGGAGTACTGATTTCCCATCAAGCC
CTACTCAACTTAATTTTCTGGCATCAACAAGCGTTTG
AGATTGGCCCCTTACATAAAGCGACCCAAGTGGCAGE
CATTGCTTTCGATGCAACGGTTTGGGAATTGTGGCCC
TATCTGACCACAGGAGCCTGTATTAATCTGGTTCCCC
AAAATATTCTGCTCTCACCGACGGATTTACGGGATTG
GTTGCTTAACCGAGAAATTACCATGAGT TTTGTGCCA
ACTCCTTTAGCTGAAAAATTATTATCCTTGGATTGGC
CTAACCATTCTTGTCTAAAAACCCTGTTACTGGGAGE
TGACAAACTTCATTTTTATCCTGCTGCGTCCCTTCCC
TTTCAGGTCATTAACAACTATGGCCCAACGGAAAATA
CAGTGGTTGCGACCTCTGGACTGGTCAAATCATCTTC
ATCTCATCACTTTGGAACTCCGACTATTGGTCGTCCC
ATTGCCAACGTCCAAATCTATTTATTAGACCAAAACC
TACAACCTGTCCCCATTGGTGTACCAGGAGAATTACA
TTTAGGTGGGGCGGGTT TAGCGCAGGGCTATCTCAAT
CGTCCTGAGT TAACGGC TGAAAAATTTATTGCCAATC
CCTTTGATCCCCCCCTAACCCCCCTTGATAAGGGGEE
AGAAGAACCCTCAAAACTCTATAAAACGGGAGACTTA

GCCCGTTATTTACCCGATGGCAATGTAGAATTTTTGG
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GACGTATTGACAATCAGGTAAAAATTCGGGGTTTTCG
CATCGAAACTGGGGAAATCGAAGCCGTTTTAAGTCAA
TATTTCCTATTAGCTGAAAGTGTAGT CGTTGCCAAGG
AAGATAATACTGGGGATAAACGCCTCGTGGCTTATTT
GGTTCCCGCCTTGCAAAATGAGGCCCTACCAGAGCAA
TTAGCCCAATGGCAAAGTGAATACATCAGTGATTGGC
AAAGTCTCTATGAAAGAACCTATAGTCAAGGGCAAGA
CAGCCTAGCTGATCTCACTTTTAATATCACGGGTTGG
AATAGCAGTTATACTCGTCAACCCCTTCCTGCTTCAG
AAATGCGAGAGTGGGTCGAAAACACTGT TAGTCGCAT
CTTGGCTTTCCAACCAGAACGCGGTTTAGAAATTGGT
TGTGGTACAGGTTTGTTACTCTCCAGGGTAGCARAGC
ATTGTCTTGAATATTGGGCAACGGATTATTCCCAAGG
GGCGATCCAGTATGTTGAACGGGT TTGCAATGCCGTT
GAAGGTTTAGAACAGGTTAAATTACGCTGTCAAATGE
CAGATAATTTTGAAGGTATTGCCCTACATCAATTTGA
TACCGTCGTCTTAAATTCGATTATTCAGTATTTTCCC
AGTGTGGATTATCTGTTACAGGTGCTTGAAGGGGCGA
TCAACGTCATTGGCGAGCGAGGTCAGATTTTTGTCGG
GGATGTGCGGAGTTTACCCCTATTAGAGCCATATCAT
GCGGCTGTGCAATTAGCCCAAGCTTCTGACTCGAAAA
CTGTTGAACAATGGCAACAACAGGTGCGTCAAAGTGT
AGCAGGTGAAGAAGAACTGGTCATTGATCCCACATTG
TTCCTGGCTTTAAAACAACATTTTCCGCAAATTAGCT
GGGTAGAAATTCAACCGAAACGEGGTGTGGCTCACAA
TGAGTTAACTCAATTTCGCTATGATGTCACTCTCCAT
TTAGAGACTATCAATAATCAAGCATTATTGAGCGGCA
ATCCAACGGTAATTACCTGGTTAAATTGGCAACTTGA
CCAACTGTCTTTAACACAAATTAAAGATAAATTATTA
ACAGACAAACCTGAATTGTGGGGAATTCGTGGTATTC
CTAATCAGCGAGTTGAAGAGGCTCTAAAAATTTGGGA
ATGGGTGGAAAATGCCCCTGATGTTGAAACGGTTGAA
CAACTCAAAAAACTTCTCAAACAACAAGTAGATACTG
GTATTAATCCTGAACAGGTTTGGCAATTAGCTGAGTC
TCTCGGTTACACCGCTCACCTTAGTTGGTGGGARAGT
AGTCAAGACGGTTCCTTTGATGTCATTTTTCAGCGGA
ATTCAGAAGCGGAGGACTCAAAAAAATTAACCCTTTC
AAAACTTGCTTTCTGGGATGAAAAACCCTTTAAAATA
AAGCCCTGGAGTGACTATACTAACAACCCTCTGCGCG

GTAAGTTAGTCCAAAAATTAATTCCTAAAGTACGAGA
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ATTTCTGCAAGAAAAACTACCCAGTTATATGGTTCCC
CAGGCGTTTGTGCTGCTTGATTCCCTTCCTTTGACCC
CCAATGGTAAGGTGGATCGTAAGGCGTTACCTTCTCC
TGATGCGGCGACTCGTGATTTAGCGAACAGTTTTGTC
TTACCCCGCAATCCGATTGAAGCTCAACTGACTCAAA
TTTGGAGTGAAGTTTTGGGACTGGAACGCATTGGCGT
TAAGGACAACTTTTTTGAATTGGGAGGACATTCTCTT
TTGGCTACCCAGGTTTTATCAAGAATTAATTCAGCCT
TTGGACTTGATCTTTCTGTGCAAATTATGTTTGAATC
ACCAACGATCGCGGGCATTGCGGGTTATATTCAAGCG
GTAGATTGGGTCGCCCAGGAT CAAGCCGATAGCTCGT
TAAATCATGAAAATACTGAGGTAGTGGAGTTCTAAGT
TATGACGAAAAAGATTGTTGAATTTGTCTGTTATCTA
CGGGATTTAGGCATTACTTTAGAAGCTGATGARAACC
GCTTACGCTGTCAGGCTCCCGAAGGAATTTTGACCCC
AGCACTCCGTCAAGAAATTGGCGATCACAAACTGGAA
TTATTACAATTTTTACAATGGGTCAAACAGTCTAAAA
GTACCGCTCATTTGCCTATTAAACCTGTCGCTAGAGA
CGGTCATTTACCCCTGTCTTTTGCTCAACAACGTTTA
TGGTTTTTACATTATCTTTCCCCTGATAGTCGTTCCT
ACAATACCCTGGAAATATTGCAAATTGATGGGAATCT
CAATCTGACTGTGCTAGAGCAGAGTTTGGGGGAATTA
ATTAACCGCCATGAAATTTTTAGAACAACATTCCCCA
CTGTTTCAGGGGAACCGATTCAGAAAATTGCACTTCC
TAGTCGTTTTCAGTTAAAAGTTGATAATTATCAAGAT
TTAGACGAAAATGAACAATCAGCTAAAATTCAACAAG
TAGCAGAATTGGAAGCAGGACAAGCTTTTGATTTAAC
GGTGGGGCCACTGATTCAGTTTAAGCTATTGCAATTG
AGTCCCCAGAAGTCGGTGCTGCTGTTGAAAATGCACC
ATATTATCTATGATGGCTGGTCTTTTGGGATTCTGAT
TCGGGAATTATCGGCTCTATACGAAGCATTTTTARAG
AACTTAGCCAATCCTCTCCCTGCGTTGTCTATTCAGT
ATGCAGATTTTGCGGTTTGGCAACGTCAATATCTCTC
AGGTGAGGTCTTAGATAAACAACTCAATTATTGGCAA
GAACAGTTAGCAACAGTCTCTCCTGTTCTTACTTTAC
CAACGGATAGACCCCGTCCGGCGATACARACTTTTCA
GGGAGGAGTTGAGCGTTTTCAACTGGATCARAATGTC
ACTCAAGGTCTTAAAAAGTTAGGTCAAGATCAGGTTG
CAACCCTGTTTATGACGTTGTTGGCCGGTTTCGGCGT

TTTGCTATCTCGTTATAGTGGTCAATCTGATCTGATG
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GTGGGTTCTCCGATCGCTAATCGTAATCAAGCAGCGA
TCGAACCTTTAATTGGCTTTTTTGCTAACACTTTGGC
TTTAAGAATTAATTTATCAGAAAATCCCAGTTTTTTA
GAATTATTAGAACAAGTTAAACAGACAACTTTAGAGE
GTTATGCTCACCAAGACCTACCCTTTGAGATGTTAGT
AGAAAAGCTACAACTTGACCGTGATTTGAGCAGAAAT
CCTTTAGTACAAGTCATGTTTGCGCTACAAAATACCT
CTCAAGATACTTGGAATCTTTCGGGTTTAAGTATTGA
AAGTTTATCTTTATCAGTGGAAGAAACTGTCAGATTT
GATCTAGAAGTAAACTGCTGGCAAAATTCAGAAGGTT
TAGCAATAGATTGGATTTACAGCAGAGATTTATTTGA
CACTGCAACAATTGCAAGAATGGGAGAACATTTTCAA
AATTTAGTTCAGGCAATCATACTCAATCCAAAAGCTA
CAGTTAAAGAACTTCCTTTATTAACACCCAAGGAACG
TGAGCAATTATTAATATCTTGGAATAATAGCAAGACT
GATTATCCTCAAGAGCAGTGTATTTATCAATTATTTG
AAGCACAAGTTGAACGGACTCCAAAGGCGATCGCAGT
GGTATTTGAGGAGCAATCATTAACATACACTGAATTA
AACCATCGCGCTAATCAGTTAGCCCATTATTTACAAA
CTTTAGGCGTGGGAGCAGAAGT CTTAGTCGGTATTTC
CCTAGAACGTTCTTTAGAGATGATTATCGGCTTATTA
GGGATTCTCAAGGTAGGTGGTGCTTATCTTCCTCTTG
ATCCAGACTATCCCACTGAGCGTCTTCAGTTGATGTT
AGAAGACAGTCAAGTTCCTTTTTTGATTACCCACAGT
TCTTTATTAGCAAAATTGCCTCCCTCTCAAGCAACTC
TGATTTGTTTAGATCATATCCAAGAGCAGATTTCTCA
ATATTCTCCAGATAATCTTCAATGTCAGTTAACTCCT
GCCAATTTAGCTAACGTTATTTATACCTCTGGCTCTA
CGGGTAAGCCTAAAGGGGTGATGGTTGAACATARAGE
TTTAGTTAACTTAGCTCTTGCTCAAATTCAATCTTTT
GCAGTCAACCATAACAGTCGTGTGCTGCAATTTGCTT
CTTTTAGTTTTGATGCTTGTATTTCAGAAATTTTGAT
GACCTTTGGTTCTGGAGCGACGCTTTATCTTGCACAA
AAAGATGCTTTATTGCCAGGTCAGCCATTAATTGAAC
GGTTAGTAAAGAATGGAATTACTCATGTGACTTTGCC
GCCTTCAGCTTTAGTGGTTTTACCCCAGGAACCGTTA
CGCAACTTAGAAACCTTAATTGTGGCGGGTGAGGCTT
GTTCTCTTGATTTAGTGAAACAATGGTCAATCGATAG
AAACTTTTTCAATGCCTATGGGCCAACGGAAGCGAGT

GTTTGTGCCACTATTGGACAATGTTATCAAGATGATT
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TAAAGGTGACGATTGGTAAGGCGATCGCCAATGTCCA
AATTTATATTTTAGATGCCTTTTTACAGCCGGTGCCG
GTGGGAGTGTCAGGAGAGT TATACATTGGTGGAGTTG
GGGTGGCAAGGGGCTATTTAAATCGTCCTGAATTAAC
CCAAGAAAAATTTATTGCTAATCCTTTTAGTAACGAC
CCAGATTCTCGGCTCTATAAAACTGGCGACTTAGCGC
GTTATTTACCCGATGGTAATATTGAATATTTAGGACG
CATTGACAATCAGGTAAAAATTCGCGGTTTTCGCATT
GAGTTAGGAGAAATTGAAGCGGTTCTGAGTCAATGTC
CCGATGTGCAAAATACGGCGGTGATTGTCCGCGAAGA
TACTCCTGGCGATAAGCGCTTAGTTGCCTATGTGGTT
CTTACTTCTGACTCCCAGATAACTACTAGCGAACTGC
GTCAATTTTTGGCGAATCAATTACCCGCCTATCTTGT
TCCTAATACCTTTGTTATTTTAGATGATTTGCCCCTA
ACCCCCAGTGGCARATGCGATCGCCGTTCCTTACCTA
TACCCGAAACACAAGCGTTATCAAATGACTATATTGC
CCCTAAATCTCCCACTGAAGAAATTCTGGCTCAAATA
TGGGGGCAAGTTCTCAAGATAGAAAGAGTCAGCAGAG
AAGATAATTTCTTTGAATTGGGGGEGCATTCCCTTTT
AGCTACCCAGGTAATGTCCCGTCTGCGTGARACTTTT
CAAGTCGAATTACCTTTGCGTAGTCTCTTTACCGCTC
CCACTATTGC TGAATTGGCCCTAACAATTGAGCAATC
TCAGCAAACCATTGCTGCTCCCCCCATCCTAACCAGA
AACGACAGTGCTAACCTCCCGTTATCTTTTGCTCAAC
AACGTTTATGGTTTCTGGATCAATTAGAACCTAACAG
CGCCTTTTATCATGTAGGGGGAGCCGTAAGACTAGAA
GGAACATTAAATATTACTGCCTTAGAGCAAAGCTTAA
AAGAAATTATTAATCGTCATGAAGCTTTACGCACAAA
TTTTATAACGATTGATGGTCAAGCCACTCAAATTATT
CACCCTACTATTAATTGGCGATTGTCTGTTGT TGATT
GTCAAAATTTAACCGACACTCAATCTCTGGAAATTGC
GGAAGCTGAAAAGCCCTTTAATCTTGCTCAAGATTGC
TTATTTCGTGCTACTTTATTCGTGCGATCACCGCTAG
AATATCATCTACTCGTGACCATGCACCATATTGTTAG
CGATGGCTGGTCAATTGGAGTATTTT TTCAAGAACTA
ACTCATCTTTACGCTGTCTATAATCAGGGTTTACCCT
CATCTTTAACGCCTATTAAAATACAATATGCTGATTT
TGCGGTCTGGCAACGGAATTGGT TACAAGGTGAAATT
TTAAGTAATCAATTGAATTATTGGCGCGAACAATTAG

CAAATGCTCCTGCTTTTTTACCTTTACCGACAGATAG
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ACCTAGGCCCGCAATCCAAACTTTTATTGGTTCTCAT
CAAGAATTTAAACTTTCTCAGCCATTAAGCCAAAAAT
TGAATCAACTAAGTCAGAAGCATGGAGTGACTTTATT
TATGACTCTCCTGGCTGCTTTTGCTACCTTACTTTAC
CGTTATACAGGACAAGCAGATATTTTAGTTGGTTCTC
CTATTGCTAACCGTAATCGTAAGGAAATTGAGGGATT
AATCGGCTTTTTTGTTAATACATTAGTTCTGAGATTG
AGTTTAGATAATGATTTAAGTTTTCAAAATTTGCTAA
ACCATGTTAGAGAGGTTTCTTTAGCAGCCTACGCCCA
TCAAGATTTACCTTTTGAAATGTTAGTAGAAGCACTA
CACCCTCAACGAGATCTCAGTCATACCCCTTTATTTC
AGGTAATGTTTGTTTTGCAAAATACACCAGTGGCTGA
TCTAGAACTTAAAAATGTAAAGGTTTGTCCTCTACCG
ATGGAAAATAAGACTGCTAAATTTGATTTAACCTTAT
CAATGGAGAATCTAGAGGAAGGATTGATTGGGGTTTG
GGAATATAACACCGATCTATTTAATGGCTCAACCATT
GAGCGAATGAGTGGACATTTTGTCACTTTGTTAGAAG
ATATTGTTGCCGCTCCAACGAAGTCAGTTTTACGGTT
GTCTTTGCTGACGCAAGAGGAAAAACTGCAATTATTG
ATTAAAAATCAGGGTGTTCAAGTTGATTATTCTCAAG
AGCAGTGCATCCATCAATTATTTGAAGCGCAAGTTGA
ACGGACTCCCGATGCGATTGCGGTGGTATT TGAGGAG
CAATCATTAACCTATGCTGAATTAAATCATCAAGCTA
ATCAGTTAGTCCATTACTTACAAACTTTAGGAATTGG
GCCAGAGGTCTTAGTCGCTATTTCAGTAGAACGTTCT
TTAGAAATGATTATCGGCTTATTAGCCATTCTCAAGG
CGTGTGGTGCTTATCTCCCTCTTGCTCCTGACTATCC
CACTGAGCGTCTTCAGTTCATGTTAGAAGATAGTCAA
GCTTCTTTTTTGATTACCCACAGTTCTTTATTAGAAA
AATTGCCTTCTTCTCAAGCGACTCTAATTTGTTTAGA
TCACATCCAAGAGCAGATTTCTCAATATTCTCCCGAT
AATCTTCAAAGTGAGTTAACTCCTTCCAATTTGGCTA
ACGTTATTTACACCTCTGGCTCTACGGGTAAGCCTAA
AGGGGTGATGGTTGAACATCGGGGCTTAGTTAACTTA
GCGAGTTCTCAAATTCAATCTTTTGCAGTCAAAAATA
ACAGTCGTGTACTGCAATTTGCTTCCTTTAGTTTTGA
TGCTTGTATTTCAGAAATTTTGATGACCTTTGGTTCT
GGAGCGACTCTTTATCTTGCTCAAAAAAATGATTTAT
TGCCAGGTCAGCCATTAATGGAAAGGTTAGAAAAGAA

TAAAATTACCCATGTTACTTTACCCCCTTCAGCTTTA
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GCTGTTTTACCAAAAAAACCGTTACCCAACTTACAAA
CTTTAATTGTGGCGGGTGAGGCTTGTCCTCTGGATTT
AGTCAAACAATGGTCAGTCGGTAGAAACTTTTTCAAT
GCCTATGGCCCGACAGAAACGAGTGT TTGTGCCACGA
TTGGACAATGTTATCAAGATGATTTAAAGGTCACGAT
TGGTAAGGCGATCGCTAATGTCCAAATTTATATTTTG
GATGCCTTTTTACAACCAGTACCCATCGGAGTACCAG
GGGAATTATACATTGGTGGAGTCGGAGT TGCGAGGGS
TTATCTAAATCGTCCTGAATTAACGGCGGAAAGATTT
ATTCCTAATCCTTTTGATCCCCCCCTAACCCCCCTTA
ARAAGGGGGGAGATAAGAGCTATGAAACTTTTAAAAA
GGGGGAAGAGCAACCATCAAAACTCTATAAAACGGGA
GATTTAGCTCGTTATTTACCCGATGGCAATATTGAAT
ATTTAGGACGCATTGACAATCAGGTAAAAATTCGCGG
TTTTCGCATTGAGTTAGGAGAAATTGAAGCGGTTCTG
AGTCAATGTCCCGATGTGCAAAATACGGCGGTGATTG
TCCGTGAAGATACTCCTGGCGATAAACGTTTAGT TGC
CTATGTGGTTCTTACTTCTGACTCCCAGATAACTACT
AGCGAACTGCGTCAATTCTTGGCTAATCAATTACCTG
CCTATCTCGTTCCCAATACCTTTGTTATTTTAGATGA
TTTGCCCCTAACCCCCAATGGTAAATGCGATCGCCGT
TCCTTACCGCTTCCTGATGATCAGACCAGAAAAAATA
TTCCTAAAATTGGCCCGCGTAATTTAGTGGAATTACA
ATTAGCTCAAATCTGGTCAGAGATTTTAGGCATTAAT
AATATTGGTATTCAGGAAAACTTCTTTGAATTAGGCG
GTCATTCTTTATTAGCAGTCAGTCTGATCAATCGTAT
TGAACAAAAGTTAGATAAACGTTTACCATTAACCAGT
CTTTTTCAAAATGGAACCATAGCAAGTCTAGCTCAAT
TACTAGCGCAAGAAACAACTCAGCCAGCCTCTTCACC
GTTGATTGCTATCCAGTCTCAAGGTGATAAAACTCCA
TTTTTTGCTGTTCATCCCATTGGTGGTAATGTGCTAT
GTTATGCCGATTTAGCTCGTAATTTAGGAACGAAACA
GCCGTTTTATGGATTACAATCATTAGGGCTAAGTGAA
TTAGAAAAAACTGTAGCCTCTATTGAAGAAATGGCGA
TGATTTATATTGAAGCAATACAAACTGTTCAAGCCTC
TGGTCCCTACTATTTAGGAGGTTGGT CAATGGGAGGA
GTGATAGCTTTTGAAATCGCCCAACAATTATTGACCC
AAGGTCAAGAAGTTGCTTTACTGGCTTTAATAGATAG
TTATTCTCCCAGTTTACTTAATTCAGTTAATAGGGAG

AAAAATTCTGCTAATTCCCTGACAGAAGAATTTAATG
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-continued
AAGATATCAATATTGCCTATTCTTTCATCAGAGACTT
AGCAAGTATATTTAATCAAGAAATCTCTTTCTCTGGS
AGTGAACTTGCTCATTTTACATCAGACGAATTACTAG
ACAAGTTTATTACTTGGAGTCAAGAGACGAATCTTTT
GCCGTCAGATTTTGGGAAGCAGCAGGTTAARACCTGE
TTTAAAGTTTTCCAGATTAATCACCAAGCTTTGAGCA
GCTATTCTCCCAAGACGTATCTGGGTAGAAGTGTTTT
CTTAGGAGCGGAAGACAGTTCTATTAAAAATCCTGGT
TGGCATCAAGTAATCAATGACTTGCAATCTCAATGGA
TTAGCGGCGATCACTACGGTTTAATTAAAAATCCAGT
CCTCGCTGAAAAACTCAATAGCTACCTAGCCTAAAAC
TTTCAAAAAGCCTGATTATTGTTTAAAATGAATGATC
GTTCACCGGTCAGAGGACAAGTATGACAACCCAAACA
GCTTCTAGTGCCAATGCCCTTGCTTCCTTTAACCAAT
TTTTAAGGGATGTAAAGGCGATCGCCCAACCCTATTG
GTATCCCACTGTATCAAATAAAAGAAGCTTTTCTGAG
GTTATTCGTTCCTGGGGAATGCTATCACTGCTTATCT
TTTTGATTGTGGGATTAGT CGCCGTCACGGCTTTTAA
TAGTTTTGTTAATCGTCGTTTAATTGATGTCATTATT
CAAGAAAAAGATGCGTCTCAATTTGCCAGTACATTAA
CTGTCTATGCGATCGGATTAATCTGTGTAACGCTGCT
GGCAGGGTTCACTAAAGATATTCGCAAAAARATTGCC
CTAGATTGGTATCAATGGTTAAACACCCAGATTGTAG
AGAAATATTTTAGTAATCGTGCCTATTATAAAATTAA
CTTTCAATCTGACATTGATAACCCCGATCAACGTCTA
GCCCAGGAAATTGAACCGATCGCCACAAACGCCATTA
GTTTCTCGGCCACTTTTTTGGAAAAAAGTTTGGAAAT
GCTAACTTTTTTAGTGGTAGTTTGGTCAATTTCTCGA
CAGATTGCTATTCCGCTAATGTTTTACACGATTATCG
GTAATTTTATTGCCGCCTATCTAAATCAAGAATTAAG
CAAGATCAATCAGGCACAACTGCAATCAAAAGCAGAT
TATAACTATGCCTTAACCCATGTTCGGACTCATGCGG
AATCTATTGCTTTTTTTCGGGGAGAAAAAGAGGAACA
AAATATTATTCAGCGACGTTTTCAGGAAGTTATCAAT
GATACGAAAAATAAAATTAACTGGGAAAAAGGGAATG
AAATTTTTAGTCGGGGCTATCGTTCCGTCATTCAGTT
TTTTCCTTTTTTAGTCCTTGGCCCTTTGTATATTARA
GGAGAAATTGATTATGGACAAGTTGAGCAAGCTTCAT
TAGCTAGTTTTATGT TTGCATCGGCCCTGGGAGAATT

AATTACAGAATTTGGTACTTCAGGACGTTTTTCTAGT
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TATGTAGAACGTTTAAATGAATTTTCTAATGCCTTAG

