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Cyanobacteria saxitoxin gene cluster and detection of cyanotoxic organisms.

Technical Field

The present invention relates to methods for the detection of cyanobacteria,
dinoflagellates, and in particular, methods for the detection of cyanotoxic organisms. Kits
for the detection of cyanobacteria, dinoflagellates, and cyanotoxic organisms are
provided. The invention further relates to methods of screening for compounds that
modulate the activity of polynucleotides and/or polypeptides of the saxitoxin and

cylindrospermopsin biosynthetic pathways.

Background

Cyanobacteria, also known as blue-green algae, are photosynthetic bacteria
widespread in marine and freshwater environments. Of particular significance for water
quality and human and animal health are those cyanobacteria which produce toxic
compounds. Under eutrophic conditions cyanobacteria tend to form large blooms which
drastically promote elevated toxin concentrations. Cyanobacterial blooms may flourish
and expand in coastal waters, streams, lakes, and in drinking water and recreational
reservoirs. The toxins they produce can pose a serious health risk for humans and
animalsand this problem is internationally relevant since most toxic cyanobacteria have a
global distribution.

A diverse range of cyanobacterial genera are well known for the formation of toxic
blue-green algal blooms on water surfaces. Saxitoxin (SX7) and its analogues cause the
paralytic shellfish poisoning (PSP) syndrome, which afflicts human health and impacts on
coastal shellfish economies worldwide. PSP toxins are unique alkaloids, being produced
by both prokaryotes and eukaryotes. PSP toxins are among the most potent and pervasive
algal toxins and are considered a serious toxicological health-risk that may affect humans,
animals and .ecosystems worldwide. These toxins block voltage-gated sodium and
calcium channels, and prolong the gating of potassium channels preventing the
transduction of neuronal signals. It has been estimated that more than 2000 human cases
of PSP occur globally every year. Moreover, coastal blooms of producing
microorganisms result in millions of dollars of economic damage due to PSP toxin
contamination of seafood and the continuous requirement for costly biotoxin monitoring

programs. Early warning systems to anticipate paralytic shellfish toxin (PST)-producing
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algal blooms, such as PCR and ELISA-based screening, are as yet unavailable due to the
lack of data on the genetic basis of PST production.

SXT is a tricyclic perhydropurine alkaloid which can be substituted at various
positions leading to more than 30 naturally occurring SXT analogues. Although SXT
biosynthesis seems complex and unique, organisms from two kingdoms, including certain
species of marine dinoflagellates and freshwater cyanobacteria, are capable of producing
these toxins, apparently by the same biosynthetic route. In spite of considerable efforts
none of the enzymes or genes involved in the biosynthesis and modification of SX7 have
been previously identified.

The occurrence of the cyanobacterial genus Cylindrospermopsis has been
documented on all continents and therefore poses a significant public health threat on a
global scale. The major toxin produced by Cylindrospermopsis is cylindrospermopsin
(CYR). Besides posing a threat to human health, cylindrospermopsin also causes
significant economic losses for farmers due to the poisoning of livestock with
cylindrospermopsin-contaminated drinking water. Cylindrospermopsin has hepatotoxic,
general cytotoxic and neurotoxic effects and is a potential carcinogen. Its toxicity is due
to the inhibition of glutathione and protein synthesis as well as inhibiting cytochrome
P450. Six cyanobacterial species have so far been identified to produce
cylindrospermopsin; Cylindrospermopsis raciborskii, Aphanizomenon ovalisporum,
Aphanizomenon flos-aquae, Umezakia natans, Rhaphdiopsis curvata and Anabaena
bergii. Incidents of human poisoning with cylindrospermopsin have only been reported in
sub-tropical Australia to date, however C. raciborskii and A. flos-aquae have recently
been detected in areas with more temperate climates. The tendency of C. raciborskii to
form dense blooms and the invasiveness of the producer organisms gives rise to global
concerns for drinking water quality and necessitates the monitoring of drinking water
reserves for the presence of cylindrospermopsin producers.

There is a need for rapid and accurate methods detecting cyanobacteria, and in
particular those strains which are capable of producing cyanotoxins such as saxitoxin and
cylindrospermopsin. Rapid and accurate methods for detecting cyanotoxic organisms are
needed for assessing the potential health hazard of cyanobacterial blooms and for the
implementation of effective water management strategies to minimize the effects of toxic

bloom outbreaks.
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Summary

In a first aspect, there is provided an isolated polynucleotide comprising a sequence
according to SEQ ID NO: 1 or a variant or fragment thereof, wherein said fragment
encodes a protein of a saxitoxin biosynthetic pathway.

In one embodiment of the first aspect, the fragment comprises a sequence selected
from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO:
8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18,
SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof.

In a second aspect, there is provided an isolated ribonucleic acid or an isolated
complementary DNA encoded by a sequence according to the first aspect.

In a third aspect, there is provided an isolated polypeptide comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID
NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO:
17, SEQ ID NO: 19, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27,
SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37,
SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47,
SEQ ID NO: 49, SEQ ID NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57,
SEQ ID NO: 59, SEQ ID NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67,
SEQ ID NO: 69, and variants and fragments thereof.

In one embodiment, there is provided a probe or primer that hybridises specifically
with one or more of: a polynucleotide according to the first aspect, a ribonucleic acid or
complementary DNA according to the second aspect, or a polypeptide according the third
aspect.

In another embodiment, there is provided a vector comprising a polynucleotide
according to the first aspect, or a ribonucleic acid or complementary DNA according the
second aspect. The vector may be an expression vector.

In another embodiment, a host cell is provided comprising the vector.

In another embodiment, there is provided an isolated antibody capable of binding

specifically to a polypeptide according to the third aspect.

(10131720_1):MGH



10 Jun 2015

2008355461

10

15

20

25

30

In a fourth aspect, there is provided a method for the detection of cyanobacteria
and/or dinoflagellates, the method comprising the steps of obtaining a sample for use in
the method and analyzing the sample for the presence of one or more of

(1) apolynucleotide comprising a sequence according to the first aspect

(i) aribonucleic acid or complementary DNA according to the second aspect

(ii1) a polypeptide comprising a sequence according to third aspect
wherein said presence is indicative of cyanobacteria and/or dinoflagellates in the sample.

In a fifth aspect, there is provided a method for detecting a cyanotoxic organism, the
method comprising the steps of obtaining a sample for use in the method and analyzing
the sample for the presence of one or more of:

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 36, and
variants thereof sharing at least 80% sequence homology with SEQ ID NO: 14, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 36,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1)

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 37, and
variants thereof sharing at least 80% sequence homology with SEQ ID NO: 15, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, or SEQ ID NO: 37,
wherein said presence is indicative of cyanotoxic organisms in the sample.

In one embodiment of the fifth aspect, the cyanotoxic organism is a cyanobacteria
or a dinoflagellate.

In one embodiment of the fourth and fifth aspects, analyzing the sample comprises
amplification of DNA from the sample by polymerase chain reaction and detecting the
amplified sequences. The polymerase chain reaction may utilise one or more primers
comprising a sequence selected from the group consisting of SEQ ID NO: 70, SEQ ID
NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID
NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 113, SEQ ID
NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ
ID NO: 119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID NO: 122, SEQ ID NO: 123,
SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO:

(10131720_1):MGH
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128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132, SEQ ID
NO: 133, SEQ ID NO: 134, and variants and fragments thereof.

In another embodiment of the fourth and fifth aspects, the method comprises further
analyzing the sample for the presence of one or more of:

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87,
SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97,
SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:
107, SEQ ID NO: 109, and variants and fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92 , SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants and fragments thereof.

The further analyis of the sample may comprise amplification of DNA from the
sample by polymerase chain reaction. The polymerase chain reaction may utilise one or
more primers comprising a sequence selected from the group consisting of SEQ ID NO:
111, SEQ ID NO: 112, or variants or fragments thereof.

Described herein is a method for the detection of dinoflagellates, the method
comprising the steps of obtaining a sample for use in the method and analyzing the
sample for the presence of one or more of:

(1) apolynucleotide comprising a sequence according to the first aspect,

(i) aribonucleic acid or complementary DNA according to the second aspect,

(ii1) a polypeptide comprising a sequence according to the third aspect,
wherein said presence is indicative of dinoflagellates in the sample.

Analysing the sample may comprise amplification of DNA from the sample by
polymerase chain reaction and detecting the amplified sequences.

In one embodiment of the fourth and fifth aspects, the detection comprises one or
both of gel electrophoresis and nucleic acid sequencing. The sample may comprise one or
more isolated or cultured organisms. The sample may be an environmental sample. The
environmental sample may be derived from salt water, fresh water or a blue-green algal

bloom.

(10131720_1):MGH
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In a sixth aspect, there is provided a kit for the detection of cyanobacteria and/or
dinoflagellates, the kit comprising at least one agent for detecting the presence of one or
more of’

(1) apolynucleotide comprising a sequence according to the first aspect,

(i) aribonucleic acid or complementary DNA according to the second aspect,

(ii1) a polypeptide comprising a sequence according to the third aspect,
wherein said presence is indicative of cyanobacteria and/or dinoflagellates in the sample.

In a seventh aspect, there is provided a kit for the detection of cyanotoxic
organisms, the kit comprising at least one agent for detecting the presence of one or more
of:

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 36, and
variants thereof sharing at least 90% sequence homology with SEQ ID NO: 14, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 36,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 37, and
variants thereof sharing at least 90% sequence homology with SEQ ID NO: 15, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, or SEQ ID NO: 37,
wherein said presence is indicative of cyanotoxic organisms in the sample.

In one embodiment of the sixth and seventh aspects, the at least one agent is a
primer, antibody or probe. The primer or probe may comprise a sequence selected from
the group consisting of SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO:
73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78,
SEQ ID NO: 79, SEQ ID NO: 113, SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO:
116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ ID NO: 119, SEQ ID NO: 120, SEQ ID
NO: 121, SEQ ID NO: 122, SEQ ID NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ
ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID NO: 130,
SEQ ID NO: 131, SEQ ID NO: 132, SEQ ID NO: 133, SEQ ID NO: 134, and variants
and fragments thereof.

In another embodiment of the sixth and seventh aspects, the kit further comprises at

least one additional agent for detecting the presence of one or more of

(10131720_1):MGH



10 Jun 2015

2008355461

10

15

20

25

30

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87,
SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97,
SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:
107, SEQ ID NO: 109, and variants and fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92 , SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants and fragments thereof.

The at least one additional agent may be a primer, antibody or probe. The primer or
probe may comprise a sequence selected from the group consisting of SEQ ID NO: 109,
SEQ ID NO: 110, and variants and fragments thereof.

Described herein is a kit for the detection of dinoflagellates, the kit comprising at
least one agent for detecting the presence of one or more of’

(1) apolynucleotide comprising a sequence according to the first aspect,

(i) aribonucleic acid or complementary DNA according to the second aspect,

(ii1) a polypeptide comprising a sequence according to the third aspect,
wherein said presence is indicative of dinoflagellates in the sample.

In an eighth aspect, there is provided a method of screening for a compound that
modulates the expression or activity of one or more polypeptides according to the third
aspect, the method comprising contacting the polypeptide with a candidate compound
under conditions suitable to enable interaction of the candidate compound and the
polypeptide, and assaying for activity of the polypeptide.

In one embodiment of the eighth aspect, modulating the expression or activity of
one or more polypeptides comprises inhibiting the expression or activity of said
polypeptide.

In another embodiment of the eighth aspect, modulating the expression or activity
of one or more polypeptides comprises enhancing the expression or activity of said
polypeptide.

Described herein is an isolated polynucleotide comprising a sequence according to

SEQ ID NO: 80 or a variant or fragment thereof.

(10131720_1):MGH
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The fragment may comprise a sequence selected from the group consisting of SEQ
ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID
NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID
NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:107, SEQ ID NO: 109, and
variants and fragments thereof.

Described herein is a ribonucleic acid or complementary DNA encoded by a
sequence according to the present invention.

Described herein is an isolated polypeptide comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86,
SEQ ID NO: 88, SEQ ID NO: 90, SEQ ID NO: 92 , SEQ ID NO: 94, SEQ ID NO: 96,
SEQ ID NO: 98, SEQ ID NO: 100, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO:
106, SEQ ID NO: 108, SEQ ID NO: 110, and variants and fragments thereof.

In one embodiment, there is provided a probe or primer that hybridises specifically
with one or more of: a polynucleotide according to the present invention, a ribonucleic
acid or complementary DNA according to the present invention, or a polypeptide
according to the present invention.

In another embodiment, there is provided a vector comprising a polynucleotide
according to the present invention, or a ribonucleic acid or complementary DNA
according to the present invention. The vector may be an expression vector. In one
embodiment, a host cell is provided comprising the vector.

In another embodiment, there is provided an isolated antibody capable of binding
specifically to a polypeptide according to the present invention.

Described herein is a method for the detection of cyanobacteria, the method
comprising the steps of obtaining a sample for use in the method and analyzing the
sample for the presence of one or more of:

(1) apolynucleotide comprising a sequence according to the present invention,

(i) aribonucleic acid or complementary DNA according to the present invention,

(ii1) a polypeptide comprising a sequence according to present invention,
wherein said presence is indicative of cyanobacteria in the sample.

Described herein is a method for detecting a cyanotoxic organism, the method
comprising the steps of obtaining a sample for use in the method and analyzing the
sample for the presence of one or both of:

(1) a polynucleotide comprising a sequence according to SEQ ID NO: 95 or a

variant or fragment thereof,

(10131720_1):MGH
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(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence according to SEQ ID NO: 96, or a
variant or fragment thereof,
wherein said presence is indicative of a cyanotoxic organism in the sample.

The cyanotoxic organism may be a cyanobacterium.

Analyzing the sample may comprise amplification of DNA from the sample by
polymerase chain reaction and detecting the amplified sequences. The polymerase chain
reaction may utilise one or more primers comprising a sequence selected from the group
consisting of SEQ ID NO: 111, SEQ ID NO: 112 and variants and fragments thereof.

The method may comprise analyzing the sample for the presence of one or more of:

(1) apolynucleotide comprising a sequence selected from the group consisting of
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID
NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID
NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID
NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID
NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID
NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and variants
and fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(iii) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19 SEQ ID NO: 21, SEQ ID NO:
23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33,
SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43,
SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID NO: 51, SEQ ID NO: 53,
SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID NO: 61, SEQ ID NO: 63,
SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants and fragments thereof.

The further analysis of the sample may comprise amplification of DNA from the
sample by polymerase chain reaction. The polymerase chain reaction may utilise one or
more primers comprising a sequence selected from the group consisting of SEQ ID NO:
70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75,

(10131720_1):MGH
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SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 113,
SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO:
118, SEQ ID NO: 119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID NO: 122, SEQ ID
NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ
ID NO: 128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132,
SEQ ID NO: 133, SEQ ID NO: 134, and variants and fragments thereof.

Described herein is a method for detecting a cylindrospermopsin-producing
organism, the method comprising the steps of obtaining a sample for use in the method
and analyzing the sample for the presence of one or both of’

(1) a polynucleotide comprising a sequence according to SEQ ID NO: 95 or a
variant or fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(iii) a polypeptide comprising a sequence according to SEQ ID NO: 96, or a
variant or fragments thereof,
wherein said presence is indicative of a cylindrospermopsin-producing organism in the
sample.

The cyanotoxic organism may be a cyanobacterium. Analyzing the sample may
comprise amplification of DNA from the sample by polymerase chain reaction and
detecting the amplified sequences. The polymerase chain reaction may utilise one or more
primers comprising a sequence selected from the group consisting of SEQ ID NO: 111,
SEQ ID NO: 112 and variants and fragments thereof.

The detection may comprise one or both of gel electrophoresis and nucleic acid
sequencing. The sample may comprise one or more isolated or cultured organisms. The
sample may be an environmental sample. The environmental sample may be derived from
salt water, fresh water or a blue-green algal bloom.

Described herein is a kit for the detection of cyanobacteria, the kit comprising at
least one agent for detecting the presence of one or more of’

(1) apolynucleotide comprising a sequence according to the present invention,

(i) aribonucleic acid or complementary DNA according to the present invention,

(ii1) a polypeptide comprising a sequence according to the present invention,
wherein said presence is indicative of cyanobacteria in the sample.

Described herein is a kit for the detection of cyanotoxic organisms, the kit

comprising at least one agent for detecting the presence of one or more of:

(10131720_1):MGH
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(1) a polynucleotide comprising a sequence according to SEQ ID NO: 95 or a
variant or fragment thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(iii) a polypeptide comprising a sequence according to SEQ ID NO: 96, or a
variant or fragment thereof,
wherein said presence is indicative of cyanotoxic organisms in the sample.

The at least one agent may be a primer, antibody or probe. The primer or probe may
comprise a sequence selected from the group consisting of SEQ ID NO: 111, SEQ ID
NO: 112 and variants and fragments thereof.

The kit may further comprise at least one additional agent for detecting the presence
of one or more nucleotide sequences selected from the group consisting of’

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID
NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID
NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID
NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID
NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID
NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and variants
and fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ ID NO: 11, SEQ ID
NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19 SEQ ID NO: 21, SEQ ID NO:
23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID NO: 31, SEQ ID NO: 33,
SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID NO: 41, SEQ ID NO: 43,
SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID NO: 51, SEQ ID NO: 53,
SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID NO: 61, SEQ ID NO: 63,
SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants and fragments thereof.

The at least one additional agent may be a primer, antibody or probe. The primer or
probe may comprise a sequence selected from the group consisting of SEQ ID NO: 70,
SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75,

(10131720_1):MGH
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SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 113,
SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO:
118, SEQ ID NO: 119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID NO: 122, SEQ ID
NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ
ID NO: 128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132,
SEQ ID NO: 133, SEQ ID NO: 134, and variants and fragments thereof.

Described herein is a kit for the detection of cylindrospermopsin-producing
organisms, the kit comprising at least one agent for detecting the presence of one or more
of:

(1) a polynucleotide comprising a sequence according to SEQ ID NO: 95 or a
variant or fragment thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(iii) a polypeptide comprising a sequence according to SEQ ID NO: 96, or a
variant or fragment thereof,
wherein said presence is indicative of a cylindrospermopsin-producing organism in the
sample.

Described herein is a method of screening for a compound that modulates the
expression or activity of one or more polypeptides according to the present invention, the
method comprising contacting the polypeptide with a candidate compound under
conditions suitable to enable interaction of the candidate compound and the polypeptide,
and assaying for activity of the polypeptide.

Modulating the expression or activity of one or more polypeptides may comprise
inhibiting the expression or activity of said polypeptide.

Modulating the expression or activity of one or more polypeptides may comprise

enhancing the expression or activity of said polypeptide.

(10131720_1):MGH
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Definitions

As used in this application, the singular form “a”, “an” and “the” include plural
references unless the context clearly dictates otherwise. For example, the term “a stem
cell” also includes a plurality of stem cells.

As used herein, the term “comprising” means “including.” Variations of the word
“comprising”, such as “comprise” and “comprises,” have correspondingly varied
meanings. Thus, for example, a polynucleotide “comprising” a sequence encoding a
protein may consist exclusively of that sequence or may include one or more additional

sequences.
As used herein, the terms “antibody” and “antibodies” include IgG (including IgGl,

IgG2, 1gG3, and IgG4), IgA (including IgAl and IgA2), IgD, IgE, or IgM, and IgY,
whole antibodies, including single-chain whole antibodies, and antigen-binding fragments
thereof. Antigen-binding antibody fragments include, but are not limited to, Fab, Fab' and
F(ab')2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-linked Fvs (sdFv)
and fragments comprising either a VL or VH domain. The antibodies may be from any
animal origin. Antigen-binding antibody fragments, including single-chain antibodies,
may comprise the variable region(s) alone or in combination with the entire or partial of

the following: hinge region, CH1, CH2, and CH3 domains. Also included are any

. combinations of variable region(s) and hinge region, CH1, CH2, and CH3 domains.

Antibodies may be monoclonal, polyclonal, chimeric, multispecific, humanized, and
human monoclonal and polyclonal antibodies which specifically bind the biological
molecule.

As used herein, the terms “polypeptide” and “protein” are used interchangeably and
are taken to have the same meaning.

As used herein, the terms “nucleotide sequence” and “polynucleotide sequence” are
used interchangeably and are taken to have the same meaning.

As used herein, the term “kit” refers to any delivery system for delivering materials.
In the context of the detection assays described herein, such delivery systems include
systems that allow for the storage, transport, or delivery of reaction reagents (for example
labels, reference samples, supporting material, etc. in the appropriate containers) and/or
supporting materials (for example, buffers, written instructions for performing the assay
etc.) from one location to another. For example, kits include one or more enclosures,

such as boxes, containing the relevant reaction reagents and/or supporting materials.
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Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a context
for the present invention. It is not to be taken as an admission that any or all of these
matters form part of the prior art base or were common general knowledge in the field
relevant to the present invention before the priority date of this application.

For the purpdses of description all documents referred to herein are incorporated by

reference unless otherwise stated.

Brief Description of the Drawings

A preferred embodiment of the present invention will now be described, by way of
an example only, with reference to the accompanying drawings wherein:

Figure 1A is a table showing the distribution of the sxz genes in toxic and non-toxic
cyanobacteria. PSP, saxitoxin; CYLN, cylindrospermopsin; +, gene fragment amplified; -
no gene detected.

Figure 1B is a table showing primer sequences used to amplify various SXT genes.

Figure 2 is a table showing sx¢ genes from the saxitoxin gene cluster of C.
raciborskii T3, their putative length, their BLAST similarity match with similar protein
sequences from other organisms, and their predicted function.

Figure 3 is a diagram showing the structural organisation of the sx¢ gene cluster
from C. raciborskii T3. Abbreviations used are: IS4, insertion sequence 4; at,
aminotransferase; dmt, drug metabolite transporter; ompR, transcriptional regulator of
ompR family; penP, penicillin binding; smf, gene predicted to be involved in DNA
uptake. The scale indicates the gene cluster length in base pairs.

Figure 4 is a flow diagram showing the pathway for SXT biosynthesis and the
putative functions of sxz genes.

Figure 5 shows MS/MS spectra of selected ions from cellular extracts of
Cylindrospermopsis raciborskii T3. The predicted fragmentation of ions and the
corresponding m/z values are indicated. Figure SA, arginine (m/z 175); Figure 5B,
saxitoxin (m/z 300); Figure 5C, intermediate A' (m/z 187); Figure 5D, intermediate C'
(m/z 211); Figure SE, intermediate E' (m/z 225).

Figure 6 is a table showing the cyr genes from the cylindrospermopsin gene cluster
of C. raciborskii AWT205S, their putative length, their BLAST similarity match with

similar protein sequences from other organisms, and their predicted function.
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Figure 7 is a table showing the distribution of the sulfotransferase gene (cyrJ) in
toxic and non-toxic cyanobacteria. 16S rRNA gene amplification is shown as a positive
control. CYLN, cylindrospermopsin; SXT, saxitoxin; N.D., not detected; +, gene
fragment amplified; -, no gene detected; NA, not available; AWQC, Australian Water
Quality Center.

Figure 8 is a flow diagram showing the biosynthetic pathway of cylindrospermopsin
biosynthesis.

Figure 9 is a diagram showing the structural organization of the cylindrospermopsin
gene cluster from C. raciborskii AWT205. Scale indicates gene cluster length in base

pairs.

Description

The inventors have identified a gene cluster responsible for saxitoxin biosynthesis
(the SXT gene cluster) and a gene cluster responsible for cylindrospermopsin biosynthesis
(the CYR gene cluster). The full sequence of each gene cluster has been determined and
functional activities assigned to each of the genes identified therein. Based on this
information, the inventors have elucidated the full saxitoxin and cylindrospermopsin
biosynthetic pathways.

Accordingly, the invention provides polynucleotide and polypeptide sequences
derived from each of the SX7 and CYR gene clusters and in particular, sequences relating
to the specific genes within each pathway. Methods and kits for the detection of
cyanobacterial strains in a sample are provided based on the presence (or absence) in the
sample of one or more of the sequences of the invention. The inventors have determined
that certain open-reading frames present in the SX7 gene cluster of saxitoxin-producing
microorganisms are absent in the SX7 gene cluster of microorganisms that do not produce
saxitoxin. Similarly, it has been discovered that one open-reading frame present in the
CYR gene cluster of cylindrospermopsin-producing microorganisms is absent in non-
cylindrospermopsin-producing microorganisms. Accordingly, the invention provides
methods and kits for the detection of toxin-producing microorganisms.

Also provided by the invention are screening methods for the identification of
compounds capable of modulating the expression or activity of proteins in the saxitoxin

and/or cylindrospermopsin biosynthetic pathways.

Polynucleotides and polypeptides
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The inventors have determined the full polynucleotide sequence of the saxitoxin
(SXT) gene cluster and the cylindrospermopsin (CYR) gene cluster.

In accordance with aspects and embodiments of the invention, the SX7" gene cluster
may have, but is not limited to, the polynucleotide sequence as set forth SEQ ID NO: 1
(GenBank accession number DQ787200), or display sufficient sequence identity thereto
to hybridise to the sequence of SEQ ID NO: 1.

The SXT gene cluster comprises 31 genes and 30 intergenic regions.

Gene 1 of the SXT gene cluster is a 759 base pair (bp) nucleotide sequence set forth
in SEQ ID NO: 4. The nucleotide sequence of SXT Gene 1 ranges from the nucleotide in
position 1625 up to the nucleotide in position 2383 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 1 (SX7D) is set forth in SEQ ID NO: §.