42

-continued
CCCTCGGTGAACAACAACGCCTAGCCTTTGCTCGATT

GTTAGTGAATTCTCCGAGTTTTACCATTTTAGATGAG

AAACTGTGACTAAACAAGCCGAGAATGTCAGCACAAT 5
GCGACCAGTGCCTTAGATTTAACAAATGAGGGGATTT
TACAACCATAGAAGAAAATCATTTTGCCTTTGAACAC
TATACGAGCAATTACAAACTCGCAAGACAACCTTTAT
GTCACCCTAGAAACCCCTGACTATGAAAAGGTGATTG
TAGTGTGGGTCATCGAGAAAGTTTGTTTAATTACCAT
TTGAGGATTTATCTCTTACTGTTCAAAAAGGTGAAGG 10
CAATGGGTTTTAGAACTTTCTGCTGACTCTAGTTGGG
ATTATTGATTGTCGGGCCCAGTGGTCGAGGTAAAAGT
AACTCTTAAGCGTTCAAGATTATCGCCTTAAAAAAGC
TCTTTATTAAGGGCGATCGCCGGTTTATGGAATGCTG
GGGAGAAATGTTTACTAATGCTTCGAGTAACAATTCC
GCACTGGGCGTTTAGTGCGTCCTCCCCTAGAAGAAAT 15
ATAACACCCGATATTACTATCGATAATGGATCAGAAC
TCTCTTTTTGCCCCAACGTCCCTACATTATTTTGGGA
CAGAAATAGTCTATTCTCTTGAAGGATTTTCCCATCA
ACCTTACGCGAACAATTGCTGTATCCTCTAACCAATA
GGAAATGAAACTATTAACAGACCTATCACTCTCTAGC
GTGAGATGAGCAATACCGAACTTCAAGCAGTATTACA 20
ATTCGGAGTAAAGCCAGTCGAGGGAAGGTGATTACAG
ACAAGTCAATTTGCAAAATGTGCTAAATCGGGTGGAT
CCAAGGATGGTTTTACCTACCTTTATGACAAAAATCC
GACTTTGACTCCGAAAAACCCTGGGAAAACATTCTCT
TCAGATATTAAAGTGGCTCAGAACTTAA
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 61
<210> SEQ ID NO 1
<211> LENGTH: 580
<212> TYPE: PRT
<213> ORGANISM: Microcystis aeruginosa
<400> SEQUENCE: 1
Met Thr Ile Asn Tyr Gly Asp Leu Gln Glu Pro Phe Asn Lys Phe Ser
1 5 10 15
Thr Leu Val Glu Leu Leu Arg Tyr Arg Ala Ser Ser Gln Pro Glu Arg
20 25 30
Leu Ala Tyr Ile Phe Leu Arg Asp Gly Glu Ile Glu Glu Ala Arg Leu
35 40 45
Thr Tyr Gly Glu Leu Asp Gln Lys Ala Arg Ala Ile Ala Ala Tyr Leu
50 55 60
Gln Ser Leu Glu Ala Glu Gly Glu Arg Gly Leu Leu Leu Tyr Pro Pro
65 70 75 80
Gly Leu Asp Phe Ile Ser Ala Phe Phe Gly Cys Leu Tyr Ala Gly Val
85 90 95
Val Ala Ile Pro Ala Tyr Pro Pro Arg Arg Asn Gln Asn Leu Leu Arg
100 105 110
Leu Gln Ala Ile Ile Ala Asp Ser Gln Ala Arg Phe Thr Phe Thr Asn
115 120 125
Ala Ala Leu Phe Pro Ser Leu Lys Asn Gln Trp Ala Lys Asp Pro Glu
130 135 140
Leu Gly Ala Met Glu Trp Ile Val Thr Asp Glu Ile Asp His His Leu
145 150 155 160
Arg Glu Asp Trp Leu Glu Pro Thr Leu Glu Lys Asn Ser Leu Ala Phe
165 170 175
Leu Gln Tyr Thr Ser Gly Ser Thr Gly Thr Pro Lys Gly Val Met Val
180 185 190
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Ser

Gly

Asp

225

Leu

Trp

Ala

Pro

305

Ser

Ala

Tyr

Thr

Thr

385

Cys

Ala

Ala

Leu

Glu

465

Leu

Ala

Glu

Arg

Ala

545

Lys

Glu

His

His

210

Met

Cys

Leu

Phe

Thr

290

Val

Gly

Thr

Pro

Glu

370

Ile

Ser

Gln

Tyr

Gly

450

Ile

Thr

Phe

Val

Ala

530

Ile

Ile

Ile

His

195

Asp

Gly

Tyr

Gln

Ala

275

Leu

Arg

Phe

Leu

Val

355

Thr

Asp

Pro

Gly

Leu

435

Phe

Ile

Val

Thr

Glu

515

Ile

Ala

Gln

Leu

Asn

Gln

Leu

Met

Ala

260

Tyr

Asp

Ala

Lys

Lys

340

Gln

Asp

Thr

Glu

Tyr

420

Ala

Ile

Leu

Gln

Val

500

Arg

Arg

Leu

Arg

Gly
580

Leu

Asp

Ile

Met

245

Leu

Asp

Leu

Glu

Ala

325

Val

Ala

Thr

Gln

Ile

405

Trp

Asp

Lys

Ile

Asn

485

Glu

Thr

Lys

Ile

Arg
565

<210> SEQ ID NO 2

<211> LENGTH:

88

Leu

Ser

Tyr

230

Ser

Ser

Leu

Ser

Val

310

Thr

Thr

Asn

Asn

Ile

390

Val

Gly

Thr

Asp

Arg

470

Ser

Asn

Trp

Ala

Arg

550

Ser

Ile

Val

215

Gly

Pro

Asp

Cys

His

295

Leu

Ala

Ala

Ala

Val

375

Val

Gly

Lys

Gly

Gly

455

Gly

His

Lys

Leu

Val

535

Thr

Cys

Asn

200

Met

Val

Ala

Lys

Val

280

Trp

Lys

Leu

Val

Leu

360

Gln

Ile

Glu

Pro

Ala

440

Glu

Arg

Pro

Gly

Arg

520

Val

Gly

Arg

Ser

Val

Ile

Ser

Lys

265

Arg

Cys

Lys

Cys

Ser

345

Glu

Thr

Val

Ile

Gln

425

Gly

Leu

Asn

Ala

Glu

505

Lys

Gln

Ser

Ala

Ala

Thr

Gln

Phe

250

Ala

Lys

Met

Phe

Pro

330

Tyr

Lys

Leu

Asn

Trp

410

Glu

Pro

Phe

Asn

Leu

490

Glu

Val

Glu

Leu

Lys
570

Asp

Trp

Pro

235

Met

Thr

Ile

Ala

Ala

315

Gly

Asp

Asn

Val

Pro

395

Val

Thr

Phe

Ile

Tyr

475

Arg

Lys

Asp

Tyr

Pro

555

Phe

Leu

Leu

220

Leu

Glu

His

Pro

Leu

300

Glu

Tyr

Ser

Lys

Gly

380

Glu

Ser

Gln

Leu

Thr

460

Pro

Pro

Leu

Ile

Asp

540

Lys

Leu

Asp

205

Pro

Tyr

Arg

Ser

Pro

285

Asn

Ala

Gly

Pro

Ile

365

Cys

Thr

Gly

Glu

Arg

445

Gly

Gln

Ser

Val

Asp

525

Leu

Thr

Glu

Arg

Thr

Lys

Pro

Ala

270

Glu

Gly

Phe

Leu

Pro

350

Val

Gly

Leu

Ser

Thr

430

Thr

Arg

Asp

Cys

Val

510

Glu

Gln

Ser

Gly

Gly

Phe

Gly

Leu

255

Ala

Lys

Ala

Gln

Ala

335

Tyr

Gly

Trp

Lys

Thr

415

Phe

Gly

Leu

Ile

Gly

495

Val

Val

Val

Ser

Ser
575

Trp

His

Phe

240

Arg

Pro

Arg

Glu

Val

320

Glu

Phe

Ala

Thr

Pro

400

Ile

Gln

Asp

Lys

Glu

480

Ala

Gln

Lys

Tyr

Gly

560

Leu
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<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Ser Thr Glu

1

Ile

Glu

Ser

Arg

65

Leu

Gln

Asp

Ser

50

Asp

Ala

Asn

Glu

35

Met

Leu

Lys

Trp

20

Ile

Ala

His

Gln

Microcystis

2

Ile

Leu

Asp

Val

Arg

Val
85

<210> SEQ ID NO 3

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Glu Pro Ile

1

Asp

Ile

Pro

Leu

65

Leu

Thr

Gly

Arg

Gly

145

Leu

Val

Leu

Val

Thr

225

Val

Asn

Ala

Thr

50

Lys

Glu

Trp

Ser

Leu

130

Asn

Arg

Ala

Cys

Val

210

Phe

Val

Pro

Asp

35

Pro

Asn

Ala

Glu

Gln

115

Ala

Ser

Gly

Val

Leu

195

Phe

Asp

Val

Glu

20

Ile

Ala

Val

Thr

Ala

100

Ser

Tyr

Thr

Pro

His

180

Val

Ser

Ala

Leu

431

Pro

Val

Leu

Ala

Thr

70

Ser

Asn

Ala

Ser

Leu

55

Leu

Glu

Microcystis

3

Ala

Ala

Pro

Thr

Asp

Tyr

85

Leu

Gly

Gln

Ser

Ser

165

Leu

Gly

Gln

Arg

Lys
245

Ile

Phe

Pro

Ala

Gln

70

Leu

Glu

Val

Ser

Ile

150

Leu

Ala

Gly

Ala

Ala

230

Arg

Ile

Trp

Glu

Lys

55

Phe

Asp

Asn

Phe

Pro

135

Ala

Ala

Cys

Val

Arg

215

Asp

Leu

aeruginosa

Asp

Tyr

Val

40

Ile

Ile

Pro

Lys

Met

25

Pro

Ala

Tyr

Lys

10

Thr

Phe

Asp

Asp

aeruginosa

Gly

Gln

Arg

40

Lys

Asp

Pro

Ala

Ile

120

Thr

Ala

Val

Gln

Asn

200

Met

Gly

Arg

Leu

Leu

25

Trp

Met

Pro

Gln

Ala

105

Gly

Asn

Asn

Asp

Ser

185

Leu

Ile

Tyr

Asp

Ala

10

Met

Asp

Tyr

Gln

Gln

90

Ile

Ile

Leu

Arg

Thr

170

Leu

Ile

Ala

Val

Ala
250

Gln

Glu

Asp

Leu

Tyr
75

Cys

Arg

Ile

Ser

Phe

75

Arg

Val

Ser

Thr

Leu

155

Ala

Gln

Leu

Pro

Arg

235

Ile

Pro

Met

Glu

Glu

60

Pro

Arg

Asn

Glu

Arg

60

Phe

Leu

Pro

Asp

Ala

140

Ser

Cys

Ser

Ser

Asp

220

Ser

Gln

Thr

Met

Tyr

45

Asp

Thr

Phe

Gly

Arg

45

Gln

Arg

Leu

Glu

Val

125

Tyr

Tyr

Ser

Gln

Pro

205

Ser

Glu

Asp

Leu

Glu

30

Gly

Trp

Leu

Pro

Val

30

Phe

Gly

Ile

Leu

Thr

110

Asp

Val

Leu

Ser

Glu

190

Glu

Arg

Gly

Gly

Thr

15

Val

Leu

Leu

Glu

Gly

15

Asp

Tyr

Gly

Ser

Glu

95

Leu

Tyr

Gly

Phe

Ser

175

Ser

Thr

Cys

Cys

Asp
255

Lys

Asp

Asp

Arg

Lys
80

Ala

Ala

Asp

Phe

Pro

80

Val

Ala

His

Thr

Asp

160

Leu

Asn

Thr

Lys

Gly

240

Arg
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Ile

Asn

Gln

Glu

305

Ser

Trp

Gly

Ile

Ala

385

Lys

Leu

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

<400>

Leu

Gly

Ala

290

Ala

Leu

Leu

Met

Pro

370

Asp

Pro

Ser

Ala

Leu

275

Leu

His

Lys

Gly

Ala

355

Pro

Thr

Pro

Ser

Val

260

Thr

Ala

Gly

Ala

Ser

340

Gly

Asn

Ala

Lys

Phe

420

PRT

SEQUENCE :

Val Phe Leu Phe

1

Gln

Ala

Tyr

Thr

65

Gln

Ser

Glu

Leu

Val

145

Val

Ala

Leu

Leu

Glu

Pro

50

Ala

Leu

Val

Glu

Pro

130

Lys

Asn

Glu

Lys

Tyr

Ile

35

Ala

Tyr

Trp

Gly

Gly

115

Lys

Ala

Gly

Ile

Val
195

Glu

20

Leu

Asp

Thr

Arg

Glu

100

Leu

Asn

Val

Pro

Ile

180

Ser

Ile

Ala

Asn

Thr

Val

325

Val

Leu

Leu

Phe

Ser

405

Gly

SEQ ID NO 4
LENGTH:
TYPE :
ORGANISM: Microcystis

324

4

Ala

5

Thr

Arg

Pro

Gln

Ser

85

Tyr

Thr

Gly

Ile

Glu

165

Ile

His

Glu

Pro

Ala

Gly

310

Leu

Lys

Ile

His

Ala

390

Gly

Phe

Gly

Gln

Pro

Glu

Pro

70

Trp

Val

Leu

Thr

Glu

150

Asn

His

Ala

Gly

Asn

Gln

295

Thr

Gly

Thr

Lys

Phe

375

Ile

Glu

Gly

Gln

Pro

His

Ala

55

Thr

Gly

Ala

Ile

Met

135

Pro

Phe

Leu

Phe

Ser

Gly

280

Val

Glu

Glu

Asn

Val

360

Gln

Pro

Asn

Gly

Ala

265

Pro

Lys

Leu

Lys

Ile

345

Val

Thr

Thr

Gly

Thr
425

Val

Ala

Pro

Gly

Arg

330

Gly

Leu

Leu

Gln

Val

410

Asn

aeruginosa

Gly

Ile

Leu

40

Glu

Leu

Ile

Ala

Ala

120

Ile

Tyr

Val

Thr

His
200

Ser

Phe

25

Asp

Thr

Phe

Glu

Thr

105

Lys

Ala

Arg

Ile

Ala

185

Ser

Gln

10

Arg

Gln

Ala

Ala

Pro

90

Val

Arg

Val

Thr

Ser

170

Ala

His

Asn

Gln

Ala

Asp

315

Ser

His

Cys

Asn

Ala

395

Glu

Ser

Tyr

Gln

Pro

Ser

Phe

75

Ala

Ala

Ala

Phe

Asp

155

Gly

Gly

Leu

Gln Asp Gly Leu

Gln

Gln

300

Pro

Leu

Leu

Leu

Pro

380

Gln

Arg

His

Val

Thr

Leu

Phe

60

Glu

Ala

Gly

Lys

Ala

140

Val

Lys

Ile

Leu

Ala

285

Ile

Ile

Asp

Glu

Gln

365

Tyr

Pro

Arg

Val

Gly

Leu

Leu

45

Tyr

Tyr

Val

Ala

Leu

125

Ala

Ala

Ala

Glu

Glu
205

270

Val

Ser

Glu

Gln

Ala

350

His

Ile

Trp

Leu

Ile
430

Met

Asp

30

Glu

Leu

Ala

Ile

Leu

110

Met

Glu

Ile

Pro

Val

190

Pro

Ile

Tyr

Val

Thr

335

Ala

Gln

Ser

Arg

Ala

415

Leu

Gly

15

Arg

Ile

Glu

Leu

Gly

95

Ser

Gln

Glu

Ala

Ile

175

Arg

Ile

Ser

Arg

Val

Lys

320

Cys

Ala

Glu

Leu

Thr

400

Gly

Arg

Cys

Leu

Gln

Ala

80

His

Leu

Ser

Arg

Ala

160

Ile

Pro

Leu
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Asp

Ile

225

Thr

Phe

Leu

Cys

Glu

305

Gln

Ser

210

Pro

Ile

Tyr

Glu

Pro

290

Glu

Gly

Leu

Leu

Glu

Gly

Val

275

Glu

Glu

Ala

Glu Gln

Val Ala

Ala Arg

245
Ser Ile
260
Ser Pro

Arg Ser

Gln Ser

<210> SEQ ID NO 5
<211> LENGTH: 68
<212> TYPE:
<213> ORGANISM: Microcystis

PRT

<400> SEQUENCE: 5

Ile

1

Asp

Val

Ile

Ala
65

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

<400>

Thr Leu Gln Thr

Val

Met

Ala

50

Thr

Asn

Val

Met

Tyr

5
Val His
20
Glu Ala

Arg Gln

Leu

SEQ ID NO 6
LENGTH: 394
TYPE :
ORGANISM: Microcystis

PRT

SEQUENCE: 6

Lys Glu Met Leu Tyr

1

Ile

Gly

Gln

Val

65

Ala

Ile

Ser

Trp

Val

Ser

50

Gly

Cys

Ala

Tyr

Asp

Thr

35

Gln

Glu

Phe

Arg

His
115

5

Val Asp
20

Leu Phe

Leu Thr

Val Ala

Cys Asn
85

Ala Thr
100

Gly His

Glu

Asn

230

Tyr

Gln

Lys

Thr

Leu
310

Leu

Thr

Val

Leu

Pro

Gly

Gly

Glu

Ala

70

Ser

Thr

Ala

Ala

215

Leu

Trp

Thr

Pro

Thr

295

Leu

Val

Pro

Arg

Phe
55

Ile

Asn

His

Gly

55

Leu

Gly

Gly

Asp

Ala

Thr

Arg

Leu

Thr

280

Trp

Asn

Ala

Gly

Asn

Ile

265

Leu

Leu

Ser

Ile

Glu

His

250

Glu

Ser

Phe

Leu

aeruginosa

Gly

Phe

Arg

Glu

Asn

Leu

25

Ile

Glu

Leu

10

Glu

Glu

Leu

aeruginosa

Val

Glu

Gln

40

Ile

Ile

Thr

Arg

Gly
120

Ala

Tyr

25

Pro

His

Cys

Glu

Ser

105

Thr

Gln

10

Ile

Asp

Leu

Glu

Ala

90

Lys

Leu

Ser

Val

235

Ala

Gln

Arg

Ser

Ala
315

Leu

Met

Asn

Ser

Arg

Asp

Phe

Asn

Leu

75

Val

Ile

Phe

Tyr

220

Leu

Arg

Lys

Leu

Leu

300

Ile

Gln

Gly

Thr

Thr
60

Ser

Met

Ile

Pro

60

Thr

Met

Ala

Arg

Gln

Pro

Asn

Phe

Gly

285

Ala

Leu

Leu

Ala

Tyr

45

Leu

Gln

Thr

Met

45

Arg

Gly

Ala

Leu

Asn
125

Pro

Glu

Pro

Ser

270

Gln

Pro

Tyr

Ser
Asp
30

Asn

Asp

Gly

Met

30

Ser

Ser

Ala

Ala

Phe

110

Gln

Leu

Gly

Val

255

Leu

Gln

Pro

Asp

Pro
15
Ser

Val

Ala

Ser

15

Gly

Ala

Pro

Glu

Ile

95

Glu

Ile

Gln

Ala

240

Gln

Phe

Cys

Gln

Ser
320

Ala

Ile

Lys

Leu

Arg

Gln

Leu

Ile

Arg

80

Arg

Gly

Ile
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-continued

52

Asp

Leu

145

Asn

Pro

Ser

Glu

Phe

225

Gly

Ile

Asp

Val

Leu

305

Asn

Ser

Tyr

Phe

Ala
385

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

<400>

Gly
1
Leu
Thr
Ile
Ala
65

Pro

Glu

Asn

130

Ser

Tyr

Ile

Leu

Met

210

Gly

Met

Asp

Arg

Ala

290

Gln

His

Ser

His

Leu

370

Val

Gly

Ala

Leu

Gln

50

Gln

Ile

Gln

Gln

Ser

Leu

Gln

Arg

195

Ile

Val

Pro

Gly

Thr

275

Ala

Gln

Tyr

Phe

Met

355

Ser

Lys

Asp

Gln

Gln

35

Gln

Gly

Leu

Trp

Leu

Asp

Gln

Ser

180

Gln

Thr

Gln

Ile

Gly

260

Phe

Arg

Gln

Phe

Phe

340

Val

Thr

Asp

PRT

SEQUENCE :

Gln

Leu

20

Leu

Ile

Asp

Asp

Leu
100

His

Val

Thr

165

Gly

Ile

Gly

Ala

Gly

245

Met

Phe

Ala

Leu

Gln

325

Arg

Glu

Ala

Ser

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Microcystis

300

7

Val

5

Gly

Ser

Ser

Ser

Phe

85

Lys

Ser

Val

150

Gln

Asn

Thr

Phe

Asp

230

Val

Trp

Gly

Val

Thr

310

Ala

Phe

Lys

His

Ile
390

Pro

Asp

Gly

Asp

Gln

70

Ser

Glu

Phe

135

Val

Gly

Pro

Ser

Arg

215

Ile

Ile

Arg

Gly

Leu

295

Glu

Glu

Ala

Gly

Thr

375

Thr

Leu

Asn

Pro

Arg

55

Glu

Leu

Glu

Pro

Leu

Gln

Leu

Gln

200

Ser

Ala

Ala

Tyr

Thr

280

Thr

Arg

Glu

Leu

Ile

360

Glu

Glu

Leu

Asp

Asp

Leu

185

Met

His

Thr

Gly

Gly

265

Phe

His

Thr

Val

Ser

345

Tyr

Ala

Leu

Ala

Tyr

Leu

170

Gln

Gly

Pro

Tyr

Lys

250

Asp

Asn

Leu

Ala

Pro

330

Gly

Val

Asp

Arg

aeruginosa

Thr

Gly

Leu

40

His

Ile

Asp

Ser

Glu

Ser

25

Asn

Glu

Leu

Gln

Glu
105

Ala

10

Val

Pro

Ala

Pro

Ala

Lys

Leu

Gly

155

Ala

Pro

Ile

Gly

Gly

235

Ala

Lys

Gln

Lys

Ala

315

Ile

Asn

Trp

Leu

Gln

Ala

Val

Leu

Gln

75

Ser

Pro

Gly Val Pro Pro

140

Ser

Ala

Gln

Ala

Gly

220

Lys

His

Ser

His

Glu

300

Leu

Lys

Leu

Glu

Ala
380

Arg

Tyr

Ala

Arg

60

Val

Ala

Phe

Ala

Val

Gln

Leu

205

Ala

Val

Tyr

Tyr

Pro

285

Gln

Ala

Ile

Asp

Trp

365

Gln

Gln

Asn

Met

45

Thr

Glu

Gln

Asp

Glu

Leu

Phe

190

Ile

Gln

Val

Leu

Pro

270

Leu

Gly

Asp

Glu

Leu

350

Arg

Phe

Leu

Gln

30

Asn

Lys

Ile

Gln

Leu
110

Ala

Val

175

Leu

Phe

Ala

Ala

Asp

255

Gly

Ala

Pro

Thr

Gln

335

Leu

Lys

Val

Trp

15

Ser

Gln

Ile

Asn

Gln

95

Ser

Ser

Leu

160

Glu

Gln

Asp

Leu

Gly

240

Ser

Val

Met

Gly

Leu

320

Phe

Phe

His

Gln

Ile

Val

Ala

Asn

Cys

80

Ala

Gln
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-continued

54

Gly

Leu

Gly

145

Gly

Glu

Ala

Thr

Ser

225

Arg

Ile

Pro

Cys

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

<400>

Ser

Leu

130

Val

Val

Trp

Tyr

Asp

210

Leu

Lys

Leu

Ala

Thr
290

Leu

115

Val

Ile

Thr

Gln

Trp

195

Lys

Thr

Gln

Val

Ser

275

His

Val

Leu

Leu

Ala

Ser

180

Leu

Pro

Leu

Gly

His

260

Gly

Phe

PRT

SEQUENCE :