Gene 2 of the SXT gene cluster is a 396 bp nucleotide sequence set forth in SEQ ID
NO: 6. The nucleotide sequence of SXT Gene 2 ranges from the nucleotide in position
2621 up to the nucleotide in position 3016 of SEQ ID NO: 1. The polypeptide sequence
encoded by Gene 2 (ORF3) is set forth in SEQ ID NO: 7.

Gene 3 of the SXT gene cluster is a 360 bp nucleotide sequence set forth in SEQ ID
NO: 8. The nucleotide sequence of SXT Gene 3 ranges from the nucleotide in position
2955 up to the nucleotide in position 3314 of SEQ ID NO: 1. The polypeptide sequence
encoded by Gene 3 (ORF49) is set forth in SEQ ID NO: 9.

Gene 4 of the SXT gene cluster is a 354 bp nucleotide sequence set forth in SEQ ID
NO: 10. The nucleotide sequence of SXT Gene 4 ranges from the nucleotide in position
3647 up to the nucleotide in position 4000 of SEQ ID NO: 1. The polypeptide sequence
encoded by Gene 4 (SX7C) is set forth in SEQ ID NO: 11.

Gene 5 of the SXT gene cluster is a 957 bp nucleotide sequence set forth in SEQ ID
NO: 12. The nucleotide sequence of SXT Gene 5 ranges from the nucleotide in position
4030 up to the nucleotide in position 4986 of SEQ ID NO: 1. The polypeptide sequence
encoded by Gene 5 (SX7B) is set forth in SEQ ID NO: 13.

Gene 6 of the SXT gene cluster is a 3738 bp nucleotide sequence set forth in SEQ
ID NO: 14. The nucleotide sequence of SX7 Gene 6 ranges from the nucleotide in
position 5047 up to the nucleotide in position 8784 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 6 (SX7A) is set forth in SEQ ID NO: 15.

Gene 7 of the SXT gene cluster is a 387 bp nucleotide sequence set forth in SEQ ID

NO: 16. The nucleotide sequence of SX7 Gene 7 ranges from the nucleotide in position
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9140 up to the nucleotide in position 9526 of SEQ ID NO: 1. The polypeptide sequence
encoded by Gene 7 (SX7E) is set forth in SEQ ID NO: 17.

Gene 8 of the SXT gene cluster is a 1416 bp nucleotide sequence set forth in SEQ
ID NO: 18. The nucleotide sequence of SXT Gene 8 ranges from the nucleotide in
position 9686 up to the nucleotide in position 11101 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 8 (SXTF) is set forth in SEQ ID NO: 19.

Gene 9 of the SXT gene cluster is an 1134 bp nucleotide sequence set forth in SEQ
ID NO: 20. The nucleotide sequence of SXT Gene 9 ranges from the nucleotide in
position 11112 up to the nucleotide in position 12245 of SEQ ID NO: 1. The polypeptide
sequence encoded by SX7 Gene 9 (SXTG) is set forth in SEQ ID NO: 21.

Gene 10 of the SXT gene cluster is a 1005 bp nucleotide sequence set forth in SEQ
ID NO: 22. The nucleotide sequence of SXT Gene 10 ranges from the nucleotide in
position 12314 up to the nucleotide in position 13318 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 10 (SXTH) is set forth in SEQ ID NO: 23.

Gene 11 of the SXT gene cluster is an 1839 bp nucleotide sequence set forth in SEQ
ID NO: 24. The nucleotide sequence of SX7 Gene 11 ranges from the nucleotide in
position 13476 up to the nucleotide in position 15314 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 11 (SXTY) is set forth in SEQ ID NO: 25.

Gene 12 of the SXT gene cluster is a 444 bp nucleotide sequence set forth in SEQ
ID NO: 26. The nucleotide sequence of SXT Gene 12 ranges from the nucleotide in
position 15318 up to the nucleotide in position 15761 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 12 (SX7V) is set forth in SEQ ID NO: 27.

Gene 13 of the SXT gene cluster is a 165 bp nucleotide sequence set forth in SEQ
ID NO: 28. The nucleotide sequence of SXT' Gene 13 ranges from the nucleotide in
position 15761 up to the nucleotide in position 15925 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 13 (SX7K) is set forth in SEQ ID NO: 29.

Gene 14 of the SXT gene cluster is a 1299 bp nucleotide sequence set forth in SEQ
ID NO: 30. The nucleotide sequence of SX7" Gene 14 ranges from the nucleotide in
position 15937 up to the nucleotide in position 17235 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 14 (SXTL) is set forth in SEQ ID NO: 31.

Gene 15 of the SXT gene cluster is a 1449 bp nucleotide sequence set forth in SEQ
ID NO: 32. The nucleotide sequence of SX7T Gene 15 ranges from the nucleotide in
position 17323 up to the nucleotide in pbsition 18771 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 16 (SX7M) is set forth in SEQ ID NO: 33.
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Gene 16 of the SXT gene cluster is an 831 bp nucleotide sequence set forth in SEQ
ID NO: 34. The nucleotide sequence of SX7 Gene 16 ranges from the nucleotide in
position 19119 up to the nucleotide in position 19949 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 16 (SXTN) is set forth in SEQ ID NO: 35.

Gene 17 of the SXT gene cluster is a 774 bp nucleotide sequence set forth in SEQ
ID NO: 36. The nucleotide sequence of SX7 Gene 17 ranges from the nucleotide in
position 20238 up to the nucleotide in position 21011 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 17 (SXTX) is set forth in SEQ ID NO: 37.

Gene 18 of the SXT gene cluster is a 327 bp nucleotide sequence set forth in SEQ
ID NO: 38. The nucleotide sequence of SXT Gene 18 ranges from the nucleotide in
position 21175 up to the nucleotide in position 21501 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 18 (SXTW) is set forth in SEQ ID NO: 39.

Gene 19 of the SXT gene cluster is a 1653 bp nucleotide sequence set forth in SEQ
ID NO: 40. The nucleotide sequence of SX7" Gene 219 ranges from the nucleotide in
position 21542 up to the nucleotide in position 23194 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 19 (SXTV) is set forth in SEQ ID NO: 41.

Gene 20 of the SXT gene cluster is a 750 bp nucleotide sequence set forth in SEQ
ID NO: 42. The nucleotide sequence of SXT Gene 20 rémges from the nucleotide in
position 23199 up to the nucleotide in position 23948 of SEQ ID NO: 1. The polypeptide -
sequence encoded by Gene 20 (SXTU) is set forth in SEQ ID NO: 43.

Gene 21 of the SXT gene cluster is a 1005 bp nucleotide sequence set forth in SEQ
ID NO: 44. The nucleotide sequence of SXT Gene 21 ranges from the nucleotide in
position 24091 up to the nucleotide in position 25095 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 21 (SX77) is set forth in SEQ ID NO: 45.

Gene 22 of the SXT gene cluster is a 726 bp nucleotide sequence set forth in SEQ
ID NO: 46. The nucleotide sequence of SX7 Gene 22 ranges from the nucleotide in
position 25173 up to the nucleotide in position 25898 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 22 (SX7S) is set forth in SEQ ID NO: 47.

Gene 23 of the SXT gene cluster is a 576 bp nucleotide sequence set forth in SEQ
ID NO: 48. The nucleotide sequence of SX7 Gene 23 ranges from the nucleotide in
position 25974 up to the nucleotide in position 26549 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 23 (ORF24) is set forth in SEQ ID NO: 49.

Gene 24 of the SXT gene cluster is a 777 bp nucleotide sequence set forth in SEQ
ID NO: 50. The nucleotide sequence of SX7 Gene 24 ranges from the nucleotide in
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position 26605 up to the nucleotide in position 27381 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 24 (SXTR) is set forth in SEQ ID NO: 51.

Gene 25 of the SXT gene cluster is a 777 bp nucleotide sequence set forth in SEQ
ID NO: 52. The nucleotide sequence of SXT Gene 25 ranges from the nucleotide in
position 27392 up to the nucleotide in position 28168 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 25 (SX7Q) is set forth in SEQ ID NO: 53.

Gene 26 of the SXT gene cluster is a 1227 bp nucleotide sequence set forth in SEQ
ID NO: 54. The nucleotide sequence of SXT Gene 26 ranges from the nucleotide in
position 28281 up to the nucleotide in position 29507 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 26 (SXTP) is set forth in SEQ ID NO: 55.

Gene 27 of the SXT gene cluster is a 603 bp nucleotide sequence set forth in SEQ
ID NO: 56. The nucleotide sequence of SXT Gene 27 ranges from the nucleotide in
position 29667 up to the nucleotide in position 30269 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 27 (SX7O) is set forth in SEQ ID NO: 57.

Gene 28 of the SXT gene cluster is a 1350 bp nucleotide sequence set forth in SEQ
ID NO: 58. The nucleotide sequence of SXT" Gene 28 ranges from the nucleotide in
position 30612 up to the nucleotide in position 31961 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 28 (ORF29) is set forth in SEQ ID NO: 59.

Gene 29 of the SXT gene cluster is a 666 bp nucleotide sequence set forth in SEQ
ID NO: 60. The nucleotide sequence of SXT' Gene 29 ranges from the nucleotide in
position 32612 up to the nucleotide in position 33277 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 29 (SXTY) is set forth in SEQ ID NO: 61.

Gene 30 of the SXT gene cluster is a 1353 bp nucleotide sequence set forth in SEQ
ID NO: 62. The nucleotide sequence of SX7 Gene 30 ranges from the nucleotide in
position 33325 up to the nucleotide in position 34677 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 30 (SX7Z) is set forth in SEQ ID NO: 63.

Gene 31 of the SXT gene cluster is an 819 bp nucleotide sequence set forth in SEQ
ID NO: 64. The nucleotide sequence of SX7" Gene 31 ranges from the nucleotide in
position 35029 up to the nucleotide in position 35847 of SEQ ID NO: 1. The polypeptide
sequence encoded by Gene 31 (OMPR) is set forth in SEQ ID NO: 65.

The 5’ border region of SXT gene cluster comprises a 1320 bp gene (orfl), the
sequence of which is set forth in SEQ ID NO: 2. The nucleotide sequence of orfI ranges
from the nucleotide in position 1 up to the nucleotide in position 1320 of SEQ ID NO: 1.
The polypeptide sequence encoded by orfI is set forth in SEQ ID NO: 3.
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The 3’ border region of SXT gene cluster comprises a 774 bp gene (hisA), the
sequence of which is set forth in SEQ ID NO: 66. The nucleotide sequence of 4is4 ranges
from the nucleotide in position 35972 up to the nucleotide in position 36745 of SEQ ID
NO: 1. The polypeptide sequence encoded by AisA is set forth in SEQ ID NO: 67.

The 3’ border region of SXT gene cluster also comprises a 396 bp gene (orf4), the
sequence of which is set forth in in SEQ ID NO: 68. The nucleotide sequence of orf4
ranges from the nucleotide in position 37060 up to the nucleotide in position 37455 of
SEQ ID NO: 1. The polypeptide sequence encoded by orf4 is set forth in SEQ ID NO: 69.

In accordance with other aspects and embodiments of the invention, the CYR gene
cluster may have, but is not limited to, the nucleotide sequence as set forth SEQ ID NO:
80 (GenBank accession number EU140798), or display sufficient sequence identity
thereto to hybridise to the sequence of SEQ ID NO: 80.

The CYR gene cluster comprises 15 genes and 14 intergenic regions.

Gene 1 of the CYR gene cluster is a 5631 bp nucleotide sequence set forth in SEQ
ID NO: 81. The nucleotide sequence of CYR Gene | ranges from the nucleotide in
position 444 up to the nucleotide in position 6074 of SEQ ID NO: 80. The polypeptide
sequence encoded by Gene 1 (CYRD) is set forth in SEQ ID NO: 82.

Gene 2 of the CYR gene cluster is a 4074 bp nucleotide sequence set forth in SEQ
ID NO: 83. The nucleotide sequence of CYR Gene 2 ranges from the nucleotide in
position 6130 up to the nucleotide in position 10203 of SEQ ID NO: 80. The polypeptide
sequence encoded by Gene 2 (CYRF) is set forth in SEQ ID NO: 84.

Gene 3 of the CYR gene cluster is a 1437 bp nucleotide ;Equence set forth in SEQ
ID NO: 85. The nucleotide sequence of CYR Gene 3 ranges from the nucleotide in
position 10251 up to the nucleotide in position 11687 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 3 (CYRG) is set forth in SEQ ID NO: 86.

Gene 4 of the CYR gene cluster is an 831 bp nucleotide sequence set forth in SEQ
ID NO: 87. The nucleotide sequence of CYR Gene 4 ranges from the nucleotide in
position 11741 up to the nucleotide in position 12571 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 4 (CYRI) is set forth in SEQ ID NO: 88.

Gene 5 of the CYR gene cluster is a 1398 bp nucleotide sequence set forth in SEQ
ID NO: 89. The nucleotide sequence of CYR Gene 5 ranges from the nucleotide in
position 12568 up to the nucleotide in position 13965 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 5 (CYRK) is set forth in SEQ ID NO: 90.
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Gene 6 of the CYR gene cluster is a 750 bp nucleotide sequence set forth in SEQ ID
NO: 91. The nucleotide sequence of CYR Gene 6 ranges from the nucleotide in position
14037 up to the nucleotide in position 14786 of SEQ ID NO: 80. The polypeptide
sequence encoded by Gene 6 (CYRL) is set forth in SEQ ID NO: 92.

Gene 7 of the CYR gene cluster is a 1431 bp nucleotide sequence set forth in SEQ
ID NO: 93. The nucleotide sequence of CYR Gene 7 ranges from the nucleotide in
position 14886 up to the nucleotide in position 16316 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 7 (CYRH) is set forth in SEQ ID NO: 94.

Gene 8 of the CYR gene cluster is a 780 bp nucleotide sequence set forth in SEQ ID
NO: 95. The nucleotide sequence of CYR Gene 8 ranges from the nucleotide in position
16893 up to the nucleotide in position 17672 of SEQ ID NO: 80. The polypeptide
sequence encoded by Gene 8 (CYRJ) is set forth in SEQ ID NO: 96.

Gene 9 of the CYR gene cluster is an 1176 bp nucleotide sequence set forth in SEQ
ID NO: 97. The nucleotide sequence of CYR Gene 9 ranges from the nucleotide in
position 18113 up to the nucleotide in position 19288 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 9 (CYRA) is set forth in SEQ ID NO: 98.

Gene 10 of the CYR gene cluster is an 8754 bp nucleotide sequence set forth in SEQ
ID NO: 99. The nucleotide sequence of CYR Gene 10 ranges from the nucleotide in
position 19303 up to the nucleotide in position 28056 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 10 (CYRB) is set forth in SEQ ID NO: 100.

Gene 11 of the CYR gene cluster is a 5667 bp nucleotide sequence set forth in SEQ
ID NO: 101. The nucleotide sequence of CYR Gene 11 ranges from the nucleotide in
position 28061 up to the nucleotide in position 33727 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 11 (CYRE) is set forth in SEQ ID NO: 102.

Gene 12 of the CYR gene cluster is a 5004 bp nucleotide sequence set forth in SEQ
ID NO: 103. The nucleotide sequence of CYR Gene 12 ranges from the nucleotide in
position 34299 up to the nucleotide in position 39302 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 12 (CYRC) is set forth in SEQ ID NO: 104.

Gene 13 of the CYR gene cluster is a 318 bp nucleotide sequence set forth in SEQ
ID NO: 105. The nucleotide sequence of CYR Gene 13 ranges from the nucleotide in
position 39366 up to the nucleotide in position 39683 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 13 (CYRM) is set forth in SEQ ID NO: 106.

Gene 14 of the CYR gene cluster is a 600 bp nucleotide sequence set forth in SEQ
ID NO: 107. The nucleotide sequence of CYR Gene 14 ranges from the nucleotide in
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position 39793 up to the nucleotide in position 40392 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 14 (CYRN) is set forth in SEQ ID NO: 108.

Gene 15 of the CYR gene cluster is a 1548 bp nucleotide sequence set forth in SEQ
ID NO: 109. The nucleotide sequence of CYR Gene 15 ranges from the nucleotide in
position 40501 up to the nucleotide in position 42048 of SEQ ID NO: 80. The
polypeptide sequence encoded by Gene 15 (CYRO) is set forth in SEQ ID NO: 110.

In general, the nucleic acids and polypeptides of the invention are of an isolated or
purified form.

In addition to the SX7 and CYR polynucleotides and polypeptide sequences set forth
herein, also included within the scope of the present invention are variants and fragments
thereof.

SXT and CYR polynucleotides disclosed herein may be deoxyribonucleic acids
(DNA), ribonucleic acids (RNA) or complementary deoxyribonucleic acids (cDNA).

RNA may be derived from RNA polymerase-catalyzed transcription of a DNA
sequence. The RNA may be a primary transcript derived transcription of a corresponding
DNA sequence. RNA may also undergo post-transcriptional processing. For example, a
primary RNA transcript may undergo post-transcriptional processing to form a mature
RNA. Messenger RNA (mRNA) refers to RNA derived from a corresponding open
reading frame that may be translated into protein by the cell. cDNA refers to a double-
stranded DNA that is complementary to and derived from mRNA. Sense RNA refers to
RNA transcript that includes the mRNA and so can be translated into protein by the cell.
Antisense RNA refers to an RNA transcript that is complementary to all or part of a target
primary transcript or mRNA and may be used to block the expression of a target gene.

The skilled addresse will recognise that RNA and cDNA sequences encoded by the
SXT and CYR DNA sequences disclosed herein may be derived using the genetic code.
An RNA sequence may be derived from a given DNA sequence by generating a sequence
that is complementary the particular DNA sequence. The complementary sequence may
be generated by converting each cytosine (‘C’) base in the DNA sequence to a guanine
(‘G’) base, each guanine (‘G’) base in the DNA sequence to a cytosine (‘C’) base, each
thymidine (‘T’) base in the DNA sequence to an adenine (‘A’) base, and each adenine
(‘A’) base in the DNA sequence to a uracil (‘U’) base.

A complementary DNA (cDNA) sequence may be derived from a DNA sequence
by deriving an RNA sequence from the DNA sequence as above, then converting the

RNA sequence into a cDNA sequence. An RNA sequence can be converted into a cDNA
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sequence by converting each cytosine (‘C’) base in the RNA sequence to a guanine (‘G’)
base, each guanine (‘G’) base in the RNA sequence to a cytosine (‘C’) base, each uracil
(‘U’) base in the RNA sequence to an adenine (‘A’) base, and each adeneine (‘A’) base in
the RNA sequence to a thymidine (“T’) base.

The term “variant” as used herein refers to a substantially similar sequence. In
general, two sequences are “‘substantially similar” if the two sequences have a specified
percentage of amino acid residues or nucleotides that are the same (percentage of
“sequence identity”), over a specified region, or, when not specified, over the entire
sequence. Accordingly, a “variant” of a polynucleotide and polypeptide sequence
disclosed herein may share at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
83% 85%, 88%, 90%, 93%, 95%, 96%, 97%, 98% or 99% sequence identity with the
reference sequence.

In general, polypeptide sequence variants possess qualitative biological activity in
common. Polynucleotide sequence variants generally encode polypeptides which
generally possess qualitative biological activity in common. Also included within the
meaning of the term “variant” are homologues of polynucleotides and polypeptides of the
invention. A polynucleotide homologue is typically from a different bacterial species but
sharing substantially the same biological function or activity as the corresponding
polynucleotide disclosed herein. A polypeptide homologue is typically from a different
bacterial species but sharing substantially the same biological function or activity as the
corresponding polypeptide disclosed herein.  For example, homologues of the
polynucleotides and polypeptides disclosed herein include, but are not limited to those
from different species of cyanobacteria.

Further, the term “variant” also includes analogues of the polypeptides of the
invention. A polypeptide “analogue” is a polypeptide which is a derivative of a
polypeptide of the invention, which derivative comprises addition, deletion, substitution
of one or more amino acids, such that the polypeptide retains substantially the same
function. The term “conservative amino acid substitution” refers to a substitution or
replacement of one amino acid for another amino acid with similar properties within a
polypeptide chain (primary sequence of a protein). For example, the substitution of the
charged amino acid glutamic acid (Glu) for the similarly charged amino acid aspartic acid
(Asp) would be a conservative amino acid substitution.

In general, the percentage of sequence identity between two sequences may be

determined by comparing two optimally aligned sequences over a comparison window.
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The portion of the sequence in the comparison window may, for example, comprise
deletions or additions (i.e. gaps) in comparison to the reference sequence (for example, a
polynucleotide or polypeptide sequence disclosed herein), which does not comprise
deletions or additions, in order to align the two sequences optimally. A percentage of
sequence identity may then be calculated by determining the number of positions at which
the identical nucleic acid base or amino acid residue occurs in both sequences to yield the
number of matched positions, dividing the number of matched positions by the total
number of positions in the window of comparison, and multiplying the result by 100 to
yield the percentage of sequence identity.

In the context of two or more nucleic acid or polypeptide sequences, the percentage
of sequence identity refers to the specified percentage of amino acid residues or
nucleotides that are the same over a specified region, (or, when not specified, 6ver the
entire sequence), when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using one of the following
sequence comparison algorithms or by manual alignment and visual inspection.

For sequence comparison, typically one sequence acts as a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test
and reference sequences are entered into a computer, subsequence coordinates are
designated, if necessary, and sequence algorithm program parameters are designated.
Default program parameters can be used, or alternative parameters can be designated. The
sequence comparison algorithm then calculates the percent sequence identities for the test
sequences relative to the reference sequence, based on the program parameters. Methods
of alignment of sequences for comparison are well known in the art. Optimal alignment of
sequences for comparison can be determined conventionally using known computer
programs, including, but not limited to: CLUSTAL in the PC/Gene program (available
from Intelligenetics, Mountain View, California); the ALIGN program (Version 2.0) and
GAP, BESTFIT, BLAST, FASTA, and TFASTA in the GCG Wisconsin Genetics
Software Package, Version 10 (available from Accelrys Inc., 9685 Scranton Road, San
Diego, California, USA).

The BESTFIT program (Wisconsin Sequence Analysis Package, for Unix, Genetics
Computer Group, University Research Park, 575 Science Drive, Madison, Wis. 53711)
uses the local homology algorithm of Smith and Waterman to find the best segment of
homology between two sequences (Smith and Waterman, Advances in Applied
Mathematics 2:482-489 (1981)). When using BESTFIT or any other sequence alignment
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program to determine the degree of homology between sequences, the parameters may be
set such that the percentage of identity is calculated over the full length of the reference
nucleotide sequence and that gaps in homology of up to 5% of the total number of
nucleotides in the reference sequence are allowed.

GAP uses the algorithm described in Needleman and Wunsch (1970) J. Mol. Biol.
48:443-453, to find the alignment of two complete sequences that maximizes the number
of matches and minimizes the number of gaps. GAP considers all possible alignments
and gap positions and creates the alignment with the largest number of matched bases and
the fewest gaps. It allows for the provision of a gap creation penalty and a gap extension
penalty in units of matched bases. GAP presents one member of the family of best
alignments.

Another method for determining the best overall match between a query sequence
and a subject sequence, also referred to as a global sequence alignment, can be
determined using the FASTDB computer program based on the algorithm of Brutlag and
colleagues (Comp. App. Biosci. 6:237-245 (1990)). In a sequence alignment the query
and subject sequences are both DNA sequences. An RNA sequence can be compared by
converting U's to T's. The result of said global sequence alignment is in percent identity.

The BLAST and BLAST 2.0 algorithms, may be used for determining percent
sequence identity and sequence similarity. These are described in Altschul et al. (1977)
Nuc. Acids Res. 25:3389-3402, and Altschul et al (1990) J. Mol. Biol. 215:403-410,
respectively. Software for performing BLAST analyses is publicly available through the
National Center for Biotechnology Information. This algorithm involves first identifying
high scoring sequence pairs (HSPs) by identifying short words of length W in the query
sequence, which either match or satisfy some positive-valued threshold score T when
aligned with a word of the same length in a database sequence. T is referred to as the
neighborhood word score threshold (Altschul et al, supra). These initial neighborhood
word hits act as seeds for initiating searches to find longer HSPs containing them. The
word hits are extended in both directions along each sequence for as far as the cumulative
alignment score can be increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of matching residues; always > 0)
and N (penalty score for mismatching residues; always < 0). For amino acid sequences, a
scoring matrix is used to calculate the cumulative score. Extension of the word hits in
each direction are halted when: the cumulative alignment score falls off by the quantity X

from its maximum achieved value; the cumulative score goes to zero or below, due to the
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accumulation of one or more negative-scoring residue alignments; or the end of either
sequence is reached. The BLAST algorithm parameters W, T, and X determine the
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences)
uses as defaults a wordlength (W) of 11, an expectation (E) or 10, M=5, N=-4 and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as
defaults a wordlength of 3, and expectation (E) of 10, and the BLOSUMG62 scoring matrix
(see Henikoff and Henikoff (1989) Proc. Natl, Acad. Sci USA 89:10915) alignments (B)
of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands. [0028] The
BLAST algorithm also performs a statistical analysis of the similarity between two
sequences (see, e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-
5787). One measure of similarity provided by the BLAST algorithm is the smallest sum
probability (P(N)), which provides an indication of the probability by which a match
between two nucleotide or amino acid sequences would occur by chance. For example, a
nucleic acid is considered similar to a reference sequence if the smallest sum probability
in a comparison of the test nucleic acid to the reference nucleic acid is less than about 0.2,
more preferably less than about 0.01, and most preferably less than about 0.001.