Thr Tyr Ser Glu

1

Gln

Arg

Gly

Phe

65

Leu

Ile

Asn

Thr

Ala

145

Thr

Val

Lys

Ser

Ala

50

Met

Leu

Cys

Pro

Ser

130

Ile

Glu

Trp

Leu

Leu

35

Tyr

Leu

Glu

Leu

Glu

115

Gly

Ser

Asp

Glu

Gly

20

Glu

Val

Glu

Ser

Asp

100

Asn

Ser

Asn

Cys

Leu

Arg

Thr

Arg

Asn

165

Gln

Ala

Arg

Asp

Cys

245

Arg

Arg

Leu

SEQ ID NO 8
LENGTH:
TYPE :
ORGANISM: Microcystis

430

8

Leu

5

Val

Met

Pro

Asp

Phe

85

Ser

Ser

Thr

Lys

Ile

165

Phe

Trp

Ala

Glu

150

Leu

Pro

Thr

Pro

Ser

230

Thr

Leu

Gly

Pro

Asn

Gly

Ile

Leu

Ser

70

Ala

Asp

Val

Gly

Leu

150

Leu

Trp

His

His

135

Leu

Lys

Ser

Leu

Ala

215

Gln

Leu

Thr

Leu

Ile
295

Cys

Pro

Val

Asp

55

Gln

Gln

Tyr

Thr

Lys

135

Leu

Gln

Pro

Leu

120

His

Gly

Thr

Gln

Ala

200

Leu

Phe

Leu

Gly

Leu

280

Arg

Leu

Ile

Glu

Pro

Gly

185

Asp

Pro

Thr

Met

Gln

265

Asp

Ser

Lys

Ile

Leu

Lys

170

Glu

Pro

Ser

Glu

Thr

250

Asp

Ser

Gln

aeruginosa

Arg

Glu

Gly

Pro

Phe

Ser

Gln

Thr

120

Pro

Trp

Lys

Leu

Ala

Val

25

Leu

Asp

Phe

Ser

Ile

105

Ser

Lys

Val

Thr

Leu

Asn

10

Leu

Leu

Tyr

Leu

Glu

90

Ile

Asn

Gly

Gln

Pro

170

Asn

Leu

Ser

Tyr

155

Gln

Glu

Pro

Tyr

Lys

235

Leu

Asp

Glu

Leu

Gln

Val

Gly

Pro

Leu

75

Thr

Ser

Leu

Val

Asp

155

Phe

Gly

Glu

Asp

140

Ser

Phe

Leu

Val

Gln

220

Leu

Leu

Ile

Gly

Ala
300

Leu

Gly

Ile

Pro

60

Leu

Ala

Gln

Ala

Met

140

Thr

Ser

Ala

Pro

125

Gly

Ala

Arg

Lys

Leu

205

Ala

Lys

Ser

Leu

Met
285

Ala

Ile

Leu

45

Glu

Thr

Thr

Ala

Tyr

125

Asn

Tyr

Phe

Arg

Glu

Trp

Lys

Glu

Lys

190

Asn

Asn

Gln

Val

Val

270

Val

His

Leu

30

Lys

Arg

Gln

Pro

Lys

110

Val

Asn

Pro

Asp

Leu

Leu

Ser

Cys

Leu

175

Gln

Leu

Arg

Phe

Tyr

255

Gly

Gly

Tyr

15

Val

Ala

Leu

Gln

Lys

95

Asn

Ile

His

Leu

Val

175

Val

His

Met

Gln

160

Ile

Gln

Pro

Arg

Ser

240

Asn

Leu

Tyr

Leu

Glu

Gly

Gln

His

80

Ile

Ile

Tyr

Val

Thr

160

Ser

Phe
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-continued

56

Ala Ly

Gln Gl
21

Leu Ph

225

Val Il

Phe Al

Ala Al

Lys Th
29

180

s Pro Asn Gly His Lys
195

u Gln Gln Val Thr Thr
o] 215

e Leu Thr Glu Lys Asp
230

e Cys Ser Gly Glu Ala
245

a Arg Leu Val Cys Glu
260

a Ile His Val Thr Phe
275

r Val Pro Ile Gly Arg
0 295

Leu Asp Ser His Leu Gln Pro

305

His I1

Leu Th

Pro Le

310

e Gly Gly Val Gly Leu
325

r Ala Glu Lys Phe Ile
340

u Thr Pro Leu Asp Lys
355

Lys Lys Gly Gly Glu Gln Pro

37

Ala Ar
385

Asn Gl

Ala Va

<210>
<211>
<212>
<213>
<400>

Glu Al
1

Gly Il
Thr G1
Leu Ar
50
Val

65

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

<400>

Pro Ar

0 375

g Tyr Leu Pro Asp Gly
390

n Val Lys Ile Arg Gly
405

1l Leu Leu Ser His Pro
420

SEQ ID NO 9

LENGTH: 65

TYPE: PRT

ORGANISM: Microcystis

SEQUENCE: 9

a Ile Ala Ala Ile Phe
5

e Tyr Asp Asn Phe Phe
20

n Val Ile Ser Arg Leu
35

g Arg Leu Phe Glu Gln
55

SEQ ID NO 10

LENGTH: 300

TYPE: PRT

ORGANISM: Microcystis

SEQUENCE: 10

g Asp Gly Gln Leu Pro

Asp

200

Leu

Val

Leu

Leu

Trp

280

Pro

Val

Ala

Ala

Gly

360

Ser

Lys

Phe

Gln

185

Ala

His

Glu

Ser

His

265

Gln

Ile

Pro

Arg

Asn

345

Gly

Arg

Ile

Arg

Val
425

Ser

Phe

Lys

Leu

250

Asn

Cys

Ala

Ile

Gly

330

Pro

Asp

Leu

Glu

Ile

410

Arg

aeruginosa

Gly

Glu

Arg

Pro

Gln

Ile

25

Glu

Thr

Val
10
Gly

Ser

Val

aeruginosa

Tyr

Val

Cys

235

Glu

Leu

Gln

Asn

Gly

315

Tyr

Phe

Glu

Tyr

Tyr

395

Glu

Glu

Leu

Gly

Phe

Ala

190

Leu Val Asn Leu Ile
205

Ser Ser Met Leu Gln
220

Asn Ser Leu Lys Arg
240

Leu Gln Glu Arg Phe
255

Tyr Gly Pro Thr Glu
270

Ser Asp Ser Asn Leu
285

Ile Gln Ile Tyr Ile
300

Val Ile Gly Glu Leu
320

Leu Asn Arg Pro Glu
335

Ala Ser Leu Asp Pro
350

Ser Tyr Lys Thr Phe
365

Lys Thr Gly Asp Leu
380

Leu Gly Arg Ile Asp
400

Leu Gly Glu Ile Glu
415

Ala Val Val
430

Lys Leu Glu Lys Val
15

Asn Ser Leu Gln Ala
30

Ala Leu Glu Leu Pro
45

Asp Leu Ala Leu Ala
60

Leu Ser Phe Ala Gln Ser Arg Leu Trp
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-continued

58

Phe

Ala

Leu

Ser

65

Glu

Leu

Leu

Leu

Phe

145

Glu

Trp

Tyr

Thr

Arg

225

Gln

Val

Ala

Phe

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

<400>

Thr

1

Gln

Arg

Ala

Phe
65

Leu

Leu

Arg

50

Val

Leu

Ala

Leu

Ile

130

Val

Pro

Gln

Trp

Asp

210

Phe

Gln

Val

Ile

Val
290

Tyr

Ser

35

Thr

Asp

Ala

Tyr

Arg

115

Asn

Arg

Thr

Arg

Lys

195

Arg

Glu

Ser

Leu

Ala

275

Asn

Gln

20

Leu

Ile

Gly

Met

Gln

100

Val

Met

Glu

Leu

Glu

180

Arg

Pro

Leu

Gly

Ser

260

Asn

Thr

PRT

SEQUENCE :

Tyr Gly Glu

Ser

Ser

Ala

Ile

Leu
Leu
35

Tyr

Leu

Gly
20
Glu

Leu

Glu

Leu

Ser

Ile

Val

Val

85

Glu

Thr

His

Leu

Pro

165

Trp

Gln

Arg

Asp

Cys

245

Arg

Arg

Leu

SEQ ID NO 11
LENGTH:
TYPE :
ORGANISM:

409

Glu

Gly

Gln

Pro

70

Asp

Ser

Leu

His

Ser

150

Ile

Leu

Leu

Pro

Arg

230

Thr

Tyr

Asn

Ala

Gly

Pro

Arg

55

Val

Leu

Gln

Leu

Ile

135

His

Leu

Gln

Ala

Ala

215

Lys

Leu

Ser

Arg

Leu
295

Microcystis

11

Leu

Val

Met

Pro

Asp

Asn

Thr

Ala

Ile

Thr
70

His

Lys

Ile

Asp

Gln

Ala

Leu

40

His

Gln

Thr

Thr

Lys

120

Ile

Leu

Pro

Gly

Asp

200

Ile

Leu

Phe

Gly

Gln

280

Arg

Thr

25

Gln

Glu

Val

Gly

Pro

105

Leu

Ser

Tyr

Ile

Lys

185

Ala

Gln

Thr

Met

Gln

265

Asp

Leu

10

Gly

Val

Pro

Ile

Lys

90

Phe

Gln

Asp

Arg

Gln

170

Val

Pro

Thr

Gln

Thr

250

Thr

Ile

Asp

aeruginosa

Arg

Glu

Gly

40

Pro

Leu

Ala

Gln

25

Phe

Glu

Ser

Asn

10

Ile

Leu

Tyr

Leu

Thr

Glu

Leu

Asn

75

Glu

Asp

Pro

Gly

Ala

155

Tyr

Leu

Pro

Phe

Glu

235

Leu

Asp

Glu

Leu

Gln

Val

Gly

Pro

Leu
75

Tyr

Ala

Arg

60

Pro

Thr

Leu

Glu

Trp

140

Phe

Ala

Ala

Leu

Gln

220

Leu

Leu

Ile

Gly

Ser
300

Leu

Gly

Ile

Ser

Leu

Asn

Leu

45

Thr

Tyr

Glu

Thr

Lys

125

Ser

Val

Asp

Ala

Leu

205

Gly

Lys

Ala

Val

Leu
285

Ala

Val

Leu

45

Val

Thr

Met

30

Lys

Ser

Pro

Ala

Asn

110

His

Ile

Ala

Phe

Gln

190

Glu

Lys

Ala

Ala

Ile

270

Ile

His

Tyr

30

Lys

Arg

Gln

15

Thr

Gln

Phe

Val

Glu

95

Ser

Ile

Gly

Gly

Ala

175

Leu

Leu

Thr

Leu

Phe

255

Gly

Gly

Tyr

15

Leu

Ala

Thr

Ala

Gly

Ala

Gln

Trp

80

Lys

Pro

Leu

Val

Lys

160

Val

Glu

Pro

Glu

Ser

240

Gly

Ser

Phe

Leu

Glu

Gly

Gln

Glu
80
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-continued

60

Leu Ala Glu Lys Leu Pro Gln
85

Arg Asp Trp Pro Glu Ile Thr
100

Lys Ile Glu Pro Asn Asn Leu
115

Thr Gly Gln Pro Lys Gly Val
130 135

Leu Ile Phe Trp His Gln Gln
145 150

Ala Thr Gln Val Ala Gly Ile
165

Trp Pro Tyr Leu Thr Thr Gly
180

Ile Leu Leu Ser Pro Thr Asp
195

Ile Thr Met Ser Phe Val Pro
210 215

Leu Asp Trp Pro Asn His Ser
225 230

Asp Lys Leu His Phe Tyr Pro
245

Asn Asn Tyr Gly Pro Thr Glu
260

Val Lys Ser Ser Ser Ser His
275

Pro Ile Ala Asn Val Gln Ile
290 295

Val Pro Ile Gly Val Pro Gly
305 310

Ala Gln Gly Tyr Leu Asn Arg
325

Ala Asn Pro Phe Asp Pro Pro
340

Glu Pro Ser Lys Leu Tyr Lys
355

Asp Gly Asn Val Glu Phe Leu
370 375

Arg Gly Phe Arg Ile Glu Thr
385 390

Tyr Phe Leu Leu Ala Glu Ser
405

<210> SEQ ID NO 12

<211> LENGTH: 65

<212> TYPE: PRT

<213> ORGANISM: Microcystis

<400> SEQUENCE: 12

Ala Gln Leu Thr Gln Ile Trp
1 5

Gly Val Lys Asp Asn Phe Phe
20

Thr Gln Val Leu Ser Arg Ile
35

Thr

Ser

Ala

120

Leu

Ala

Ala

Ala

Leu

200

Thr

Cys

Ala

Asn

His

280

Tyr

Glu

Pro

Leu

Thr

360

Gly

Gly

Val

Gln

Gln

105

Tyr

Ile

Phe

Phe

Cys

185

Arg

Pro

Leu

Ala

Thr

265

Phe

Leu

Leu

Glu

Thr

345

Gly

Arg

Glu

Val

Asn

90

Pro

Cys

Ser

Glu

Asp

170

Ile

Asp

Leu

Lys

Ser

250

Val

Gly

Leu

His

Leu

330

Pro

Asp

Ile

Ile

aeruginosa

Lys

Gln

Ile

His

Ile

155

Ala

Asn

Trp

Ala

Thr

235

Leu

Val

Thr

Asp

Leu

315

Thr

Leu

Leu

Asp

Glu
395

Ile Ile

Thr Asn

Tyr Thr

125

Gln Ala
140

Gly Pro

Thr Val

Leu Val

Leu Leu

205

Glu Lys
220

Leu Leu

Pro Phe

Ala Thr

Pro Thr

285

Gln Asn
300

Gly Gly

Ala Glu

Asp Lys

Ala Arg
365

Asn Gln
380

Ala Val

Ser Glu Val Leu Gly Leu

10

Glu Leu Gly Gly His Ser

25

Asn Ser Ala Phe Gly Leu

40

45

Cys

Leu

110

Ser

Leu

Leu

Trp

Pro

190

Asn

Leu

Leu

Gln

Ser

270

Ile

Leu

Ala

Lys

Gly

350

Tyr

Val

Leu

Glu

Leu
30

Asp

Leu

95

Asp

Gly

Leu

His

Glu

175

Gln

Arg

Leu

Gly

Val

255

Gly

Gly

Gln

Gly

Phe

335

Gly

Leu

Lys

Ser

Arg
15

Leu

Leu

Asp

Leu

Ser

Asn

Lys

160

Leu

Asn

Glu

Ser

Gly

240

Ile

Leu

Arg

Pro

Leu

320

Ile

Glu

Pro

Ile

Gln
400

Ile

Ala

Ser
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-continued

62

Val Gln Ile Met Phe Glu Ser

Ile

50

<210> SEQ ID NO 13

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Ala

1

Phe

Ile

Leu

Thr

65

Gln

Ala

Leu

Gln

Trp

145

Phe

Ala

Asp

Val

Gln

225

Leu

Leu

Leu

Pro

Ser
305

Arg Asp Gly

Leu

Leu

Gly

50

Val

Leu

Lys

Thr

Lys

130

Ser

Leu

Asp

Lys

Leu

210

Gly

Lys

Ala

Met

Leu
290

His

Gln

35

Glu

Ser

Lys

Ile

Val

115

Ser

Phe

Lys

Phe

Gln

195

Thr

Gly

Lys

Gly

Val

275

Ile

Tyr

20

Ile

Leu

Gly

Val

Gln

100

Gly

Val

Gly

Asn

Ala

180

Leu

Leu

Val

Leu

Phe

260

Gly

Gly

305

55

Microcystis

Leu

Asp

Ile

Glu

Asp

85

Gln

Pro

Leu

Ile

Leu

165

Val

Asn

Pro

Glu

Gly

245

Gly

Ser

Phe

<210> SEQ ID NO 14

<211> LENGTH:

<212> TYPE:

PRT

395

Leu

Ser

Gly

Asn

Pro

70

Asn

Val

Leu

Leu

Leu

150

Ala

Trp

Tyr

Thr

Arg

230

Gln

Val

Pro

Phe

Pro

Pro

Asn

Arg

55

Ile

Tyr

Ala

Ile

Leu

135

Ile

Asn

Gln

Trp

Asp

215

Phe

Asp

Leu

Ile

Ala
295

Pro Thr Ile Ala Gly Ile Ala Gly Tyr

aeruginosa

Leu

Asp

Leu

40

His

Gln

Gln

Glu

Gln

120

Lys

Arg

Pro

Arg

Gln

200

Arg

Gln

Gln

Leu

Ala

280

Asn

Ser

Ser

25

Asn

Glu

Lys

Asp

Leu

105

Phe

Met

Glu

Leu

Gln

185

Glu

Pro

Leu

Val

Ser

265

Asn

Thr

Phe Ala
10

Arg Ser

Leu Thr

Ile Phe

Ile Ala
75

Leu Asp
90

Glu Ala

Lys Leu

His His

Leu Ser

155

Pro Ala
170

Tyr Leu

Gln Leu

Arg Pro

Asp Gln

235
Ala Thr
250
Arg Tyr

Arg Asn

Leu Ala

60

Gln

Tyr

Val

Arg

60

Leu

Glu

Gly

Leu

Ile

140

Ala

Leu

Ser

Ala

Ala

220

Asn

Leu

Ser

Gln

Leu
300

Gln

Asn

Leu

45

Thr

Pro

Asn

Gln

Gln

125

Ile

Leu

Ser

Gly

Thr

205

Ile

Val

Phe

Gly

Ala

285

Arg

Arg

Thr

30

Glu

Thr

Ser

Glu

Ala

110

Leu

Tyr

Tyr

Ile

Glu

190

Val

Gln

Thr

Met

Gln

270

Ala

Ile

Leu

15

Leu

Gln

Phe

Arg

Gln

95

Phe

Ser

Asp

Glu

Gln

175

Val

Ser

Thr

Gln

Thr

255

Ser

Ile

Asn

Trp

Glu

Ser

Pro

Phe

80

Ser

Asp

Pro

Gly

Ala

160

Tyr

Leu

Pro

Phe

Gly

240

Leu

Asp

Glu

Leu
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-continued

64

<213> ORGANISM:

<400> SEQUENCE:

Thr Tyr Thr Glu

1

Gln

Arg

Gly

Leu

65

Leu

Gln

Thr

Leu

145

Val

Leu

Ala

Ile

Glu

225

Ser

Ala

Tyr

Gln

Ser

305

Asn

Asn

Leu

Lys

Ser
385

Thr

Ser

Ala

50

Met

Leu

Ile

Leu

Gly

130

Ala

Leu

Met

Leu

Thr

210

Pro

Leu

Tyr

Gln

Ile

290

Gly

Arg

Asp

Pro

Ile

370

Gln

Leu

Leu

35

Tyr

Leu

Ala

Gln

Thr

115

Lys

Leu

Gln

Thr

Leu

195

His

Leu

Asp

Gly

Asp

275

Tyr

Glu

Pro

Pro

Asp

355

Arg

Cys

Gly

20

Glu

Leu

Glu

Lys

Glu

100

Pro

Pro

Ala

Phe

Phe

180

Pro

Val

Arg

Leu

Pro

260

Asp

Ile

Leu

Glu

Asp

340

Gly

Gly

Pro

Microcystis

14

Leu

Val

Met

Pro

Asp

Leu

85

Gln

Ala

Lys

Gln

Ala

165

Gly

Gly

Thr

Asn

Val

245

Thr

Leu

Leu

Tyr

Leu

325

Ser

Asn

Phe

Asp

Asn

Gly

Ile

Leu

Ser

Pro

Ile

Asn

Gly

Ile

150

Ser

Ser

Gln

Leu

Leu

230

Lys

Glu

Lys

Asp

Ile

310

Thr

Arg

Ile

Arg

Val
390

His

Ala

Ile

Asp

55

Gln

Pro

Ser

Leu

Val

135

Gln

Phe

Gly

Pro

Pro

215

Glu

Gln

Ala

Val

Ala

295

Gly

Gln

Leu

Glu

Ile

375

Gln

aeruginosa

Arg

Glu

Gly

40

Pro

Val

Ser

Gln

Ala

120

Met

Ser

Ser

Ala

Leu

200

Pro

Thr

Trp

Ser

Thr

280

Phe

Gly

Glu

Tyr

Tyr

360

Glu

Asn

Ala

Val

25

Leu

Asp

Pro

Gln

Tyr

105

Asn

Val

Phe

Phe

Thr

185

Ile

Ser

Leu

Ser

Val

265

Ile

Leu

Val

Lys

Lys

345

Leu

Leu

Thr

Asn

10

Leu

Leu

Tyr

Phe

Ala

90

Ser

Val

Glu

Ala

Asp

170

Leu

Glu

Ala

Ile

Ile

250

Cys

Gly

Gln

Gly

Phe

330

Thr

Gly

Gly

Ala

Gln

Val

Gly

Pro

Leu

75

Thr

Pro

Ile

His

Val

155

Ala

Tyr

Arg

Leu

Val

235

Asp

Ala

Lys

Pro

Val

315

Ile

Gly

Arg

Glu

Val
395

Leu

Gly

Ile

Thr

60

Ile

Leu

Asp

Tyr

Lys

140

Asn

Cys

Leu

Leu

Val

220

Ala

Arg

Thr

Ala

Val

300

Ala

Ala

Asp

Ile

Ile
380

Ala

Ile

Leu

45

Glu

Thr

Ile

Asn

Thr

125

Gly

His

Ile

Ala

Val

205

Val

Gly

Asn

Ile

Ile

285

Pro

Arg

Asn

Leu

Asp

365

Glu

His

Ser

30

Lys

Arg

His

Cys

Leu

110

Ser

Leu

Asn

Ser

Gln

190

Lys

Leu

Glu

Phe

Gly

270

Ala

Val

Gly

Pro

Ala

350

Asn

Ala

Tyr

15

Leu

Val

Leu

Ser

Leu

95

Gln

Gly

Val

Ser

Glu

175

Lys

Asn

Pro

Ala

Phe

255

Gln

Asn

Gly

Tyr

Phe

335

Arg

Gln

Val

Leu

Glu

Gly

Gln

Ser

80

Asp

Cys

Ser

Asn

Arg

160

Ile

Asp

Gly

Gln

Cys

240

Asn

Cys

Val

Val

Leu

320

Ser

Tyr

Val

Leu
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65

-continued

<210> SEQ ID NO 15

<211> LENGTH: 65

<212> TYPE: PRT

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 15

Glu Ile Leu Ala Gln Ile Trp Gly Gln Val Leu Lys Ile Glu Arg Val
1 5 10 15

Ser Arg Glu Asp Asn Phe Phe Glu Leu Gly Gly His Ser Leu Leu Ala
20 25 30

Thr Gln Val Met Ser Arg Leu Arg Glu Thr Phe Gln Val Glu Leu Pro
35 40 45

Leu Arg Ser Leu Phe Thr Ala Pro Thr Ile Ala Glu Leu Ala Leu Thr
50 55 60

Ile
65

<210> SEQ ID NO 16

<211> LENGTH: 299

<212> TYPE: PRT

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 16

Asn Asp Ser Ala Asn Leu Pro Leu Ser Phe Ala Gln Gln Arg Leu Trp
1 5 10 15

Phe Leu Asp Gln Leu Glu Pro Asn Ser Ala Phe Tyr His Val Gly Gly
20 25 30

Ala Val Arg Leu Glu Gly Thr Leu Asn Ile Thr Ala Leu Glu Gln Ser
35 40 45

Leu Lys Glu Ile Ile Asn Arg His Glu Ala Leu Arg Thr Asn Phe Ile
50 55 60

Thr Ile Asp Gly Gln Ala Thr Gln Ile Ile His Pro Thr Ile Asn Trp
65 70 75 80

Arg Leu Ser Val Val Asp Cys Gln Asn Leu Thr Asp Thr Gln Ser Leu
85 90 95

Glu Ile Ala Glu Ala Glu Lys Pro Phe Asn Leu Ala Gln Asp Cys Leu
100 105 110

Phe Arg Ala Thr Leu Phe Val Arg Ser Pro Leu Glu Tyr His Leu Leu
115 120 125

Val Thr Met His His Ile Val Ser Asp Gly Trp Ser Ile Gly Val Phe
130 135 140

Phe Gln Glu Leu Thr His Leu Tyr Ala Val Tyr Asn Gln Gly Leu Pro
145 150 155 160

Ser Ser Leu Thr Pro Ile Lys Ile Gln Tyr Ala Asp Phe Ala Val Trp
165 170 175

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

Trp Arg Glu Gln Leu Ala Asn Ala Pro Ala Phe Leu Pro Leu Pro Thr
195 200 205

Asp Arg Pro Arg Pro Ala Ile Gln Thr Phe Ile Gly Ser His Gln Glu
210 215 220

Phe Lys Leu Ser Gln Pro Leu Ser Gln Lys Leu Asn Gln Leu Ser Gln
225 230 235 240

Lys His Gly Val Thr Leu Phe Met Thr Leu Leu Ala Ala Phe Ala Thr
245 250 255
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-continued

68

Leu Leu Tyr

Ile

Val

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

<400>

Thr
1

Gln
Arg
Gly
Phe

65

Leu

Glu

Thr

Leu

145

Val

Leu

Asp

Ile

Lys

225

Pro

Ala

Tyr

Gln

Pro

305

Asn

Ala

Asn
290

Arg
260

Tyr Thr Gly

Asn Arg Asn Arg Lys

275

Thr

Leu Val Leu Arg

PRT

SEQUENCE :

Tyr Ala Glu

Thr

Ser

Ala

Met

Leu

Ile

Leu

Gly

130

Ala

Leu

Met

Leu

Thr

210

Pro

Leu

Tyr

Gln

Ile

290

Gly

Arg

Leu

Leu

35

Tyr

Leu

Glu

Gln

Thr

115

Lys

Ser

Gln

Thr

Leu

195

His

Leu

Asp

Gly

Asp

275

Tyr

Glu

Pro

Gly

20

Glu

Leu

Glu

Lys

Glu

100

Pro

Pro

Ser

Phe

Phe

180

Pro

Val

Pro

Leu

Pro

260

Asp

Ile

Leu

Glu

SEQ ID NO 17
LENGTH:
TYPE :
ORGANISM:

415

295

Microcystis

17

Leu

Ile

Met

Pro

Asp

Leu

85

Gln

Ser

Lys

Gln

Ala

165

Gly

Gly

Thr

Asn

Val

245

Thr

Leu

Leu

Tyr

Leu
325

Asn

Gly

Ile

Leu

Ser

70

Pro

Ile

Asn

Gly

Ile

150

Ser

Ser

Gln

Leu

Leu

230

Lys

Glu

Lys

Asp

Ile

310

Thr

His

Pro

Ile

Ala

55

Gln

Ser

Ser

Leu

Val

135

Gln

Phe

Gly

Pro

Pro

215

Gln

Gln

Thr

Val

Ala

295

Gly

Ala

Gln

Glu
280

Leu

Ala
265

Ile

Ser

Asp Ile Leu Val Gly Ser Pro

270

Glu Gly Leu Ile Gly Phe Phe

Leu

aeruginosa

Gln

Glu

Gly

40

Pro

Ala

Ser

Gln

Ala

120

Met

Ser

Ser

Ala

Leu

200

Pro

Thr

Trp

Ser

Thr

280

Phe

Gly

Glu

Ala

Val

25

Leu

Asp

Ser

Gln

Tyr

105

Asn

Val

Phe

Phe

Thr

185

Met

Ser

Leu

Ser

Val

265

Ile

Leu

Val

Arg

Asn

10

Leu

Leu

Tyr

Phe

Ala

90

Ser

Val

Glu

Ala

Asp

170

Leu

Glu

Ala

Ile

Val

250

Cys

Gly

Gln

Gly

Phe
330

Asp

Gln

Val

Ala

Pro

Leu

75

Thr

Pro

Ile

His

Val

155

Ala

Tyr

Arg

Leu

Val

235

Gly

Ala

Lys

Pro

Val

315

Ile

Leu

Ala

Ile

Thr

60

Ile

Leu

Asp

Tyr

Arg

140

Lys

Cys

Leu

Leu

Ala

220

Ala

Arg

Thr

Ala

Val

300

Ala

Pro

285

Val

Ile

Leu

45

Glu

Thr

Ile

Asn

Thr

125

Gly

Asn

Ile

Ala

Glu

205

Val

Gly

Asn

Ile

Ile

285

Pro

Arg

Asn

His

Ser

30

Lys

Arg

His

Cys

Leu

110

Ser

Leu

Asn

Ser

Gln

190

Lys

Leu

Glu

Phe

Gly

270

Ala

Ile

Gly

Pro

Tyr

15

Val

Ala

Leu

Ser

Leu

95

Gln

Gly

Val

Ser

Glu

175

Lys

Asn

Pro

Ala

Phe

255

Gln

Asn

Gly

Tyr

Phe
335

Leu

Glu

Cys

Gln

Ser

80

Asp

Ser

Ser

Asn

Arg

160

Ile

Asn

Lys

Lys

Cys

240

Asn

Cys

Val

Val

Leu

320

Asp
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-continued

70

Pro

Phe

Leu

Asp

385

Glu

Pro

Lys

Ala

370

Asn

Ala

Leu

Lys

355

Arg

Gln

Val

Thr

340

Gly

Tyr

Val

Leu

Pro

Glu

Leu

Lys

Ser
405

<210> SEQ ID NO 18

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Microcystis

PRT

<400> SEQUENCE:

Leu

1

Gly

Val

Leu

Leu
65

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

<400>

65

18

Gln Leu Ala Gln

5

Ile Gln Glu Asn

20

Leu

Glu

Pro

Ile

390

Gln

Ile

Phe

Ser Leu Ile Asn Arg

35

Thr Ser Leu Phe

50

PRT

SEQUENCE :

Thr Pro Phe Phe

1

Ala

Gln

Glu

Gly

65

Glu

Ala

Glu

Asn

Glu

145

Leu

Asp

Ser

Met

50

Pro

Ile

Leu

Lys

Ile

130

Ile

Leu

Leu

Leu

35

Ala

Tyr

Ala

Ile

Asn

115

Ala

Ser

Asp

Ala

Gly

Met

Tyr

Gln

Asp

100

Ser

Tyr

Phe

Lys

SEQ ID NO 19
LENGTH:
TYPE :
ORGANISM: Microcystis

227

19

Ala

Arg

Leu

Ile

Leu

Gln

85

Ser

Ala

Ser

Ser

Phe
165

Gln

Val

Asn

Ser

Tyr

Gly

70

Leu

Tyr

Asn

Phe

Gly

150

Ile

Lys

Gln

Asp

375

Arg

Cys

Trp

Phe

Ile

Asn
55

His

Leu

Glu

Ile

55

Gly

Leu

Ser

Ser

Ile

135

Ser

Thr

Lys

Pro

360

Gly

Gly

Pro

Gly

345

Ser

Asn

Phe

Asp

Gly

Lys

Ile

Arg

Val
410

aeruginosa

Ser

Glu

Glu

40

Gly

Glu

Leu

25

Gln

Thr

Ile
10
Gly

Lys

Ile

aeruginosa

Pro

Gly

Leu

40

Glu

Trp

Thr

Pro

Leu

120

Arg

Glu

Trp

Ile

Thr

25

Glu

Ala

Ser

Gln

Ser

105

Thr

Asp

Leu

Ser

Gly

10

Lys

Lys

Ile

Met

Gly

Leu

Glu

Leu

Ala

Gln
170

Asp

Leu

Glu

Ile

395

Gln

Leu

Gly

Leu

Ala

Gly

Gln

Thr

Gln

Gly

75

Gln

Leu

Glu

Ala

His

155

Glu

Lys

Tyr

Tyr

380

Glu

Asn

Gly

His

Asp

Ser
60

Asn

Pro

Val

Thr

60

Gly

Glu

Asn

Phe

Ser

140

Phe

Thr

Ser

Lys

365

Leu

Leu

Thr

Ile

Ser

Lys

45

Leu

Val

Phe

Ala

45

Val

Val

Val

Ser

Asn

125

Ile

Thr

Asn

Tyr

350

Thr

Gly

Gly

Ala

Asn
Leu
30

Arg

Ala

Leu

Tyr

30

Ser

Gln

Ile

Ala

Val

110

Glu

Phe

Ser

Leu

Glu

Gly

Arg

Glu

Val
415

Asn
15
Leu

Leu

Gln

Cys

15

Gly

Ile

Ala

Ala

Leu

95

Asn

Asp

Asn

Asp

Leu
175

Thr

Asp

Ile

Ile
400

Ile

Ala

Pro

Leu

Tyr

Leu

Glu

Ser

Phe

80

Leu

Arg

Ile

Gln

Glu

160

Pro
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-continued

72

Ser

Ile

Arg

Trp
225

Asp

Asn

Ser

210

His

Phe Gly Lys Gln Gln

180

His Gln Ala Leu Ser

195

Val Phe Leu Gly Ala

Gln

<210> SEQ ID NO 20

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Phe

1

Lys

Phe

Phe

Lys

65

Ser

Gly

Val

Glu

Pro

145

Met

Thr

Met

Gln

Val

225

Gln

Leu

Leu

Tyr

Ile

Ser Leu Tyr

Tyr

Thr

Ser

50

Gln

Ile

Arg

Leu

Ile

130

Asp

Gln

Tyr

Gly

Ser

210

Leu

Ala

Gln

Arg

Thr

290

Ile

Asn

Ala

Pro

Ile

Arg

Val

Ala

115

Glu

Gly

Ser

Ile

Gln

195

Leu

Leu

Arg

Asn

Asp

275

Glu

Asp

Leu

20

Leu

Asn

Gln

Val

Gly

100

Pro

Thr

Lys

Gln

Arg

180

Ser

Ala

His

Gln

Met

260

Glu

Thr

His

345

215

Microcystis

20

Tyr

Leu

Trp

Pro

Leu

Ala

85

Ile

Gln

Val

Gly

Leu

165

Ala

Val

Glu

Thr

Pro

245

Val

Asp

Ser

Leu

Phe

Phe

Ile

Ser

Arg

70

Glu

Ala

Ser

Gln

Gln

150

Pro

Gly

Glu

His

Phe

230

Phe

Lys

Arg

Ala

Gln

Gly

Glu

Pro

Val

55

Ser

Glu

Phe

Phe

Lys

135

Arg

Ser

Ala

Asp

Gly

215

Val

Gly

Ser

Asp

Leu

295

Ser

Val Lys Thr Trp

185

Ser Tyr Ser Pro

200

Glu Asp Ser Ser

aeruginosa

Ser

Gly

Glu

40

Leu

Gly

Trp

Ala

Gly

120

Leu

Val

Trp

Ile

Leu

200

Tyr

Gly

Gln

Gln

Phe

280

Ile

Ile

Tyr

Ala

25

Arg

Ala

Ser

Ala

Ser

105

Gln

Trp

Glu

Ile

Gly

185

Ala

Asp

Lys

Tyr

Gly

265

Leu

Gly

Gly

Glu

10

Lys

His

Ala

Val

Val

90

Gly

His

Arg

Val

Thr

170

Ala

Arg

Pro

Asp

Leu

250

Met

Leu

Thr

Val

Ala

Phe

Phe

Ala

Val

75

Val

Trp

Arg

Gly

Lys

155

Ile

Asn

Asn

Ala

Leu

235

Thr

Lys

Ala

Pro

Asp

Phe

Lys

Ile
220

Glu

Gly

His

Leu

60

Leu

Asp

His

Glu

Glu

140

Thr

Val

Ile

Ile

Ser

220

Glu

Ser

Val

Ser

Glu

300

Glu

Lys
Thr
205

Lys

Phe

Asp

Ala

45

Ala

Pro

Asn

Pro

Leu

125

Ala

Tyr

Asn

Leu

Ala

205

Gly

Gln

Ser

Asp

Ala

285

Ser

Val

Val
190
Tyr

Asn

Asn

Arg

30

Phe

Arg

Leu

Leu

Gln

110

Met

Ile

Pro

Asn

Thr

190

Leu

Thr

Val

Val

Phe

270

Tyr

Cys

Ala

Phe

Leu

Pro

Pro

15

Ala

Gly

Glu

His

Ser

95

Asp

Phe

Thr

Gln

Pro

175

Asn

Tyr

Val

Arg

Gly

255

Glu

Lys

Arg

Cys

Gln

Gly

Gly

Asn

Gly

Gly

Thr

Asn

80

Gln

Phe

Gln

Val

Pro

160

Asp

Leu

Arg

Thr

Glu

240

Leu

Gln

Arg

Gln

Phe
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-continued

305 310 315 320

Ile Asp Phe Gly Val Asp Glu Gln Thr Val Leu Ala Asn Leu Pro Tyr
325 330 335

Leu Gln Ser Leu Lys Asp Leu Tyr Gln
340 345

<210> SEQ ID NO 21

<211> LENGTH: 33

<212> TYPE: PRT

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 21

Ile Asp Pro Pro Leu Thr Pro Leu Asp Lys Gly Ile Asp Pro Pro Leu
1 5 10 15

Thr Pro Leu Asp Lys Gly Ile Asp Pro Pro Leu Thr Pro Leu Asp Lys
20 25 30

Gly

<210> SEQ ID NO 22

<211> LENGTH: 77

<212> TYPE: PRT

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 22

Pro Tyr Gln Gly Gly Leu Gly Gly Asp Gln Ser Pro Tyr Gln Gly Gly
1 5 10 15

Leu Gly Gly Asp Gln Ser Pro Tyr Gln Gly Gly Leu Gly Gly Asp Gln
20 25 30

Ser Pro Tyr Gln Gly Gly Leu Gly Gly Asp Gln Ser Pro Tyr Gln Gly
35 40 45

Gly Leu Gly Gly Asp Gln Ser Pro Tyr Gln Gly Glu Leu Gly Gly Asp
50 55 60

Gln Ser Pro Tyr Gln Gly Gly Leu Gly Gly Asp Gln Val
65 70 75

<210> SEQ ID NO 23

<211> LENGTH: 382

<212> TYPE: PRT

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 23

Pro Ala Ser Glu Met Arg Glu Trp Val Glu Asn Thr Val Ser Arg Ile
1 5 10 15

Leu Ala Phe Gln Pro Glu Arg Gly Leu Glu Ile Gly Cys Gly Thr Gly
20 25 30

Leu Leu Leu Ser Arg Val Ala Lys His Cys Leu Glu Tyr Trp Ala Thr
35 40 45

Asp Tyr Ser Gln Gly Ala Ile Gln Tyr Val Glu Arg Val Cys Asn Ala
50 55 60

Val Glu Gly Leu Glu Gln Val Lys Leu Arg Cys Gln Met Ala Asp Asn
65 70 75 80

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

Ile Ile Gln Tyr Phe Pro Ser Val Asp Tyr Leu Leu Gln Val Leu Glu
100 105 110

Gly Ala Ile Asn Val Ile Gly Glu Arg Gly Gln Ile Phe Val Gly Asp
115 120 125
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76

Val

Ala

145

Arg

Phe

Gln

Asp

Gly

225

Ser

Trp

Ile

Leu

Gln

305

Trp

Asn

Phe

Asn

Arg

130

Gln

Gln

Leu

Pro

Val

210

Asn

Leu

Gly

Trp

Lys

290

Val

Trp

Ser

Trp

Asn
370

Ser

Ala

Ser

Ala

Lys

195

Thr

Pro

Thr

Ile

Glu

275

Lys

Trp

Glu

Glu

Asp

355

Pro

Leu

Ser

Val

Leu

180

Arg

Leu

Thr

Gln

Arg

260

Trp

Leu

Gln

Ser

Ala

340

Glu

Leu

Pro

Asp

Ala

165

Lys

Gly

His

Val

Ile

245

Gly

Val

Leu

Leu

Ser

325

Glu

Lys

Arg

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Thr Asn Tyr

1

Gly

Leu

Tyr

65

Lys

Gln

Leu

His

Asn

Gly

50

Ser

Thr

Gly

Ala

Lys

Leu

35

Cys

Val

Arg

Asn

Leu
115

Gly

20

Val

Gly

His

Ile

Ile

100

Phe

270

Leu

Ser

150

Gly

Gln

Val

Leu

Ile

230

Lys

Ile

Glu

Lys

Ala

310

Gln

Asp

Pro

Gly

Leu

135

Lys

Glu

His

Ala

Glu

215

Thr

Asp

Pro

Asn

Gln

295

Glu

Asp

Ser

Phe

Lys
375

Microcystis

24

Gly

Tyr

Glu

Thr

Gly

Glu

85

Cys

His

Lys

Asn

Thr

Gly

Val

70

Asp

Glu

Val

Ser

Lys

Tyr

Tyr

55

Asp

Glu

Ile

Val

Glu

Thr

Glu

Phe

His

200

Thr

Trp

Lys

Asn

Ala

280

Gln

Ser

Gly

Lys

Lys

360

Leu

Pro

Val

Glu

Pro

185

Asn

Ile

Leu

Leu

Gln

265

Pro

Val

Leu

Ser

Lys

345

Ile

Val

Tyr

Glu

Leu

170

Gln

Glu

Asn

Asn

Leu

250

Arg

Asp

Asp

Gly

Phe

330

Leu

Lys

Gln

aeruginosa

Met

Asp

Thr

40

His

Leu

Thr

Arg

Asn
120

Ser

Tyr

25

Thr

Ala

Ser

Ile

Leu

105

Tyr

His

10

Ala

Glu

Ala

Ala

Ala

90

Asn

Gln

His

Gln

155

Val

Ile

Leu

Asn

Trp

235

Thr

Val

Val

Thr

Tyr

315

Asp

Thr

Pro

Lys

Tyr

Thr

Ala

Leu

Glu

75

Ser

Arg

Thr

Ala

140

Trp

Ile

Ser

Thr

Gln

220

Gln

Asp

Glu

Glu

Gly

300

Thr

Val

Leu

Trp

Leu
380

Tyr

Glu

Lys

Leu

60

Met

Asn

Gln

Thr

Ala Val Gln

Gln

Asp

Trp

Gln

205

Ala

Leu

Lys

Glu

Thr

285

Ile

Ala

Ile

Ser

Ser

365

Ile

Asp

Val

Ser

Ala

Leu

Leu

Phe

Asn
125

Gln

Pro

Val

190

Phe

Leu

Asp

Pro

Ala

270

Val

Asn

His

Phe

Lys

350

Asp

Pro

Leu

Glu

30

Ile

Gln

Glu

Ser

Asn

110

Gln

Gln

Thr

175

Glu

Arg

Leu

Gln

Glu

255

Leu

Glu

Pro

Leu

Gln

335

Leu

Tyr

Val

15

Phe

Leu

Lys

Gln

Phe

95

Val

Asn

Leu

Val

160

Leu

Ile

Tyr

Ser

Leu

240

Leu

Lys

Gln

Glu

Ser

320

Arg

Ala

Thr

Val

Ile

Tyr

Gly

Ala

80

Ser

Val

Leu
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-continued
Leu Ala Thr Phe Ala Thr Val Lys Asn His Leu Lys Ala Gly Gly Ile
130 135 140
Phe Ile Cys Asp Val Ser Tyr Gly Ser Tyr Val Leu Gly Glu Phe Lys
145 150 155 160
Ser Arg Pro Thr Ala Ser Ile Leu Arg Leu Glu Asp Asn Ser Asn Gly
165 170 175
Asn Glu Val Thr Tyr Ile Ser Glu Leu Asn Phe Leu Thr His Glu Asn
180 185 190
Ile Val Glu Val Thr His Asn Leu Trp Val Thr Asn Gln Glu Asn Gln
195 200 205
Leu Leu Glu Asn Ser Arg Glu Thr His Leu Gln Arg Tyr Leu Phe Lys
210 215 220
Pro Glu Val Glu Leu Leu Ala Asp Ala Cys Glu Leu Thr Val Leu Asp
225 230 235 240
Ala Met Pro Trp Leu Glu Gln Arg Pro Leu Thr Asn Ile Pro Cys Pro
245 250 255
Ser Val Cys Phe Val Ile Gly His Lys Thr Thr His Ser Ala
260 265 270
<210> SEQ ID NO 25
<211> LENGTH: 1743
<212> TYPE: DNA
<213> ORGANISM: Microcystis aeruginosa
<400> SEQUENCE: 25
atgactatta actatggtga tctgcaagaa ccctttaata aattctcaac cctagttgaa 60
ttactccgtt atcgggcaag cagtcaaccg gaacgccteg cctatatttt tctgegagac 120
ggagaaatcyg aagaagctcg tttaacctat ggggaactgg atcaaaaggc tagggcgatce 180
geegettate tacaatcctt agaagccgag ggcgaaaggg gtttactget ctatccccca 240
ggactagatt ttatttcagc tttttttggt tgtttatatg cgggagtcgt tgccattceccce 300
gectatccac ceccgacggaa tcaaaacctt ttgegtttac aggcgattat tgecgattet 360
caagcccgat ttaccttcac caatgccget ctatttccca gtttaaaaaa ccaatggget 420
aaagaccctg aattaggagc aatggaatgg attgttaccyg atgaaattga ccatcaccte 480
agggaggatt ggctagaacc aaccctcgaa aaaaacagte tcegettttet acaatacace 540
tctggttcaa cgggaactcce aaagggagta atggtcagte accataattt gttgattaat 600
tcageccgatt tagatcgtgg ttggggecat gatcaagata gegtaatggt cacttggcta 660
ccgaccttee atgatatggg tctgatttat ggggttatte agectttgta caaaggattt 720
ctttgttaca tgatgtccce tgccagettt atggaacgac cgttacgttyg gttacaggece 780
ctttectgata aaaaagcaac ccatagtgeg geccccaact ttgectacga tetttgtgtg 840
cggaaaattce cccctgaaaa acgggctacg ttagacttaa gccattggtyg catggectta 900
aatggggcceg aacccgtcag agcggaggta cttaaaaagt ttgcggagge ttttcaagtt 960
tctggtttca aagccacage cctttgtcecct ggctacggtt tagcagaagce caccctgaaa 1020
gttacggcgg ttagttatga cagtccccct tacttttatc ccgttcaggce taatgcttta 1080
gaaaaaaata agattgtggg agccactgaa accgatacca atgtgcagac cctecgtgggce 1140
tgcggctgga caacgattga tactcaaatc gtcattgtca atcctgaaac cctgaaacct 1200
tgctcecectg aaattgtegg cgaaatttgg gtatcaggtt caacaatcgce ccaaggctat 1260
tggggaaaac ctcaagagac tcaggaaacc tttcaagctt atttggcaga tacaggagcce 1320
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gggectttte

ggtcggcetcea

ttaaccgtece

gaaaataagg

aaggtagata

ttacaggttt

aaaattcagc

taa

tgcgaacagg
aggaaattat
aaaatagtca
gcgaagaaaa
tagatgaggt
atgcgatcge

gtcgtagetyg

<210> SEQ ID NO 26
<211> LENGTH: 267

<212> TYPE:

DNA

agacttggge

tctgattega

tccegetetyg

getegtggte

aaaaagagcc

getgatcagyg

tcgggccaaa

ttcattaaag

ggacgcaata

cgtecccagtt

gttcaggaag

attcgtaaag

actggcagtt

tttttagagy

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 26

atgtccacag

ttagtggett

cecctttgatg

gattggttac

ttggctaaac

aaatcccaaa

acatgacaga

aatatggtct

gacgagattt

aggttagtga

<210> SEQ ID NO 27
<211> LENGTH: 1293

<212> TYPE:

DNA

cgacaaaaaa

gatgatggaa

cgattcttet

acatcgcacc

accctga

caaccgaccc

gtggacgaag

atggcagttyg

ctgatctacg

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 27

atggaaccca

getttetgge

tgggatattg

cagggcggtt

ctagaagcca

ttagaaaatg

ggtatcagtyg

tatgtgggta

ttgegtggee

ttggeetgte

cteattttgt

agtcgttgta

gtagtcgtac

attgaaggtt

cctgetcaac

attagctatg

tctetgaaag

gtgaaaacca

tcgcaattat

aactcatgeg

agcgttteta

ttctaaaaaa

cctatctaga

ctgccattgt

atgtggatta

caggcaacag

ccagtttgge

agagtttgca

cgccagagac

aaacctttga

ttaaacgtct

cegeggtgaa

aggcggtgat

tcgaagececa

ngttttggg

acattggtca

tggtcttget

aaatggggtg

cgatcccaca

tgtcgatcaa

tcctcaacaa

gectgaaace

tcatcegttty

caccagtatt

cgtagatacc

aagtcaagaa

aaccgttgtt

cgcgagggcc

tagggatgcc

tcaggatggt

tcgtcaggec

tggcacgggg

tgaaaagcga

tttagaagcg

tgcecgettte

gatgcgatcyg

cctgecactyg

tttgacccte

agactgctac

ttagctggta

gcttatcaaa

geggetaace

gettgetett

tcgaacctet

ttttcccaag

gatggttatg

attcaggacg

ttaagtaatg

ctggcaaatg

acagaattgg

tegetegate

dcggegggaa

atggtgaatt gtttatcaca

attatcccca ggatattgaa

gtggggctge ttttacegtt

tggagcgcac ctggeteegt

ctgttgteca ggaatatgat

taccaaaaac ctctagcggt

gaagcetgga aattttggge

taacgaaaat tcaaaactgg

atgagattga tctgagcgtt

ctttgatcge tgatctagag

attatccaac tctagaaaag

caggggctga caatccagaa

ccgatattee tectgaacgt

ccaagaagat gtatagtcge

aatttttccyg aatttctece

tggaagtcac ctgggaagcce

gccaatcagg ggtttttatt

gtcctactaa cttgaccgece

gtttatcata tctgtttgat

ctteectegt cgecgtteac

gettagtggg gggagttaat

cgagaatgat cgcccccgac

tgcgctegga aggctgtgga

gegategeat tttagcagtg

gactcacgge ccctaatgge

cccaggtaaa accggeccag

gggatccgat cgaagttaaa

aaacctgttyg gcteggttet

tggcgggtet gattaaagtce

1380

1440

1500

1560

1620

1680

1740

1743

60

120

180

240

267

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080
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82

gttectetgee
tatatttccc

aaaccccecta

gggtttgggg

tacaacacca

tagctgacac

agtctggtga

ggacaaattc

<210> SEQ ID NO 28
<211> LENGTH: 972

<212> TYPE:

DNA

agaaattccc

agcttttgeg

aaacggtgte

ccatgtgatt

cctaatctcece

attcccactce

gaacgacgtt

cte

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 28

gtttttctat

acccaaccca

gatcaaccce

tacctagage

cagttatgge

tatgtggcgg

aaacgggcaa

gcagaagagce

gttaatggac

attcatttaa

tcgcacctgt

caaccectge

acgattgagg

atccaaacge

ttatctegat

gecectecte

caaggagccg

ttgceggtca

tctttegeca

tcttagaaat

agactgccta

gttCCtgggg

ccaccgttyge

aactgatgca

gggttaaagce

cagaaaattt

cggcagcagg

tggagccaat

aaattccctt

ctcgttactg

tgatcgagca

tgggtcaaca

aagaagaaga

aa

<210> SEQ ID NO 29
<211> LENGTH: 204

<212> TYPE:

DNA

aggttctcaa

aaccttggat

tctttatcct

tacccaaccce

aatagaaccg

cggagectta

gtctetecce

tgttattgag

tgttatttca

aatagaagtt

tttagattce

agttgctaat

gcgaaatcat

gaaattcagt

atgttgtcca

acaaagccta

tatgtaggta

cgetgtgetyg

getgacccag

actttattcg

geggcagtaa

agtctagaag

aagaatggga

ccttatagga

ggaaaagcgce

cgtectetea

ttagaacagg

ttaacggggg

gcacgcaace

ctttttttag

gaaagatcga

ctaaatagtt

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 29

atcacattge

catacacctt

attgagaata

ttagatgett

aaaccctagt

tcctggagat

cctataacgt

tagctactta

<210> SEQ ID NO 30
<211> LENGTH: 1182

<212> TYPE:

DNA

actttcaaac ccttaatccce

aggctcaace ctggceggace

tagcaggact cagttccttt

tgggtcgtca actgtacgaa

aaatcctgeg accccattta

aagccgaaac agcgagtttt

cattcgagta tgccctagea

ttggtcacag tgtcggtgaa

aaggattaac gctaattgee

caatgatcge cgtttttgee

ctgatgtage gatcgetget

cgattattge tgagattatc

aagtttccca tgcttttcac

aagctgetge tatttectac

aagttctacc agaaggagca

ctgtacaatt ttatgggagt

aagttagccce taaaccgact

ccacttgget attttececte

tggcgattet ctatgattce

gggaaattta ctgcaattgt cccctgetga tgtcaatgtt

gggggcagat tccattgtca tggttgagge ggtcagacgg

taaaattgct atgcgtcagt tatttgagga gttatctact

ttta

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 30

aaagagatgc tttatcccat tgtggcccaa cgttectcaag gatcaagaat ttgggatgtg

gacggtaatg aatatattga tatgacgatg gggcaagggg taacgctgtt tgggcatcaa

ccagacttca ttatgtcegge cctacaaage caactcactg aaggcattca tctcaatcceg

1140

1200

1260

1293

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

972

60

120

180

204

60

120

180
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cgatcgecaa ttgtgggaga
gettgttttt gcaactctgyg
acaacaggtc ggagtaaaat
acccttttta ggaaccaaat
gttccececa gecttagtte
aactatttac aaacccaggg
ggcaatccte tactccaace
atgggcattyg ccctgatttt
gegcaagett tatttggagt
ggaatgccca ttggagttat
atgtggegtt atggcgataa
tttaatcage atccgttage
caggggccag gtctgcaaca
aatcattatt ttcaagccga
cggtttgece tctetggeaa
tatgtctggyg aatggcgtaa
caatttgtcc aagcggttaa
<210> SEQ ID NO 31

<211> LENGTH: 900
<212> TYPE: DNA

agtggcegec
aaccgaagcec
tgcectettt
tattgataac
cgatgtggtyg
gcaggattta
ccaacaattt
tgatgaaatg
acaggcggat
tgcaggtaag
atcctatcct
aatggtagceg
acaattaact
agaagttcct
tttggattta
acattttctt

ggatagcatc

ttaatttgtg

gtaatggccyg

gaaggctect

caactccact

gtattggact

geggeggtet

ctccaaagte

attacgggtt

attgccacct

gcccattate

ggggtggaca

gctagggctg

gaacgcactyg

attaaaatcg

cttttctatc

tcaaccgecee

acagaattgc

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 31

gggggggatc aagtccctcet

ggagacaacg gctctgtgge
aatccegteg caatgaatca
accaaaatta atgcccaggg
cctatcttag acttcagtet
aaggaagaaa gtgaaaaacc
ctcaaattag aaccagaatt
ggttggtcaa tgggggtaat
ggtgttacgg ctaatcttaa
cagccaagece aaggggaaga
gatccecectyg ttttgaattt
gctaatcgte gaagtctaac
cgtaaacagg gctgtacctt
cgtttgacgyg gacaggatga
gatagtgaag gtatggtggg
<210> SEQ ID NO 32

<211> LENGTH: 1290
<212> TYPE: DNA

caccgaagec

ctataaccaa

agctattcaa

agatagtcaa

tgaccaagct

ctttgatttyg

acatttgtta

ccttegggaa

aaccccaaaa

actgaaaaaa

acccactgac

tttagatagc

getgatgace

tattctggty

ttattgcacc

caacgacaac

tcagtgacat

caaatcageg

gaaatcctge

tcggeccaac

agccagggtt

gtattaacgg

ttaggagagt

cagtttcgag

cagcaagect

aaacctegte

caatttacag

ctgttategg

ggtcetgecag

cattttttac

<213> ORGANISM: Microcystis aeruginosa

aactaacagg agccgaacga

ctattcgtat cgccagggca

atcatggaca tgcggacgga

cttttecect agetctagge

atggcagtge ggaagctctg

tagtagaacc aattcaaagt

tgcgacaaat taccagtcaa

ttcgatcgca cccaggggga

atggcaaagt agttgcggga

tggacagcat tgacggggga

gaaccttttt tgggggaacc

tcctgaccca tttaaaggag

cggecttage cgatacactg

aacagtttag ttctttette

acatggtaga aaaaggtatt

atacggaagc cgatcttgee

gt

tgtggatttt ggctcaatta

tgcaattaag tggcccatta

atcgccatga agcegttacga

cccaggtega aattaactge

agcaagcaga acaatggtta

ctctegtgeyg ttggcatcta

cccatcacat tatcagtgac

tatattcagc caaatgtcag

aattgattga atggcaaagc

attggttagce aacccttgec

cagctttace cagttaccaa

aaaaactaaa gcaatttagt

tttataacat tctcgttcat

cctetggacy ggggetttta

caattcgcag tcaattagca

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1182

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900
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<400> SEQUENCE: 32

acttacagtyg aattaaattg

gttgggccag aggtcttagt

ttgttaggga ttctcaagge

gaacgtctte aatttatgtt

ttactggaat cttttgctca

agcgactacc aaattattte

agtaatcttyg cctatgtaat

aataatcatyg ttgctattag

acagaagact gtattttaca

ttctggecce tactaaacgg

gccagttact tagtcaatct

tctatgetac agetttttet

gtcatttgta gtggtgaagce

gtctgtgaat tacacaatct

caatgtcaat cagatagcaa

caaatttaca ttttagactc

cacattggtyg gggttggttt

aaatttattyg caaatccgtt

ggagatgaga gctataaaac

acgggagatt tagctcgtta

aatcaggtaa aaattcgegg

tcccatccce aggtacgaga

<210> SEQ ID NO 33
<211> LENGTH: 195
<212> TYPE: DNA

tcgagcecaat

cggtattttyg

tgggggagce

agaagatagt

gtcttcagaa

ccaggcaaag

ttatacctct

taataaattg

aaaaactccce

agcgegtttyg

gattcaagag

gacagaaaaa

cctttettta

ttatggaccyg

tttgaaaaca

tcatcttecag

ggegeggggt

tgctteectt

ttttaaaaag

tttacccgat

tttcecggatt

agcggtegtt

cagttagcac

gtcgaacgtt

tatgtacctce

caattttttc

acggctacte

aatattaatc

ggttcgacag

ttatgggtac

tttagttttg

gtttttgcca

caacaagtaa

gacgtagaaa

gagcttcaag

acagaagccg

gtacccattyg

ccagtaccta

tatttaaaca

gatccecccee

dggggagagce

ggcaagattyg

gaattggggyg

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 33

gaggcgatcg

aacttttttyg

gaaagttttyg

ttggctttag ccgta

<210> SEQ ID NO 34
<211> LENGTH: 900
<212> TYPE: DNA

ccgetatttt tggtcaagtt ttaaaactgg
agatcggegyg taattctttg caagecacte

ccctagagtt geccttgegt cgectgtttg

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 34

cctegtgatyg gecaattace
ttagaaggag ccacgggaac
caggtcgaag ccctcaaaca
accagtttcc aatcggttga

gaattagcga tggttgattt

cctetecttt

ctataacatg

agccctaaga

cggggtteca

gacaggaaag

geccagtege

acaggggect

actatcattc

gtgcaggtga

gagacagaag

attatttaca aaaattagga

ctttagaaat gattgtcgga

ttgatcctga ctatcccect

tcctettaac ccaacagcat

ccaagattat ttgtttggat

ccgaaaattce agtcacaacyg

gtaaaccgaa gggcgtgatg

aagacactta tcctctaace

atgtttcagt gtgggaatta

agccgaatgg ccataaagat

caacgctaca ttttgtgtet

aatgtaatag tcttaaacga

aacgtttttt tgctcgttta

ctattcatgt cacattttgg

gtcggecgat cgctaatatce

ttggagtaat cggagaattg

ggcctgagtt aacggcggag

taaccccect tgataagggyg

aaccatcaag attgtataaa

agtatctagg gcgcattgat

aaattgaagc ggttttgcta

aaaaagtggg aatttatgat
aagttatttc acgcttacga

aacaaccgac tgtggcggat

gactctggtt cttgtatcaa

tgagtttaag cgggcctett

aacgccatga gccattgegt

ttaatcccta teetgtttygyg

cagaaaaatt ggcctatcag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

195

60

120

180

240

300
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gaatcccaaa ccecegtttga tttgaccaat agtcctttgt tgagggtaac getcectcaaa 360
ttacagccag aaaagcatat tttattaatt aatatgcacc atattatttc cgatggctgg 420
tcaatcggtg tttttgtteg tgaattgtce catctctata gggcttttgt ggcgggtaaa 480
gaaccaactt taccgatttt accaattcag tatgcggatt ttgccgtttg gcagcgagag 540
tggttacagg gtaaggtttt agcggctcaa ttggaatatt ggaagcgaca attggcagat 600
gctectecte tgetggaact gcccactgat cgccectegte cegcaatcca aacctttcaa 660
ggcaagacag aaagatttga gctagatagg aaactgaccc aagaattaaa ggcattaagt 720
caacagtcgg gttgtacttt atttatgact ttgttggccg cttttggggt ggttttatcce 780
cgttatagtg gccagactga tatcgtcatt ggttceggega tegecaaccyg taatcgccaa 840
gacattgagg ggttaattgg cttttttgtt aacactttgg cgttgaggtt agatttatca 900
<210> SEQ ID NO 35
<211> LENGTH: 1227
<212> TYPE: DNA
<213> ORGANISM: Microcystis aeruginosa
<400> SEQUENCE: 35
acctatggag aattaaacca tcgcgccaat caattagete actatcttca gtcgttagga 60
gtcaccaaag aacaaatcgt cggggtttat ctggaacgtt ceccttgaaat ggcgatcgga 120
tttttaggta ttctcaaagc aggagccgece tatctcceca ttgatcctga atatccectca 180
gtacgcacce aatttattct cgaagatacc caactttcge ttetcttaac tcaggcagaa 240
ctggcagaaa aactgcccca gactcaaaac aaaattatct gtctagatceyg ggactggcca 300
gaaattacct cccaacccca gacaaaccta gacctaaaga tagaacctaa taacctagec 360
tattgcatct atacttctgg ttccacagga caacccaaag gagtactgat ttcccatcaa 420
geectactca acttaatttt ctggcatcaa caagegtttg agattggecc cttacataaa 480
gcgacccaag tggcaggcat tgctttcgat gcaacggttt gggaattgtg gecctatcetg 540
accacaggag cctgtattaa tctggttcce caaaatatte tgctctcacce gacggattta 600
cgggattggt tgcttaaccg agaaattacc atgagttttg tgccaactcce tttagcectgaa 660
aaattattat ccttggattg gcctaaccat tcettgtctaa aaaccctgtt actgggaggt 720
gacaaacttc atttttatce tgctgegtcee ctteccttte aggtcattaa caactatgge 780
ccaacggaaa atacagtggt tgcgacctct ggactggtca aatcatctte atctcatcac 840
tttggaactc cgactattgg tcgtcccatt gecaacgtece aaatctattt attagaccaa 900
aacctacaac ctgtccccat tggtgtacca ggagaattac atttaggtgyg ggcgggttta 960
gcgcagggcet atctcaatcg tcecctgagtta acggctgaaa aatttattgce caatcccettt 1020
gatcccceee taacccccect tgataagggg ggagaagaac cctcaaaact ctataaaacy 1080
ggagacttag cccgttattt acccgatggce aatgtagaat ttttgggacg tattgacaat 1140
caggtaaaaa ttcggggttt tcgcatcgaa actggggaaa tcgaagccgt tttaagtcaa 1200
tatttcctat tagctgaaag tgtagtce 1227

<210> SEQ ID NO 36
<211> LENGTH: 195

<212> TYPE:

DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 36
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gctcaactga

aacttttttyg

tcagecetttyg

attgcgggtt

ctcaaatttg gagtgaagtt ttgggactgg

aattgggagg acattctett ttggetacce

gacttgatct ttctgtgcaa attatgtttg

atatt

<210> SEQ ID NO 37
<211> LENGTH: 915

<212> TYPE:

DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 37

gctagagacyg
cttteeceetyg
aatctgactg
acaacattcc
cagttaaaag
caagtagcag
tttaagctat
atctatgatg
tttttaaaga
gtttggcaac
gaacagttag
atacaaactt
cttaaaaagt
ggegttttge
aatcgtaatc

agaattaatt

gtcatttace

atagtcgtte

tgctagagca

ccactgttte

ttgataatta

aattggaagc

tgcaattgag

getggtettt

acttagccaa

gtcaatatct

caacagtctce

ttcagggagg

taggtcaaga

tatctegtta

aagcagcgat

tatca

<210> SEQ ID NO 38
<211> LENGTH: 1185

<212> TYPE:

DNA

cctgtetttt

ctacaatacc

gagtttgggg

aggggaaccyg

tcaagattta

aggacaagct

tcceccagaag

tgggattctyg

tccteteect

ctcaggtgag

teetgttett

agttgagegt

tcaggttgca

tagtggtcaa

cgaaccttta

gctcaacaac

ctggaaatat

gaattaatta

attcagaaaa

gacgaaaatg

tttgatttaa

teggtgetge

attcgggaat

gegttgteta

gtcttagata

actttaccaa

tttcaactgg

accctgttta

tctgatctga

attggetttt

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 38

acatacactg

gtgggagcag

ttattaggga

gagcgtette

ttattagcaa

cagatttcte

aacgttattt

ggtttagtta

gtgctgcaat

ggttctggag

attgaacggt

gttttaccce

aattaaacca

aagtcttagt

ttctcaaggt

agttgatgtt

aattgcctee

aatattctcc

atacctctgg

acttagctct

ttgcttettt

cgacgettta

tagtaaagaa

aggaaccgtt

tcgegetaat

cggtatttee

aggtggtgct

agaagacagt

ctctcaagea

agataatctt

ctctacgggt

tgctcaaatt

tagttttgat

tcttgcacaa

tggaattact

acgcaactta

cagttagece

ctagaacgtt

tatcttecte

caagttccett

actctgattt

caatgtcagt

aagcctaaag

caatcttttyg

gettgtattt

aaagatgcett

catgtgactt

gaaaccttaa

aacgcattgg cgttaaggac
aggttttatc aagaattaat

aatcaccaac gatcgcggge

gtttatggtt tttacattat

tgcaaattga tgggaatctc

accgccatga aatttttaga

ttgcacttce tagtegtttt

aacaatcagc taaaattcaa

cggtggggec actgatteag

tgttgaaaat gcaccatatt

tatcggctet atacgaagca

ttcagtatge agattttgeg

aacaactcaa ttattggcaa

cggatagacce ccgtceggeg

atcaaaatgt cactcaaggt

tgacgttgtt ggccggttte

tggtgggtte tccgatcget

ttgctaacac tttggcttta

attatttaca aactttaggc

ctttagagat gattatcgge

ttgatccaga ctatcccact

ttttgattac ccacagttct

gtttagatca tatccaagag

taactcctge caatttaget

gggtgatggt tgaacataaa

cagtcaacca taacagtcgt

cagaaatttt gatgaccttt

tattgccagg tcagccatta

tgccgectte agetttagtyg

ttgtggcggg tgaggcttgt

60

120

180

195

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

915

60

120

180

240

300

360

420

480

540

600

660

720
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tctcettgatt tagtgaaaca atggtcaatc gatagaaact ttttcaatgc ctatgggcca 780
acggaagcga gtgtttgtgce cactattgga caatgttatc aagatgattt aaaggtgacg 840
attggtaagg cgatcgccaa tgtccaaatt tatattttag atgccttttt acageccggtg 900

cecggtgggag tgtcaggaga gttatacatt ggtggagttyg gggtggcaag gggctattta 960
aatcgtcectg aattaaccca agaaaaattt attgctaatc cttttagtaa cgacccagat 1020
tcteggetet ataaaactgg cgacttagcg cgttatttac ccgatggtaa tattgaatat 1080
ttaggacgca ttgacaatca ggtaaaaatt cgcggttttc gcattgagtt aggagaaatt 1140
gaagcggtte tgagtcaatg tcccgatgtg caaaatacgg cggtg 1185
<210> SEQ ID NO 39

<211> LENGTH: 195

<212> TYPE: DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 39

gaaattctygyg ctcaaatatg ggggcaagtt ctcaagatag aaagagtcag cagagaagat 60
aatttctttyg aattgggggg gcattcectt ttagctacce aggtaatgte ccgtetgegt 120
gaaacttttc aagtcgaatt acctttgegt agtctcttta cegctceccac tattgctgaa 180
ttggccectaa caatt 195

<210> SEQ ID NO 40

<211> LENGTH: 897

<212> TYPE: DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 40

aacgacagtg ctaacctccc gttatctttt getcaacaac gtttatggtt tctggatcaa 60
ttagaaccta acagcgectt ttatcatgta gggggagecyg taagactaga aggaacatta 120
aatattactg ccttagagca aagcttaaaa gaaattatta atcgtcatga agctttacge 180
acaaatttta taacgattga tggtcaagcc actcaaatta ttcaccctac tattaattgg 240
cgattgtetyg ttgttgattg tcaaaattta accgacactce aatctctgga aattgcggaa 300
gctgaaaagce cctttaatct tgctcaagat tgcttatttce gtgctacttt attecgtgcega 360
tcaccgctag aatatcatct actcgtgacce atgcaccata ttgttagega tggetggtca 420
attggagtat tttttcaaga actaactcat ctttacgctg tctataatca gggtttaccce 480
tcatctttaa cgcctattaa aatacaatat getgattttg cggtectggea acggaattgg 540
ttacaaggtg aaattttaag taatcaattg aattattggc gcgaacaatt agcaaatgct 600
cctgettttt tacctttacce gacagataga cctaggcceg caatccaaac ttttattggt 660
tctcatcaag aatttaaact ttctcageca ttaagccaaa aattgaatca actaagtcag 720
aagcatggag tgactttatt tatgactctc ctggctgcett ttgctacctt actttaccgt 780
tatacaggac aagcagatat tttagttggt tctcctattg ctaaccgtaa tcgtaaggaa 840
attgagggat taatcggctt ttttgttaat acattagttc tgagattgag tttagat 897

<210> SEQ ID NO 41

<211> LENGTH: 1245

<212> TYPE: DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 41
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acctatgctyg aattaaatca tcaagctaat cagttagtcce attacttaca aactttagga 60
attgggccag aggtcttagt cgctatttca gtagaacgtt ctttagaaat gattatcgge 120
ttattagcca ttctcaagge gtgtggtget tatctccecte ttgctcectga ctatcccact 180
gagcgtctte agttcatgtt agaagatagt caagcttctt ttttgattac ccacagttcect 240
ttattagaaa aattgccttc ttctcaageg actctaattt gtttagatca catccaagag 300
cagatttcte aatattctcc cgataatctt caaagtgagt taactcctte caatttgget 360
aacgttattt acacctctgg ctctacgggt aagcctaaag gggtgatggt tgaacatcgg 420
ggcttagtta acttagcgag ttctcaaatt caatcttttyg cagtcaaaaa taacagtcegt 480
gtactgcaat ttgcttcctt tagttttgat gecttgtattt cagaaatttt gatgaccttt 540
ggttctggag cgactcttta tcttgctcaa aaaaatgatt tattgccagg tcagcecatta 600
atggaaaggt tagaaaagaa taaaattacc catgttactt taccccctte agetttaget 660
gttttaccaa aaaaaccgtt acccaactta caaactttaa ttgtggceggg tgaggcttgt 720
cctetggatt tagtcaaaca atggtcagtce ggtagaaact ttttcaatge ctatggeccg 780
acagaaacga gtgtttgtgc cacgattgga caatgttatc aagatgattt aaaggtcacg 840
attggtaagg cgatcgctaa tgtccaaatt tatattttgg atgecttttt acaaccagta 900
cccateggag taccagggga attatacatt ggtggagteg gagttgcgag gggttatcta 960

aatcgtectg aattaacggc ggaaagattt attcctaatc cttttgatce ccccctaacce 1020
ccecttaaaa aggggggaga taagagcetat gaaactttta aaaaggggga agagcaacca 1080
tcaaaactct ataaaacggg agatttagct cgttatttac ccgatggcaa tattgaatat 1140
ttaggacgca ttgacaatca ggtaaaaatt cgcggttttc gcattgagtt aggagaaatt 1200
gaagcggtte tgagtcaatg tcccgatgtg caaaatacgg cggtg 1245
<210> SEQ ID NO 42

<211> LENGTH: 196

<212> TYPE: DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 42

ttacaattag ctcaaatctg gtcagagatt ttaggcatta ataatattgg tattcaggaa 60
aacttctttg aattaggcgg tcattcttta ttagcagtca gtctgatcaa tcgtattgaa 120
caaaagttag ataaacgttt accattaacc agtcttttte aaaatggaac catagcaagt 180
ctagctcaat tactag 196

<210> SEQ ID NO 43

<211> LENGTH: 681

<212> TYPE: DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 43

actccatttt ttgctgttea teccattggt ggtaatgtge tatgttatge cgatttaget 60
cgtaatttag gaacgaaaca gecgttttat ggattacaat cattagggcet aagtgaatta 120
gaaaaaactg tagcctctat tgaagaaatg gcgatgattt atattgaagc aatacaaact 180
gttcaagcect ctggtcecta ctatttagga ggttggtcaa tgggaggagt gatagetttt 240
gaaatcgcece aacaattatt gacccaaggt caagaagttg ctttactgge tttaatagat 300
agttattcte ccagtttact taattcagtt aatagggaga aaaattctge taattccctg 360

acagaagaat ttaatgaaga tatcaatatt gcctattctt tcatcagaga cttagcaagt 420
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atatttaatc aagaaatctc
ttactagaca agtttattac
aagcagcagyg ttaaaacctg
tattctccca agacgtatct
aaaaatcctyg gttggeatca
<210> SEQ ID NO 44