The invention also contemplates fragments of the polypeptides disclosed herein. A
polypeptide “fragment” is a polypeptide molecule that encodes a constituent or is a
constituent of a polypeptide of the invention or variant thereof. Typically the fragment
possesses qualitative biological activity in common with the polypeptide of which it is a
constituent. The peptide fragment may be between about 5 to about 3000 amino acids in
length, between about 5 to about 2750 amino acids in length, between about 5 to about
2500 amino acids in length, between about 5 to about 2250 amino acids in length,
between about 5 to about 2000 amino acids in length, between about 5 to about 1750
amino acids in length, between about 5 to about 1500 amino acids in length, between
about 5 to about 1250 amino acids in length, between about S to about 1000 amino acids
in length, between about 5 to about 900 amino acids in length, between about 5 to about
800 amino acids in length, between about S to about 700 amino acids in length, between
about 5 to about 600 amino acids in length, between about 5 to about 500 amino acids in
length, between about S to about 450 amino acids in length, between about 5 to about 400
amino acids in length, between about S to about 350 amino acids in length, between about
5 to about 300 amino acids in length, between about 5 to about 250 amino acids in length,
between about 5 to about 200 amino acids in length, between about 5 to about 175 amino

acids in length, between about 5 to about 150 amino acids in length, between about 5 to
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about 125 amino acids in length, between about 5 to about 100 amino acids in length,
between about 5 to about 75 amino acids in length, between about 5 to about 50 amino
acids in length, between about 5 to about 40 amino acids in length, between about S to
about 30 amino acids in length, between about 5 to about 20 amino acids in length, and
between about 5 to about 15 amino acids in length. Alternatively, the peptide fragment
may be between about 5 to about 10 amino acids in length.

Also contemplated are fragments of the polynucleotides disclosed herein. A
polynucleotide “fragment” is a polynucleotide molecule that encodes a constituent or is a
constituent of a polynucleotide of the invention or variant thereof. Fragments of a
polynucleotide do not necessarily need to encode polypeptides which retain biological
activity. The fragment may, for example, be useful as a hybridization probe or PCR
primer. The fragment may be derived from a polynucleotide of the invention or
alternatively may be synthesized by some other means, for example by chemical
synthesis.

Certain embodiments of the invention relate to fragments of SEQ ID NO: 1. A
fragment of SEQ ID NO: 1 may comprise, for example, a constituent of SEQ ID NO: 1 in
which the 5> gene border region gene orfI is absent. Alternatively, a fragment of SEQ ID
NO: 1 may comprise, for example, a constituent of SEQ ID NO: 1 in which the 3’ gene
border region gene hisA is absent. Alternatively, a fragment of SEQ ID NO: 1 may
comprise, for example, a constituent of SEQ ID NO: 1 in which the 3’ gene border region
gene orfA is absent. Alternatively, a fragment of SEQ ID NO: 1 may comprise, for
example, a constituent of SEQ ID NO: 1 in which the 5’ gene border region gene orfI is
absent and the 3’ border region gene orf4 is absent. Alternatively, a fragment of SEQ ID
NO: 1 may comprise, for example, a constituent of SEQ ID NO: 1 in which the 5’ gene
border region gene orfI is absent and the 3’ border region genes his4 and orfA4 are absent.

In other embodiments, a fragment of SEQ ID NO: 1 may comprise one or more SXT
open reading frames. The SXT open reading frame may be selected from the group
consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID
NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, SEQ ID
NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38, SEQ ID
NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48, SEQ ID
NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58, SEQ ID
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NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and variants
thereof.

Additional embodiments of the invention relate to fragments of SEQ ID NO: 80.
The fragment of SEQ ID NO: 80 may comprise one or more CYR open reading frames.
The CYR open reading frame may be selected from the group consisting of of SEQ ID
NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID
NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID
NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:107, SEQ ID NO: 109, and
variants thereof.

In particular embodiments, the polynucleotides of the invention may be cloned into
a vector. The vector may comprise, for example, a DNA, RNA or complementary DNA
(cDNA) sequence. The vector may be a plasmid vector, a viral vector, or any other
suitable vehicle adapted for the insertion of foreign sequences, their introduction into cells
and the expression of the introduced sequences. Typically the vector is an expression
vector and may include expression control and processing sequencés such as a promoter,
an enhancer, ribosome binding sites, polyadenylation signals and transcription
termination sequences. The invention also contemplates host cells transformed by such
vectors. For example, the polynucleotides of the invention may be cloned into a vector
which is transformed into a bacterial host cell, for example E. coli. Methods for the
construction of vectors and their transformation into host cells are generally known in the
art, and described in, for example, Molecular Cloning: A Laboratory Manual (2nd ed.,
Cold Spring Harbor Laboratory Press, Plainview, New York, and, Ausubel F. M. et al.
(Eds) Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc.

Nucleotide Probes, Primers and Antibodies

The invention contemplates nucleotides and fragments based on the sequences of the
polynucleotides disclosed herein for use as primers and probes for the identification of
homologous sequences.

The nucleotides and fragments may be in the form of oligonucleotides.
Oligonucleotides are short stretches of nucleotide residues suitable for use in nucleic acid
amplification reactions such as PCR, typically being at least about 5 nucleotides to about
80 nucleotides in length, more typically about 10 nucleotides in length to about 50
nucleotides in lenght, and even more typically about 15 nucleotides in length to about 30

nucleotides in length.
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Probes are nucleotide sequences of variable length, for example between about 10
nucleotides and several thousand nucleotides, for use in detection of homologous
sequences, typically by hybridization. Hybridization probes may be genomic DNA
fragments, cDNA fragments, RNA fragments, or other oligonucleotides.

Methods for the design and/or production of nucleotide probes and/or primers are
generally known in the art, and are described in Sambrook et al. (1989) Molecular
Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory Press,
Plainview, New York; Itakura K. et al. (1984) Annu. Rev. Biochem. 53:323; Innis ef al.,
(Eds) (1990) PCR Protocols: A Guide to Methods and Applications (Academic Press,
New York); Innis and Gelfand, (Eds) (1995) PCR Strategies (Academic Press, New
York); and Innis and Gelfand, (Eds) (1999) PCR Methods Manual (Academic Press, New
York). Nucleotide primers and probes may be prepared, for example, by chemical
synthesis techniques for example, the phosphodiester and phosphotriester methods (see
for example Narang S. A. et al. (1979) Meth. Enzymol. 68:90; Brown, E. L. (1979) et al.
Meth. Enzymol. 68:109; and U.S. Patent No. 4356270), the diethylphosphoramidite
method (see Beaucage S.L et al. (1981) Tetrahedron Letters, 22:1859-1862). A method
for synthesizing oligonucleotides on a modified solid support is described in U.S. Patent
No. 4458066.

The nucleic acids of the invention, including the above-mentioned probes and
primers, may be labelled by incorporation of a marker to facilitate their detection.
Techniques for labelling and detecting nucleic acids are described, for example, in
Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley
and Sons, Inc. Examples of suitable markers include fluorescent molecules (e.g.
acetylaminofluorene, S-bromodeoxyuridine, digoxigenin, fluorescein) and radioactive
isotopes (e.g. 32P, 35S, 3H, 33P). Detection of the marker may be achieved, for example,
by chemical, photochemical, immunochemical, biochemical, or spectroscopic techniques.

The probes and primers of the invention may be used, for example, to detect or
isolate cyanobacteria and/or dinoflagellates in a sample of interest. Additionally or
alternatively, the probes and primers of the invention may be used to detect or isolate a
cyanotoxic organism and/or a cylindrospermopisn-producing organism in a sample of
interest. Additionally or alternatively, the probes or primers of the invention may be used
to isolate corresponding sequences in other organisms including, for example, other
bacterial species. Methods such as the polymerase chain reaction (PCR), hybridization,

and the like can be used to identify such sequences based on their sequence homology to
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the sequences set forth herein. Sequences that are selected based on their sequence
identity to the entire sequences set forth herein or to fragments thereof are encompassed
by the embodiments. Such sequences include sequences that are orthologs of the
disclosed sequences. The term “orthologs” refers to genes derived from a common
ancestral gene and which are found in different species as a result of speciation. Genes
found in different species are considered orthologs when their nucleotide sequences
and/or their encoded protein sequences share substantial identity as defined elsewhere
herein. Functions of orthologs are often highly conserved among species.

In hybridization techniques, all or part of a known nucleotide sequence is used to
generate a probe that selectively hybridizes to other corresponding nucleic acid sequences
present in a given sample. The hybridization probes may be genomic DNA fragments,
cDNA fragments, RNA fragments, or other oligonucleotides, and may be labelled with a
detectable marker. Thus, for example, probes for hybridization can be made by labelling
synthetic oligonucleotides based on the sequences of the invention.

The level of homology (sequence identity) between probe and the target sequence
will largely be determined by the stringency of hybridization conditions. In particular the
nucleotide sequence used as a probe may hybridize to a homologue or other variant of a
polynucleotide disclosed herein under conditions of low stringency, medium stringency or
high stringency. There are numerous conditions and factors, well known to those skilled
in the art, which may be employed to alter the stringency of hybridization. For instance,
the length and nature (DNA, RNA, base composition) of the nucleic acid to be hybridized
to a specified nucleic acid; concentration of salts and other components, such as the
presence or absence of formamide, dextran sulfate, polyethylene glycol etc; and altering
the temperature of the hybridization and/or washing steps.

Typically, stringent hybridization conditions will be those in which the salt
concentration is less than about 1.5 M Na ion, typically about 0.01 to 1.0 M Na ion
concentration (or other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C
for short probes (e.g., 10 to 50 nucleotides) and at least about 60°C for long probes (e.g.,
greater than 50 nucleotides). Stringent conditions may also be achieved with the addition
of destabilizing agents such as formamide. Exemplary low stringency conditions include
hybridization with a buffer solution of 30% to 35% formamide, 1 M NaCl, 1% SDS
(sodium dodecyl sulfate) at 37 °C, and a wash in 1X to 2X SSC (20X SSC =30 M
NaCl/0.3 M trisodium citrate) at 50°C to 55°C. Exemplary moderate stringency
conditions include hybridization in 40% to 45% formamide, 1.0 M NaCl, 1% SDS at
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37 °C, and a wash in 0.5X to 1X SSC at 55°C to 60 °C. Exemplary high stringency
conditions include hybridization in 50% formamide, 1 M NaCl, 1% SDS at 37 °C, and a
final wash in 0.1X SSC at 60°C to 65 °C for at least about 20 minutes. Optionally, wash
buffers may comprise about 0.1% to about 1% SDS. The duration of hybridization is
generally less than about 24 hours, usually about 4 to about 12 hours.

Under a PCR approach, oligonucleotide primers can be designed for use in PCR
reactions to amplify corresponding DNA sequences from cDNA or genomic DNA
extracted from any organism of interest. Methods for designing PCR primers and PCR
cloning are generally known in the art and are disclosed in Sambrook et al. (1989)
Molecular Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory
Press, Plainview, New York); Ausubel F. M. et al. (Eds) Current Protocols in Molecular
Biology (2007), John Wiley and Sons, Inc; Maniatis et al. Molecular Cloning (1982),
280-281; Innis et al. (Eds) (1990) PCR Protocols: A Guide to Methods and Applications
(Academic Press, New York); Innis and Gelfand, (Eds) (1995) PCR Strategies (Academic
Press, New York); and Innis and Gelfand, (Eds) (1999) PCR Methods Manual (Academic
Press, New York). Known methods of PCR include, but are not limited to, methods using
paired primers, nested primers, single specific primers, degenerate primers, gene-specific
primers, vector-specific primers, partially-mismatched primers, and the like.

The skilled addressee will recognise that the primers described herein for use in
PCR or RT-PCR may also be used as probes for the detection of SXT or CYR sequences.

Also contemplated by the invention are antibodies which are capable of binding
specifically to the polypeptides of the invention. The antibodies may be used to
qualitatively or quantitatively detect and analyse one or more SXT or CYR polypeptides in
a given sample. By “binding specifically” it will be understood that the antibody is
capable of binding to the target polypeptide or fragment thereof with a higher affinity
than it binds to an unrelated protein. For example, the antibody may bind to the
polypeptide or fragment thereof with a binding constant in the range of at least about 10°
“M to about 10'°M. Preferably the binding constant is at least about 10°M, or at least
about 10°M, more preferably the binding constant of the antibody to the SXT or CYR
polypeptide or fragment thereof is at least about 10'M, at least about 10°M, or at least
about 10°M or more.

Antibodies of the invention may exist in a variety of forms, including for example

as a whole antibody, or as an antibody fragment, or other immunologically active

- fragment thereof, such as complementarity determining regions. Similarly, the antibody
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may exist as an antibody fragment having functional antigen-binding domains, that is,
heavy and light chain variable domains. Also, the antibody fragment may exist in a form
selected from the group consisting of, but not limited to: Fv, Fap, F(ab),, scFv (single
chain Fv), dAb (single domain antibody), chimeric antibodies, bi-specific antibodies,
diabodies and triabodies.

An antibody ‘fragment’ may be produced by modification of a whole antibody or by
synthesis of the desired antibody fragment. Methods of generating antibodies, including
antibody fragments, are known in the art and include, for example, synthesis by
recombinant DNA technology. The skilled addressee will be aware of methods of
synthesising antibodies, such as those described in, for example, US Patent No. 5296348
and Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John
Wiley and Sons, Inc.

Preferably antibodies are prepared from discrete regions or fragments of the SXT or
CYR polypeptide of interest. An antigenic portion of a polypeptide of interest may be of
any appropriate length, such as from about 5 to about 15 amino acids. Preferably, an
antigenic portion contains at least about S, 6, 7, 8, 9, 10, 11, 12, 13 or 14 amino acid
residues.

In the context of this specification reference to an antibody specific to a SXT or CYR
polypeptide of the invention includes an antibody that is specific to a fragment of the
polypeptide of interest.

Antibodies that specifically bind to a polypeptide of the invention can be prepared,
for example, using the purified SX7 or CYR polypeptides or their nucleic acid sequences
using any suitable methods known in the art. For example, a monoclonal antibody,
typically containing Fab portions, may be prepared using hybridoma technology
described in Harlow and Lane (Eds) Antibodies - A Laboratory Manual, (1988), Cold
Spring Harbor Laboratory, N.Y; Coligan, Current Protocols in Immunology (1991);
Goding, Monoclonal Antibodies: Principles and Practice (1986) 2nd ed; and Kohler &
Milstein, (1975) Nature 256: 495-497. Such techniques include, but are not limited to,
antibody preparation by selection of antibodies from libraries of recombinant antibodies
in phage or similar vectors, as well as preparation of polyclonal and monoclonal
antibodies by immunizing rabbits or mice (see, for example, Huse et al. (1989) Science
246: 1275-1281; Ward et al. (1989) Nature 341: 544-546).

It will also be understood that antibodies of the invention include humanised

antibodies, chimeric antibodies and fully human antibodies. An antibody of the invention
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may be a bi-specific antibody, having binding specificity to more than one antigen or
epitope. For example, the antibody may have specificity for one or more SXT or CYR
polypeptide or fragments thereof, and additionally have binding specificity for another
antigen. Methods for the preparation of humanised antibodies, chimeric antibodies, fully
human antibodies, and bispecific antibodies are known in the art and include, for example
as described in United States Patent No. 6995243 issued February 7, 2006 to Garabedian,
et al. and entitled “Antibodies that recognize and bind phosphorylated human
glucocorticoid receptor and methods of using same”.

Generally, a sample potentially comprising SXT or CYR polypeptides can be
contacted with an antibody that specifically binds the SXT or CYR polypeptide or
fragment thereof. Optionally, the antibody can be fixed to a solid support to facilitate
washing and subsequent isolation of the complex, prior to contacting the antibody with a
sample. Examples of solid supports include, for example, microtitre plates, beads, ticks,
or microbeads. Antibodies can also be attached to a ProteinChip array or a probe substrate
as described above.

Detectable labels for the identification of antibodies bound to the SXT or CYR
polypeptides of the invention include, but are not limited to fluorochromes, fluorescent
dyes, radiolabels, enzymes such as horse radish peroxide, alkaline phosphatase and others
commonly used in the art, and colorimetric labels including colloidal gold or coloured
glass or plastic beads. Alternatively, the marker in the sample can be detected using an
indirect assay, wherein, for example, a second, labelled antibody is used to detect bound
marker-specific antibody. |

Methods for detecting the presence of or measuring the amount of, an antibody-
marker complex include, for example, detection of fluorescence, chemiluminescence,
luminescence, absorbance, birefringence, transmittance, reflectance, or refractive index
such as surface plasmon resonance, ellipsometry, a resonant mirror method, a grating
coupler wave guide method or interferometry. Radio frequency methods include
multipolar resonance spectroscopy. Electrochemical methods include amperometry and
voltametry methods. Optical methods include imaging methods and non-imaging methods
and microscopy.

Useful assays for detecting the presence of or measuring the amount of, an
antibody-marker complex include, include, for example, enzyme-linked immunosorbent
assay (ELISA), a radioimmune assay (RIA), or a Western blot assay. Such methods are

described in, for example, Clinical Immunology (Stites & Terr, eds., 7th ed. 1991),
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Methods in Cell Biology: Antibodies in Cell Biology, volume 37 (Asai, ed. 1993); and

Harlow & Lane, supra.

Methods and kits for detection

The invention provides methods and kits for the detection and/or isolation of SXT
nucleic acids and polypeptides. Also provided are methods and kits for the detection
and/or isolation CYR nucleic acids and polypeptides.

In one aspect, the invention provides a method for the detection of cyanobacteria.
The skilled addressee will understand that the detection of “cyanobacteria” encompasses
the detection of one or more cyanobacteria. The method comprises obtaining a sample for
use in the method, and detecting the presence of one or more SXT polynucleotides or
polypeptides as disclosed herein, or a variant or fragment thereof. The presence of SXT
polynucleotides, polypeptides, or variants or fragments thereof, is indicative of
cyanobacteria in the sample.

The SXT polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof.

Alternatively, the SXT polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66,
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SEQ ID NO: 68, and variants and fragments thereof and/or polypeptides as disclosed
herein, or a variant or fragment thereof.

The SXT polypeptide may comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID

- NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID

NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID
NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID
NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants
and fragments thereof.

The inventors have determined that several genes of the SXT gene cluster exist in
saxitoxin-producing organisms, and are absent in organisms with the SXT" gene cluster
that do not produce saxitoxin. Specifically, the inventors have identified that gene 6
(sxtA) (SEQ ID NO: 14), gene 9 (sxtG) (SEQ ID NO: 20), gene 10 (sxtH) (SEQ ID NO:
22), gene 11 (sxt) (SEQ ID NO: 24) and gene 17 (sxtX) (SEQ ID NO: 36) of the SXT
gene cluster are present only in organisms that produce saxitoxin.

Accordingly, in another aspect the invention provides a method of detecting a
cyanotoxic organism. The method comprises obtaining a sample for use in the method,
and detecting a cyanotoxic organism based on the detection of one or more SXT
polynucleotides comprising a sequence set forth in SEQ ID NO: 14 (sxt4, gene 6), SEQ
ID NO: 20 (sxtG, gene 9), SEQ ID NO: 22 (sxtH, gene 10), SEQ ID NO: 24 (sxt/, gene
11), SEQ ID NO: 36 (sxtX, gene 17), or variants or fragments thereof. Additionally or
alternatively, a cyanotoxic organism may be detected based on the detection of an RNA
or cDNA comprising a sequence encoded by SEQ ID NO: 14 (sxt4, gene 6), SEQ ID NO:
20 (sxtG, gene 9), SEQ ID NO: 22 (sxtH, gene 10), SEQ ID NO: 24 (sxtI, gene 11), SEQ
ID NO: 36 (sxtX, gene 17), or variants or fragments thereof. Additionally or alternatively,
a cyanotoxic organism may be detected based on the detection of one or more
polypeptides comprising a sequence set forth in SEQ ID NO: 15 (SX74), SEQ ID NO: 21
(SXTG), SEQ ID NO: 23 (SXTH), SEQ ID NO: 25 (SXTI), SEQ ID NO: 37 (SXTX), or
variants or fragments thereof, in a sample suspected of comprising one or more
cyanotoxic organisms. The cyanotoxic organism may be any organism capable of
producing saxitoxin. In a preferred embodiment of the invention, the cyanotoxic organism

is a cyanobacteria or a dinoflagellate.
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In certain embodiments of the invention, the methods for detecting cyanobacteria or
the methods for detecting cyanotoxic organisms may further comprise the detection of
one or more CYR polynucleotides or CYR polypeptides as disclosed herein, or a variant or
fragment thereof. The CYR polynucleotide may comprise a sequence selected from the
group consisting of SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85,
SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95,
SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105,
SEQ ID NO: 107, SEQ ID NO: 109, and variants or fragments thereof.

Alternatively, the CYR polynucleotide may be an RNA or cDNA encoded by a
polynucleotide sequence selected from the group consisting of SEQ ID NO: 80, SEQ ID
NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID
NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID
NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, and
variants or fragments thereof.

The CYR polypeptide may comprise a sequence selected from the group consisting
of SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92, SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants or fragments thereof.

The inventors have determined gene 8 (cyrJ) (SEQ ID NO: 95) of the CYR gene
cluster exists in cylindrospermopsin-producing organisms, and is absent in organisms
with the CYR gene cluster that do not produce cylindrospermopsin. Accordingly, the
methods for detecting cyanobacteria or the methods for detecting cyanotoxic organisms
may further comprise the detection of a cylindrospermopsin-producing organism based on
the detection of a CYR polynucleotide comprising a sequence set forth in SEQ ID NO: 95,
or a variant or fragment thereof. Additionally or alternatively, the methods for detecting
cyanobacteria or the methods for detecting cyanotoxic organisms may further comprise
the detection of a cylindrospermopsin-producing organism based on the detection of an
RNA or ¢cDNA comprising a sequence encoded by SEQ ID NO: 95, or a variant or
fragment thereof. Additionally or alternatively, the methods for detecting cyanobacteria
or the methods for detecting cyanotoxic organisms may further comprise the detection of
a cylindrospermopsin-producing organism based on the detection of a CYR polypeptide

comprising a sequence set forth in SEQ ID NO: 96, or a variant or fragment thereof.
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In another aspect, the invention provides a method for the detection of
cyanobacteria. The skilled addressee will understand that the detection of “‘cyanobacteria™
encompasses the detection of one or more cyanobacteria. The method comprises
obtaining a sample for use in the method, and detecting the presence of one or more CYR
polynucleotides or polypeptides as disclosed herein, or a variant or fragment thereof. The
presence of CYR polynucleotides, polypeptides, or variants or fragments thereof, is
indicative of cyanobacteria in the sample.

The CYR polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ
ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID
NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:107, SEQ
ID NO: 109 and variants and fragments thereof.

Altemnatively, the CYR polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID
NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID
NO: 95, SEQ ID NO: 97, SEQ ID NOQ 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID
NO: 105, SEQ ID NO:107, SEQ ID NO: 109 and variants and fragments thereof.

The CYR polypeptide may comprise a sequence selected from the group consisting
of SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92, SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants or fragments thereof.

In another aspect of the invention there is provided a method of detecting a
cylindrospermopsin-producing organism based on the detection of CYR gene 8 (cyrJ).
The method comprises obtaining a sample for use in the method, and detecting the
presence of a CYR polynucleotide comprising a sequence set forth in SEQ ID NO: 95, or
a variant or fragment thereof. Additioﬁally or alternatively, the method for detecting a
cylindrospermopsin-producing organism based on the detection of CYR gene 8 (cyrJ) may
comprise the detection of an RNA or cDNA comprising a sequence encoded by SEQ ID
NO: 95, or a variant or fragment thereof. Additionally or alternatively, the method for
detecting a cylindrospermopsin-producing organism based on the detection of CYR gene 8
(cyrJ) may comprise the detection of a CYR polypeptide comprising a sequence set forth
in SEQ ID NO: 96, or a variant or fragment thereof.



10

20

25

30

WO 2009/129558 PCT/AU2008/001805

38

In certain embodiments of the invention, the methods for detecting cyanobacteria
comprising the detection of CYR sequences or variants or fragments thereof further
comprise the detection of one or more SXT polynucleotides or SX7 polypeptides as
disclosed herein, or a variant or fragment thereof.

The SXT polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof.

Alternatively, the SXT polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66,
SEQ ID NO: 68, and variants and fragments thereof and/or polypeptides as disclosed
herein, or a variant or fragment thereof.

The SXT polypeptide may comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID
NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID
NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID
NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants
and fragments thereof.

In another aspect, the invention provides a method for the detection of

dinoflagellates. The skilled addressee will understand that the detection of
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“dinoflagellates” encompasses the detection of one or more dinoflagellates. The method
comprises obtaining a sample for use in the method, and detecting the presence of one or
more SXT polynucleotides or polypeptides as disclosed herein, or a variant or fragment
thereof. The presence of SXT polynucleotides, polypeptides, or variants or fragments
thereof, is indicative of dinoflagellates in the sample.

The SXT polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof.

Alternatively, the SXT polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66,
SEQ ID NO: 68, and variants and fragments thereof and/or polypeptides as disclosed
herein, or a variant or fragment thereof.

The SXT polypeptide may comprising an amino acid sequence selected from the
group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID
NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID
NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID
NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants
and fragments thereof.
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A sample for use in accordance with the methods described herein may be
suspected of comprising one or more cyanotoxic organisms. The cyanotoxic organisms
may be one or more cyanobacteria and/or one or more dinoflagellates. Additionally or
alternatively, a sample for use in accordance with the methods described herein may be
suspected of comprising one more cyanobacteria and/or one or more dinoflagellates. A
sample for use in accordance with the methods described herein may be a comparative or
control sample, for example, a sample comprising a known concentration or density of a
cyanobacteria and/or dinoflagellates, or a sample comprising one or more known species
or strains of cyanobacteria and/or dinoflagellates.

A sample for use in accordance with the methods described herein may be derived
from any source. For exvample, a sample may be an environmental sample. The
environmental Saxnple may be derived, for example, from salt water, fresh water or a
blue-green algal bloom. Alternatively, the sample may be derived from a laboratory
source, such as a culture, or a commercial source.

It will be appreciated by those in the art that the methods and kits disclosed herein
are generally suitable for detecting any organisms in which the SXT" and/or CYR gene
clusters are present. Suitable cyanobacteria to which the methods of the invention are
applicable may be selected from the orders Oscillatoriales, Chroococcales, Nostocales
and Stigonematales. For example, the cyanobacteria may be selected from the genera
Anabaena, Nostoc, Microcystis, Planktothrix, Oscillatoria, Phormidium, and Nodularia.
For example, the cyanobacteria may be selected from the species Cylindrospermopsis
raciborskii T3, Cylindrospermopsis raciborskii AWT205, Aphanizomenon ovalisporum,
Aphanizomenon flos-aquae, Aphanizomenon sp., Umezakia natans, Raphidiopsis curvata,
Anabaena bergii, Lyngbya wollei, and Anabaena circinalis. Examples of suitable
dinoflagellates to which the methods and kits of the invention are applicable may be
selected from the genera Alexandrium, Pyrodinium and Gymnodinium. The methods and
kits of the invention may also be employed for the discovery of novel hepatotoxic species
or genera in culture collections or from environmental samples. The methods and kits of
the invention may also be employed to detect cyanotoxins that accumulate in other
animals, for example, fish and shellfish.

Detection of SXT and CYR polynucleotides and polypeptides disclosed herein may
be performed using any suitable method. For example, methods for the detection of SXT
and CYR polynucleotides and/or polypeptides disclosed herein may involve the use of a

primer, probe or antibody specific for one or more SX7 and CYR polynucleotides and
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polypeptides. Suitable techniques and assays in which the skilled addressee may utilise a
primer, probe or antibody specific for one or more SXT and CYR polynucleotides and
polypeptides include, for example, the polymerase chain reaction (and related variations
of this technique), antibody based assays such as ELISA and flow cytometry, and
fluorescent microscopy. Methods by which the SXT and CYR polypeptides disclosed
herein may be identified are generally known in the art, and are described for example in
Coligan J. E. et al. (Eds) Current Protocols in Protein Science (2007), John Wiley and
Sons, Inc; Walker, J. M., (Ed) (1988) New Protein Techniques: Methods in Molecular
Biology, Humana Press, Clifton, N.J; and Scopes, R. K. (1987) Protein Purification:
Principles and Practice, 3rd. Ed., Springer-Verlag, New York, N.Y. For example, SXT
and CYR polypeptides disclosed herein may be detected by western blot or
spectrophotometric analysis. Other examples of suitable methods for the detection of SXT°
and CYR polypeptides are described, for example, in US Patent No. 4683195, US Patent
No. 6228578, US Patent No. 7282355, US Patent No. 7348147 and PCT publication No.
W0/2007/056723. |

In a preferred embodiment of the invention, the detection of SX7 and CYR
polynucleotides and polypeptides is achieved by amplification of DNA from the samplé
of interest by polymerase chain reaction, using primers that hybridise specifically to the
SXT and/or CYR sequence, or a variant or fragment thereof, and detecting the amplified
sequence.

Nucleic acids and polypeptides for analysis using methods and kits disclosed herein
may be extracted from organisms either in mixed éulture or as individual species or genus
isolates. Accordingly, the organisms may be cultured prior to nucleic acid and/or
polypeptide isolation or alternatively nucleic acid and/or polypeptides may be extracted
directly from environmental samples, such as water samples or blue-green algal blooms.

Suitable methods for the extraction and purification of nucleic acids for analysis
using the methods and kits invention are generally known in the art and are described, for
example, in Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007),
John Wiley and Sons, Inc; Neilan (1995) Appl. Environ. Microbiol. 61:2286-2291; and
Neilan et al. (2002) Astrobiol. 2:271-280. The skilled addressee will readily appreciate
that the invention is not limited to the specific methods for nucleic acid isolation
described therein and other suitable methods are encompassed by the invention. The
invention may be performed without nucleic acid isolation prior to analysis of the nucleic

acid.
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Suitable methods for the extraction and purification of polypeptides for the
purposes of the invention are generally known in the art and are described, for example,
in Coligan J. E. et al. (Eds) Current Protocols in Protein Science (2007), John Wiley and
Sons, Inc; Walker, J. M., (Ed) (1988) New Protein Techniques: Methods in Molecular
Biology, Humana Press, Clifton, N.J; and Scopes, R. K. (1987) Protein Purification:
Principles and Practice, 3rd. Ed., Springer-Verlag, New York, N.Y. Examples of suitable
techniques for protein extraction include, but are not limited to dialysis, ultrafiltration,
and precipitation. Protein purification techniques suitable for use include, but are not
limited to, reverse-phase chromatography, hydrophobic interaction chromatography,
centrifugation, gel filtration, ammonium sulfate precipitation, and ion exchange.

In accordance with the methods and kits of the invention, SX7 and CYR
polynucleotides or variants or fragments thereof may be detected by any suitable means
known in the art. In a preferred embodiment of the invention, SX7 and CYR
polynucleotides are detected by PCR amplification. Under the PCR approach,
oligonucleotide primers can be designed for use in PCR reactions to amplify SXT" and
CYR polynucleotides of the invention. Also encompassed by the invention is the PCR
amplification of complementary DNA (cDNA) amplified from messenger RNA (mRNA)
derived from reverse-transcription of SXT and CYR sequences (RT-PCR). Known
methods of PCR include, but are not limited to, methods using paired primers, nested
primers, single specific primers, degenerate primers, gene-specific primers, vector-
specific primers, partially-mismatched primers, and the like. Methods for designing PCR
and RT-PCR primers are generally known in the art and are disclosed, for example, in
Ausubel F. M. et al. (Eds) Current Protocols in Molecular Biology (2007), John Wiley
and Sons, Inc; Maniatis et al. Molecular Cloning (1982), 280-281; Innis et al. (Eds)
(1990) PCR Protocols: A Guide to Methods and Applications (Academic Press, New
York); Innis and Gelfand, (Eds) (1995) PCR Strategies (Academic Press, New York);
Innis and Gelfand, (Eds) (1999) PCR Methods Manual (Academic Press, New York);
and Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual (2nd ed., Cold
Spring Harbor Laboratory Press, Plainview, New York.

The skilled addressee will readily appreciate that various parameters of PCR and
RT-PCR procedures may be altered without affecting the ability to achieve the desired
product. For example, the salt concentration may be varied or the time and/or temperature
of one or more of the denaturation, annealing and extension steps may be varied.

Similarly, the amount of DNA, cDNA, or RNA template may also be varied depending on
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the amount of nucleic acid available or the optimal amount of template required for
efficient amplification. The primers for use in the methods and kits of the present
invention are typically oligonucleotides typically being at least about 5 nucleotides to
about 80 nucleotides in length, more typically about 10 nucleotides in length to about 50
nucleotides in length, and even more typically about 15 nucleotides in length to about 30
nucleotides in length. The skilled addressee will recognise that the primers described
herein may be useful for a number of different applications, including but not limited to
PCR, RT-PCR, and use of probes for the detection of SXT or CYR sequences.

Such primers can be prepared by any suitable method, including, for example,
direct chemical synthesis or cloning and restriction of appropriate sequences. Not all
bases in the primer need reflect the sequence of the template molecule to which the
primer will hybridize, the primer need only contain sufficient complementary bases to
enable the primer to hybridize to the template. A primer may also include mismatch bases
at one or more positions, being bases that are not complementary to bases in the template,
but rather are designed to incorporate changes into the DNA upon base extension or
amplification. A primer may include additional bases, for example in the form of a
restriction enzyme recognition sequence at the 5' end, to facilitate cloning of the amplified
DNA. ,

The invention provides a method of detecting a cyanotoxic organism based on the
detection of one or more of SXT gene 6 (sxtA), SXT gene 9 (sxtG), SXT gene 10 (sxtH),
SXT gene 11 (sxtI) and SXT gene 17 (sxtX) (SEQ ID NOS: 14, 20, 22, 24, and 36
respectively), or fragments or variants thereof. Additionally or alternatively, a cyanotoxic
organism may be detected based on the detection of one or more of the following SXT
polypeptides: SX74 (SEQ ID NO: 15), SXTG (SEQ ID NO: 21), SXTH (SEQ ID NO: 23),
SXTI (SEQ ID NO: 25), SXTX (SEQ ID NO: 37), or fragments or variants thereof.

The skilled addressee will recognise that any primers capable of the amplifying
the stated SXT ‘ and/or CYR sequences, or variants or fragments thereof, are suitable for
use in the methods of the invention. For example, suitable oligonucleotide primer pairs
for the PCR amplification of SX7 gene 6 (sxt4) may comprise a first primer comprising
the sequence of SEQ ID NO: 70 and a second primer comprising the sequence of SEQ ID
NO: 71, a first primer comprising the sequence of SEQ ID NO: 72 and a second primer
comprising the sequence of SEQ ID NO: 73, a first primer comprising the sequence of
SEQ ID NO: 74 and a second primer comprising the sequence of SEQ ID NO: 75, a first

primer comprising the sequence of SEQ ID NO: 76 and a second primer comprising the
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sequence of SEQ ID NO: 77, a first primer comprising the sequence of SEQ ID NO: 78
and a second primer comprising the sequence of SEQ ID NO: 79, a first primer
comprising the sequence of SEQ ID NO: 113 and a second primer comprising the
sequence of SEQ ID NO: 114, or a first primer comprising the sequence of SEQ ID NO:
115 or SEQ ID NO:116 and a second primer comprising the sequence of SEQ ID NO:
117.

Suitable oligonucleotide primer pairs for the amplification of SXT gene 9 (sxtG)
may comprise a first primer comprising the sequence of SEQ ID NO: 118 and a second
primer comprising the sequence of SEQ ID NO: 119, or a first primer comprising the
sequence of SEQ ID NO: 120 and a second primer comprising the sequence of SEQ ID
NO: 121.

Suitable oligonucleotide primer pairs for the amplification of SXT gene 10 (sxtH)
may comprise a first primer comprising the sequence of SEQ ID NO: 122 and a second
primer comprising the sequence of SEQ ID NO: 123.

Suitable oligonucleotide primer pairs for the amplification of SXT gene 11 (sxt)
may comprise a first primer comprising the sequence of SEQ ID NO: 124 or SEQ ID NO:
125 and a second primer comprising the sequence of SEQ ID NO: 126, or a first primer
comprising the sequence of SEQ ID NO: 127 and a second primer comprising the
sequence of SEQ ID NO: 128.

Suitable oligonucleotide primer pairs for the amplification of SX7" gene 17 (sxtX)
may comprise a first primer corﬁprising the sequence of SEQ ID NO: 129 and a second
primer comprising the sequence of SEQ ID NO: 130, or a first primer comprising the
sequence of SEQ ID NO: 131 and a second primer comprising the sequence of SEQ ID
NO: 132.

The skilled addressee will recognise that fragments and variants of the above-
mentioned primer pairs may also efficiently amplify SX7T gene 6 (sxt4), SXT gene 9
(sxtG), SXT gene 10 (sxtH), SXT gene 11 (sxtI) or SXT gene 17 (SxtX) sequences.

In certain embodiments of the invention, polynucleotide sequences derived from
the CYR gene are detected based on the detection of CYR gene 8 (cyrJ) (SEQ ID NO: 95).
Suitable oligonucleotide primer pairs for the PCR amplification of CYR gene 8 (cyrJ) may
comprise a first primer having the sequence of SEQ ID NO: 111 or a fragment or variant
thereof and a second primer having the sequence of SEQ ID NO: 112 or a fragment

thereof.
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Also included within the scope of the present invention are variants and fragments
of the exemplified oligonucleotide primers. The skilled addressee will also recognise that
the invention is not limited to the use of the specific primers exemplified, and alternative
primer sequences may also be used, provided the primers are designed appropnately so as
to enable the amplification of SX7 and/or CYR sequences. Suitable primer sequences can
be determined by those skilled in the art using routine procedures without undue
experimentation. The location of suitable primers for the amplification of SXT and/or CYR
sequences may be determined by such factors as G+C content and the ability for a
sequence to form unwanted secondary structures.

Suitable methods of analysis of the amplified nucleic acids are well known to those
skilled in the art and are described for example, in, Sambrook et al. (1989) Molecular
Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor Laboratory Press,
Plainview, New York); Ausubel F. M. et al. (Eds) Current Protocols in Molecular
Biology (2007), John Wiley and Sons, Inc; and Maniatis et al. Molecular Cloning (1982),
280-281. Suitable methods of analysis of the amplified nucleic acids include, for example,
gel electrophoresis which may or may not be preceded by restriction enzyme digestion,
and/or nucleic acid sequencing. Gel electrophoresis may comprise agarose gel
electrophoresis or polyacrylamide gel electrophoresis, techniques commonly used by
those skilled in the art for separation of DNA fragments on the basis of size. The
concentration of agarose or polyacrylamide in the gel in large part determines the
resolution ability of the gel and the appropriate concentration of agarose or
polyacrylamide will therefore depend on the size of the DNA fragments to be
distinguished.

In other embodiments of the invention, SXT and CYR polynucleotides and variants
or fragments thereof may be detected by the use of suitable probes. The probes of the
invention are based on the sequences of SX7 and/or CYR polynucleotides disclosed
herein. Probes are nucleotide sequences of variable length, for example between about 10
nucleotides and several thousand nucleotides, for use in detection of homologous
sequences, typically by hybridization. Hybridization probes of the invention may be
genomic DNA fragments, cDNA fragments, RNA fragments, or other oligonucleotides.

Methods for the design and/or production of nucleotide probes are generally
known in the art, and are described, for example, in Robinson P. J.. et al. (Eds) Current
Protocols in Cytometry (2007), John Wiley and Sons, Inc; Ausubel F. M. et al. (Eds)
Current Protocols in Molecular Biology (2007), John Wiley and Sons, Inc; Sambrook et
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al. (1989) Molecular Cloning: A Laboratory Manual (2nd ed., Cold Spring Harbor
Laboratory Press, Plainview, New York; and Maniatis et al. Molecular Cloning (1982),
280-281. Nucleotide probes may be prepared, for example, by chemical synthesis
techniques, for example, the phosphodiester and phosphotriester methods (see for
example Narang S. A. et al. (1979) Meth. Enzymol. 68:90; Brown, E. L. (1979) et al.
Meth. Enzymol. 68:109; and U.S. Patent No. 4356270), the diethylphosphoramidite
method (see Beaucage S.L et al. (1981) Tetrahedron Letters, 22:1859-1862). A method
for synthesizing oligonucleotides on a modified solid support is described in U.S. Patent
No. 4458066.

The probes of the invention may be labelled by incorporation of a marker to
facilitate their detection. Techniques for labelling and detecting nucleic acids are
described, for example, in Ausubel F. M. et al. (Eds) Current Protocols in Molecular
Biology (2007), John Wiley and Sons, Inc. Examples of suitable markers include
fluorescent molecules (e.g. acetylaminofluorene, S-bromodeoxyuridine, digoxigenin,
fluorescein) and radioactive isotopes (e.g. 32P, 35S, 3H, 33P). Detection of the marker
may be achieved, for example, by chemical, photochemical, immunochemical,
biochemical, or spectroscopic techniques.

The methods and kits of the invention also encompass the use of antibodies which
are capable of binding specifically to the polypeptides of the invention. The antibodies
may be used to qualitatively or quantitatively detect and analyse one or more SXT or CYR
polypeptides in a given sample. Methods for the generation and use of antibodies are
generally known in the art and described in, for example, Harlow and Lane (Eds)
Antibodies - A Laboratory Manual, (1988), Cold Spring Harbor Laboratory, N.Y:
Coligan, Current Protocols in Immunology (1991); Goding, Monoclonal Antibodies:
Principles and Practice (1986) 2nd ed; and Kohler & Milstein, (1975) Nature 256: 495-
497. The antibodies may be conjugated to a fluorochrome allowing detection, for
example, by flow cytometry, immunohistochemisty or other means known in the art.
Alternatively, the antibody may be bound to a substrate allowing colorimetric or
chemiluminescent detection. The invention also contemplates the use of secondary
antibodies capable of binding to one or more antibodies capable of binding specifically to
the polypeptides of the invention.

The invention also provides kits for the detection of cyanotoxic organisms and/or
cyanobacteria, and/or dinoflagellates. In general, the kits of the invention comprise at

least one agent for detecting the presence of one or more SX7" and/or CYR polynucleotide
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or polypeptides disclosed hérein, or a variant or fragment thereof. Any suitable agent
capable of detecting SX7 and/or CYR sequences of the invention may be included in the
kit. Non-limiting examples include primers, probes and antibodies.

In one aspect, the invention provides a kit for the detection of cyanobacteria, the kit
comprising at least one agent for detecting the presence the presence of one or more SXT'
polynucleotides or polypeptides as disclosed herein, or a variant or fragment thereof.

The SXT polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof.

Alternatively, the SXT polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66,
SEQ ID NO: 68, and variants and fragments thereof and/or polypeptides as disclosed
herein, or a variant or fragment thereof.

The SXT polypeptide may comprise an amino acid sequence selected from the
group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID
NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID
NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID
NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants
and fragments thereof.



20

25

30

WO 2009/129558 PCT/AU2008/001805

48

Also provided is a kit for the detection of cyanotoxic organisms. The kit comprises
at least one agent for detecting the presence of one or more SXT polynucleotides or
polypeptides as disclosed herein, or a variant or fragment thereof.

The SXT polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ
ID NO: 36, and variants and fragments thereof. |

Alternatively, the SXT polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID
NO: 22, SEQ ID NO: 24, SEQ ID NO: 36, and variants and fragments thereof.

The SXT polypeptide may comprising an amino acid sequence selected from the
group consisting of consisting of SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 23, SEQ
ID NO: 25, SEQ ID NO: 37, and variants and fragments thereof.

The at least one agent may be any suitable reagent for the detection of SXT
polynucleotides and/or polypeptides disclosed herein. For example, the agent may be a
primer, an antibody or a probe. By way of exemplification only, the primers or probes
may comprise a sequence selected from the group consisting of SEQ ID NO: 70, SEQ ID
NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID
NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 113, SEQ ID
NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ
ID NO: 119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID NO: 122, SEQ ID NO: 123,
SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO:
128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132, SEQ ID
NO: 133, SEQ ID NO: 134, and variants and fragments thereof.

In certain embodiments of the invention, the kits for the detection of cyanobacteria
or cyanotoxic organisms may further comprise at least one additional agent capable of
detecting one or more CYR polynucleotide and/or CYR polypeptide sequences as
disclosed herein, or a variant or fragment thereof.

The CYR polynucleotide may comprise a polynucleotide comprising a sequence
selected from the group consisting of: SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83,
SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93,
SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103,
SEQ ID NO: 105, SEQ ID NO: 107, SEQ ID NO: 109, and variants and fragments
thereof.
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Alternatively, the CYR polynucleotide may comprise a rbonucleic acid or
complementary DNA encoded by a sequence selected from the group consisting of: SEQ
ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ ID
NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID
NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO: 107, SEQ
ID NO: 109, and variants and fragments thereof.

The CYR polypeptide may comprise a polypeptide comprising a sequence selected
from the group consisting of: SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID
NO: 88, SEQ ID NO: 90, SEQ ID NO: 92, SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID
NO: 98, SEQ ID NO: 100, SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ
ID NO: 108, and SEQ ID NO: 110, and variants and fragments thereof.

The at least one additional agent may be selected, for example, from the group
consisting of primers, antibodies and probes. A suitable primer or probe may comprise a
sequence selected from the group consisting of SEQ ID NO: 111, SEQ ID NO: 112, and
variants and fragments thereof.

In another aspect, the invention provides a kit for the detection of cyanobacteria, the
kit comprising at least one agent for detecting the presence the presence of one or more
CYR polynucleotides or polypeptides as disclosed herein, or a variant or fragment thereof.

The CYR polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87, SEQ

-ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97, SEQ ID

NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:107, SEQ
ID NO: 109, and variants and fragments thereof. |

Alternatively, the CYR polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID
NO: 85, SEQ ID NO: 87, SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID
NO: 95, SEQ ID NO: 97, SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID
NO: 105, SEQ ID NO:107, SEQ ID NO: 109, and variants and fragments thereof.

The CYR polypeptide may comprise a sequence selected from the group consisting
of SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92, SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants or fragments thereof.



15

20

25

30

WO 2009/129558 PCT/AU2008/001805

50

In certain embodiments of the invention, the kits for detecting cyanobacteria
comprising one or more agents for the detection of CYR sequences or variants or
fragments thereof, may further comprise at least one additional agent capable of detecting
one or more of the SXT polynucleotides and/or SXT polypeptides disclosed herein, or
variants or fragments thereof.

The SXT polynucleotide may comprise a sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof. '

Alternatively, the SXT polynucleotide may be an RNA or ¢cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66,
SEQ ID NO: 68, and variants and fragments thereof and/or polypeptides as disclosed
herein, or a variant or fragment thereof.

The at least one agent may be any suitable reagent for the detection of CYR
polynucleotides and/or polypeptides disclosed herein. For example, the agent may be a
primer, an antibody or a probe. By way of exemplification only, the primers or probes
may comprise a sequence selected from the group consisting of SEQ ID NO: 111, SEQ
ID NO: 112, and variants and fragments thereof.

Also provided is a kit for the detection of dinoflagellates, the kit comprising at least
one agent for detecting the presence one or more SXT polynucleotides or polypeptides as
disclosed herein, or a variant or fragment thereof.

The SXT polynucleotide may comprise a‘ sequence selected from the group
consisting of SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID
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NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO:
18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, SEQ ID NO: 68, and
variants and fragments thereof.

Alternatively, the SXT polynucleotide may be an RNA or cDNA encoded by a
sequence selected from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID
NO: 6, SEQ ID NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO:
16, SEQ ID NO: 18, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26,
SEQ ID NO: 28, SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36,
SEQ ID NO: 38, SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46,
SEQ ID NO: 48, SEQ ID NO: 50, SEQ ID NO: §2, SEQ ID NO: 54, SEQ ID NO: 56,
SEQ ID NO: 58, SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66,
SEQ ID NO: 68, and variants and fragments thereof and/or polypeptides as disclosed
herein, or a variant or fragment thereof.

The SXT polypeptide may comprise an amino acid sequence selected from the
group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID
NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID
NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID
NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, SEQ ID NO: 69, and variants
and fragments thereof.

In general, the kits of the invention may comprise any number of additional
components. By way of non-limiting examples the additional components may include,
reagents for cell culture, reference samples, buffers, labels, and written instructions for

performing the detection assay.

Methods of screening
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The polypeptides and polynucleotides of the present invention, and fragments and
analogues thereof are useful for the screening and identification of compounds and agents
that interact with these molecules. In particular, desirable compounds are those that
modulate the activity of these polypeptides and polynucleotides. Such compounds may
exert a modulatory effect by activating, stimulating, increasing, inhibiting or preventing
expression or activity of the polypeptides and/or polynucleotides. Suitable compounds
may exert their effect by virtue of either a direct (for example binding) or indirect
interaction.

Compounds which bind, or otherwise interact with the polypeptides and
polynucleotides of the invention, and specifically compounds which modulate their
activity, may be identified by a variety of suitable methods. Non limiting methods
include the two-hybrid method, co-immunoprecipitation, affinity purification, mass
spectroscopy, tandem affinity purification, phage display, label transfer, DNA
microarrays/gene coexpression and protein microarrays.

For example, a two-hybrid assay may be used to determine whether a candidate
agent or plurality of candidate agents interacts or binds with a polypeptide of the
invention or a variant or fragment thereof. The yeast two-hybrid assay system is a yeast-
based genetic assay typically used for detecting protein-protein interactions (Fields and
Song., Nature 340: 245-246 (1989)). The assay makes use of the multi-domain nature of
transcriptional activators. For example, the DNA-binding domain of a known
transcriptional activator may be fused to a polypeptide of the invention or a variant or
fragment thereof, and the activation domain of the transcriptional activator fused to the
candidate agent. Interaction between the candidate agent and the polypeptide of the
invention or a variant or fragfnent thereof, will bring the DNA-binding and activation
domains of the transcriptional activator into close proximity. Subsequent transcription of
a specific reporter gene activated by the transcriptional activator allows the detection of
an interaction.