<211> LENGTH: 1065
<212> TYPE: DNA

tttctetggyg agtgaacttg ctecattttac

ttggagtcaa

gtttaaagtt

gggtagaagt

a

gagacgaatc
ttccagatta

gttttettag

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 44

agcgggtete aagaccaaaa

gecggaattta acccgaataa

getggtttta cggcecttty

cccaatectt cggttttgge

tcaggcagtyg tggttttacc

gtggacaatc tttcccaggyg

gattttgtcet tggctcccca

gaaaccgtcee agaaactttg

agggtagagg ttaaaaccta

attgtcaata atcccgatac

aatctgatgg ggcaaagegt

ttggcagage atggttatga

gttggcaagg atttagaaca

acctecetetyg teggactett

gaacaattaa gagacgaaga

gaaaccagtg ctttaattgg

tccateggty tggatgaagt

ttggccaatt taccctatct

<210> SEQ ID NO 45

<211> LENGTH: 99
<212> TYPE: DNA

aacgatacag

atataactta

gattcctgaa

ggcggettta

gctacataat

cegegttggt

gtcetttgge

dcgaggggaa

tccccaaccey

ctatatcaga

ggaagattta

tccegegteg

agttcgagaa

gcagaacatg

tcgggacttt

cacacccgaa

ggcttgtttt

ccagtcecta

tttagcctet

ctgtttgaag

cgtcatttee

gcacgggaaa

tccatccgag

attgettttyg

caacatcggyg

gegatcacceyg

atgcagtcce

gcaggggcga

gccegtaata

ggaacggtga

caggctegec

gtcaagagce

ctecctegett

tcctgtegte

attgattttg

aaagacttat

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 45

ttttgcegte

atcaccaagce

dagcggaaga

actactttgg

gagctaaatt

acgettttygyg

ccaaacagat

tcgecgaaga

catcgggttyg

aattgatgtt

tgccagacgyg

agttacccag

tcggtgctaa

ttgcgctata

cagttctect

aaccctttygyg

agggcatgaa

ctgectataa

aaattattga

gggtagatga

atcaa

atcagacgaa

agattttggyg

tttgagcage

cagttctatt

tagctatgaa

tggcgatege

tggtttttet

tcaactgcga

atgggcagtg

gecatccccag

ccaagaaatt

aaagggtcaa

ctggattact

tatccttace

tcgtcaatcet

gcatactttt

gcaataccte

agtggatttt

acgctataca

tcatttgcag

acaaacagtt

attgatccce ccctaacccee ccttgataag gggattgate cececcctaac cccccttgat

aaggggattg atcccccect aaccccectt gataagggyg

<210> SEQ ID NO 46
<211> LENGTH: 231
<212> TYPE: DNA

<213> ORGANISM: Microcystis aeruginosa

<400> SEQUENCE: 46

ccttatcaag gggggttagg gggggatcaa tccccttate aaggggggtt agggggggat

caatccectt atcaaggggg gttagggggt gatcaatcece cttatcaagg ggggttaggg

480

540

600

660

681

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1065

60

99

60

120
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ggtgatcaat ccccttatca aggggggtta gggggggatce aatcccectta tcaaggagag 180
ttaggggggg atcaatcccce ttatcaaggyg gggttagggyg gggatcaagt ¢ 231
<210> SEQ ID NO 47
<211> LENGTH: 1146
<212> TYPE: DNA
<213> ORGANISM: Microcystis aeruginosa
<400> SEQUENCE: 47
cctgettcag aaatgcgaga gtgggtcgaa aacactgtta gtegcatcett ggcetttcecaa 60
ccagaacgceg gtttagaaat tggttgtggt acaggtttgt tactctccag ggtagcaaag 120
cattgtcttyg aatattgggc aacggattat tcccaagggg cgatccagta tgttgaacgg 180
gtttgcaatyg ccgttgaagg tttagaacag gttaaattac gctgtcaaat ggcagataat 240
tttgaaggta ttgccctaca tcaatttgat accgtcgtect taaattcgat tattcagtat 300
tttcecagtyg tggattatct gttacaggtg cttgaagggg cgatcaacgt cattggcgag 360
cgaggtcaga tttttgtcgg ggatgtgegg agtttaccee tattagagec atatcatgeg 420
gectgtgcaat tagcccaage ttctgactceg aaaactgttg aacaatggca acaacaggtg 480
cgtcaaagtyg tagcaggtga agaagaactg gtcattgatce ccacattgtt cctggettta 540
aaacaacatt ttccgcaaat tagctgggta gaaattcaac cgaaacgggyg tgtggctcac 600
aatgagttaa ctcaatttcg ctatgatgtc actctccatt tagagactat caataatcaa 660
gcattattga gcggcaatce aacggtaatt acctggttaa attggcaact tgaccaactg 720
tctttaacac aaattaaaga taaattatta acagacaaac ctgaattgtg gggaattcgt 780
ggtattccta atcagcgagt tgaagaggct ctaaaaattt gggaatgggt ggaaaatgec 840
cctgatgttyg aaacggttga acaactcaaa aaacttctca aacaacaagt agatactggt 900
attaatcctg aacaggtttg gcaattagcet gagtctcteg gttacaccge tcaccttagt 960
tggtgggaaa gtagtcaaga cggttccttt gatgtcattt ttcagcggaa ttcagaagcg 1020
gaggactcaa aaaaattaac cctttcaaaa cttgctttect gggatgaaaa accctttaaa 1080
ataaagccct ggagtgacta tactaacaac cctectgegeg gtaagttagt ccaaaaatta 1140
attcct 1146
<210> SEQ ID NO 48
<211> LENGTH: 813
<212> TYPE: DNA
<213> ORGANISM: Microcystis aeruginosa
<400> SEQUENCE: 48
atgacaaatt atggcaaatc tatgtctcat tactatgatc tagtggtagg acataaaggt 60
tataacaaag attacgccac tgaagtagaa ttcattcaca atttagttga gacttacaca 120
actgaagcca aatctatcct atacttggge tgtggtacgg gttatcatge cgctcetttta 180
gcacagaaag ggtattctgt acatggtgtt gatctcagtg ctgaaatgtt agagcagget 240
aaaactcgca ttgaagatga aacaatagcet tctaatctga gtttttctca aggaaatatt 300
tgtgaaatcc gtttaaatcg tcagtttaat gttgttcttg ctctatttca tgtggttaac 360
tatcaaacga ccaatcaaaa tttactggca acgtttgcaa cggttaaaaa ccatttaaaa 420
gctgggggga tttttatttg tgatgtgtcce tatgggtctt acgtactggg ggaatttaag 480
agtcggecta cggcatcaat attgcgttta gaggataatt ccaatggtaa cgaagtaacce 540
tatattagtg aactaaattt tttaacccat gaaaatatag tggaagttac tcacaattta 600
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100

tgggtaacaa atcaagaaaa tcaacttcta gagaattcac gggaaacaca tcttcagege

tatcttttca agcectgaagt tgaattgttg getgatgett gtgaactaac tgttettgat

gegatgeect ggettgaaca acgtcctttyg acaaacatte cttgtectte agtttgtttt

gttattggge ataaaacaac ccattcagcet taa

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

<400>

SEQ ID NO 49

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

SEQUENCE: 49

ccgacctgtyg ataaacaatt ¢

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

<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 50

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (3)..(3)

OTHER INFORMATION: n is a, ¢, g, or t
FEATURE:

NAME/KEY: misc_feature

LOCATION: (15)..(15)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 50

ckncecdgtda traanarytc

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

<400>

SEQ ID NO 51

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

SEQUENCE: 51

ttcaatatcc tggggata

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

<220>
<221>
<222>
<223>

<400>

SEQ ID NO 52

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

FEATURE:

NAME/KEY: misc_feature

LOCATION: (13)..(13)

OTHER INFORMATION: n is a, ¢, g, or t

SEQUENCE: 52

ytcdatrtcy tgnggrta

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

SEQ ID NO 53

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

660

720

780

813

21

20

18

18
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<223> OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

<400> SEQUENCE: 53

cgttggttac aggcccttte t 21

<210> SEQ ID NO 54

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

<220> FEATURE:

<221> NAME/KEY: misc_feature

«<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (18)..(18)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 54

mgntggytnc argcenytnws 20

<210> SEQ ID NO 55

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

<400> SEQUENCE: 55

ttagacttaa gccattgg 18

<210> SEQ ID NO 56

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: y is t/u or c¢

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (3)..(3)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: y is t/u or c¢

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222>» LOCATION: (7)..(7)

<223> OTHER INFORMATION: y is t/u or c¢

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: w is a or t/u

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: s 1is g or ¢

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: y is t/u or c¢

<400> SEQUENCE: 56

ytngayytnw sncaytgg 18

<210> SEQ ID NO 57

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

<400> SEQUENCE: 57

catagaagaa tcgagaccat attc 24

<210> SEQ ID NO 58

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: oligonucleotide primer with homology to
Microcystis aeruginosa

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: s 1is g or ¢

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (6)..(6)

<223> OTHER INFORMATION: w is a or t/u

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (7)..(7)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: s is g or ¢

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: w is a or t/u

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: r is g or a

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: r is g or a

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(16)
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<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

SEQUENCE :

OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:

n is a,

(19) .. (19)

OTHER INFORMATION:
FEATURE:
NAME/KEY: misc_feature
LOCATION:

r is g or a

(22) .. (22)

58

catnswnswr tcnarnccrt aytc

<210> SEQ ID NO 59

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Microcystis

PRT

<400> SEQUENCE:

Met Thr Thr Gln

1

Gln

Thr

Met

Ala

65

Glu

Gly

Lys

Glu

Asp

145

Ala

Glu

Ala

Tyr

Lys

225

Ser

Arg

Glu

Phe

Phe

Val

Leu

50

Phe

Lys

Leu

Lys

Lys

130

Ile

Thr

Met

Ile

Leu

210

Ala

Ile

Arg

Lys

Phe
290

Leu

Ser

35

Ser

Asn

Asp

Ile

Ile

115

Tyr

Asp

Asn

Leu

Pro

195

Asn

Asp

Ala

Phe

Gly

275

Pro

Arg

20

Asn

Leu

Ser

Ala

Cys

100

Ala

Phe

Asn

Ala

Thr

180

Leu

Gln

Tyr

Phe

Gln

260

Asn

Phe

666

59

Thr

Asp

Lys

Leu

Phe

Ser

85

Val

Leu

Ser

Pro

Ile

165

Phe

Met

Glu

Asn

Phe

245

Glu

Glu

Leu

Ala

Val

Arg

Ile

Val

70

Gln

Thr

Asp

Asn

Asp

150

Ser

Leu

Phe

Leu

Tyr

230

Arg

Val

Ile

Val

Ser

Lys

Ser

Phe

55

Asn

Phe

Leu

Trp

Arg

135

Gln

Phe

Val

Tyr

Ser

215

Ala

Gly

Ile

Phe

Leu
295

<,

9.

OTHER INFORMATION: y is t/u or ¢

aeruginosa

Ser

Ala

Phe

40

Leu

Arg

Ala

Leu

Tyr

120

Ala

Arg

Ser

Val

Thr

200

Lys

Leu

Glu

Asn

Ser

280

Gly

Ala

Ile

25

Ser

Ile

Arg

Ser

Ala

105

Gln

Tyr

Leu

Ala

Val

185

Ile

Ile

Thr

Lys

Asp

265

Arg

Pro

Asn

10

Ala

Glu

Val

Leu

Thr

90

Gly

Trp

Tyr

Ala

Thr

170

Trp

Ile

Asn

His

Glu

250

Thr

Gly

Leu

or t

Ala

Gln

Val

Gly

Ile

75

Leu

Phe

Leu

Lys

Gln

155

Phe

Ser

Gly

Gln

Val

235

Glu

Lys

Tyr

Tyr

Leu

Pro

Ile

Leu

60

Asp

Thr

Thr

Asn

Ile

140

Glu

Leu

Ile

Asn

Ala

220

Arg

Gln

Asn

Arg

Ile
300

Ala

Tyr

Arg

Val

Val

Val

Lys

Thr

125

Asn

Ile

Glu

Ser

Phe

205

Gln

Thr

Asn

Lys

Ser

285

Lys

Ser

Trp

30

Ser

Ala

Ile

Tyr

Asp

110

Gln

Phe

Glu

Lys

Arg

190

Ile

Leu

His

Ile

Ile

270

Val

Gly

Phe

15

Tyr

Trp

Val

Ile

Ala

95

Ile

Ile

Gln

Pro

Ser

175

Gln

Ala

Gln

Ala

Ile

255

Asn

Ile

Glu

Asn

Pro

Gly

Thr

Gln

80

Ile

Arg

Val

Ser

Ile

160

Leu

Ile

Ala

Ser

Glu

240

Gln

Trp

Gln

Ile
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Asp

305

Ser

Ser

Val

Asn

Lys

385

Leu

Ala

Pro

Gly

Ser

465

Val

Ile

Val

Asp

Thr

545

Gln

Val

Ser

Glu

Lys

625

Arg

Lys

Tyr

Ala

Ser

Thr

His

370

Val

Leu

Ile

Leu

Thr

450

Asn

Leu

Leu

Asn

Leu

530

Thr

Trp

Gln

Ser

Pro

610

Leu

Gly

Asn

Gly

Leu

Tyr

Lys

355

Phe

Ile

Ile

Ala

Glu

435

Leu

Thr

Asn

Ser

Ser

515

Thr

Phe

Val

Asp

Asn

595

Glu

Leu

Lys

Pro

Gln

Gly

Val

340

Gln

Ala

Val

Val

Gly

420

Glu

Arg

Glu

Arg

Leu

500

Pro

Asn

Ile

Leu

Tyr

580

Asn

Ile

Thr

Val

Gln
660

Val

Glu

325

Glu

Ala

Phe

Glu

Gly

405

Leu

Ile

Glu

Leu

Val

485

Gly

Ser

Glu

Ser

Glu

565

Arg

Ser

Val

Asp

Ile

645

Ile

<210> SEQ ID NO 60

<211> LENGTH:

<212> TYPE: DNA
<213> ORGANISM: Microcystis

<400> SEQUENCE:

atgacaaccce aaacagctte tagtgccaat geecttgett cetttaacca atttttaagg

2004

60

Glu

310

Leu

Arg

Glu

Glu

Asp

390

Pro

Trp

Leu

Gln

Gln

470

Asp

Glu

Phe

Gly

Val

550

Leu

Leu

Ile

Tyr

Leu

630

Thr

Leu

Gln

Ile

Leu

Asn

His

375

Leu

Ser

Asn

Phe

Leu

455

Ala

Asp

Gln

Thr

Ile

535

Gly

Ser

Lys

Thr

Ser

615

Ser

Ala

Lys

Ala

Thr

Asn

Val

360

Val

Ser

Gly

Ala

Leu

440

Leu

Val

Phe

Gln

Ile

520

Leu

His

Ala

Lys

Pro

600

Leu

Leu

Lys

Trp

Ser

Glu

Glu

345

Ser

Thr

Leu

Arg

Gly

425

Pro

Tyr

Leu

Asp

Arg

505

Leu

Tyr

Arg

Asp

Ala

585

Asp

Glu

Ser

Asp

Leu
665

Leu

Phe

330

Phe

Thr

Leu

Thr

Gly

410

Thr

Gln

Pro

Gln

Ser

490

Leu

Asp

Glu

Glu

Ser

570

Gly

Ile

Gly

Ser

Gly

650

Arg

aeruginosa

Ala

315

Gly

Ser

Ile

Glu

Val

395

Lys

Gly

Arg

Leu

Gln

475

Glu

Ala

Glu

Gln

Ser

555

Ser

Glu

Thr

Phe

Ile

635

Phe

Ser Phe Met Phe

Thr

Asn

Thr

Thr

380

Gln

Ser

Arg

Pro

Thr

460

Val

Lys

Phe

Ala

Leu

540

Leu

Trp

Met

Ile

Ser

620

Arg

Thr

Ser

Ala

Thr

365

Pro

Lys

Ser

Leu

Tyr

445

Asn

Asn

Pro

Ala

Thr

525

Gln

Phe

Glu

Phe

Asp

605

His

Ser

Tyr

Gly

Leu

350

Ile

Asp

Gly

Leu

Val

430

Ile

Ser

Leu

Trp

Arg

510

Ser

Thr

Asn

Leu

Thr

590

Asn

Gln

Lys

Leu

Arg

335

Glu

Glu

Tyr

Glu

Leu

415

Arg

Ile

Glu

Gln

Glu

495

Leu

Ala

Arg

Tyr

Leu

575

Asn

Gly

Glu

Ala

Tyr
655

Ala

320

Phe

Thr

Glu

Glu

Gly

400

Arg

Pro

Leu

Met

Asn

480

Asn

Leu

Leu

Lys

His

560

Ser

Ala

Ser

Met

Ser

640

Asp
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gatgtaaagyg cgatcgccca accctattgg tatcccactg tatcaaataa aagaagcttt 120
tctgaggtta ttcgttcecectyg gggaatgcta tcactgcetta tetttttgat tgtgggatta 180
gtcgecgtceca cggcettttaa tagttttgtt aatcgtcgtt taattgatgt cattattcaa 240
gaaaaagatyg cgtctcaatt tgccagtaca ttaactgtct atgcgatcgg attaatctgt 300
gtaacgctyge tggcagggtt cactaaagat attcgcaaaa aaattgccct agattggtat 360
caatggttaa acacccagat tgtagagaaa tattttagta atcgtgccta ttataaaatt 420
aactttcaat ctgacattga taaccccgat caacgtctag cccaggaaat tgaaccgatce 480
gccacaaacyg ccattagttt ctcggccact tttttggaaa aaagtttgga aatgctaact 540
tttttagtgg tagtttggtc aatttctcga cagattgcta ttccgctaat gttttacacg 600
attatcggta attttattgc cgcctatcta aatcaagaat taagcaagat caatcaggca 660
caactgcaat caaaagcaga ttataactat geccttaacce atgttcggac tcatgcggaa 720
tctattgett tttttegggyg agaaaaagag gaacaaaata ttattcageg acgttttcag 780
gaagttatca atgatacgaa aaataaaatt aactgggaaa aagggaatga aatttttagt 840
cggggctatc gttcecgtcecat tcagtttttt ccttttttag teccttggcce tttgtatatt 900
aaaggagaaa ttgattatgg acaagttgag caagcttcat tagctagttt tatgtttgca 960
tcggecectgg gagaattaat tacagaattt ggtacttcag gacgtttttce tagttatgta 1020
gaacgtttaa atgaattttc taatgcctta gaaactgtga ctaaacaagc cgagaatgtce 1080
agcacaatta caaccataga agaaaatcat tttgcctttg aacacgtcac cctagaaacc 1140
cctgactatg aaaaggtgat tgttgaggat ttatctctta ctgttcaaaa aggtgaagga 1200
ttattgattg tcgggcccag tggtcgaggt aaaagttcett tattaagggce gatcgccggt 1260
ttatggaatg ctggcactgg gcgtttagtg cgtcctecce tagaagaaat tetcetttttg 1320
cceccaacgte cctacattat tttgggaacce ttacgcgaac aattgctgta tectctaacce 1380
aatagtgaga tgagcaatac cgaacttcaa gcagtattac aacaagtcaa tttgcaaaat 1440
gtgctaaatc gggtggatga ctttgactcc gaaaaaccct gggaaaacat tctcetcecte 1500
ggtgaacaac aacgcctagce ctttgctcecga ttgttagtga attctcecgag ttttaccatt 1560
ttagatgagg cgaccagtgc cttagattta acaaatgagg ggattttata cgagcaatta 1620
caaactcgca agacaacctt tattagtgtg ggtcatcgag aaagtttgtt taattaccat 1680
caatgggttt tagaactttc tgctgactct agttgggaac tcttaagcgt tcaagattat 1740
cgccttaaaa aagcgggaga aatgtttact aatgcttcega gtaacaattce cataacaccce 1800
gatattacta tcgataatgg atcagaacca gaaatagtct attctcttga aggattttcce 1860
catcaggaaa tgaaactatt aacagaccta tcactctcta gcattcggag taaagccagt 1920
cgagggaagg tgattacagc caaggatggt tttacctacc tttatgacaa aaatcctcag 1980
atattaaagt ggctcagaac ttaa 2004
<210> SEQ ID NO 61
<211> LENGTH: 27260
<212> TYPE: DNA
<213> ORGANISM: Microcystis aeruginosa
<400> SEQUENCE: 61
atgactatta actatggtga tctgcaagaa ccctttaata aattctcaac cctagttgaa 60
ttactccgtt atcgggcaag cagtcaaccg gaacgccteg cctatatttt tctgegagac 120
ggagaaatcyg aagaagctcg tttaacctat ggggaactgg atcaaaaggc tagggcgatce 180
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geegettate tacaatcctt agaagccgag ggcgaaaggg gtttactget ctatccccca 240
ggactagatt ttatttcagc tttttttggt tgtttatatg cgggagtcgt tgccattceccce 300
gectatccac ceccgacggaa tcaaaacctt ttgegtttac aggcgattat tgecgattet 360
caagcccgat ttaccttcac caatgccget ctatttccca gtttaaaaaa ccaatggget 420
aaagaccctg aattaggagc aatggaatgg attgttaccyg atgaaattga ccatcaccte 480
agggaggatt ggctagaacc aaccctcgaa aaaaacagte tcegettttet acaatacace 540
tctggttcaa cgggaactcce aaagggagta atggtcagte accataattt gttgattaat 600
tcageccgatt tagatcgtgg ttggggecat gatcaagata gegtaatggt cacttggcta 660
ccgaccttee atgatatggg tctgatttat ggggttatte agectttgta caaaggattt 720
ctttgttaca tgatgtccce tgccagettt atggaacgac cgttacgttyg gttacaggece 780
ctttectgata aaaaagcaac ccatagtgeg geccccaact ttgectacga tetttgtgtg 840
cggaaaattce cccctgaaaa acgggctacg ttagacttaa gccattggtyg catggectta 900
aatggggcceg aacccgtcag agcggaggta cttaaaaagt ttgcggagge ttttcaagtt 960
tctggtttca aagccacage cctttgtcecct ggctacggtt tagcagaagce caccctgaaa 1020
gttacggcgg ttagttatga cagtccccct tacttttatc ccgttcaggce taatgcttta 1080
gaaaaaaata agattgtggg agccactgaa accgatacca atgtgcagac cctecgtgggce 1140
tgcggctgga caacgattga tactcaaatc gtcattgtca atcctgaaac cctgaaacct 1200
tgctcecectg aaattgtegg cgaaatttgg gtatcaggtt caacaatcgce ccaaggctat 1260
tggggaaaac ctcaagagac tcaggaaacc tttcaagctt atttggcaga tacaggagcce 1320
gggcctttte tgcgaacagg agacttgggce ttcattaaag atggtgaatt gtttatcaca 1380
ggtcggctca aggaaattat tctgattcga ggacgcaata attatcccca ggatattgaa 1440
ttaaccgtcce aaaatagtca tcecccgctcectg cgteccagtt gtggggctge ttttaccgtt 1500
gaaaataagg gcgaagaaaa gctcgtggtc gttcaggaag tggagcgcac ctggctccegt 1560
aaggtagata tagatgaggt aaaaagagcc attcgtaaag ctgttgtcca ggaatatgat 1620
ttacaggttt atgcgatcgc gctgatcagg actggcagtt taccaaaaac ctctagcggt 1680
aaaattcagc gtcgtagetg tcgggccaaa tttttagagg gaagcctgga aattttgggce 1740
taagaaaatt tctcgatcgg cacttaatgt gttaaattcg tatgtcgatt gaaacttcga 1800
ccaattecttt ctcteccceectt aagtccatgt ctectggattt gaaaattcct taaactttaa 1860
ctacatttct caagaaagca aattgaatct aatgtccaca gaaatcccaa acgacaaaaa 1920
acaaccgacc ctaacgaaaa ttcaaaactg gttagtggct tacatgacag agatgatgga 1980
agtggacgaa gatgagattg atctgagcgt tcecctttgat gaatatggte tcgattctte 2040
tatggcagtt gctttgatcg ctgatctaga ggattggtta cgacgagatt tacatcgcac 2100
cctgatctac gattatccaa ctctagaaaa gttggctaaa caggttagtg aaccctgaca 2160
tttttataaa gtttgtgctt aaaaattttg aggaagttct aaaatgacaa attatggcaa 2220
atctatgtct cattactatg atctagtggt aggacataaa ggttataaca aagattacgc 2280
cactgaagta gaattcattc acaatttagt tgagacttac acaactgaag ccaaatctat 2340
cctatacttg ggctgtggta cgggttatca tgccgctett ttagcacaga aagggtattce 2400
tgtacatggt gttgatctca gtgctgaaat gttagagcag gctaaaactc gcattgaaga 2460
tgaaacaata gcttctaatc tgagtttttc tcaaggaaat atttgtgaaa tccgtttaaa 2520
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tcgtcagttt aatgttgttce ttgctctatt tcatgtggtt aactatcaaa cgaccaatca 2580
aaatttactg gcaacgtttg caacggttaa aaaccattta aaagctgggg ggatttttat 2640
ttgtgatgtg tcctatgggt cttacgtact gggggaattt aagagtcggce ctacggcatc 2700
aatattgcgt ttagaggata attccaatgg taacgaagta acctatatta gtgaactaaa 2760
ttttttaacc catgaaaata tagtggaagt tactcacaat ttatgggtaa caaatcaaga 2820
aaatcaactt ctagagaatt cacgggaaac acatcttcag cgctatcttt tcaagcctga 2880
agttgaattg ttggctgatg cttgtgaact aactgttcectt gatgcgatge cctggcttga 2940
acaacgtcct ttgacaaaca tteccttgtcee ttcagtttgt tttgttattg ggcataaaac 3000
aacccattca gcttaaattc tgctaaaaaa aatccaactt accttattcect ctgaaaccac 3060
acaagccatg aatacaattc aagatgccaa gaccgaaaat tactcaatct taaatcagtce 3120
aattccaaga cctctcaaac tgagtaatat cctattacga taagattttg cgttctectt 3180
tgtttggaat gtcagcagag gagtctctat attggctaga gaaatgttta tgtcaagagc 3240
atcagggctt cgatgtacaa gttaagtatc atcaaaaaat gctgaagaat atgttacgtt 3300
tgaccgatag tttggattat ctatggccag ttaaccgtga aatgcggctce atgaaagcectg 3360
gggggtcaat tgaacgggcg atcaccaata acattaaagc ttttcttcaa tttaaagaaa 3420
ctgtaaccgt attaaattag aaaaaccgca gtgaggaatt tgaatggaac ccatcgcaat 3480
tattggtctt gecttgccget tteccaggggce tgacaatcca gaagctttet ggcaactcat 3540
gcgaaatggg gtggatgcga tcgccgatat tcecctectgaa cgttgggata ttgagegttt 3600
ctacgatccce acacctgcca ctgccaagaa gatgtatagt cgccagggcg gttttctaaa 3660
aaatgtcgat caatttgacc ctcaattttt ccgaatttct cccctagaag ccacctatct 3720
agatcctcaa caaagactgc tactggaagt cacctgggaa gccttagaaa atgctgccat 3780
tgtgcctgaa accttagetyg gtagccaatce aggggttttt attggtatca gtgatgtgga 3840
ttatcatcgt ttggcttatc aaagtcctac taacttgacc gecctatgtgg gtacaggcaa 3900
cagcaccagt attgcggcta accgtttatc atatctgttt gatttgcgtg gecccagttt 3960
ggccgtagat accgcttgcet cttetteecct cgtcegecgtt cacttggect gtcagagttt 4020
gcaaagtcaa gaatcgaacc tctgcttagt ggggggagtt aatctcattt tgtcgccaga 4080
gacaaccgtt gttttttcce aagcgagaat gatcgcccec gacagtcgtt gtaaaacctt 4140
tgacgcgagg gccgatggtt atgtgcgctce ggaaggctgt ggagtagtcg tacttaaacg 4200
tcttagggat geccattcagg acggcgatcg cattttagca gtgattgaag gttccgeggt 4260
gaatcaggat ggtttaagta atggactcac ggcccctaat ggccctgetce aacaggceggt 4320
gattcgtcag gcecctggcaa atgcccaggt aaaaccggec cagattaget atgtcgaage 4380
ccatggcacg gggacagaat tgggggatcc gatcgaagtt aaatctctga aagcggtttt 4440
gggtgaaaag cgatcgctcg atcaaacctg ttggctcggt tcetgtgaaaa ccaacattgg 4500
tcatttagaa gcggcggegyg gaatggcggg tctgattaaa gtcecgttctet gectacaaca 4560
ccaagaaatt ccccctaatce tcecactttca aacccttaat cectatattt cectagetga 4620
cacagctttt gcgattccca ctcaggctca accectggegg accaaacccece ctaagtetgg 4680
tgaaaacggt gtcgaacgac gtttagcagg actcagttcc tttgggtttg gggggacaaa 4740
ttcccatgtg attctcageg aagcccectgt caccgttaaa aacaatcaac aaaatgggca 4800
gaagttgata gaacgtccct ggcatttget gactttatcet gccaagaatg aagaagectt 4860