In a modification of the technique above, a fusion protein may be constructed by
fusing the polypeptide of the invention or a variant or fragment thereof to a detectable
tag, for example alkaline phosphatase, and using a modified form of immunoprecipitation
as described by Flanagan and Leder (Flanagan and Leder, Cell 63:185-194 (1990))

Alternatively, co-immunoprecipation may be used to to determine whether a
candidate agent or plurality of candidate agents interacts or binds with polypeptide of the

invention or a variant or fragment thereof. Using this technique, cyanotoxic organisms,
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cyanobacteria and/or dinoflagellates may be lysed under nondenaturing conditions
suitable for the preservation of protein-protein interactions. The resulting solution can
then be incubated with an antibody specific for a polypeptide of the invention or a variant
or fragment thereof and immunoprecipitated from the bulk solution, for example by
capture with an antibody-binding protein attached to a solid support. Inmunoprecipitation
of the polypeptide of the invention or a variant or fragment thereof by this method
facilitates the co-immunoprecipation of an agent associated with that protein. The
identification an associated agent can be established using a number of methods known in
the art, including but not limited to SDS-PAGE, western blotting, and mass spectrometry.

Alternatively, the phage display method may be used to to determine whether a
candidate agent or plurality of candidate agents interacts or binds with a polypeptide of
the invention or a variant or fragment thereof. Phage display is a test to screen for protein
interactions by infegrating multiple genes from a gene bank into phage. Under this
method, recombinant DNA techniques are used to express numerous genes as fusions
with the coat protein of a bacteriophage such the peptide or protein product of each gene
is displayed on the surface of the viral particle. A whole library of phage-displayed
peptides or protein products of interest can be produced in this way. The résulting
libraries of phage-displayed peptides or protein products may then be screened for the
ability to bind a polypeptide of the invention or a variant or fragment thereof. DNA
extracted from interacting phage contains the sequences of interacting proteins.

Alternatively, affinity chromatography may be used to to determine whether a
candidate agent or plurality of candidate agents interacts or binds with a polypeptide of
the invention or a variant or fragment thereof. For example, a polypeptide of the invention
or a variant or fragment thereof, may be immobilised on a support (such as sepharose)
and cell lysates passed over the column. Proteins binding to the immobilised polypeptide
of the invention or a variant or fragment thereof may then be eluted from the column and
identified, for example by N-terminal amino acid sequencing.

Potential modulators of the activity of the polypeptides of the invention may be
generated .for screening by the above methods by a number of techniques known to those
skilled in the art. For example, methods such as X-ray crystallography and nuclear
magnetic resonance speétroscopy may be used to model the structure of polypeptide of
the invention or a variant or fragment thereof, thus facilitating the design of potential
modulating agents using computer-based modeling. Various forms of combinatorial

chemistry may also be used to generate putative modulators.
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Polypeptides of the invention and appropriate variants or fragments thereof can be
used in high-throughput screens to assay candidate compounds for the ability to bind to,
or otherwise interact therewith. These candidate compounds can be further screened
against functional polypeptides to determine the effect of the compound on polypeptide
activity.

The present invention also contemplates compounds which may exert their

modulatory effect on polypeptides of the invention by altering expression of the

- polypeptide. In this case, such compounds may be identified by comparing the level of

expression of the polypeptide in the presence of a candidate compound with the level of
expression in the absence of the candidate compound.

It will be appreciated that the methods described above are merely examples of the
types of methods that may be utilised to identify agents that are capable of interacting
with, or modulating the activity of polypeptides of the invention or variants or fragments
thereof. Other suitable methods will be known by persons skilled in the art and are within
the scope of this invention.

Using the methods described above, an agent may be identified that is an agonist of
a polypeptide of the invention or a variant or fragment thereof. Agents which are agonists
enhance one or more of the biological activities of the polypeptide. Alternatively, the
methods described above may identify an agent that is an antagonist of a polypeptide of
the invention or a variant or fragment thereof. Agents which are antagonists retard one or
more of the biological activities of the polypeptide.

Antibodies may act as agonists or antagonists of a polypeptide of the invention or a
variant or fragment thereof. Preferably suitable antibodies are prepared from discrete
regions or fragments of the polypeptides of the invention or variants or fragments thereof.
An antigenic portion of a polynucleotide of interest may be of any appropriate length,
such as from about 5 to about 15 amino acids. Preferably, an antigenic portion contains at
least about 5, 6, 7, 8,9, 10, 11, 12, 13 or 14 amino acid residues.

Methods for the generation of suitable antibodies will be readily appreciated by
those skilled in the art. For example, monoclonal antibody specific for a polypeptide of
the invention or a variant or fragment thereof typically containing Fab portions, may be
prepared using hybridoma technology described in Antibodies-A Laboratory Manual,
Harlow and Lane, eds., Cold Spring Harbor Laboratory, N.Y. (1988).

In essence, in the preparation of monoclonal antibodies directed toward polypeptide

of the invention or a variant or fragment thereof, any technique that provides for the
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production of antibody molecules by continuous cell lines in culture may be used. These
include the hybridoma technique originally developed by Kohler et al., Nature, 256:495-
497 (1975), as well as the trioma technique, the human B-cell hybridoma technique
(Kozbor et al., Immunology Today, 4:72 (1983)), and the EBV-hybridoma technique to
produce human monoclonal antibodies (Cole et al., in Monoclonal Antibodies and Cancer
Therapy, pp. 77- 96, Alan R. Liss, Inc., (1985)). Immortal, antibody-producing cell lines
can be created by techniques other than fusion, such as direct transformation of B
lymphocytes with oncogenic DNA, or transfection with Epstein-Barr virus. See, for
example, M. Schreier et al., “Hybridoma Techniques” Cold Spring Harbor Laboratory,
(1980); Hammerling et al, ‘“Monoclonal Antibodies and T-cell Hybridomas”
Elsevier/North-Holland Biochemical Press, Amsterdam (1981); and Kennett et al.,
“Monoclonal Antibodies”, Plenum Press (1980).

In brief, a means of producing a hybridoma from which the monoclonal antibody is
produced, a myeloma or other self-perpetuating cell line is fused with lymphocytes
obtained from the spleen of a mammal hyperimmunised with a recognition factor-binding
portion thereof, or recognition factor, or an origin-specific DNA-binding portion thereof.
Hybridomas producing a monoclonal antibody useful in practicing this invention are
identified by their ability to immunoreact with the present recognition factors and their
ability to inhibit specified transcriptional activity in target cells.

A monoclonal antibody useful in practicing the invention can be produced by
initiating a monoclonal hybridoma culture comprising a nutrient medium containing a
hybridoma that secretes antibody molecules of the appropriate antigen specificity. The
culture is maintained under conditions and for a time period sufficient for the hybridoma
to secrete the antibody molecules into the medium. The antibody-containing medium is
then collected. The antibody molecules can then be further isolated by well-known
techniques.

Similarly, there are various procedures known in the art which may be used for the
production of polyclonal antibodies. For the production of polyclonal antibodies against a
polypeptide of the invention or a variant or fragment thereof, various host animals can be
immunized by injection with a polypeptide of the invention, or a variant or fragment
thereof, including but not limited to rabbits, chickens, mice, rats, sheep, goats, etc.
Further, the polypeptide variant or fragment thereof can be conjugated to an immunogenic
carrier (e.g., bovine serum albumin (BSA) or keyhole limpet hemocyanin (KLH)). Also,

various adjuvants may be used to increase the immunological response, including but not
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limited to Freund's (complete and incomplete), mineral gels such as aluminium
hydroxide, surface active substances such as rysolecithin, pluronic polyols, polyanions,
peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, and potentially
useful human adjuvants such as BCG (bacille Calmette-Guerin) and Corynebacterium
parvum.

Screening for the desired antibody can also be accomplished by a variety of
techniques known in the art. Assays for immunospecific binding of antibodies may
include, but are not limited to, radioimmunoassays, ELISAs (enzyme-linked
immunosorbent assay), sandwich immunoassays, immunoradiometric assays, gel
diffusion precipitation reactions, immunodiffusion assays, in situ immunoassays, Western
blots, precipitation reactions, agglutination assays, complement fixation assays,
immunofluorescence assays, protein A assays, and immunoelectrophoresis assays, and the
like (see, for example, Ausubel et al., Current Protocols in Molecular Biology, Vol. 1,
John Wiley & Sons, Inc., New York (1994)). Antibody binding may be detected by virtue
of a detectable label on the primary antibody. Alternatively, the antibody may be detected
by virtue of its binding with a secondary antibody or reagent which is appropriately
labelled. A variety of methods are known in the art for detecting binding in an
immunoassay and are included in the scope of the present invention.

The antibody (or fragment thereof) raised against a polypeptide of the invention or a
variant or fragment thereof, has binding affinity for that protein. Preferably, the antibody
(or fragment thereof) has binding affinity or avidity greater than about 10°M™, more
preferably greater than about 10° M, more preferably still greater than about 10'M™ and
most preferably greater than about 10°M™'.

In terms of obtaining a suitable amount of an antibody accordinglto the present
invention, one may manufacture the antibody(s) using batch fermentation with serum free
medium. After fermentation the antibody may be puriﬁed via a multistep prdcedure
incorporating chromatography and viral inactivation/removal steps. For instance, the
antibody may be first separaied by Protein A affinity chromatography and then treated
with solvent/detergent to inactivate any lipid enveloped viruses. Further purification,
typically by anion and cation exchange chromatography may be used to remove residual
proteins, solvents/detergents and nucleic acids. The purified antibody may be further
purified and formulated into 0.9% saline using gel filtration columns. The formulated

bulk preparation may then be sterilised and viral filtered and dispensed.
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Embodiments of the invention may utilise antisense technology to inhibit the
expression of a nucleic acid of the invention or a fragment or variant thereof by blocking
translation of the encoded polypeptide. Antisense technology takes advantage of the fact
that nucleic acids pair with complementary sequences. Suitable antisense molecules can
be manufactured by chemical synthesis or, in the case of antisense RNA, by transcription
in vitro or in vivo when linked to a promoter, by methods known to those skilled in the
art.

For example, antisense oligonucleotides, typically of 18-30 nucleotides in length,
may be generated which are at least substantially complementary across their length to a
region of the nucleotide sequence of the polynucleotide of interest. Binding of the
antisense oligonucleotide to their complementary cellular nucleotide sequences may
interfere with transcription, RNA processing, transport, translation and/or mRNA
stability. Suitable antisense oligonucleotides may be prepared by methods well known to
those of skill in the art and may be designed to target and bind to regulatory regions of the
nucleotide sequence or to coding (gene) or non-coding (intergenic region) sequences.
Typically antisense oligonucleotides will be synthesized on automated synthesizers.
Suitable antisense oligonucleotides may include modifications designed to improve their
delivery into cells, their stability once inside a cell, and/or their binding to the appropriate
target. For example, the antisense oligonucleotide may be modified by the addition of
one or more phosphorothioate linkages, or the inclusion of one or morpholine rings into
the backbone (so-called ‘morpholino’ oligonucleotides).

An alternative antisense technology, known as RNA interference (RNAi), may be
used, according to known methods in the art (see for example WO 99/49029 and WO
01/70949), to inhibit the expression of a polynucleotide. RNAi refers to a means of
selective post-transcriptional gene silencing by destruction of specific mRNA by small
interfering RNA molecules (siRNA). The siRNA is generated by cleavage of double
stranded RNA, where one strand is identical to the message to be inactivated. Double-
stranded RNA molecules may be synthesised in which one strand is identical to a specific
region of the pS3 mRNA transcript and introduced directly. Alternatively corresponding
dsDNA can be employed, which, once presented intracellularly is converted into dsRNA.
Methods for the synthesis of suitable molecule for use in RNAIi and for achieving post-
transcriptional gene silencing are known to those of skill in the art.

A further means of inhibiting expression may be achieved by introducing catalytic

antisense nucleic acid constructs, such as ribozymes, which are capable of cleaving



IS

20

25

30

WO 2009/129558 PCT/AU2008/001805

58

mRNA transcripts and thereby preventing the production of wild type protein.
Ribozymes are targeted to and anneal with a particular sequence by virtue of two regions
of sequence complementarity to the target flanking the ribozyme catalytic site. After
binding the ribozyme cleaves the target in a site-specific manner. The design and testing
of ribozymes which specifically recognise and cleave sequences of interest can be
achieved by techniques well known to those in the art (see for example Lieber and
Strauss, 1995, Molecular and Cellular Biology, 15:540-551.

The invention will now be described with reference to specific examples, which

should not be construed as in any way limiting the scope of the invention.

Examples
The invention will now be described with reference to specific examples, which

should not be construed as in any way limiting the scope of the invention.

Example 1: Cyanobacterial cultures and characterisation of the SXT gene
cluster.

Cyanobacterial strains used in the present study (Figure 1) were grown in Jaworski
medium in static batch culture at 26°C under continuous illumination (10 pmol m? s™),
Total genomic DNA was extracted from cyanobacterial cells by lysozyme/SDS/proteinase
K lysis following phenol-chloroform extraction as described in Neilan, B. A. 1995.. Appl
Environ Microbiol 61:2286-2291. DNA in the supernatant was precipitated with 2
volumes - 20°C ethanol, washed with 70% ethanol, dissolved in TE-buffer (10:1), and
stored at - 20°C. PCR primer sequences used for the amplification of sxt ORFs are shown
in Figure 1B).

PCR amplicons were separated by agarose gel electrophoresis in TAE buffer (40
mM Tris-acetate, 1 mM EDTA, pH 7.8), and visualised by UV translumination after
staining in ethidium bromide (0.5 pg/ml). Sequencing of unknown regions of DNA was
performed by adaptor-mediated PCR as described in Moffitt et al. (2004) Appl. Environ.
Microbiol. 70:6353-6362. Automated DNA sequencing was performed using the PRISM
Big Dye cycle sequencing system and a model 373 sequencer (Applied Biosystems).
Sequence data were analysed using ABI Prism-Autoassembler software, and percentage

similarity and identity to other translated sequences determined using BLAST in
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conjunction with the National Center for Biotechnology Information (NIH), Fugue blast
(http://www-cryst.bioc.cam.ac.uk/fugue/) was used to identify distant homologs via
sequence-structure comparisons. The sxt gene clusters were assembled using the software
Phred, Phrap, and Consed (http://www.phrap.org/phredphrapconsed.html), and open
reading frames manually identified. GenBank accession numbers for the sx¢ gene cluster
from C. raciborskii T3 is DQ787200.

Example 2: Mass spectrometric analysis of SXT intermediates.

Bacterial extracts and SXT standards were analysed by HPLC (Thermo Finnigan
Surveyor HPLC and autosampler) coupled to an ion trap mass spectrometer (Thermo
Finnigan LCQ Deca XP Plus) fitted with an electrospray source. Separation of analytes
was obtained on a 2.1 mm x 150 mm Phenomenex Luna 3 micron C18 column at 100
mL/min. Analysis was performed using a gradient starting at 5% acetonitrile in10 mM
heptafluorobutyric acid (HFBA) This was maintained for 10 min, then ramped to 100%
acetonitrile, over 30 min. Conditions were held at 100% acetonitrile for 10 min to wash
the column and then returned to 5% acetonitrile in10 mM HFBA and again held for 10
min to equilibrate the column for the next sample. This resulted in a runtime of 60 min
per sample. Sample volumes of 10-100 mL were injected for each analysis. The HPLC
eluate directly entered the electrospray source, which was programmed as follows:
electrospray voltage 5 kV, sheath gas flow rate 30 arbitrary units, auxiliary gas flow rate 5
arbitrary units. The capillary temperature was 200°C and had a voltage of 47 V. Ion optics
were optimised for maximum sensitivity before sample analysis using the instruments
autotune function with a standard toxin solution. Mass spectra were acquired in the
centroid mode over the m/z range 145-650. Mass range setting was 'normal’, with 200 ms
maximum ion injection time and automatic gain control (AGC) on. Tandem mass spectra
were obtained over a m/z range relevant to the precursor ion. Collision energy was
typically 20-30 ThermoFinnigan arbitrary units, and was optimised for maximal

information using standards where available.

Example 3: Identification and sequencing of the SXT gene cluster in
Cylindrospermopsis raciborskii T3

O-carbamoyltransferase was initially detected in C. raciborskii T3 via degenerate
PCR, and later named sxt/. Further investigation showed that homologues of sx¢/ were

exclusively present in SXT toxin-producing strains of four cyanobacterial genera (Table
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1), thus representing a good candidate gene in SX7 toxin biosynthesis. The sequence of
the complete putative SX7 biosynthetic gene cluster (sx¢) was then obtained by genome
walking up- and downstream of sx¢/ in C. raciborskii T3 (Figure 3). In C. raciborskii T3,
this sx¢ gene cluster spans approximately 35000 bp, encoding 31 open reading frames
(Figure 2). The cluster also included other genes encoding SXT-biosynthesis enzymes,
including a methyltransferase (sxt41), a class II aminotransferase (sxz44), an
amidinotransferase (sxtG), dioxygenases (sx¢/), in addition to the Ocarbamoyltransferase
(sxt). PCR screening of selected sxt open reading frames in toxic and non-toxic
cyanobacteria strains showed that they were exclusively present in SXT toxin-producing
isolates (Figure 1A), indicating the association of these genes with the toxic phenotype. In
the following passages we describe the open reading frames in the putative sxt gene
cluster and their predicted functions, based on bioinformatic analysis, LCMS/ MS data on

biosynthetic intermediates and in vitro biosynthesis, when applicable.

Example 4: Functional prediction of the parent molecule SXT biosynthetic
genes

Bioinformatic analysis of the sxz gene cluster revealed that it contains a previously
undescribed example of a polyketide synthase (PKS) like structure, named sxt4. SxtA
possesses four catalytic domains, SxtAl to SxtA4. An iterated PSI-blast search revealed
low sequence homology of SxtAl to S-adenosylmethionine (SAM)-dependent
methyltransferases. Further analysis revealed the presence of three conserved sequence
motifs in SxtAl (278-ITDMGCGDG- 286, 359-DPENILHI-366, and 424-
VVNKHGLMIL-433) that are specific for SAMdependent methyltransferases. SxtA2 is
related to GCNS-related N-acetyl transferases (GNAT). GNAT catalyse the transfer of
acetate from acetyl-CoA to various heteroatoms, and have been reported in association
with other unconventional PKSs, such as Pedl, where they load the acyl carrier protein
(ACP) with acetate. SxtA3 is related to an ACP, and provides a phosphopantetheinyl-
attachment site. SxtA4 is homologous to class 11 aminotransferases and was most similar
to 8-amino-7-oxononanoate synthase (AONS). Class II aminotransferases are a
monophyletic group of pyridoxal phosphate (PLP)-dependent enzymes, and the only
enzymes that are known to perform Claisen-condensations of amino acids. We therefore
reasoned that sxt4 performs the first step in SXT biosynthesis, involving a Claisen-
condensation.

The predicted reaction sequence of SxtA, based on its primary structure, is the
loading of the ACP (SxtA3) with acetate from acetyl-CoA, followed by the SxtAl-
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catalysed methylation of acetyl-ACP, converting it to propionyl-ACP. The class II
aminotransferase domain, SxtA4, would then perform a Claisen-condensation between
propionyl-ACP and arginine (Figure 4). The putative product of SxtA is thus 4-amino-3-
oxoguanidinoheptane which is here designated as Compound A’, (Figure 4). To verify
this pathway for SXT biosynthesis based on comparative gene sequence analysis, cell
extracts of C. raciborskii T3 were screened by LC-MS/MS for the presence of compound
A’ (Figure 5) as well as arginine and SXT as controls. Arginine and SXT were readily
detected (Figure 5) and produced the expected fragment ions. On the other hand, LC-
MS/MS data obtained from m/z 187 was consistent with the presence of structure A from
C. raciborskii T3 (Figure 5). MS/MS spectra showed the expected fragment ion (m/z 170,
m/z 128) after the loss of ammonia and guanidine from A’. LC-MS/MS data strongly
supported the predicted function of SxtA and thus a revised initiating reaction in the SXT
biosynthesis pathway.

sxtG encodes a putative amidinotransferase, which had the highest amino acid
sequence similarity to L-arginihe:lysine amidinotransferases. It is proposed that‘the
product of SxtA is the substrate for the amidinotransferase SxtG, which transfers an
amidino group from arginine to the a-amino group A’ (Figure 4), thus producing 4,7-
diguanidino-3-oxoheptane designated compound B’ (Figure 3). This hypothetical
sequence of reactions was also supported by the detection of C’ by LC-MS/MS (Figure
4). Cell extracts from C. raciborskii T3, however, did not contain any measurable levels
of B' (4,7-diguanidino-3- oxoheptane). A likely explanation for the failure to detect the
intermediate B' is its rapid cyclisation to form C' via the action of SxtB.

The sxt gene cluster encodes an enzyme, sxtB, similar to the cytidine deaminase-
like enzymes from g-proteobacteria. The catalytic mechanism of cytidine deaminase is a
retro-aldol cleavage of ammonia from cytidine, which is the same reaction mechanism in
the reverse direction as the formation of the first heterocycle in the conversion from B’ to
C’ (Figure 4). It is therefore suggested that SxtB catalyses this retroaldol- like
condensation (step 4, Figure 4). _

The incorporation of methionine methyl into SXT, and its hydroxylation was
studied. Only one methionine methyl-derived hydrogen is retained in SXT, and a 1,2-H
shift has been observed between acetate-derived C-5 and C-6 of SXT. Hydroxylation of
the methyl side-chain of the SXT precursor proceeds via epoxidation of a double-bond
between the SAM-derived methyl group and the acetate derived C-6. This incorporation

pattern may result from an electrophilic attack of methionine methyl on the double bond
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between C-5 and C-6, which would have formed during the preceding cyclisation.
Subsequently, the new methylene side-chain would be epoxidated, followed by opening
to an aldehyde, and subsequent reduction to a hydroxyl. Retention of only one methionine
methyl-derived hydrogen, the 1,2-H shift between C-5 and C-6, and the lacking 1,2-H
shift between C-1 and C-S§ is entirely consistent with the results of this study, whereby the
introduction of methionine methyl precedes the formation of the three heterocycles.

sxtD encodes an enzyme with sequence similarity to sterol desaturase and is the
only candidate desaturase present in the sxz gene cluster, SxtD is predicted to introduce a
double bond between C-1 and C-5 of C', and cause a 1,2-H shift between C-5 and C-6
(compound D', Figure 3). The gene product of sxzS has sequence homology to non-heme
iron 2-oxoglutaratedependent (20G) dioxygenases. These are multifunctional enzymes
that can perform hydroxylation, epoxidation, desaturation, cyclisation, and expansion
reactions. 20G dioxygenases have been reported to catalyse the oxidative formation of
heterocycles. SxtS could therefore perform the consecutive epoxidation of the new
double bond, and opening of the epoxide to an aldehyde with concomitant bicyclisation.
This explains the retention of only one methionine methyl-derived hydrogen, and the lack
of a 1,2-H shift between C-1 and C-5 of SXT (steps 5 to 7, Figure 4). SxtU has sequence
similarity to short-chain alcohol dehydrogenases. The most similar enzyme with a known
function is clavaldehyde dehydrogenase (AAF86624), which reduces the terminal
aldehyde of clavulanate-9-aldehyde to an alcohol. SxtU is therefore predicted to reduce
the terminal aldehyde group of the SXT precursor in step 8 (Figure 4), forming compound
E’.

The concerted action of SxtD, SxtS and SxtU is therefore the hydroxylation and
bicyclisation of compound C' to E' (Figure 4). In support for this proposed pathway of
SXT biosynthesis, LC-MS/MS obtained from m/z 211 and m/z 225 allowed the detection
of compounds C’ and E’ from C. raciborskii T3 (Figure 5). On the other hand, no
evidence could be found by LC-MS/MS for intermediates B (m/z 216), and C (m/z 198).
MS/MS spectra showed the expected fragment ions after the loss of ammonia and
guanidine from C’, as well as the loss of water in the case of E’.

The detection of E’ indicated that the final reactions leading to the complete SXT
molecule are the O-carbamoylation of its free hydroxyl group and a oxidation of C-12.
The actual sequence of these final reactions, however, remains uncertain. The gene
product of sxt/ is most similar to a predicted Ocarbamoyltransferase from Trichodesmium

erythraeum (accession ABG50968) and other predicted O-carbamoyltransferases from
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cyanobacteria. O-carbamoyltransferases invariably transfer a carbamoyl group from
carbamoylphosphate to a free hydroxyl group. Our data indicate that SxtI may catalyse
the transfer of a carbamoyl group from carbamoylphosphate to the free hydroxy group of
E'. Homologues of sxtJ and sxtK with a known function were not found in the databases,
however it was noted that sxzJ and sxtK homologues were often encoded adjacent to O-
carbamoyltransferase genes.

The sxt gene cluster contains two genes, sxtH and sxtT, each encoding a terminal
oxygenase subunit of bacterial phenyl-propionate and related ring-hydroxylating
dioxygenases. The closest homologue with a predicted function was capreomycidine
hydroxylase from Streptomyces vinaceus, which hydroxylates a ringcarbon (C-6) of
capreomycidine. SxtH and SxtT may therefore perform a similar function in SXT
biosynthesis, that is, the oxidation or hydroxylation and oxidation of C-12, converting F'
into SXT. '

Members belonging to bacterial phenylpropionate and related ring-hydroxylating
dioxygenases are multi-component enzymes, as they require an oxygenase reductase for
their regeneration after each catalytic cycle. The sxt gene cluster provides a putative
electron transport system, which would fulfill this function. sxt¥ encodes a 4Fe-4S
ferredoxin with high sequence homology to a ferredoxin from Nostoc punctiforme. sxtW
was most similar to fumarate reductase/succinate dehydrogenase-like enzymes from A.
variabilis and Nostoc punctiforme, followed by AsfA from Pseudomonas putida. AsfA
and AsfB are enzymes involved in the transport of electrons resulting from the catabolism
of aryl sulfonates. SxtV could putatively extract an electron pair from succinate,

converting it to fumarate, and then transfer the electrons via ferredoxin (SxtW) to SxtH

‘and SxtT.

Example 5: Comparative sequence analysis and functional assignment of
SXT tailoring genes

Following synthesis of the parent molecule SXT, modifying enzymes introduce
various functional groups. In addition to SXT, C. raciborskii T3 produces N-1
hydroxylated (neoSXT), decarbamoylated (dcSXT), and N-sulfurylated (GTX-5) toxins,
whereas A. circinalis AWQCI131C produces decarbamoylated (dcSXT), O-sulfurylated
(GTX-3/2, dcGTX-3/2), as well as both O-and N-sulfurylated toxins (C- 1/2), but no N-1
hydroxylated toxins.
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sxtX encodes an enzyme with homology to cephalosporin hydroxylase. sxtX was
only detected in C. raciborskii T3, A. flos-aquae NH- S, and Lyngbya wollei, which
produce N-1 hydroxylated analogues of SX7, such as neoSXT. This component of the
gene cluster was not present in any strain of A. circinalis, and therefore probably the
reason why this species does not produce N-1 hydroxylated PSP toxins (Figure 1A). The
predicted function of SxtX is therefore the N-1 hydroxylation of SX7.

A. circinalis AWQCI31C and C. raciborskii T3 also produces N- and O-sulfated
analogues of SXT (GTX-5, C-2/3, (dc)GTX- 3/4). The activity of two 3’-phosphate 5°-
phosphosulfate (PAPS)-dependent sulfotransferases, which were specific for the N- 21 of
SXT and GTX-3/2, and O-22 of 11- hydroxy SXT7, respectively, has been described from
the SXT toxin-producing dinoflagellate Gymnodinium catenatum. The sxt gene cluster
from C. raciborskii T3 encodes a putative sulfotransferase, SxtN. A PSI-BLAST search
with SxtN identified only 25 hypothetical proteins of unknown function with an E value
above the threshold (0.005). A profile library search, however, revealed significant
structural relatedness of SxtN to estrogen sulfotransferase (1AQU) (Z-score=24.02) and
other sulfotransferases. SxtN has a conserved N-terminal region, which corresponds to the
adenosine 3’-phosphate 5’-phosphosulfate (PAPS) binding region in 1AQU. It is not
known, however, whether SxtN transfers a sulfate group to N-21 or O-22. Interestingly,
the sxt gene cluster encodes an adenylylsulfate kinase (APSK), SxtO, homologues of
which are involved in the formation of PAPS (Figure 2). APKS phosphorylates the
product of ATPsulfurylase, adenylylsulfate, converting it to PAPS. Other biosynthetic
gene clusters that result in sulfated secondary metabolites also contain genes required for
the production of PAPS.

Decarbamoylated analogues of SXT could be produced via either of two
hypothetical scenarios. Enzymes that act downstream of the carbamoyltransferase, Sxtl,
in the biosynthesis of PSP toxins are proposed to have broad substrate specificity,
processing both carbamoylated and decarbamoylated precursors of SXT. Alternatively,
hydrolytic cleavage of the carbamoyl moiety from SXT or its precursors may occur. SxtL
is related to GDSL-lipases, which are multifunctional enzymes with thioesterase,
arylesterase, protease and lysophospholipase activities. The function of SxtL could
therefore include the hydrolytic cleavage of the carbamoyl group from SX7 analogues.

Example 6: Cluster-associated SXT genes involved in metabolite transport
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sxtF and sxtM encoded two proteins with high sequence similarity to sodium-driven
multidrug and toxic compound extrusion (MATE) proteins of the NorM family. Members
of the NorM family of MATE proteins are bacterial sodium-driven antiporters, that export
cationic substances. All of the PSP toxins are cationic substances, except for the C-toxins
which are zwitterionic. It is therefore probable that SxtF and SxtM are also involved in
the export of PSP toxins. A mutational study of NorM from V. parahaematolyticus
identified three conserved negatively charged residues (D32, E251, and D367) that confer
substrate specificity, however the mechanism of substrate recognition remains unknown.
In SxtF, the residue corresponding to E251 of NorM is conserved, whereas those
corresponding to D32 and D367 are replaced by the neutral amino acids asparagine and
tyrosine, respectively. Residues corresponding to D32 and E251 are conserved in SxtM,
but D367 is replaced by histidine. The changes in substrate-binding residues may reflect

the differences in PSP toxin substrates transported by these proteins.

Example 7: Putative transcriptional regulators of saxitoxin synthase
Environmental factors, such as nitrogen and phosphate availability have been
reported to regulate the production of PSP toxins in dinoflagellates and cyanobacteria.
Two transcriptional factors, sxtY and sx:Z, related to PhoU and OmpR, respectively, as
well as a two component regulator histidine kinase were identified proximal to the 3'-end
of the sxt gene cluster in C. raciborskii T3. PhoU-related pfoteins are negative regulators
of phosphate uptake whereas OmpR-like proteins are involved in the regulation of a
variety of metabolisms, including nitrogen and osmotic balance. It is therefore likely that
PSP toxin production in C. raciborskii T3 is regulated at the transcriptional level in

response to the availability of phosphate, as well as, other environmental factors.

Example 8: Phylogenetic origins of the SXT genes

The sxt gene cluster from C. raciborskii T3 has a true mosaic structure.
Approximately half of the sxt genes of C. raciborskii T3 were most similar to
counterparts from other cyanobacteria, however the reméining genes had their closest
matches with homologues from proteobacteria, actinomycetes, sphingobacteria, and
firmicutes. There is an increasing body of evidence that horizontal gene transfer (HGT) is
a major driving force behind the evolution of prokaryotic genomes, and cyanobacterial

genomes are known to be greatly affected by HGT, often involving transposases and
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phages. The fact that the majority of sx¢ genes are most closely related to homologues
from other cyanobacteria, suggests that SX7 biosynthesis may have evolved in an
ancestral cyanobacterium that successively acquired the remaining genes from other
bacteria via HGT. The structural organisation of the investigated sxt gene cluster, as well
as the presence of several transposases related to the 1S4-family, suggests that small

cassettes of sxt genes are mobile.

Example 9: Cyanobacterial cultures and characterisation of the CYR gene
cluster. ' '

Cyanobacterial strains were grown in Jaworski medium as described in Example 1
above. Total genomic DNA was extracted from cyanobacterial cells by
lysozyme/SDS/proteinase K lysis following phenol-chloroform extraction as described
previously Neilan, B. A. 1995.. Appl Environ Microbiol 61:2286-2291. DNA in the
supernatant was precipitated with 2 volumes -20°C ethanol, washed with 70% ethanol,
dissolved in TE-buffer (10:1), and stored at -20°C.

Characterization of unknown regions of DNA flanking the putative
cylindrospermopsin biosynthesis genes was performed using an adaptor-mediated PCR as
described in Moffitt et al. (2004) Appl. Environ. Microbiol. 70:6353-6362. PCRs were
performed in 20 pl reaction volumes containing 1 x Tag polymerase buffer 2.5 mM
MgCl,, 0.2 mM deoxynucleotide triphosphates, 10 pmol each of the forward and reverse
primers, between 10 and 100 ng genomic DNA and 0.2 U of Tag polymerase (Fischer
Biotech, Australia). Thermal cycling was pérformed in a GeneAmp PCR System 2400
Thermal cycler (Perkin Elmer Corporation, Norwalk, CT). Cycling began with a
denaturing step at 94°C for 3 min followed by 30 cycles of denaturation at 94°C for 10 s,
primer annealing between 55° and 65°C for 20 s and a DNA strand extension at 72°C for
1-3 min. Amplification was completed by a final extension step at 72°C for 7 min.
Amplified DNA was separated by agarose gel electrophofesis in TAE buffer (40 mM
Tris-acetate, 1 mM EDTA, pH 7.8), and visualized by UV transillumination after staining
with ethidium bromide (0.5 pg/ml).

Automated DNA sequencing was performed using the PRISM Big Dye cycle
sequencing system and a model 373 sequencer (Applied Biosystems, Foster City, CA).
Sequence data were analyzed using ABI Prism-Autoassembler software, while
identity/similarity values to other translated sequences were determined using BLAST in

conjunction with the National Center for Biotechnology Information (NIH, Bethesda,
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MD). Fugue blast (http://www-cryst.bioc.cam.ac.uk/fugue/) was used to identify distant
homologs via sequence-structure comparisons. The gene clusters were assembled using
the software Phred, Phrap, and Consed (http://www.phrap.org/phredphrapconsed.html),
open reading frames were manually identified. Polyketide synthase and non-ribosomal
peptide synthetase domains were determined using the specialized databases based on
crystal structures (http://www-ab.informatik.uni-tuebingen.de/software/NRPSpredictor;
http://www tigr.org/jravel/nrps/, http://www.nii.res.in/nrps-pks.html).

Example 10: Genetic screening of Cylindrospermopsin-producing and non-
producing cyanobacterial strains

Cylindrospermopsin-producing and non-producing cyanobacterial strains were
screened for the presence of the sulfotransferase gene cyr] using the primer set cynsulfF
(5 ACTTCTCTCCTTTCCCTATC 3°) (SEQ ID NO: 111) and cylnamR (5’
GAGTGAAAATGCGTAGAACTTG 3’) (SEQ ID NO: 112). Genomic DNA was tested
for positive amplification using the 16S rRNA gene primers 27F and 809 as described in
Neilan et al. (1997) Int. J. Syst. Bacteriol. 47:693-697. Amplicons were sequenced, as
described in Example 9 above, to verify the identity of the gene fragment.

The biosynthesis of cylindrospermopsin involves an amidinotransferase, a NRPS,
and a PKS (AoaA, AoaB and Aoz;C, respectively). In order to obtain the entire sequence
of the cylindrospermopsin biosynthesis gene cluster, we used adaptor-mediated ‘gene-
walking’ technology, initiating the process from a partial sequence of the
amidinotransferase gene from C. raciborskii AWT20S. Successive outward facing
primers were designed and the entire gene cluster spanning 43 kb was sequenced,
together with a further 3.5 kb on either side of the toxin gene cluster.

These flanking regions encode putative accessory genes (hyp genes), which
include molecular chaperons involved in the maturation of hydrogenases. Due to the fact
that these genes are flanking the cylindrospermopsin gene cluster at both ends, we
postulate that the toxin gene cluster was inserted into this area of the genome thus
interrupting the HYP gene cluster. This genetic rearrangement is mechanistically
supported by the presence of transposase-like sequences within the cylindrospermopsin
cluster.

Bioinformatic analysis of the toxin gene cluster was performed and based on gene
function inference using sequence alignments (NCBI BLAST), predicted structural
homologies (Fugue Blast), and analysis of PKS and NRPS domains using specialized

blast servers based on crystal structures. The cylindrospermopsin biosynthesis cluster
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contains 15 ORFs, which encode all the functions required for the biosynthesis, regulation
and export of the toxin cylindrospermopsin (Figure 6).

Example 11: Formation of the CYR carbon skeleton

The first step in formation of the carbon skeleton of cylindrospermopsin involves
the synthesis of guanidinoacetate via transamidination of glycine. CyrA, the AoaA
homolog, which encodes an amidinotransferase similar to the human arginine:glycine
amidinotransferase GATM, transfers a guanidino group from a donor molecule, most
likely arginine, onto an acceptor molecule of glycine thus forming guanidinoacetate
(Figure 8, step 1).

The next step (Figure 8, step 2) in the biosynthesis is carried out by CyrB (AoaB
homolog), a mixed NRPS-PKS. CyrB spans 8.7 kb and encodes the following domains;
adenylation domain (A domain) and a peptidyl carrier protein (PCP) of an NRPS
followed by a Pketosynthase domain (KS), acyltransferase domain (AT), dehydratase
domain (DH), methyltransferase domain (MT), ketoreductase domain (KR), and an acyl
carrier protein (ACP) of PKS origin. CyrB therefore must catalyse the second reaction
since it is the only gene containing an A domain that could recruit a starter unit for
subsequent PKS extensions. The specific amino acid activated by the CyrB A domain
cannot be predicted as its substrate specificity conferring residues do not match any in the
available databases (http://www-ab.informatik.uni-tuebingen.de/software/NRPSpredictor;
http://www.tigr.org/jravel/nrps/, http://www.nii.res.in/nrps-pks.html). So far, no other
NRPS has been described that utilizes guanidinoacetate as a substrate. The A domain is
thought to activate guanidinoacetate, which is then transferred via the swinging arm of the
peptidyl carrier protein (PCP) to the KS domain. The AT domain activates malonyl-CoA
and attaches it to the ACP. This is followed by a condensation reaction between the
activated guanidinoacetate and malonyl-CoA in the KS domain. CyrB contains two
reducing modules, KR and DH. Their concerted reaction reduces the keto group to a
hydroxyl followed by elimination of H,O, resulting in a double bond between C13 and
Cl4. The methyl transferase (MT) domain identified in CyrB via the NRPS/PKS
databases (Example 9 above), is homologous to S-adenosylmethionine (SAM) dependent
MT. It is therefore suggested that the MT methylates C13. It is proposed that a
nucleophilic attack of the amidino group at N19 onto the newly formed double bond
between C13 and C14 occurs via a ‘Michael addition’. The cyclization follows Baldwin’s
rules for ring closure (Baldwin et al. (1997) J. Org. Chem 42;3846-3852), resulting in the
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formation of the first ring in cylindrospermopsin. This reaction could be spontaneous and
may not require enzyniatic catalysis, as it is energetically favourable. This is the first of
three ring formations.

The third step (Figure 8, step 3) in the biosynthesis involves CyrC (AoaC
homolog), which encodes a PKS with KS, AT, KR, and ACP domains. The action of
these domains results in the elongation of the growing chain by an acetate via activation
of malonyl-CoA by the AT domain, its transfer to ACP and condensation at the KS
domain with the product of CyrB. The elongated chain is bound to the ACP of CyrC and
the KR domain reduces the keto group to a hydroxyl group on C12. The PKS module
carrying out this step contains a KR domain and does not contain a DH domain, this
corresponds only to CyrC.

Following the catalysis of enzyme CyrC is CyrD (Figure 8, step 4), a PKS with five
modules; KS, AT, DH, KR, and an ACP. The action of this PKS module on the product
of CyrC results in the addition of one acetate and the reduction of the keto group on C10
to a hydroxyl and dehydration to a double bond between C9 and C10. This double bond is
the site of a nucleophilic attack by the amidino group N19 via another Michael addition
that again follows Baldwin’s rules of ring closure, resulting in the formation of the second
ring, the first 6-membered ring made in cylindrospermopsin.

The product of CyrD is the substrate for CyrE (step 5 in Figure 8), a PKS containing
a KS, AT, DH, KR domains and an ACP. Since this sequence of domains is identical to
that of CyrD, it is not possible at this stage to ascertain which PKS acts first, but as their
action is proposed to be identical it is immaterial at this point. CyrE catalyzes the addition
of one acetate and the formation of a double bond between C7 and C8. This double bond
is attacked by N18 via a Michael addition and the third cyclisation occurs, resulting in the
second 6-member ring.

CyrF is the final PKS module (step 6 of Figure 8) and is a minimal PKS containing
only a KS, AT, and ACP. CyrF acts on the product of CyrE and elongates the chain by an
acetate, leaving C4 and C6 unreduced.

Step 7 in the pathway (Figure 8) involves the formation of the uracil ring, a
reaction that is required for the toxicity of the final cylindrospermopsin compound. The
cylindrospermopsin gene cluster encodes two enzymes with high sequence similarity
(87%) that have been denoted CyrG and CyrH. A Psi-blast search (NCBI) followed by a
Fugue profile library search (see materials and methods) revealed that CyrG and CyrH are

most similar to the enzyme family of amidohydrolases/ureases/dihydroorotases, whose
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members catalyze the formation and cleavage of N-C bonds. It is proposed that these
enzymes transfer a second guanidino group from a donor molecule, such as arginine or
urea, onto C6 and C4 of cylindrospermopsin resulting in the formation of the uracil ring.
These enzymes carry out two or three reactions depending on the guanidino donor. The
first reaction consists of the formation of a covalent bond between the N of the guanidino
donor and C6 of cylindrospermopsin followed by an elimination of H,O forming a double
bond between C5 and C6. The second reaction catalyses the formation of a bond between
the second N on the guanidino donor and C4 of cylindrospermopsin, co-committently
with the breaking of the thioester bond between the acyl carrier protein of CyrE and
cylindrospermopsin, causing the release of the molecule from the enzyme complex.
Feeding experiments with labeled acetate have shown that the oxygen at C4 is of acetate
origin and is not lost during biosynthesis, therefore requiring the de novo formation of the
uracil ring. The third reaction - if required - would catalyze the cleavage of the guanidino
group from a donor molecule other than urea. The action of CyrG and CyrH in the
formation of the uracil ring in cylindrospermopsin describes a novel biosynthesis pathway
of a pyrimidine.

One theory suggest a linear polyketide which readily‘ assumes a favorable
conformation for the formation of the rings. Cyclization may thus be spontaneous and not
under enzymatic control. These analyses show that this may happen step-wise, with
successive ring formation of the appropriate intermediate as it is synthesized. This
mechanism also explains the lack of a thioesterase or cyclization domain, which are
usually associated with NRPS/PKS modules and catalyze the release and cyclization of

the final product from the enzyme complex.

Example 12: CYR tailoring reactions

Cylindrospermopsin biosynthesis requires the action of tailoring enzymes in order
to complete the biosynthesis, catalyzing the sulfation at C12 and hydroxylation at C7.
Analysis of the cylindrospermopsin gene cluster revealed three candidate enzymes for the
tailoring reactions involved in the biosynthesis of cylindrospermopsin, namely Cyrl, CyrJ,
and CyrN. The sulfation of cylindrospermopsin at C12 is likely to be carried out by the
action of a sulfotransferase. CyrJ encodes a protein that is most similar to human 3'-
phosphoadenylyl sulfate (PAPS) dependent sulfotransferases. The cylindrospermopsin
gene cluster also encodes an adenylsulfate kinase (ASK), namely CyrN. ASKs are
enzymes that catalyze the formation of PAPS, which is the sulfate donor for
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sulfotransferases. It is proposed that CyrJ sulfates cylindrospermopsin at C12 while CyrN
creates the pool of PAPS required for this reaction. Screening of cylindrospermopsin
producing and non-producing strains revealed that the sulfotransferase genes were only
present in cylindrospermopsin producing strains, further affirning the involvement of this
entire cluster in the biosynthesis of cylindrospermopsin (Figure 7). The cyrJ géne might
therefore be a good candidate for a toxin probe, as it is more unique than NRPS and PKS
genes and would presumably have less cross-reactivity with other gene clusters
containing these genes, which are common in cyanobacteria. The final tailoring reaction
is carried out by Cyrl. A Fugue search and an iterated Psi-Blast revealed that Cyrl is
similar to a hydroxylase belonging to the 2-oxoglutarate and Fe(II)-dependent oxygenase
superfamily, which includes the mammalian Prolyl 4-hydroxylase alpha subunit that
catalyze the hydroxylation of collagen. It is proposed that Cyrl catalyzes the
hydroxylation of C7, a residue that, along with the uracil ring, seems to cbnfer much of
the toxicity of cylindrospermopsin. The hydroxylation at C7 by Cyrl is probably the final

step in the biosynthesis of cylindrospermopsin.

Example 13: CYR toxin transport |

Cylindrospermopsin and other cyanobacterial toxins appear to be exported out of
the producing cells. The cylindrospermopsin gene cluster contains an ORF denoted CyrK,
the product of which is most similar to sodium ion driven multi-drug and toxic compound
extrusion proteins (MATE) of the NorM family. It is postulated that CyrK is a transporter
for cylindrospermopsin, based on this homology and its central location in the cluster.
Heterologous expression and characterization of the protein are currently being

undertaken to verify its putative role in cylindrospermopsin export.

Example 14: Transcriptional regulation of the toxin gene cluster
Cylindrospermopsin production has been shown to be highest when fixed nitrogen
is eliminated from the growth media (Saker et al. (1999) J. Phycol 35:599-606). Flanking
the cylindrospermopsin gene cluster are “hyp” gene homologs involved in the maturation
of hydrogenases. In the cyanobacterium Nostoc PCC73102 they are under the regulation
of the global nitrogen regulator NtcA, that activates transcription of nitrogen assimilation
genes. It is plausible that the cylindrospermopsin gene cluster is under the same

regulation, as it is located wholly within the “hyp” gene cluster in C. raciborskii
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AWT?205, and no obvious promoter region in the cylindrospermopsin gene cluster could
be identified.

Finally, the cylindrospermopsin cluster also includes an ORF at its 3’ -end
designated CyrO. By homology, it encodes a hypothetical protein that appears to possess
an ATP binding cassette, and is similar to WD repeat proteins, which have diverse
regulatory and signal transduction roles. CyrO may also have a role in transcriptional
regulation and DNA binding. It also shows homology to AAA family proteins that often
perform chaperone-like functions and assist in the assembly, operation, or disassembly of
protein complexes. Further insights into the role of CyrO are hindered due to low
sequence homology with other proteins in databases.

The foregoing describes preferred forms of the present invention. It is to be
understood that the present invention should not be restricted to the particular
embodiment(s) shown above. Modifications and variations, obvious to those skilled in

the art can be made thereto without departing from the scope of the present invention.

Relatéd Application
This application claims benefit from Australian Provisional Application Number
2008902056 entitled “Detection of Cyanotoxic Organisms” which was filed on 24 April

2008, the entire contents of which are incorporated herein by reference.
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CLAIMS:

1. An isolated polynucleotide comprising a nucleotide sequence sharing at least
90% sequence homology with SEQ ID NO: 1 or a fragment thereof, wherein said
fragment encodes a protein of a saxitoxin biosynthetic pathway.

2. The polynucleotide according to claim 1, wherein said fragment comprises a
nucleotide sequence sharing at least 90% sequence homology with a sequence selected
from the group consisting of SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO:
8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14, SEQ ID NO: 16, SEQ ID NO: 18,
SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28,
SEQ ID NO: 30, SEQ ID NO: 32, SEQ ID NO: 34, SEQ ID NO: 36, SEQ ID NO: 38,
SEQ ID NO: 40, SEQ ID NO: 42, SEQ ID NO: 44, SEQ ID NO: 46, SEQ ID NO: 48,
SEQ ID NO: 50, SEQ ID NO: 52, SEQ ID NO: 54, SEQ ID NO: 56, SEQ ID NO: 58,
SEQ ID NO: 60, SEQ ID NO: 62, SEQ ID NO: 64, SEQ ID NO: 66, and SEQ ID NO: 68.

3. Anisolated ribonucleic acid or an isolated complementary DNA encoded by a
sequence according to claim 1 or claim 2.

4. An isolated saxitoxin biosynthetic pathway polypeptide comprising an amino
acid sequence sharing at least 90% sequence homology with a sequence selected from the
group consisting of SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ
ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, SEQ ID NO: 29, SEQ ID
NO: 31, SEQ ID NO: 33, SEQ ID NO: 35, SEQ ID NO: 37, SEQ ID NO: 39, SEQ ID
NO: 41, SEQ ID NO: 43, SEQ ID NO: 45, SEQ ID NO: 47, SEQ ID NO: 49, SEQ ID
NO: 51, SEQ ID NO: 53, SEQ ID NO: 55, SEQ ID NO: 57, SEQ ID NO: 59, SEQ ID
NO: 61, SEQ ID NO: 63, SEQ ID NO: 65, SEQ ID NO: 67, and SEQ ID NO: 69.

5. A probe or primer that hybridises specifically with one or more of:

(1) a polynucleotide according to claim 1 or 2,

(i) aribonucleic acid or complementary DNA according to claim 3,

(ii1) a polypeptide according to claim 4.

6. A vector comprising a polynucleotide according to claim 1 or claim 2, or a
ribonucleic acid or complementary DNA according to claim 3.

7. A host cell comprising the vector according to claim 6.

8. A method for the detection of cyanobacteria and/or dinoflagellates, the
method comprising the steps of obtaining a sample for use in the method and analyzing
the sample for the presence of one or more of:

(1) a polynucleotide comprising a sequence according to claim 1 or 2,

(10131315_1):MGH
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(i) aribonucleic acid or complementary DNA according to claim 3,

(ii1) a polypeptide comprising a sequence according to claim 4,
wherein said presence is indicative of cyanobacteria and/or dinoflagellates in the sample.

9. A method for detecting a cyanotoxic organism, the method comprising the
steps of obtaining a sample for use in the method and analyzing the sample for the
presence of one or more of’

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 36, and
variants thereof sharing at least 80% sequence homology with SEQ ID NO: 14, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 36,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 37, and
variants thereof sharing at least 80% sequence homology with SEQ ID NO: 15, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, or SEQ ID NO: 37,
wherein said presence is indicative of cyanotoxic organisms in the sample.

10. The method according to claim 9, wherein said cyanotoxic organism is a
cyanobacterium or a dinoflagellate.

11. The method according to any one of claims 8 to 10, further comprising
analyzing the sample for the presence of one or more of

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87,
SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97,
SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:
107, SEQ ID NO: 109, and variants and fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of’
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92 , SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants and fragments thereof.