aaaagcctta gtccattgtt atcaaaagta tttagctgat catcatgaaa ttcecctcectegce 4920
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tgatgtttgt tttacggcca atagtcggcg atcgcacttt aatcatcgtt taggagtagt 4980
ggctagagat cgcttagaaa tgttgcagaa gttagagaac tttagtaacc aagaaaggat 5040
gagagaaccg aagagtatta acaaaaagaa aaaacctaaa attgtttttc tatttgccgg 5100
tcaaggttct caatatgtag gtatgggtcg tcaactgtac gaaacccaac ccatctttceg 5160
ccaaaccttg gatcgctgtg ctgaaatcct gcgaccccat ttagatcaac ccctcttaga 5220
aattctttat cctgctgacc cagaagccga aacagcgagt ttttacctag agcagactgce 5280
ctatacccaa cccactttat tcecgcattcga gtatgcccta gcacagttat ggcgttectg 5340
gggaatagaa ccggcggcag taattggtca cagtgtcggt gaatatgtgg cggccaccgt 5400
tgccggagece ttaagtctag aagaaggatt aacgctaatt gccaaacggg caaaactgat 5460
gcagtctcete cccaagaatg ggacaatgat cgccgttttt gecgcagaag agcgggttaa 5520
agctgttatt gagccttata ggactgatgt agcgatcgct getgttaatg gaccagaaaa 5580
ttttgttatt tcaggaaaag cgccgattat tgctgagatt atcattcatt taacggcagc 5640
aggaatagaa gttcgtccte tcaaagtttce ccatgctttt cactcgcacc tgttggagcce 5700
aattttagat tccttagaac aggaagctgc tgctatttcecc taccaacccce tgcaaattcce 5760
cttagttgct aatttaacgg gggaagttct accagaagga gcaacgattg aggctcgtta 5820
ctggcgaaat catgcacgca accctgtaca attttatggg agtatccaaa cgctgatcga 5880
gcagaaattc agtctttttt tagaagttag ccctaaaccg actttatctc gattgggtca 5940
acaatgttgt ccagaaagat cgaccacttg gctattttcce ctcgccccte ctcaagaaga 6000
agaacaaagc ctactaaata gtttggcgat tctctatgat tcccaaggag ccgaaataaa 6060
ctgggaaggg tttaatcaaa attatcccca ccatttactg gctctaccga cctatccttt 6120
tcaacgtcaa cgctattggc ttgaaaccgg taaaccgact tctgaagaaa caaccatgac 6180
gaccaatgcc actaatgtce aagctatctc cagccatcaa aaacaacagg agattctaat 6240
cacattgcaa accctagtgg gaaatttact gcaattgtcc cctgctgatg tcaatgttca 6300
tacacctttc ctggagatgg gggcagattc cattgtcatg gttgaggcgg tcagacggat 6360
tgagaatacc tataacgtta aaattgctat gcgtcagtta tttgaggagt tatctacttt 6420
agatgcttta gctacttatt tagctcaaaa tccggctact gattgccaaa ctgctcaaat 6480
taataccgag gtgttttcetg cgcccattge ctgctcaaat aaccgatcgce ccaatgtegt 6540
gctgagttet aataccaacg gctttcaacg tcaaacagcet tcectccaggtt ttteggegat 6600
cgececcectt gcaggaatgg gaggagcagg ggaaatggga ggagttgaag tgcctcaagt 6660
ttectgtgeca caaaccagtyg cggtaacagce ctcaggttca accgtttcta gttcectgeccect 6720
ggaaaacatt atgggtcaac agttacaact gatggccaaa cagttagaag tcttgcaaac 6780
ggccaatttt gccccgacga cteccccgaac cacagaaaat tcecccatcett ccgtcagtcea 6840
aaataggtca aacggactta cacaacagtt aattcccccce cagcaattag cggcgaacct 6900
agagccaata gccagtcgca cccgtcaaac cagcaatcaa gcettetgete ctaaaccgac 6960
agtaacagcce actccctggg ggccgaaaaa accacccaca ggtggattca ctccccaaca 7020
acagcaacat ctagaggcat taattgctcg ctttacggaa cgtaccaaaa cctctaagca 7080
aattgtgcaa agcgatcgcc tgcgtttage agatagtcega gecctcggteg gattccgtat 7140
gtctattaaa gagatgcttt atcccattgt ggcccaacgt tcectcaaggat caagaatttg 7200

ggatgtggac ggtaatgaat atattgatat gacgatgggg caaggggtaa cgctgtttgg 7260
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gcatcaacca

caatccgega

cgaacgagct

cagggcaaca

ggacggaace

tctaggegtt

agctctgaac

tcaaagtgge

cagtcaaatg

agggggageyg

tgcgggagga

cgggggaatg

gggaaccttt

aaaggagcag

tacactgaat

tttcttecgy

aggtatttat

tcttgeccaa

tatcccegea

ccececttgat

cctaaccccece

tcattetgtt

acagtttage

cttactgttt

tgaacgtcat

tttagcacgyg

taattccatc

tggtattget

tggccaacat

ggaagcgatce

accgatgcag

cagagcaggg

tttagccegt

gtcgggaacg

agaacaggct

catggtcaag

ctttcectecte

cgaatcctgt

ttttattgat

cctaaaagac

gacttcatta

tcgecaattyg

tgtttttgca

acaggtcgga

ctttttagga

ccececccagcece

tatttacaaa

aatcctctac

ggcattgece

caagctttat

atgcccattg

tggcgttatg

aatcagcatc

gggccaggtc

cattattttc

tttgcectet

gtctgggaat

tttgtccaag

aaaaagcctt

aaggggattg

cttgataagg

agggacagta

ctctactact

gaaggagcta

ttccacgett

gaaaccaaac

cgagtegecyg

tttgcategyg

cgggaattga

accgtgecag

tcccagttac

gecgatceggtg

aatattgege

gtgacagttce

cgccaaccect

agccagggcea

gettetgect

cgtcaaatta

tttggggtag

ttatatcaac

tgtcggeect

tgggagaagt

actctggaac

gtaaaattge

accaaattat

ttagttccga

cccaggggea

tccaacccca

tgatttttga

ttggagtaca

gagttattge

gcgataaatce

cgttagcaat

tgcaacaaca

aagccgaaga

ctggcaattt

ggcgtaaaca

cggttaagga

cctggecagt

atccccececect

ggggagatgt

agttagggaa

ttggtagcta

aatttggcga

ttggtggttt

agattcaact

aagaatgggc

gttggcatce

tgttccaaga

acggaaaggg

ccagctggat

ctaatatcct

tatatcgtca

tcctgeatac

ttgggcaata

tgaaagtgga

ataaacgcta

ttgatcattt

atgaacaaac

ctcatctccee

acaaagccaa

ggcegectta

cgaagccgta

cctetttgaa

tgataaccaa

tgtggtggta

ggatttagcg

acaatttctce

tgaaatgatt

ggcggatatt

aggtaaggcc

ctatcctggyg

ggtagcggct

attaactgaa

agttcctatt

ggatttactt

ttttcttteca

tagcatcaca

gccaacgect

aacccceectt

tgatgtcgeg

agggagceggy

tgaagcggaa

tcgegetggt

ttctcccaat

gegatcagge

agtggtggac

ccaggatttt

aattgaaacc

tcaaagggta

tactattgte

taccaatctg

atctttggeca

ttttgttgge

cctcacctcec

ttttgaacaa

tacagaaacc

gcagtccate

agttttggee

cccttatcaa

ctcactgaag gcattcatct

atttgtgaac taacaggagc

atggccgeta ttegtatege

ggctcectate atggacatge

ctccactett ttecectage

ttggactatyg gcagtgcgga

geggtettag tagaaccaat

caaagtctge gacaaattac

acgggtttte gatcgcacce

gccacctatyg gcaaagtagt

cattatctgg acagcattga

gtggacagaa ccttttttgg

agggctgtce tgacccattt

cgcactgegyg ccttagecga

aaaatcgaac agtttagttce

ttctatcaca tggtagaaaa

accgcccata cggaagccga

gaattgcgte agggaggttt

caaattgatc ccccectaac

gataagggga ttgatcccce

cttgataagg gaggaaattc

tctcaagace aaaaaacgat

tttaacccga ataaatataa

tttacggcce tttggattce

cctteggttt tggeggegge

agtgtggttt taccgctaca

aatctttece agggccgegt

gtettggete cccagtectt

gtccagaaac tttggegagg

gaggttaaaa cctatcccca

aataatcccg atacctatat

atggggcaaa gcgtggaaga

gagcatggtt atgatcccge

aaggatttag aacaagttcg

tctgteggac tecttgcagaa

ttaagagacg aagatcggga

agtgctttaa ttggcacacc

ggtgtggatg aagtggcttg

aatttaccct atctccagte

ggggggttag ggggggatca

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660
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atccecttat caaggggggt taggggggga tcaatccect tatcaagggg ggttaggggg 9720
tgatcaatcc ccttatcaag gggggttagg gggtgatcaa tccccttate aaggggggtt 9780
agggggggat caatcccctt atcaaggaga gttagggggg gatcaatccce cttatcaagg 9840
ggggttaggg ggggatcaag tccctctcac cgaagcccaa cgacaactgt ggattttgge 9900
tcaattagga gacaacggct ctgtggccta taaccaatca gtgacattgc aattaagtgg 9960
cccattaaat cccgtcgcaa tgaatcaagce tattcaacaa atcagcgatc gccatgaage 10020
gttacgaacc aaaattaatg cccagggaga tagtcaagaa atcctgcccc aggtcgaaat 10080
taactgccct atcttagact tcagtcecttga ccaagcttcg gcccaacagce aagcagaaca 10140
atggttaaag gaagaaagtg aaaaaccctt tgatttgagce cagggttctc tegtgegttg 10200
gcatctactc aaattagaac cagaattaca tttgttagta ttaacggccc atcacattat 10260
cagtgacggt tggtcaatgg gggtaatcct tcgggaatta ggagagttat attcagccaa 10320
atgtcagggt gttacggcta atcttaaaac cccaaaacag tttcgagaat tgattgaatg 10380
gcaaagccag ccaagccaag gggaagaact gaaaaaacag caagcctatt ggttagcaac 10440
ccttgecgat ccccectgttt tgaatttacce cactgacaaa cctcegtccag ctttacccag 10500
ttaccaagct aatcgtcgaa gtctaacttt agatagccaa tttacagaaa aactaaagca 10560
atttagtcgt aaacagggct gtaccttgct gatgaccctg ttatcggttt ataacattcect 10620
cgttcatcgt ttgacgggac aggatgatat tctggtgggt ctgccagcect ctggacgggg 10680
gcttttagat agtgaaggta tggtgggtta ttgcacccat tttttaccaa ttcgcagtca 10740
attagcaggt aatcccactt ttgctgaata tctcaaacaa atgcgggggg ttttgttgte 10800
ggcttatgaa catcaggact atccctttge tecttttgcte aatcagttag atttaccgeg 10860
taataccagt cgctctcectt taattgatgt cagtttcaat ttagaaccag ttattaacct 10920
acccaaaatg aaaggattag agattagttt gttgcctcaa agtgtaagtt ttaaggatcg 10980
agatttgcat tggaatgtga cagaaatggg tggagaagct ctgattgatt gtgactacaa 11040
tacagactta tttaaagatg aaacgattca gcgttggtta ggccattttc aaaccttact 11100
tgaggcagtt attaatgatt cgcaacaaaa tctgcgggaa ttacccttat taagttctge 11160
tgaacgacaa cagttattag tggattggaa tcaaaccaag accgactatc cccaagatca 11220
gtgtattcat caattatttg aagcgcaagt tgaacggact cccgatgcga ttgeggtggt 11280
atttgaaact caacaattaa cttacagtga attaaattgt cgagccaatc agttagcaca 11340
ttatttacaa aaattaggag ttgggccaga ggtcttagtce ggtattttgg tcgaacgtte 11400
tttagaaatg attgtcggat tgttagggat tctcaaggct gggggagcct atgtacctcet 11460
tgatcctgac tatccccctg aacgtcettca atttatgtta gaagatagtc aattttttet 11520
cctecttaacce caacagcatt tactggaatc ttttgctcag tcttcagaaa cggctactcece 11580
caagattatt tgtttggata gcgactacca aattatttcc caggcaaaga atattaatcc 11640
cgaaaattca gtcacaacga gtaatcttgc ctatgtaatt tatacctctg gttcgacagg 11700
taaaccgaag ggcgtgatga ataatcatgt tgctattagt aataaattgt tatgggtaca 11760
agacacttat cctctaacca cagaagactg tattttacaa aaaactccct ttagttttga 11820
tgtttcagtg tgggaattat tctggcccct actaaacgga gcgegtttgg tttttgccaa 11880
gccgaatgge cataaagatg ccagttactt agtcaatctg attcaagagc aacaagtaac 11940

aacgctacat tttgtgtctt ctatgctaca gctttttcetg acagaaaaag acgtagaaaa 12000
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atgtaatagt cttaaacgag tcatttgtag tggtgaagcc ctttectttag agcttcaaga 12060
acgttttttt gctcgtttag tectgtgaatt acacaatctt tatggaccga cagaagccge 12120
tattcatgtc acattttggc aatgtcaatc agatagcaat ttgaaaacag tacccattgg 12180
tcggccgate gcectaatatcc aaatttacat tttagactct catcttcage cagtacctat 12240
tggagtaatc ggagaattgc acattggtgg ggttggtttg gcgceggggtt atttaaacag 12300
gcctgagtta acggcggaga aatttattge aaatccgttt gcettceccecttg atcccccect 12360
aacccecectt gataaggggg gagatgagag ctataaaact tttaaaaagg ggggagagca 12420
accatcaaga ttgtataaaa cgggagattt agctcgttat ttacccgatg gcaagattga 12480
gtatctaggg cgcattgata atcaggtaaa aattcgcggt ttccggattg aattggggga 12540
aattgaagcg gttttgctat cccatcccca ggtacgagaa gcggtegttt tggtgagcga 12600
aagcgatcgce tctgaaaatc gggctttggt cgcttatatt gtccectaatg atcctgettg 12660
tacgactcaa tcattacgag agtttgttaa acggcagctt cctgactata tgatcccage 12720
ttattggctg atccttgaca atttaccgtt aaccagcaat ggcaaaattg atcgteggge 12780
tttaccgtta cctaatccag agttaaatcg ttcgatagac tatgtggctc ccaaaaatcc 12840
tacccaggag gcgatcgeceg ctatttttgg tcaagtttta aaactggaaa aagtgggaat 12900
ttatgataac ttttttgaga tcggcggtaa ttctttgcaa gccactcaag ttatttcacg 12960
cttacgagaa agttttgccc tagagttgcce cttgcgtege ctgtttgaac aaccgactgt 13020
ggcggatttyg gcectttagecg taacggacat tcatgccact ttacaaaaat tacaaacccc 13080
tattgatgat ttatcaggcg atcgcgagga gattgaacta tgaaatctat tgaaaccttt 13140
ttgtcagatt tagccaatca agatattaaa ctctggatgg acggcgatcg cctgegttgt 13200
aatgcacccce agggcctatt aaccccagag attcaaacag aactgaaaaa ccgtaaagca 13260
gaaatcattc actttctcaa tcaactgggt tcagaggagc aaattaatcc tagaacgatt 13320
cttcccatte ctcecgtgatgg ccaattacce ctcectectttg cccagtcecgeg actctggtte 13380
ttgtatcaat tagaaggagc cacgggaacc tataacatga caggggcctt gagtttaagce 13440
gggcctctte aggtcgaage cctcaaacaa gccctaagaa ctatcattca acgccatgag 13500
ccattgcgta ccagtttcca atcggttgac ggggttccag tgcaggtgat taatccctat 13560
cctgtttggg aattagcgat ggttgatttg acaggaaagg agacagaagc agaaaaattg 13620
gcctatcagg aatcccaaac ccegtttgat ttgaccaata gtcecctttgtt gagggtaacg 13680
ctcctcaaat tacagccaga aaagcatatt ttattaatta atatgcacca tattatttcce 13740
gatggctggt caatcggtgt ttttgttcgt gaattgtcec atctctatag ggettttgtg 13800
gcgggtaaag aaccaacttt accgatttta ccaattcagt atgcggattt tgcegtttgg 13860
cagcgagagt ggttacaggg taaggtttta gcggctcaat tggaatattg gaagcgacaa 13920
ttggcagatg ctcctectet getggaactg cccactgate gceccectegtece cgcaatccaa 13980
acctttcaag gcaagacaga aagatttgag ctagatagga aactgaccca agaattaaag 14040
gcattaagtc aacagtcggg ttgtacttta tttatgactt tgttggccge ttttggggtg 14100
gttttatcce gttatagtgg ccagactgat atcgtcattg gttcggcgat cgccaaccgt 14160
aatcgccaag acattgaggg gttaattggce ttttttgtta acactttggce gttgaggtta 14220
gatttatcag aaaaacccag ctttgccget tttttaaaac aagtacagga agtcactcag 14280
gatgcctatg agcatcaaga cttgcccttt gaaatgttag tggaagaatt acaactagag 14340

cgcaaattag accgaaatcc tttggtacag gtgatgtttg ccctacaaaa tgcggccaat 14400
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gaaacctgga atttacctgg gttgaccatt gaagaaatgt cttgggaact tgaacctgcc 14460
cgttttgacc tagaggttca tttatcagaa gttaacgccg gcatagctgg attctgttge 14520
tacaccattg atctatttga tgatgcaacg atcgcccgte tattggaaca ttttcagaat 14580
cttctcaggg caattattgt taatcctcaa gaatcggtaa gtttattacc cttgttgtca 14640
gaacaggaag aaaagcaact tttagttgat tggaatcaaa cccaagccga ttatccccaa 14700
gataagcttg tccatcagtt atttgaagtt caagcagcca gtcagccaga agcgatcget 14760
ctaatctttg aaaatcaggt tttgacctat ggagaattaa accatcgcgc caatcaatta 14820
gctcactate ttcagtcgtt aggagtcacc aaagaacaaa tcgtcggggt ttatctggaa 14880
cgttcecttg aaatggcgat cggattttta ggtattctca aagcaggagce cgcctatcte 14940
cccattgatce ctgaatatcc ctcagtacgc acccaattta ttctcgaaga tacccaactt 15000
tcgettetet taactcaggce agaactggca gaaaaactgce cccagactca aaacaaaatt 15060
atctgtctag atcgggactg gccagaaatt acctcccaac cccagacaaa cctagaccta 15120
aagatagaac ctaataacct agcctattgc atctatactt ctggttccac aggacaaccce 15180
aaaggagtac tgatttccca tcaagcccta ctcaacttaa ttttectggca tcaacaageg 15240
tttgagattg gcccecttaca taaagcgacce caagtggcag gcattgettt cgatgcaacg 15300
gtttgggaat tgtggcccta tctgaccaca ggagcctgta ttaatctggt tccccaaaat 15360
attctgcectect caccgacgga tttacgggat tggttgctta accgagaaat taccatgagt 15420
tttgtgccaa ctcctttage tgaaaaatta ttatccttgg attggecctaa ccattettgt 15480
ctaaaaaccc tgttactggg aggtgacaaa cttcattttt atcctgctge gtccettceccece 15540
tttcaggtca ttaacaacta tggcccaacg gaaaatacag tggttgcgac ctctggactg 15600
gtcaaatcat cttcatctca tcactttgga actccgacta ttggtcgtcce cattgccaac 15660
gtccaaatct atttattaga ccaaaaccta caacctgtec ccattggtgt accaggagaa 15720
ttacatttag gtggggcggg tttagcgcag ggctatctca atcgtcctga gttaacgget 15780
gaaaaattta ttgccaatcc ctttgatccc cccctaacce cecttgataa ggggggagaa 15840
gaaccctcaa aactctataa aacgggagac ttagcccgtt atttacccga tggcaatgta 15900
gaatttttgg gacgtattga caatcaggta aaaattcggg gttttcgcat cgaaactggg 15960
gaaatcgaag ccgttttaag tcaatatttc ctattagctg aaagtgtagt cgttgccaag 16020
gaagataata ctggggataa acgcctcgtg gecttatttgg ttcccgectt gcaaaatgag 16080
gccctaccag agcaattage ccaatggcaa agtgaataca tcagtgattg gcaaagtctce 16140
tatgaaagaa cctatagtca agggcaagac agcctagctg atctcacttt taatatcacg 16200
ggttggaata gcagttatac tcgtcaaccc cttcectgctt cagaaatgcg agagtgggte 16260
gaaaacactg ttagtcgcat cttggctttc caaccagaac gcggtttaga aattggttgt 16320
ggtacaggtt tgttactctc cagggtagca aagcattgtc ttgaatattg ggcaacggat 16380
tattcccaag gggcgatcca gtatgttgaa cgggtttgca atgccgttga aggtttagaa 16440
caggttaaat tacgctgtca aatggcagat aattttgaag gtattgccct acatcaattt 16500
gataccgteg tcecttaaattc gattattcag tattttccca gtgtggatta tctgttacag 16560
gtgcttgaag gggcgatcaa cgtcattggce gagcgaggtc agatttttgt cggggatgtg 16620
cggagtttac ccctattaga gccatatcat gcggctgtge aattagccca agcttcetgac 16680