12.  The method according to any one of claims 8 to 11, wherein said analyzing

comprises amplification of DNA from the sample by polymerase chain reaction.

(10131315_1):MGH
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13.  The method according to claim 12, wherein said polymerase chain reaction
utilises:

(1) one or more primers comprising a sequence selected from the group consisting of
SEQ ID NO: 111, SEQ ID NO: 112, and variants and fragments thereof; and/or

(i1) one or more primers comprising a sequence selected from the group consisting
of SEQ ID NO: 70, SEQ ID NO: 71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74,
SEQ ID NO: 75, SEQ ID NO: 76, SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79,
SEQ ID NO: 113, SEQ ID NO: 114, SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO:
117, SEQ ID NO: 118, SEQ ID NO: 119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID
NO: 122, SEQ ID NO: 123, SEQ ID NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ
ID NO: 127, SEQ ID NO: 128, SEQ ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131,
SEQ ID NO: 132, SEQ ID NO: 133, SEQ ID NO: 134, and variants and fragments
thereof.

14. An isolated antibody capable of binding specifically to a polypeptide
according to claim 4.

15. A kit for the detection of cyanobacteria and/or dinoflagellates, the kit
comprising at least one agent for detecting the presence of one or more of:

(1) apolynucleotide comprising a sequence according to claim 1 or 2,

(i) aribonucleic acid or complementary DNA according to claim 3,

(ii1) a polypeptide comprising a sequence according to claim 4,
wherein said presence is indicative of cyanobacteria and/or dinoflagellates in the sample.

16. A kit for the detection of cyanotoxic organisms, the kit comprising at least
one agent for detecting the presence of one or more of:

(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 14, SEQ ID NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 36, and
variants thereof sharing at least 90% sequence homology with SEQ ID NO: 14, SEQ ID
NO: 20, SEQ ID NO: 22, SEQ ID NO: 24, or SEQ ID NO: 36,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 15, SEQ ID NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 37, and
variants thereof sharing at least 90% sequence homology with SEQ ID NO: 15, SEQ ID
NO: 21, SEQ ID NO: 23, SEQ ID NO: 25, or SEQ ID NO: 37,
wherein said presence is indicative of cyanotoxic organisms in the sample.

17. The kit according to claim 15 or claim 16, further comprising at least one

additional agent for detecting the presence of one or more of’

(10131315_1):MGH
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(1) apolynucleotide comprising a sequence selected from the group consisting of:
SEQ ID NO: 80, SEQ ID NO: 81, SEQ ID NO: 83, SEQ ID NO: 85, SEQ ID NO: 87,
SEQ ID NO: 89, SEQ ID NO: 91, SEQ ID NO: 93, SEQ ID NO: 95, SEQ ID NO: 97,
SEQ ID NO: 99, SEQ ID NO: 101, SEQ ID NO: 103, SEQ ID NO: 105, SEQ ID NO:
107, SEQ ID NO: 109, and variants and fragments thereof,

(i) a ribonucleic acid or complementary DNA encoded by a sequence according
to (1),

(ii1) a polypeptide comprising a sequence selected from the group consisting of:
SEQ ID NO: 82, SEQ ID NO: 84, SEQ ID NO: 86, SEQ ID NO: 88, SEQ ID NO: 90,
SEQ ID NO: 92 , SEQ ID NO: 94, SEQ ID NO: 96, SEQ ID NO: 98, SEQ ID NO: 100,
SEQ ID NO: 102, SEQ ID NO: 104, SEQ ID NO: 106, SEQ ID NO: 108, and SEQ ID
NO: 110, and variants and fragments thereof.

18. The kit according to any one of claims 15 to 17, wherein said at least one
additional agent is a primer, antibody or probe.

19.  The kit according to claim 18, wherein said primer or probe comprises:

(1) a sequence selected from the group consisting of SEQ ID NO: 109, SEQ ID NO:
110, and variants and fragments thereof;, or

(i1) a sequence selected from the group consisting of SEQ ID NO: 70, SEQ ID NO:
71, SEQ ID NO: 72, SEQ ID NO: 73, SEQ ID NO: 74, SEQ ID NO: 75, SEQ ID NO: 76,
SEQ ID NO: 77, SEQ ID NO: 78, SEQ ID NO: 79, SEQ ID NO: 113, SEQ ID NO: 114,
SEQ ID NO: 115, SEQ ID NO: 116, SEQ ID NO: 117, SEQ ID NO: 118, SEQ ID NO:
119, SEQ ID NO: 120, SEQ ID NO: 121, SEQ ID NO: 122, SEQ ID NO: 123, SEQ ID
NO: 124, SEQ ID NO: 125, SEQ ID NO: 126, SEQ ID NO: 127, SEQ ID NO: 128, SEQ
ID NO: 129, SEQ ID NO: 130, SEQ ID NO: 131, SEQ ID NO: 132, SEQ ID NO: 133,
SEQ ID NO: 134, and variants and fragments thereof.

20. A method of screening for a compound that modulates the expression or
activity of one or more polypeptides according to claim 4, the method comprising:

contacting the polypeptide with a candidate compound under conditions suitable to
enable interaction of the candidate compound and the polypeptide; and

assaying for activity of the polypeptide.

NewSouth Innovations UNSW AUSTRALIA

Patent Attorneys for the Applicant/Nominated Person
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Cyanobacteria Strains oxicity (Ref) | sxzd | sxtG | sxtH | sxil | sviX
A. circinalis AWQC118C PSP (54) + + + + _
A. circinalis AWQC131C PSP (25) + + + + _
A. circinalis AWQC134C PSP (54) + + + + -
A. circinalis AWQCI150E PSP (54) + + + + -
A. circinalis AWQC173A PSP (54) + + + + _
A. circinalis AWQC271C -(54) - - - - -
A. circinalis AWQC306A - (59 - - - - R
A. circinalis AWQC310F -(549) - - - - -
A_circinalis AWQC342D 8 | - | - | - [ -1-
Aph. flos-aquaea NH-5 PSP (26) + + + + +
Aph. ovalisporum APH028A | CYLN (46) - - - - -
C. raciborskii T3 PSP (23) + + + + +
C. raciborskii 23B CYLN (58) - - - - -
C. raciborskii GOON CYLN (43) - - - - -
C. raciborskii GERM1 - (30) - - - - -
C. raciborskii MARAUI - (30) - - - - -
L wollei PSP (7) + + + + +

FIGURE 1A
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Name | Enzyme Family Size | Psi-Blast similarity % | Putative function
(bp) | match ID
cyrD PKS CrpB 5631 | ABM21570.1 Nostoc sp. | 58 | PKS
ATCC 53789 KS-AT-DH-KR-
ACP
cyrF PKS CrpB 4074 | ABM21570.1 Nostoc sp. | 68 | PKS KS-AT-ACP
ATCC 53789
orG cytosine deaminase | 1437 | BAF59909.1 50 | Uracil ring
/Aminohydrolase/ Pelotomaculum formation
Dihydroorotase o
thermopropionicum SI
cyrl Prolyl 4- 831 ABBO06365.1 43 | Hydroxylation of C7
Hydroxylase Burkholderia sp. 383
cyrK MatE Na+-driven 1398 | EAW39051.1 Lyngbya 65 | Exporter
multidrug efflux sp. PCC 8106
pump
cyrL Transposase 750 | ABGS50981.1 70 | Transposase
' Trichodesmium
erythraeum IMS101
cyrH | cytosine deaminase | 1431 | BAF59909.1 50 | Uracil ring
/Aminohydrolase/ Pelotomaculum formation
Dihydroorotase o
thermopropionicum SI
cyrJ branched-chain 780 Trichodesmium 53 | sulfotransferase
amino acid erythraeum IMS101
aminotransferase
cyrd Amidinotransferase | 1176 | AAX81898.1 100 | amidinotransferase
AoaA Cylindrospermopsis
raciborskii
cyrB NRPS/PKS AoaB | 8754 | AAM33468.1 97 | NRPS/PKS A-
Aphanizomenon domain, pp, KS, AT,
ovalisporum DH, Met, KR, ACP
cyrE PKS 5667 | ABA23591.1 Anabaena 62 | PKS KS-AT-DH-
variabilis ATCC 29413 KR-ACP
cyrC PKS AoaC 5005 | AAM33470.1 97 | PKS KS-AT-KR-
Aphanizomenon ACP
ovalisporum
cyrM | Partial Transposase | 318 | ABG50981.1 70 | Transposase
Trichodesmium
erythraeum IMS101
cyrN Adenylylsulfate 600 | CAM76460.1 75 | Adenylylsulfate
kinase (PAPS) Magnetospirillum kinase (PAPS)
gryphiswaldense
MSR-1
cyrO hypothetical 1548 | EAW46978.1 Nodularia | 74 | Regulator
protein spumigena CCY9414

FIGURE 6
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Cyanobacterial Strain (16s cyrJ Toxicity |Reference

rRNA
Cylindrospermopsis |+ - SXT Lagos et al.
raciborskii T3 (1999)
Anabaena circinalis + - N.D. AWQC
344B
Cylindrospermopsis [+ - N.D. Neilan et al.
raciborskii Germ1 (2003)
Anabaena circinalis [+ - N.D. AWQC
310F
Cylindrospermopsis |+ - N.D. NA
raciborskii 44D
Anabaena circinalis + - SXT Fergusson et al.
118C (2000)
Anabaena circinalis + - N.D. AWQC
323A
Anabaena circinalis + - N.D. AWQC
323H
Cylindrospermopsis |+ - N.D. Neilan et al.
raciborskii VOLL2 (2003)
Cylindrospermopsis |+ - N.D. Neilan et al.
raciborskii VOLLI (2003)
Cylindrospermopsis |+ - N.D. NA
raciborskii HUNG1
Cylindrospermopsis |+ + CYLN Wilson et al.
raciborskii 023B (2000)
Cylindrospermopsis |+ + CYLN Schembri et al.
raciborskii 0SE (2001)
Cylindrospermopsis |+ + CYLN Neilan et al.
raciborskii 4799 (2003)
Cylindrospermopsis |+ + CYLN Schembri et al.
raciborskii 24C (2001)
Cylindrospermopsis + + CYLN Hawkins et al.
raciborskii AWT 205 (1997)
Aphanizomenon + + CYLN NA
ovalisporum AO/QH

FIGURE 7
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SEQUENCE LISTING
<110> NewSouth Innovations Pty Ltd.
<120> Detection of Cyantoxic Organisms
<130> 852090
<160> 186
<170> Patentln version 3.2
<210> 1
<211> 37606
<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 1
atgatcccag ctaaaaaagt ttatttttta ttgagtttag caatagttat ttcacccttt 60

ttatccatga ttgtgggtat ttacgaaaat attaaattta gggtattatt tgatttggtg 120
gtcagggcac taatggtggt tgactgettc aatatcaaaa aacatcgggt caaaattagt 180
cgtcaattac ctctacgttt atctattgga cgtgagaatt tagtaatatt gaaggtagag 240
tctgggaatg tcaatagtge tattcaaatt cgtgattact atcccacaga atttcccgta 300
tccacatcta acctgatagt taaccttcce cctaatcata ctcaggaagt aaagtacacc 360
attcgaccta atcaacgggg agaattttgg tggggaaata ttcaagttcg acagetggga 420
aattggtctc tagggtggga caattggcaa attccccaaa aaactgtggc taaggtgtat 480
cctgatttgt taggactcag atccctcgct attcgtttaa ccctacaate ttetggatct 540
atcactaaat tgcgtcaacg gggaatggga acggaatttg ccgaactceg taattactge 600
atgggggatg atctacggtt aattgattgg aaagctacag ctagacgtgc ttatggaaat 660
ctgagtccec tagtaagagt tttagagcect caacaggaac aaactctgct tatattatta 720
gatcgtggta gactaatgac agctaatgta caagggttaa aacgatatga ttggggttta 780
aataccacct tgtctttggc attagcagga ttacataggg gegatcgegt aggagtaggg 840
gtatttgact cccagcetgea tacctggata cctccagage gaggacaaaa tcatctcaat 900

cggcttatag acagacttac acctattgaa ccagtgttag tggagtctga ttatttaaat 960



gccattacct atgtagtaaa acaacagact cgtagatctc tagtagtgtt aattactgat 1020
ttagtcgatg ttactgcttc ccatgaacta ctagtagegc tgtgtaaatt agtgectcga 1080
tatctacctt tttgtgtaac actcagggat cctgggattg ataaaatage tcataatttt 1140
agtcaagact taacacaggc ttataatcga gcagtttctt tggacttgat atcacaaaga 1200
gaaattgctt ttgctcagtt gaaacaacag ggagttttgg tgttggatge accagcaaat 1260
caaatttccg agcagttggt agaaaggtac ttacaaatca aagccaaaaa tcagatttga 1320
ctcectgtcg agataattga gaacttctgg aaagaatage ccaataaact cgacaaagaa 1380
cgtggttaga agttctttaa agagtctatc atgccgaatc atattttaac agaagagega 1440
tcgetcttee taagggatag agtctgaaag ccacttcaac ggacgataat gecaactettg 1500
ttccagctgg agtgeggaga attaccacat ccgaaataga caaaaagaaa taattggagt 1560
taagaagata agtacataaa tagtgataat atacaaaact agtcagcacg gattaaattt 1620
actaatgata gatacaatat cagtactatt aagagagtgg actgtaattt cccttacagg 1680
tttagcctte tggetttggg aaattcgcete teecttccat caaattgaat acaaagetaa 1740
attcttcaag gaattgggat gggcgggaat atcattcgtc tttagaaatg tttatgcata 1800
tgtttctgtg gcaattataa aactattgag ttctctattt atgggagagt cagcaaattt 1860
tgcaggagta atgtatgtgc ccctetgget gaggatcate actgceatata tattacagga 1920
cttaactgac tatctattac acaggacaat gcatagtaat cagtttcttt ggttgacgca 1980
caaatggcat cattcaacaa agcaatcatg gtggctgagt ggaaacaaag atagetttac 2040
cggcggactt ttatatactg ttacagcttt gtggtttcca ctgetggaca ttccctcaga 2100
ggttatgtct gtagtggceag tacatcaagt gattcataac aattggatac acctcaatgt 2160
aaagtggaac tcctggttag gaataattga atggatttat gttacgeccc gtattcacac 2220
tttgcatcat cttgatacag ggggaagaaa tttgagttct atgtttactt tcatcgaccg 2280
attatttgga acctatgtgt ttccagaaaa ctttgatata gaaaaatcta aaaatagatt 2340
ggatgatcaa tcagtaacgg tgaagacaat tttgggtttt taatagactt gggttctaag 2400

tggaatggac ggaaaaaatg geggttacce geatctttaa tatatcctct ttttggggtt 2460



gagatttgga taaagcggct tgtactctgt cattattcaa atagccatgg cgttgcatat 2520
ttgcgggatg atttaagatt ttctcctaat ttgaaaaatt tctcttgtag gacgattgeg 2580
aagcactcgc gagattgcat tattaataaa accctgatag tcacccccaa cttattgcag 2640
aaaaactttt ttctcttagg taataaatta gtagtttaat tgaaaagcat agcatctctt 2700
ttgacttgga ataacaaaat gtcttacgat gtagtctage taaatagtga cgcaaacgac 2760
tgttttctce ctcaactcta gtcattgatg ttttactaat aatttggtct ccatcgggaa 2820
taaattttgg gtaaacttta tagccatccg taatccaaaa ataggatttc caatgctcta 2880
tctttttcca taatttggcea aatgttttgg cacttctatc tcccactaca tattgaataa 2940
ttcccgaacg tttgttatct acaactgtce agacccatat cttgtttttt tttaccaata 3000
aatgtttcca actcatccag ttgacaaact tcaggtgttt gggaattatt attactatct 3060
gataactgac gacctagctt tttgacccaa cgaatgactg tattgtgatt tactttagtc 3120
attctttcaa ttgccctaaa tccattceca tttacataca tggttaaaca tgcettecttt 3180
acttcttggg aataacctct aggagaataa gattcaataa attgacgacc acaattcttg 3240
cattgataat tttgttttcc ccttctetgg ccattttttc taatattatt ggaatcacag 3300
tttgaacagt tcatcttgat ttcttcctcg cggegatcge ctgetaaaaa ttettceect 3360
tattatacat catcccgtge aggtgcaacg cccaaatage catagtttat gatcggtatc 3420
gaattcgcta ttgttttttc tgccatatce cttacctaag atgggacgat attcgetcat 3480
aataccactg tcaattagat catcagcaac atggtgagtg tatcctgacg accatcgata 3540
tggccaccaa gatcactage taccccactg ggcaacaatt cgagtaaaag cgagtageee 3600
tactgtagca ttgaaaccat ccaagtttga agttaaatac ctaaaattat gacctcattt 3660
tcatttctag acgttcagca acgggcatta actcacgtat cagatcaaag tttcctacgt 3720
tccgtctcat ccagtctaat aagaattttt ctccttcate tagettacct ttatcatcaa 3780
caaaaaccat ctgctcgeac caatctacaa atccggaatt agtcatctca tagactaaaa 3840
tgatgggagg aaagtgtgcg aatcccattt tttcaatgac ttccatacaa accagettaa 3900

atacttgttc gtttgtcaat tcattagaca taaagaattt tcctttaatc aattctgttt 3960



ctaatcctac cacagagtaa taactcttgg tctggaacat aaattattct gtttttatca 4020
atgcgtaagt cataacttat tacttgacgg agttgcaggg geatacctta acttgacctt 4080
gggagcegata gaagaaagga aggcttcagt gacgggtctt tgactaatcc cagtttccac 4140
ttcaactaaa acagcatcac aaatgtcgaa tagtgattga gaatatctat tcatattcat 4200
gaaagtcaga gcagattcca tcggagacat ggatgaatta aaggceagegt tttcagegta 4260
tcgacctgta aatatattcc cgtgggaatc ttttaacgct acccctgcaa aatttttcgt 4320
gtagggagca taactttgat tggcagcgga tagagcagea agcacaacat catcggtaga 4380
ataggtctcc agatcatgaa atactgtttg cattaatcca cctgtgagtc ctagatccge 4440
tggtccaaat ggetcgggta gaaaatgtgg gagtttattt gaggtataag tttgetcagg 4500
ctgtgattca ttagacttca caagaagaac aaaattttga tttacagttg ccatctcgta 4560
taaaaattgt cggcagtatc cacatggtgc ttcgtggatt getaatgett gtaaaccggt 4620
ttctcecgtge aaccacgceat ttatggtgec ggattgttct gegtgaactg agaaactaag 4680
tgeetgtect acaaattcca tgtcggeacc aaaataaaga gttccagaac ccagttgatt 4740
cttagattgt ggtttaccaa gagcgatcge ccctacataa aactgcgata ttggtaccct 4800
agcataagtt gcggctacgg gtagtaattg aatcattaac gtactaatat tagtaccaag 4860
tcgatcaatc caagatgcga caacacttga gtcaattaca geatgttggg caagaattgt 4920
ccttaactct gattgaatgg aacgtggaac cttggcaatc gectgttcta atgctacatg 4980
ggtcatttgg gttattcttg gacagagaga taaagatata ttagttttta tgaatcaatt 5040
tcccacttaa tgettgagta tgttttccte ctgcettacaa ggcaaagctt tecttttttg 5100
tagcaaatcc caaactgctt tgagagattt aattgcttgg tctatctect cttcggtatt 5160
ggcggcetgta atcgaaaacc ttaaageact tttatttaaa ggtacgattg gaaaaatage 5220
aggagtaatt aaaataccat attcccaaag gagttgacac acatcaatca tgtgttgage 5280
atctcccact aacacgcecta cgatgggaac gtaaccatag ttatccactt cgaatccaat 5340
ggctcttget tgtgtaacca atttgtgagt taggtgataa atttgtttte ttaactgetc 5400

ccectectga cgattcacct gtaatccgge taaggeactt geccaaactcg caacaggaga 5460



aggaccagaa aatatggcag tccaagcgtt gcggaagttg gttttgatce ggegatcgee 5520
acaagttaag aatgctgcgt aagaagaata ggctttggac aaaccagcta catagatgat 5580
attatcctct gcaaaccgca ggtcaaaata attcaccatc ccgtttectt tgtaaccgta 5640
aggcatatcg ctgctgggat tttcgcccaa aatgccaaaa ccatgagceat catccatgta 5700
aattaaggca ttgtactctt ttgccagatg cacgtaagcet ggcagatcgg gaaaatctge 5760
cgacatggaa tacacgccat caatgacaat aatctttact tgttcaggcg gatattttge 5820
tagtttttcg gctaaatcgt tcaaatcatt atgtcgatat tggatgaact gggetccttt 5880
gtgctgagec agacageacg cttcataaat acaacgatgt gcagcetatgt caccaaagat 5940
gacaccatta ttcccagtta atagtggtaa aattcctatc tgaagcagtg ttacagetgg 6000
aaatactaaa acatcaggta cgcctaaaag tttggacaat tcttcctcca attcctcata 6060
aattgctggg gaagcaacaa gecgagteca gettggatgt gtgececcatt tatccaaage 6120
tggtggaatt gcttccttaa cttttggatg caagtcaaga cctaaatagt tgcaagaage 6180
aaagtctatc acccaatgtc cgtcaattag caccttgega cettgttgtt ctgtgacgac 6240
tcttgtgact tgaggaattt tttgttggtt aactacgttt tccagagtgt tgatttcgtt 6300
ggctgagtca acaggtggag ctagatcaga ttgtttctet tgtaccactt ggttttggaa 6360
ataagtgatg atggcagttg gagtgttctt ttgtaaaaag aacgttccag acagattgat 6420
ccctaaacgt tectctagga gegtttgeag ttctaataaa tctaaagaat ctaatcccat 6480
atccagcagt ttttgttgtg gagcgtaggce tgcctgacgt tgggaaccca ttacttttaa 6540
gatgcattct ttaacgagat ccgctacagt tttgttttce ttagttgcag atgttgettt 6600
tggtaccaat gaaccaattg ctgagttaat atacggtcct ttgecgatcac caggegagtg 6660
caaagcactg tcgcgcaggt tatattcaat caaaataccc atgccgagat tatctgtatc 6720
ttccggacga taattagcaa taattcccct aatttcgget ccteccgaca catggaaace 6780
cacaattgga tccagaagct gtcgttgetce attgtgtage tttaaatact ccatcatcgg 6840
catttgggaa taattgacat aatttcgaca gcgagttaca cccaccacgce tctcaatgee 6900

gcctttcagg gtacagtagt aaagcataaa gtcccgcaat tcatttecta accececgege 6960



ctgaaactca ggtagaatat ttagtgcgag cagttgaata actgaccctt ggggagtatg 7020
taacgtcggc acttgcgcat attttacatt ctctaatgec tcagtgetgg taattgtttg 7080
ggaataaatc gcaccaataa tttgatcttc tataatcage actaaattac cttgegggtt 7140
tagctcaagt cttcgecgaa tttcatgagt agatgeccgt aaattttctg gecaacactt 7200
gacctccaag tcaactaagg caggtaaatc tgacaaatag gceatgactaa ttttgtaagg 7260
tcttttctcg aagtaattaa gegtaatgeg agtaaaagga aatgtttttg ggtatctttt 7320
agaaagctct agttttggaa atagacctac ttgtgcagca gacatgagaa aaacctcage 7380
ttccacaaga tactgctgag aaaatccctg aaacgcatcg aaatgtaagt tttegetttt 7440
gtctaaaaac tgatagacta cccttggttc caaacaatgg acctccaaaa tcattaaacc 7500
gtgtttattg accacttgag accatctttc taagtgttcc accaaacttt gcaccataac 7560
atgaggagga ataagctctc cttgatcatc gacacagact gattggtaag gtaagtgage 7620
acgttctttc aattcgtttc ttttctgagg aggaataaag agacgatcat ggtcgaggaa 7680
cgaacggatg tgcaggatat tttcgggatc atgaatgcca tgagcttcta aagaacgcac 7740
catttgttct gggttcccaa tatctcecctg taaaactaag tggggaaggc tagcaagggt 7800
gegtgtggta gettttaaag aagcettcgtt ataatctaca cctataagac gcaggggata 7860
ctgttcgagt gettttccee tagcagactt aaattgaatg gtttcccaga ctegtttcag 7920
gagagttcca tcgecacace ccatgtcagt aatgtatttg ggttgttctt ctaatggcaa 7980
ctgattgaat actgagagga tactttcttc taaatcggca aaatatttct ggtgttgaaa 8040
tccactcceg atcacgttaa gggtgegate aatgtgcctt tcgtgaccgg aageatctet 8100
ttggaatacg gagagacaat tgccaaacaa tacatcatga atgcgggaca acataggagt 8160
gtaggacgcc actatggetg tattcaaggce tcgetctcce ataaatcgac caagttcggt 8220
tatggtcaaa cgacctgctg taaggtcage ccageccaagg tggagaaata acttacccaa 8280
ctcttcttge actgttgage ttaatgagga gagcaaaggt ttgtccteecg aatctgcaag 8340
caagttgtgt ttgtgcagtg ccagcaggag tgggatgacc agtaatccat ctaaaaaatc 8400