tcgaaaactg ttgaacaatg gcaacaacag gtgcgtcaaa gtgtagcagg tgaagaagaa 16740
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ctggtcattg atcccacatt gttcctggcet ttaaaacaac attttccgca aattagctgg 16800
gtagaaattc aaccgaaacg gggtgtggct cacaatgagt taactcaatt tcgctatgat 16860
gtcactctec atttagagac tatcaataat caagcattat tgagcggcaa tccaacggta 16920
attacctggt taaattggca acttgaccaa ctgtctttaa cacaaattaa agataaatta 16980
ttaacagaca aacctgaatt gtggggaatt cgtggtattc ctaatcagcg agttgaagag 17040
gctctaaaaa tttgggaatg ggtggaaaat gcccctgatg ttgaaacggt tgaacaactce 17100
aaaaaacttc tcaaacaaca agtagatact ggtattaatc ctgaacaggt ttggcaatta 17160
gctgagtete tceggttacac cgctcacctt agttggtggg aaagtagtca agacggttce 17220
tttgatgtca tttttcagcg gaattcagaa gcggaggact caaaaaaatt aaccctttca 17280
aaacttgctt tctgggatga aaaacccttt aaaataaagce cctggagtga ctatactaac 17340
aaccctetge geggtaagtt agtccaaaaa ttaattccta aagtacgaga atttctgcaa 17400
gaaaaactac ccagttatat ggttccccag gegtttgtge tgcttgattce ccttectttg 17460
acccccaatg gtaaggtgga tcegtaaggceg ttaccttete ctgatgcegge gactcegtgat 17520
ttagcgaaca gttttgtctt accccgcaat ccgattgaag ctcaactgac tcaaatttgg 17580
agtgaagttt tgggactgga acgcattggc gttaaggaca acttttttga attgggagga 17640
cattctettt tggctaccca ggttttatca agaattaatt cagcctttgg acttgatctt 17700
tctgtgcaaa ttatgtttga atcaccaacg atcgcgggca ttgcgggtta tattcaageg 17760
gtagattggg tcgcccagga tcaagccgat agctcgttaa atcatgaaaa tactgaggta 17820
gtggagttct aagttatgac gaaaaagatt gttgaatttg tctgttatct acgggattta 17880
ggcattactt tagaagctga tgaaaaccgc ttacgctgte aggctcccga aggaattttg 17940
accccagcac tccgtcaaga aattggcgat cacaaactgg aattattaca atttttacaa 18000
tgggtcaaac agtctaaaag taccgctcat ttgcctatta aacctgtcge tagagacggt 18060
catttaccce tgtcttttge tcaacaacgt ttatggtttt tacattatct ttccectgat 18120
agtcgttect acaataccct ggaaatattg caaattgatg ggaatctcaa tctgactgtg 18180
ctagagcaga gtttggggga attaattaac cgccatgaaa tttttagaac aacattcccce 18240
actgtttcag gggaaccgat tcagaaaatt gcacttccta gtcgttttca gttaaaagtt 18300
gataattatc aagatttaga cgaaaatgaa caatcagcta aaattcaaca agtagcagaa 18360
ttggaagcag gacaagcttt tgatttaacg gtggggccac tgattcagtt taagctattg 18420
caattgagtc cccagaagtc ggtgctgctg ttgaaaatgce accatattat ctatgatggce 18480
tggtcttttg ggattctgat tcgggaatta tcggctctat acgaagcatt tttaaagaac 18540
ttagccaatc ctcteccecctge gttgtcetatt cagtatgcag attttgeggt ttggcaacgt 18600
caatatctct caggtgaggt cttagataaa caactcaatt attggcaaga acagttagca 18660
acagtctctce ctgttcttac tttaccaacg gatagaccce gtccggcgat acaaactttt 18720
cagggaggag ttgagcgttt tcaactggat caaaatgtca ctcaaggtct taaaaagtta 18780
ggtcaagatc aggttgcaac cctgtttatg acgttgttgg ccggtttcegg cgttttgcta 18840
tctegttata gtggtcaatc tgatctgatg gtgggttcecte cgatcgctaa tcgtaatcaa 18900
gcagcgatceg aacctttaat tggetttttt gctaacactt tggctttaag aattaattta 18960
tcagaaaatc ccagtttttt agaattatta gaacaagtta aacagacaac tttagagggt 19020
tatgctcacc aagacctacc ctttgagatg ttagtagaaa agctacaact tgaccgtgat 19080

ttgagcagaa atcctttagt acaagtcatg tttgcgctac aaaatacctc tcaagatact 19140
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tggaatcttt cgggtttaag tattgaaagt ttatctttat cagtggaaga aactgtcaga 19200
tttgatctag aagtaaactg ctggcaaaat tcagaaggtt tagcaataga ttggatttac 19260
agcagagatt tatttgacac tgcaacaatt gcaagaatgg gagaacattt tcaaaattta 19320
gttcaggcaa tcatactcaa tccaaaagct acagttaaag aacttccttt attaacaccce 19380
aaggaacgtg agcaattatt aatatcttgg aataatagca agactgatta tcctcaagag 19440
cagtgtattt atcaattatt tgaagcacaa gttgaacgga ctccaaaggc gatcgcagtg 19500
gtatttgagg agcaatcatt aacatacact gaattaaacc atcgcgctaa tcagttagcce 19560
cattatttac aaactttagg cgtgggagca gaagtcttag tcggtatttc cctagaacgt 19620
tctttagaga tgattatcgg cttattaggg attctcaagg taggtggtgce ttatcttceccect 19680
cttgatccag actatcccac tgagegtcett cagttgatgt tagaagacag tcaagttcct 19740
tttttgatta cccacagttc tttattagca aaattgccte cctcectcaage aactctgatt 19800
tgtttagatc atatccaaga gcagatttct caatattctc cagataatct tcaatgtcag 19860
ttaactcctg ccaatttage taacgttatt tatacctcectg gctctacggg taagcctaaa 19920
ggggtgatgg ttgaacataa aggtttagtt aacttagctc ttgctcaaat tcaatctttt 19980
gcagtcaacc ataacagtcg tgtgctgcaa tttgcttctt ttagttttga tgcttgtatt 20040
tcagaaattt tgatgacctt tggttctgga gcgacgcttt atcttgcaca aaaagatgct 20100
ttattgccag gtcagccatt aattgaacgg ttagtaaaga atggaattac tcatgtgact 20160
ttgcecgectt cagctttagt ggttttacce caggaaccgt tacgcaactt agaaacctta 20220
attgtggcgg gtgaggcttg ttctettgat ttagtgaaac aatggtcaat cgatagaaac 20280
tttttcaatg cctatgggcc aacggaagcg agtgtttgtg ccactattgg acaatgttat 20340
caagatgatt taaaggtgac gattggtaag gcgatcgcca atgtccaaat ttatatttta 20400
gatgcctttt tacagccggt gcecggtggga gtgtcaggag agttatacat tggtggagtt 20460
ggggtggcaa ggggctattt aaatcgtcct gaattaaccc aagaaaaatt tattgctaat 20520
ccttttagta acgacccaga ttctceggcte tataaaactg gcgacttage gegttattta 20580
ccecgatggta atattgaata tttaggacgce attgacaatc aggtaaaaat tcgcggtttt 20640
cgcattgagt taggagaaat tgaagcggtt ctgagtcaat gtcccgatgt gcaaaatacg 20700
gcggtgattyg tccgcgaaga tactcecctgge gataagecget tagttgecta tgtggttett 20760
acttctgact cccagataac tactagcgaa ctgcgtcaat ttttggcgaa tcaattaccce 20820
gcctatcttyg ttectaatac ctttgttatt ttagatgatt tgcccctaac ccccagtgge 20880
aaatgcgatc gccgttcectt acctatacce gaaacacaag cgttatcaaa tgactatatt 20940
gccectaaat ctecccactga agaaattctg gcectcaaatat gggggcaagt tctcaagata 21000
gaaagagtca gcagagaaga taatttcttt gaattggggg ggcattccct tttagctacc 21060
caggtaatgt cccgtctgeg tgaaactttt caagtcgaat tacctttgcg tagtctettt 21120
accgctecca ctattgctga attggcccta acaattgage aatctcagca aaccattget 21180
gctececcceca tectaaccag aaacgacagt gctaacctec cgttatcttt tgctcaacaa 21240
cgtttatggt ttctggatca attagaacct aacagcgcct tttatcatgt agggggagcecce 21300
gtaagactag aaggaacatt aaatattact gccttagagc aaagcttaaa agaaattatt 21360
aatcgtcatg aagctttacg cacaaatttt ataacgattg atggtcaagc cactcaaatt 21420

attcacccta ctattaattg gcgattgtct gttgttgatt gtcaaaattt aaccgacact 21480
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caatctctgg aaattgcgga agctgaaaag ccctttaatce ttgctcaaga ttgcttattt 21540
cgtgctactt tattcgtgeg atcaccgcta gaatatcatce tactcgtgac catgcaccat 21600
attgttagcg atggctggtc aattggagta ttttttcaag aactaactca tcectttacget 21660
gtctataatc agggtttacc ctcatcttta acgcctatta aaatacaata tgctgatttt 21720
gcggtctgge aacggaattg gttacaaggt gaaattttaa gtaatcaatt gaattattgg 21780
cgcgaacaat tagcaaatgc tecctgcetttt ttacctttac cgacagatag acctaggccce 21840
gcaatccaaa cttttattgg ttctcatcaa gaatttaaac tttctcagcc attaagccaa 21900
aaattgaatc aactaagtca gaagcatgga gtgactttat ttatgactct cctggectget 21960
tttgctacct tactttaccg ttatacagga caagcagata ttttagttgg ttctectatt 22020
gctaaccgta atcgtaagga aattgaggga ttaatcgget tttttgttaa tacattagtt 22080
ctgagattga gtttagataa tgatttaagt tttcaaaatt tgctaaacca tgttagagag 22140
gtttctttag cagcctacge ccatcaagat ttaccttttg aaatgttagt agaagcacta 22200
caccctcaac gagatctcag tcatacccct ttatttcagg taatgtttgt tttgcaaaat 22260
acaccagtgg ctgatctaga acttaaaaat gtaaaggttt gtcctctacc gatggaaaat 22320
aagactgcta aatttgattt aaccttatca atggagaatc tagaggaagg attgattggg 22380
gtttgggaat ataacaccga tctatttaat ggctcaacca ttgagcgaat gagtggacat 22440
tttgtcactt tgttagaaga tattgttgcc gctccaacga agtcagtttt acggttgtcect 22500
ttgctgacgc aagaggaaaa actgcaatta ttgattaaaa atcagggtgt tcaagttgat 22560
tattctcaag agcagtgcat ccatcaatta tttgaagcgce aagttgaacg gactcccgat 22620
gcgattgegg tggtatttga ggagcaatca ttaacctatg ctgaattaaa tcatcaagct 22680
aatcagttag tccattactt acaaacttta ggaattgggc cagaggtctt agtcgctatt 22740
tcagtagaac gttctttaga aatgattatc ggcttattag ccattctcaa ggcgtgtggt 22800
gcttatctece ctettgectcee tgactatcecce actgagegte ttcagttcat gttagaagat 22860
agtcaagctt cttttttgat tacccacagt tctttattag aaaaattgcc ttcttetcaa 22920
gcgactctaa tttgtttaga tcacatccaa gagcagattt ctcaatattc tcccgataat 22980
cttcaaagtg agttaactcc ttccaatttg gctaacgtta tttacacctc tggctctacg 23040
ggtaagccta aaggggtgat ggttgaacat cggggcttag ttaacttagc gagttctcaa 23100
attcaatctt ttgcagtcaa aaataacagt cgtgtactgc aatttgcttc ctttagtttt 23160
gatgcttgta tttcagaaat tttgatgacc tttggttctg gagcgactct ttatcttget 23220
caaaaaaatg atttattgcc aggtcagcca ttaatggaaa ggttagaaaa gaataaaatt 23280
acccatgtta ctttacccecce ttcagettta gctgttttac caaaaaaacc gttacccaac 23340
ttacaaactt taattgtggc gggtgaggct tgtcctctgg atttagtcaa acaatggtca 23400
gtcggtagaa actttttcaa tgcctatggce ccgacagaaa cgagtgtttg tgccacgatt 23460
ggacaatgtt atcaagatga tttaaaggtc acgattggta aggcgatcgc taatgtccaa 23520
atttatattt tggatgcctt tttacaacca gtacccatcg gagtaccagg ggaattatac 23580
attggtggag tcggagttgc gaggggttat ctaaatcgtce ctgaattaac ggcggaaaga 23640
tttattccta atccttttga tecccccccta accecccectta aaaagggggg agataagage 23700
tatgaaactt ttaaaaaggg ggaagagcaa ccatcaaaac tctataaaac gggagattta 23760
gctegttatt tacccgatgg caatattgaa tatttaggac gcattgacaa tcaggtaaaa 23820

attcgeggtt ttcgcattga gttaggagaa attgaagcgg ttctgagtca atgtcccgat 23880
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gtgcaaaata cggcggtgat tgtccgtgaa gatactcctg gcgataaacg tttagttgce 23940
tatgtggttc ttacttctga ctcccagata actactagcg aactgcgtca attcttgget 24000
aatcaattac ctgcctatct cgttcccaat acctttgtta ttttagatga tttgccccta 24060
acccccaatg gtaaatgcga tegceccegttece ttaccgette ctgatgatca gaccagaaaa 24120
aatattccta aaattggccc gegtaattta gtggaattac aattagctca aatctggtca 24180
gagattttag gcattaataa tattggtatt caggaaaact tctttgaatt aggcggtcat 24240
tctttattag cagtcagtct gatcaatcgt attgaacaaa agttagataa acgtttacca 24300
ttaaccagtc tttttcaaaa tggaaccata gcaagtctag ctcaattact agcgcaagaa 24360
acaactcagc cagcctctte accgttgatt gctatccagt ctcaaggtga taaaactcca 24420
ttttttgctg ttcatcccat tggtggtaat gtgctatgtt atgccgattt agctcecgtaat 24480
ttaggaacga aacagccgtt ttatggatta caatcattag ggctaagtga attagaaaaa 24540
actgtagcct ctattgaaga aatggcgatg atttatattg aagcaataca aactgttcaa 24600
gcctetggte cctactattt aggaggttgg tcaatgggag gagtgatagce ttttgaaatc 24660
gcccaacaat tattgaccca aggtcaagaa gttgctttac tggctttaat agatagttat 24720
tctceccagtt tacttaattc agttaatagg gagaaaaatt ctgctaattc cctgacagaa 24780
gaatttaatg aagatatcaa tattgcctat tctttcatca gagacttagc aagtatattt 24840
aatcaagaaa tctctttecte tgggagtgaa cttgctcatt ttacatcaga cgaattacta 24900
gacaagttta ttacttggag tcaagagacg aatcttttgc cgtcagattt tgggaagcag 24960
caggttaaaa cctggtttaa agttttccag attaatcacc aagctttgag cagctattct 25020
cccaagacgt atctgggtag aagtgttttc ttaggagcgg aagacagttc tattaaaaat 25080
cctggttgge atcaagtaat caatgacttg caatctcaat ggattagcgg cgatcactac 25140
ggtttaatta aaaatccagt cctcecgctgaa aaactcaata gctacctagc ctaaaacttt 25200
caaaaagcct gattattgtt taaaatgaat gatcgttcac cggtcagagg acaagtatga 25260
caacccaaac agcttctagt gccaatgccce ttgcecttectt taaccaattt ttaagggatg 25320
taaaggcgat cgcccaaccce tattggtatc ccactgtatc aaataaaaga agcttttctg 25380
aggttattcg ttcctgggga atgctatcac tgcttatctt tttgattgtg ggattagtcg 25440
ccgtcacgge ttttaatagt tttgttaatc gtcgtttaat tgatgtcatt attcaagaaa 25500
aagatgcgtc tcaatttgcc agtacattaa ctgtctatge gatcggatta atctgtgtaa 25560
cgctgetgge agggttcact aaagatattc gcaaaaaaat tgccctagat tggtatcaat 25620
ggttaaacac ccagattgta gagaaatatt ttagtaatcg tgcctattat aaaattaact 25680
ttcaatctga cattgataac cccgatcaac gtctagccca ggaaattgaa ccgatcgcca 25740
caaacgccat tagtttctecg geccacttttt tggaaaaaag tttggaaatg ctaacttttt 25800
tagtggtagt ttggtcaatt tctcgacaga ttgctattce gctaatgttt tacacgatta 25860
tcggtaattt tattgccgec tatctaaatc aagaattaag caagatcaat caggcacaac 25920
tgcaatcaaa agcagattat aactatgcct taacccatgt tcggactcat gcggaatcta 25980
ttgctttttt tcggggagaa aaagaggaac aaaatattat tcagcgacgt tttcaggaag 26040
ttatcaatga tacgaaaaat aaaattaact gggaaaaagg gaatgaaatt tttagtcggg 26100
gctatcgtte cgtcattcag ttttttectt ttttagtcet tggeccctttg tatattaaag 26160
gagaaattga ttatggacaa gttgagcaag cttcattagc tagttttatg tttgcatcgg 26220
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ccetgggaga attaattaca gaatttggta cttcaggacg tttttctagt tatgtagaac 26280
gtttaaatga attttctaat gccttagaaa ctgtgactaa acaagccgag aatgtcagca 26340
caattacaac catagaagaa aatcattttg cctttgaaca cgtcacccta gaaacccctg 26400
actatgaaaa ggtgattgtt gaggatttat ctcttactgt tcaaaaaggt gaaggattat 26460
tgattgtcgg gcccagtggt cgaggtaaaa gttcectttatt aagggcgatc gecggtttat 26520
ggaatgctgg cactgggcgt ttagtgcegtc ctccecctaga agaaattctce tttttgccce 26580
aacgtcecta cattattttg ggaaccttac gcgaacaatt gctgtatcct ctaaccaata 26640
gtgagatgag caataccgaa cttcaagcag tattacaaca agtcaatttg caaaatgtgc 26700
taaatcgggt ggatgacttt gactccgaaa aaccctggga aaacattctce tecccteggtg 26760
aacaacaacg cctagccttt getcgattgt tagtgaattce tccgagtttt accattttag 26820
atgaggcgac cagtgcctta gatttaacaa atgaggggat tttatacgag caattacaaa 26880
ctcgcaagac aacctttatt agtgtgggtc atcgagaaag tttgtttaat taccatcaat 26940
gggttttaga actttctgct gactctagtt gggaactctt aagcgttcaa gattatcgece 27000
ttaaaaaagc gggagaaatg tttactaatg cttcgagtaa caattccata acacccgata 27060
ttactatcga taatggatca gaaccagaaa tagtctattc tcttgaagga ttttecccatce 27120
aggaaatgaa actattaaca gacctatcac tctctagcat tcggagtaaa gccagtcgag 27180
ggaaggtgat tacagccaag gatggtttta cctaccttta tgacaaaaat cctcagatat 27240
taaagtggct cagaacttaa 27260

The invention claimed is:

1. An isolated nucleic acid sequence encoding a peptide
comprising a sequence with at least 95% identity to SEQ ID
NO. 1.

2. An isolated nucleic acid encoding a microginin syn-
thetase enzyme complex, wherein the isolated nucleic acid
encodes the following activities:

a) adenylation domain (A*) wherein, the adenylation

domain comprises the nucleic acid sequence of claim 1

b) acyl carrier protein (ACP)

¢) elongation module (EM) of polyketide synthases (PKS)
comprising the following activities:

i. ketoacylsynthase (KS)
ii. acyl transferase (AT)
iii. acyl carrier protein (ACP 2)

d) aminotransferase (AMT)

e) three to five elongation modules (EM) of non-ribosomal
peptide synthetases (NRPS) comprising the following
activities:

i. condensation domain (C)
ii. adenylation domain (A)
iii. thiolation domain (T)

1) thioesterase (TE).

3. The isolated nucleic acid according to claim 2, addition-
ally comprising sequences encoding the following activities
or domains:

a) a monooxygenase (MO)

b) an integrated N-methyltransferase domain (MT) within

one or more elongation modules (EM) of NRPS;

¢) a non-integrated N-methyltrasferase (MT),

d) a modifying activity (MA) wherein, said MA is selected
from the group comprising the following activities:
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halogenase, sulfatase, glycosylase, racemase, O-meth-
yltransterase and C-methyltransferase

e) two or more peptide repeat spacer sequences (SP) con-

sisting of one or more repeats of being either glycinerich
or proline and leucine rich, located adjacently upstream
and downstream of the MO or the MA, or both.

4. The isolated nucleic acid according to claim 2, further
comprising at least one nucleic acid sequence encoding at
least one protein sequence as follows:

a. adenylation domain (A*) according to SEQ ID NO. 1

b. acyl carrier protein (ACP) according to SEQ ID NO. 2

c. elongation module of polyketide synthases:

i. ketoacylsynthase domain (KS) according to SEQ ID
NO. 3
ii. acyl transferase domain (AT) according to SEQ ID
NO. 4
iii. acyl carrier protein domain (ACP 2) according to
SEQIDNO. 5
d. aminotransferase (AMT) according to SEQ ID NO. 6
e. elongation modules of non-ribosomal peptide syn-
thetases:
i. condensation domain (C) according to SEQ ID NO. 7
ii. adenylation domain (A) according to SEQ ID NO. 8
iii. thiolation domains (T) according to SEQ ID NO. 9
f. elongation modules of non-ribosomal peptide syn-
thetases responsible for the activation and condensation
of leucin:
i. condensation domain (C 2) according to SEQ ID NO.
10
ii. adenylation domain (A 2) according to SEQ ID NO.
11
iii. thiolation domain (T 2) according to SEQ ID NO. 12
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g. clongation modules of non-ribosomal peptide syn-
thetases responsible for the activation and condensation
of tyrosine 1 :

i. condensation domain (C 3) according to SEQ ID NO.
13

ii. adenylation domain (A 3) according to SEQ ID NO.
14

iii. thiolation domain (T 3) according to SEQ ID NO. 15

h. elongation modules of non-ribosomal peptide syn-
thetases responsible for the activation and condensation
of tyrosine 2:

i. condensation domain (C 4) according to SEQ ID NO.
16

ii. adenylation domain (A 4) according to SEQ ID NO.
17

iii. thiolation domain (T 4) according to SEQ ID NO. 18

i. thioesterase (TE) according to SEQ ID NO. 19

j.) two or more peptide repeat spacer sequences (SP1/SP2)
according to SEQ ID NO. 21 and 22

1.) an integrated N-methyltransferase domain (MT) within
the elongation module (EM) of the NRPS responsible
for the activation and condensation of leucin according
to SEQ ID 23 and

m.) a non-integrated N-methyltransferase (MT 2) accord-
ing to SEQ ID NO. 24.

5. The isolated nucleic acid according to claim 2, further

comprising at least one nucleic acid sequence as follows:

a) an adenylation domain (A*) according to SEQ ID NO.
25,

b) acyl carrier protein (ACP) according to SEQ ID NO. 26,

¢) elongation module of polyketide synthases encoding for
the condensation of acetate:

i. ketoacylsynthase domain (KS) according to SEQ ID
NO. 27

ii. acyl transferase domain (AT) according to SEQ ID
NO. 28

iii. acyl carrier protein domain (ACP 2) according to
SEQ ID NO. 29

d) aminotransferase (AMT) according to SEQ ID NO. 30,

e) elongation modules of non-ribosomal peptide syn-
thetases encoding for the activation and condensation of
alanin:

i. condensation domain (C) according to SEQ ID NO. 31
ii. adenylation domain (A) according to SEQ ID NO. 32
iii. thiolation domain (T) according to SEQ ID NO. 33

f) elongation modules of non-ribosomal peptide syn-
thetases encoding for the activation and condensation of
leucin:

i. condensation domain (C 2) according to SEQ ID NO.
34
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ii. adenylation domain (A 2) according to SEQ ID NO.
35
iii. thiolation domain (T 2) according to SEQ ID NO. 36

g) elongation modules of non-ribosomal peptide syn-
thetases encoding for the activation and condensation of
tyrosine 1:

i. condensation domains (C 3) according to SEQ ID NO.
37

ii. adenylation domains (A 3) according to SEQ ID NO.
38

iii. thiolation domains (T 3) according to SEQ ID NO. 39

h) elongation modules of non-ribosomal peptide syn-
thetases encoding for the activation and condensation of
tyrosine 2:

i. condensation domains (C 4) according to SEQ ID NO.
40

ii. adenylation domains (A 4) according to SEQ ID NO.
41

iii. thiolation domains (T 4) according to SEQ ID NO. 42

1) thioesterase (TE) according to SEQ ID NO. 43

j) monooxygenase (MO) according to SEQ ID NO. 44

k) two or more peptide repeat spacer sequences (SP1/2)
according to SEQ ID NO. 45 and 46.

1.) an integrated N-methyltransferase domain (MT) within
the elongation module (EM) of the NRPS encoding for
the activation and condensation of leucin according to
SEQ ID 47 and

m.) a non-integrated N-methyltrasferase (MT 2) according
to SEQ ID NO. 48.

6. The isolated nucleic acid according to claim 2 wherein,
the sequence parts of the nucleic acid encoding the microgi-
nin synthetase enzyme complex activities a) through f) are
arranged upstream to downstream, respectively.

7. A vector comprising the nucleic acid of claim 2.

8. A microorganism transformed with the nucleic acid
according to claim 2.

9. A vector according to claim 7 wherein, the vector is able
to replicate autonomously.

10. A method of producing a microginin, comprising cul-
turing a cell under conditions under which the cell will pro-
duce microginin, wherein said cell is transformed with a
nucleic acid encoding the a recombinant microginin syn-
thetase enzyme complex, according to claim 2, and wherein
said cell does not produce the microginin in the absence of
said nucleic acid, and wherein said cell is cultured in the
presence of octanoic acid.

11. A microorganism transformed with the vector accord-
ing to claim 6.