tgccattagg ggattgtcca ggttccacaa ttggcaagaa cgetcaatec atcttcccag 8460



caaatttcct tgtttcectt ctaaataaga ctgaattggt aggttgtaca attgaagaat 8520
gtcttccgaa attttgttgt gaatcgetge ttctgeggtt agagagtatt taagetectt 8580
atttcgggaa agccaatgta aagactcgag catcctcaaa gcaacttgaa aatgtccget 8640
gttagctcce agatgttcca ccatttggtt taaagagaga ggactttcat cggecgagtaa 8700
ttcaaaaaca cctttttctc gacacgcaag aataacggga accgccacaa agecgtgagt 8760
ataacgatta atcttttgta acatttagac gattattgat taatttatga ggaatgcatt 8820
tttagtgcat accacgagat tttgattgtc tcagaagttg tgtgaaaaag caagacaagt 8880
agaccaaaaa aataagctaa ataagtgtag tagcaataaa aagacgaatc gcaattgtac 8940
gtgtcttgac taacaageca agtctctcta gataataatc geectctace agttgegtaa 9000
gtcccattgt tgttttaaac tttaattgcet aattaaacag ttatcaaatc ctgttcataa 9060
cggatattta cagcaatttt cggttatata aaattgcata tactgtaagt aatagcagaa 9120
aattaattta ggtaggaaaa tgttgaaaga tttcaaccag tttttaatca gaacactagc 9180
attcgtattc gcatttggta ttttcttaac cactggagtt ggcattgceta aagetgacta 9240
cctagttaaa ggtggaaaga ttaccaatgt tcaaaatact tcttctaacg gtgataatta 9300
tgcegttagt atcageggtg ggtttggtec ttgecgeagat agagtgatta tcctaccaac 9360
ttcaggagtg ataaatcgag acattcatat gcgtggctat gaagecgceat taactgcact 9420
atccaatggc tttttagtag atatttacga ctatactggc tcttcttgea geaatggtgg 9480
ccaactaact attaccaacc aattaggtaa gctaatcagc aattaggttg tatcatgata 9540
agatgaagta gtttaaccat ggcaccacca gccaaaaact ttttaacgcet agggtgtaac 9600
agttatgggt gtggaatgta ggttgtatcc agtgcatgaa acagccataa ttttagtata 9660
agcaaacact aagattggag aattcatgga aacaacctca aaaaaattta agtcagatct 9720
gatattagaa gcacgagcaa gcctaaagtt gggaatcecc ttagtcattt cacaaatgtg 9780
cgaaacgggt atttatacag cgaatgcagt catgatgggt ttacttggta cgcaagtttt 9840
ggccgeeggt getttgggeg cgetegcettt tttgacctta ttatttgect gecatggtat 9900

tctctcagta ggaggatcac tagcagecga agcettttggg gcaaataaaa tagatgaagt 9960



tagtcgtatt gcttccgggc aaatatgget ageagttace ttgtctttac ctgecaatget 10020
tctgetttgg catggcgata ctatcttget getattcggt caagaggaaa geaatgtgtt 10080
attgacaaaa acgtatttac actcaatttt atggggcttt cccgctgege ttagtatttt 10140
gacattaaga ggcattgcct ctgetctcaa cgttccccga ttgataacta ttactatget 10200
cactcagctg atattgaata ccgccgecga ttatgtgtta atattcggta aatttggtct 10260
tcctcaactt ggtttggetg gaataggetg ggcaactget ctgggttttt gggttagttt 10320
tacattgggg cttatcttge tgattttctc cctgaaagtt agagattata aacttttccg 10380
ctacttgcat cagtttgata aacagatctt tgtcaaaatt tttcaaactg gatggcccat 10440
ggggtttcaa tgggggacgg aaacggceact atttaacgtc accgettggg tagcagggta 10500
tttaggaacg gtaacattag cagcccatga tattggcttc caaacggeag aactggegat 10560
ggttatacca ctcggagtcg gcaatgtcge tatgacaaga gtaggtcaga gtataggaga 10620
aaaaaaccct ttgggtecaa gaagggtagce atcgattgga attacaatag ttggcattta 10680
tgccagtatt gtagcacttg ttttctggtt gtttccatat caaattgecg gaatttattt 10740
aaatataaac aatcccgaga atatcgaagc aattaagaaa gcaactactt ttatccectt 10800
ggcgggacta ttccaaatgt tttacagtat tcaaataatt attgttgggg ctttggtcgg 10860
tctgcgggat acatttgttc cagtatcaat gaacttaatt gtctggggte ttggattgge 10920
aggaagctat ttcatggcaa tcattttagg atgggggggg atcgggattt ggttgactat 10980
ggttttgagt ccactcctct cggeagttat tttaactgtt cgtttttatc gagtgattga 11040
caatcttctt gccaacagtg atgatatgtt acagaatgcg tctgttacta ctctaggetg 11100
agaaaagcta tatgaccaat caaaataacc aagaattaga gaacgattta ccaatcgcca 11160
agcagccttg tccggtcaat tcttataatg agtgggacac acttgaggag gtcattgttg 11220
gtagtgttga aggtgcaatg ttaccggecc tagaaccaat caacaaatgg acattcectt 11280
ttgaagaatt ggaatctgce caaaagatac tctctgagag gggaggagtt ccttatccac 11340
cagagatgat tacattagca cacaaagaac taaatgaatt tattcacatt cttgaagcag 11400

aaggggtcaa agttcgtcga gttaaacctg tagatttcte tgtcccctte tccacaccag 11460



cttggcaagt aggaagtggt ttttgtgccg ccaatccteg cgatgttttt ttggtgattg 11520
ggaatgagat tattgaagca ccaatggcag atcgcaaccg ctattttgaa acttgggegt 11580
atcgagagat gctcaaggaa tattttcagg caggagctaa gtggactgca gecgecgaage 11640
cacaattatt cgacgcacag tatgacttca atttccagtt tcctcaactg ggggagecge 11700
cgcgtttegt cgttacagag tttgaaccga cttttgatge ggcagatttt gtgegetgtg 11760
gacgagatat ttttggtcaa aaaagtcatg tgactaatgg tttgggcata gaatggttac 11820
aacgtcactt ggaagacgaa taccgtattc atattattga atcgcattgt ccggaagcac 11880
tgcacatcga taccacctta atgectcttg cacctggceaa aatactagta aatccagaat 11940
ttgtagatgt taataaattg ccaaaaatcc tgaaaagctg ggacattttg gttgcacctt 12000
accccaacca tatacctcaa aaccagctga gactggtcag tgaatgggea ggtttgaatg 12060
tactgatgtt agatgaagag cgagtcattg tagaaaaaaa ccaggagcag atgattaaag 12120
cactgaaaga ttggggattt aagcctattg tttgccattt tgaaagctac tatccatttt 12180
taggatcatt tcactgtgca acattagacg ttcgccgacg cggaactctt cagtcctatt 12240
tttaagattt atttcgatta tcctttatcc tgatcatcca gagtgataag agcattacaa 12300
ctaggagaca attatgacaa ctgctgacct aatcttaatt aacaactggt acgtagtcge 12360
aaaggtggaa gattgtaaac caggaagtat caccacggct cttttattgg gagttaagtt 12420
ggtactatgg cgcagtcgtg aacagaattc ccccatacag atatggcaag actactgece 12480
tcaccgaggt gtggctctgt ctatgggaga aattgttaat aatactttgg tttgtccgta 12540
tcacggatgg agatataatc aagcaggtaa atgcgtacat atcccggcete accctgacat 12600
gacaccccca geaagtgecce aagcecaagat ctatcattge caggagegat acggattagt 12660
atgggtgtgc ttaggtgatc ctgtcaatga tataccttca ttacccgaat gggacgatcc 12720
gaattatcat aatacttgta ctaaatctta ttttattcaa gctagtgegt ttcgtgtaat 12780
ggataatttc atagatgtat ctcattttce ttttgtccac gacggtgggt taggtgatcg 12840
caaccacgca caaattgaag aatttgaggt aaaagtagac aaagatggca ttagcatagg 12900

taaccttaaa ctccagatge caaggtttaa cagcagtaac gaagatgact catggactct 12960
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ttaccaaagg attagtcatc ccttgtgtca atactatatt actgaatcct ctgaaattcg 13020
gactgcggat ttgatgetgg taacaccgat tgatgaagac aacagcttag tgcgaatgtt 13080
agtaacgtgg aaccgctccg aaatattaga gtcaacggta ctagaggaat ttgacgaaac 13140
aatagaacaa gatattccga ttatacactc tcaacagcca gegegtttac cactgttace 13200
ttcaaagcag ataaacatgc aatggttgtc acaggaaata catgtaccgt cagatcgatg 13260
cacagttgcc tatcgtcgat ggctaaagga actgggcgtt acctatggtg tttgttaatt 13320
tcagggttgt tggtatctgg ataggtatgg ttttgagtce actgetatct ggagggattt 13380
taatggttgg tttttatcaa cagcttgcca ataagtatta ctaatagtga tgatggggaa 13440
gagaatcaaa ctatactcac caacaaggtg ttaaaatgca gatcttagga atttcagett 13500
actaccacga tagtgctgee gegatggtta tcgatggega aattgttget gecagetcagg 13560
aagaacgttt ctcaagacga aagcacgatg ctgggtttcc gactggageg attacttact 13620
gtctaaaaca agtaggaacc aagttacaat atatcgatca aattgttttt tacgacaage 13680
cattagtcaa atttgagcgg ttgctagaaa catatttage atatgcccca aagggatttg 13740
gctegtttat tactgcetatg ceegtttgge tcaaagaaaa getttaccta aaaacacttt 13800
taaaaaaaga attggcgctt ttgggggagt gcaaagctte tcaattgect cetctactgt 13860
ttacctcaca tcaccaagcc catgeggeceg ctgcetttttt tcccagtect tttcagegtg 13920
ctgeegttet gtgettagat ggtgtaggag agtgggcaac tacttetgte tggttgggag 13980
aaggaaataa actcacacca caatgggaaa ttgattttcc ccattcecte ggtttgettt 14040
actcagcgtt tacctactac actgggttca aagttaactc aggtgagtac aaactcatgg 14100
gtttagcacc ctacggggaa cccaaatatg tggaccaaat tctcaagceat ttgttggatc 14160
tcaaagaaga tggtactttt aggttgaata tggactactt caactacacg gtggggctaa 14220
ccatgaccaa tcataagttc catagtatgt ttggaggacc accacgccag gcggaaggaa 14280
aaatctccca aagagacatg gatctggceaa gttcgatcca aaaggtgact gaagaagtca 14340
tactgcgtct ggctagaact atcaaaaaag aactgggtgt agagtatcta tgtttagcag 14400

gtggtgtcgg tctcaattge gtggetaacg gacgaattct ccgagaaagt gatttcaaag 14460
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atatttggat tcaacccgca gcaggagatg ccggtagtec agtgggagea getttagega 14520
tttggcatga ataccataag aaacctcgea cttcaacage aggcgatcge atgaaaggtt 14580
cttatctggg acctagcttt agcgaggegg agattctcca gtttcttaat tctgttaaca 14640
taccctacca tcgatgegtt gataacgaac ttatggctcg tcttgecagaa attttagacc 14700
agggaaatgt tgtaggctgg ttttctggac gaatggagtt tggtccgegt getttgggtg 14760
geegttegat tattggcgat tcacgcagtc caaaaatgcea atcggtcatg aacctgaaaa 14820
ttaaatatcg tgagtcctte cgtecatttg ctecttcagt cttggctgaa cgagtcteccg 14880
actacttcga tcttgatcgt cctagtcctt atatgetttt ggtagcacaa gtcaaagaga 14940
atctgcacat tcctatgaca caagagcaac acgagctatt tgggatcgag aagctgaatg 15000
ttcctegtte ccaaattcce geagtcacte acgttgatta ctcagetcgt attcagacag 15060
ttcacaaaga aacgaatcct cgttactacg agttaattcg tcattttgag gcacgaactg 15120
gttgtgctgt cttggtcaat acttcgttta atgtccgegg cgaaccaatt gtttgtactc 15180
ccgaagacgc ttatcgatgc tttatgagaa ctgaaatgga ctatttggtt atggagaatt 15240
tcttgttggt caaatctgaa cageccacggg gaaatagtga tgagtcatgg caaaaagaat 15300
tcgagttaga ttaacttatg agtgaatttt tcccacaaaa aagtggtaaa ttaaagatgg 15360
aacagataaa agaacttgac aaaaaaggat tgcgtgagtt tggactgatt ggcggttcta 15420
tagtggcggt tttattcggc tttttactge cagttatacg ccatcattcc ttatcagtta 15480
tccettgggt tgttgetgga tttetetgga tttgggeaat aatcgeacct acgactttaa 15540
gttttattta ccaaatatgg atgaggattg gacttgtttt aggatggata caaacacgaa 15600
ttattttggg agttttattt tatataatga tcacaccaat aggattcata agacggcetgt 15660
tgaatcaaga tccaatgacg cgaatcttcg agccagagtt geccaacttat cgecaattga 15720
gtaagtcaag aactacacaa agtatggaga aaccattcta atgctaaaag acacttggga 15780
ttttattaaa gacattgccg gatttattaa agaacaaaaa aactatttgt tgattccecct 15840
aattatcacc ctggtatcct tgggggegcet gattgtcttt gctcaatctt ctgegatcge 15900

acctttcatt tacactcttt tttaaattgce catattatga gtaacttcaa gggttcggta 15960
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aagatagcat tgatgggaat attgattttt tgtgggctaa tctttggegt ageatttgtt 16020
gaaattgggt tacgtattgc cgggatcgaa cacatagcat tccatagceat tgatgaacac 16080
aggggetego tagggcgacce tecatgtttce gggtggtata gaaccgaagg tgaagetcac 16140
atccaaatga atagtgatgg ctttcgagat cgagaacaca tcaaggtcaa accagaaaat 16200
accttcagga tagcgctgtt gggagattcc tttgtagagt ccatgcaagt accgttggag 16260
caaaatttgg cagcagttat agaaggagaa atcagtagtt gtatagcttt agctggacga 16320
aaggcggaag tgattaattt tggagtgact ggttatggaa cagaccaaga actaattact 16380
ctacgggaga aagtttggga ctattcacct gatatagtag tgctagattt ttatactgge 16440
aacgacattg ttgataactc ccgtgcgetg agtcagaaat tctatcctaa tgaactaggt 16500
tcactaaagc cgttttttat acttagagat ggtaatctgg tggttgatge ttcgtttatc 16560
aatacggata attatcgctc aaagctgaca tggtggggca aaacttatat gaaaataaaa 16620
gaccactcac ggattttaca ggttttaaac atggtacggg atgctcttaa caactctagt 16680
agagggtttt cttctcaagc tatagaggaa ccgttattta gtgatggaaa acaggataca 16740
aaattgagcg ggttttttga tatctacaaa ccacctactg accctgaatg gcaacaggea 16800
tggcaagtca cagagaaact gattagctca atgcaacacg aggtgactge gaagaaageca 16860
gattttttag ttgttacttt tggcggtecc tttcaacgag aacctttagt gcgtcaaaaa 16920
gaaatgcaag aattgggtct gactgattgg ttttacccag agaagcgaat tacacgtttg 16980
ggtgaggatg aggggttcag tgtactcaat ctcageccaa atttgcaggt ttattctgag 17040
cagaacaatg cttgcctata tgggtttgat gatactcaag getgtgtagg geattggaat 17100
gctttaggac atcaggtage aggaaaaatg attgcatcga agatttgtca acagcagatg 17160
agagaaagta tattgcctca taagcacgac ccttcaagcec aaagctcacc tattacccaa 17220
tcagtgatcc aataaagaac tgggcatcac ttatgatgtt tactaatttc agttccgttg 17280
atgttaatgc gtaactttta ttactagttg taaagctgag atatgacaaa taccgaaaga 17340
ggattagcag aaataacatc aacaggatat aagtcagagc ttagatcgga ggcacgagtt 17400

agcctccaac tggcaattcc cttagtectt gtcgaaatat gcggaacgag tattaatgtg 17460
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gtggatgtag tcatgatggg cttacttggt actcaagttt tggetgetgg tgeettgggt 17520
gcgatcgctt ttttatctgt atcgaatact tgttataata tgcttttgtc gggggtageca 17580
aaggcatctg aggcttttgg ggcaaacaaa atagatcagg ttagtcgtat tgettetggg 17640
caaatatggc tggcactcac cttgtctttg cctgcaatgc ttttgetttg gtatatggat 17700
actatattgg tgctatttgg tcaagttgaa agcaacacat taattgcaaa aacgtattta 17760
cactcaattg tgtggggatt tccggeggea gttggtattt tgatattaag aggeattgee 17820
tctgetgtga acgtccecca attggtaact gtgacgatgce tagtagggct ggtcttgaat 17880
gceecggeca attatgtatt aatgttcggt aaatttggtce ttectgaact tggtttaget 17940
ggaataggct gggcaagtac tttggttttt tggattagtt ttctagtggg ggttgtcttg 18000
ctgattttct ccccaaaagt tagagattat aaacttttcc gctacttgea tcagtttgat 18060
cgacagacgg ttgtggaaat ttttcaaact ggatggcecta tgggttttct actgggagtg 18120
gaatcagtag tattgagcct caccgettgg ttaacaggct atttgggaac agtaacatta 18180
gcagctcatg agatcgcgat ccaaacagcea gaactggega tagtgatace actcggaatc 18240
gggaatgttg ccgtcacgag agtaggtcag actataggag aaaaaaaccc tttgggtget 18300
agaagggcag cattgattgg gattatgatt ggtggcattt atgccagtct tgtggcagtc 18360
attttctggt tgtttccata tcagattgcg ggactttatt taaaaataaa cgatccagag 18420
agtatggaag cagttaagac agcaactaat tttctcttct tggcgggatt attccaattt 18480
tttcatagcg ttcaaataat tgttgttggg gttttaatag ggttgcagga tacgtttatc 18540
ccattgttaa tgaatttggt aggctggggt cttggcttgg cagtaagceta ttacatggga 18600
atcattttat gttggggagg tatgggtatc tggttaggtc tggttttgag tccactcctg 18660
tccggactta ttttaatggt tcgtttttat caagagattg ccaataggat tgccaatagt 18720
gatgatgggoc aagagagtat atctattgac aacgttgaag aactctcctg acgaacagat 18780
tgaattgcct tggtcttgac acttcgttaa cctaageatg agagtatagg ctatactctg 18840
ccgtggttaa ctgagtgttg tcctggatcg aggacgeage ctggetgage aacaaaaaag 18900

actggaatct tgacctgtca atggttttaa ctgctagttt gcggetggtg tcageagett 18960
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cgccatttct gcgectaaga cttgacctag ccataatatt ttagtattat gatgagegat 19020
cttaatcaaa ggcaaaaaat ttacaattaa tctattgtta cattaatttt gctcctcatt 19080
ctgtttaaat tttcagtgac attgtaatct aactcaaaat gaaaacaaac aaacatatag 19140
ctatgtgggc ttgtcctaga agtcgttcta ctgtaattac ccgtgcetttt gagaacttag 19200
atgggtgtgt tgtttatgat gagcectctag aggcetccgaa tgtettgatg acaacttaca 19260
cgatgagtaa cagtcgtacg ttagcagaag aagacttaaa gcaattaata ctgcaaaata 19320
atgtagaaac agacctcaag aaagttatag aacaattgac tggagattta ccggacggaa 19380
aattattctc atttcaaaaa atgataacag gtgactatag atctgaattt ggaatagatt 19440
gggcaaaaaa gctaactaac ttctttttaa taaggcatcc ccaagatatt attttttctt 19500
tcgatatagc ggagagaaag acaggtatca cagaaccatt cacacaacaa aatcttggea 19560
tgaaaacact ttatgaagtt ttccaacaaa ttgaagttat tacagggcaa acacctttag 19620
ttattcactc agatgatata attaaaaacc ctccttctgc tttgaaatgg ctgtgtaaaa 19680
acttagggct tgcatttgat gaaaagatge tgacatggaa agcaaatcta gaagactcca 19740
atttaaagta tacaaaatta tatgctaatt ctgcgtctgg cagttcagaa ccttggtttg 19800
aaactttaag atcgaccaaa acatttctcg cctatgaaaa gaaggagaaa aaattaccag 19860
ctcggttaat acctctacta gatgaatcta ttccttacta tgaaaaactc ttacagcatt 19920
gtcatatttt tgaatggtca gaacactgag tttgatcgta accgttcaga ggggggatag 19980
aagcgcgatt agggagatcc aaaaaataaa atatctagec gtctaacctc tttattttca 20040
tcgattctte ttaccgttcce ctattcccte ccttcaccag ttegtttttg ggtaggtgea 20100
agatctgagc ctcccaccta gggecgatct ggcagtgege gatcgecact ageccatgga 20160
aaactagcac tttttgggga acagccaaaa cctttattga gtaagaattt gaaaaagtge 20220
aagttaagag gcaatgacta aaaatttttt tctactcttt tcaggataga attccagttt 20280
ctagagccgt tgtaaccgta catatcttga tagtacgtat cgatgaggta ctcattttcg 20340
tggagcatta accagctttt taactccgcet aatttctgct ctecttttte tattaattct 20400

tgctcatcca aatcatcect gtccaactec teectgteca actcecacat agttttgttg 20460
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gtatcttcga caatcaagta gtctccactt tttagaccgt tttcgtgaaa atattcaact 20520
actcccaccg cattagcatg ggcatcttct acgatcaacc agggatgagce aageccagaa 20580
agcagttccg acgacattat tgcacccata ttgttacaat ccccctctaa aaaatgaacg 20640
cgagagtcag tttttgcttt ctcgtcgagt agggaaagat cgatatcgat acagtagaca 20700
caaccttcta tttggaacag ttctaagtga tcggcetagec aaatcgeget gecaccgett 20760
aatgctccta tttcgattat tgttttcggg cgaagctcat acaggagcat tgaataaaga 20820
gctatttcgg tgcacccttt caggaagggt atccctttcc aagtgaacaa atcgeggttt 20880
gccaagagceg ctetccaagce tggeactgga atagcacatt tatcttctet ttcagaaatt 20940
ttggcaaacc gattaggttt gaaaggtgca actttatagg cggcttcttg aacaaatttt 21000
tggaagctca tctaattttc ctcttaggtg ttagaacatt tgtaaaatct tggegatttt 21060
ttgttttctt tcttgaatat agcaaccgece aaggeggttt gagcataaac tggatgtagt 21120
cceegtgttt tacggttgag acttaggtaa ageggctttg tttgtactct cccattattc 21180
aaatagccgt agtttatgat cggtatccaa ttcgetattg ttttttctge catatcccca 21240
acctaagatg cgacgatatt cacccataat gccactgtca attaaatcat cctcgttgac 21300
tgcaacattg gtatgagatt gcggcgceaac atagagegcea tccgeaggac aatatgettc 21360
acagatgaaa caagtttgac agtcttcctg tcgggcegatc gcaggeggtt ggttgggaac 21420
tgcatcaaag acattggtag ggcatacttg gacgcaaaca ttacaattaa tacagagttt 21480
atggctgaca agctcgatca tcatactgct cctgetacaa ctttaatact ggggctgtgg 21540
tttaagtggt taatactggt ggtgtagegce tcgeatectt cacccaatee cgtetcacce 21600
aaagcctttc taagccgecce gtggettggt aataaagcetg atttggatcg gtttcaggat 21660
agtctatgcg aatatgttcg ctacgcegttt ccttgegatg taaagegcta aaatatgece 21720
atcgtgctac agacacaaga gcagccgcete gacgagaaaa ttccagatcg cgeactgtat 21780
cttgtttcgg gttcccttgt acttgetgee acagcatttc taatttggeg agggaatcca 21840
aaagtccctg ctcacagegce aagtaattct tctctaatgg gaacatctcg gettgtacac 21900

cgcggacaac tgectcgcta tcgaatgttt cggaaccagg gtactgggaa cgtaatccgg 21960
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cttgacctgc tggacgcaca acccgttcat ggacatgage geccaaacte ttggecaaagg 22020
cggctgcacc ttccectgece cattgtectg tagagattge ccaageagea ttaggaccat 22080
cacccccaga agcetatccca getaaaaact cccgegatge tgeatctceg geggeataca 22140
gtccaggaac ttttgtacca caactatcat tcacaatccg aattccacct gtaccacgga 22200
ctgtaccttc taaaaccagt gttacaggta ctcgttctgt ataagggtca atgccagett 22260
ttttataggg tagaaaggcg atgaagtgag acttttcaac caatgettgg atttcaggtg 22320
tggctcgatc caaacgagcea taaacgggac ctttcaggag ggcattgggc aggaacgatg 22380
gatcgegacg accattgata tagccaccaa gatcgttace tgectcatcg gtgtaactag 22440
cccagtaaaa gggagcagcece cttgtcactg tggcattgaa ageggtcgag atggtatagt 22500
gactggaagc ttccatactg gagagttcge cgecagcette caccgecate ageagtccat 22560
cgcctgtatt ggtattgcaa cctaaagctt tacttaggaa tgcacaaccg ccattcgeta 22620
gaactactgc accagcgega acggtatagg tgcgatgatt ttgectctgt acacctctag 22680
ctccagecac ggagecgtece tgggctaata acagttctag agecggactt tggtcgaaaa 22740
tttgcacacc cacacgcaac aggttcttge gaagtacccg catatattcc ggaccataat 22800
aactctggceg cacggattce ccattttctt tggggaaacg atagecccaa tcttccacta 22860
agggcaaact cagccaagct ttttcaatta cacgttcaat ccaacgtaag ttagcgaggt 22920
tatttccttt gctgtaacat tcggatacat ctttctccca attctctgga gaaggtgcca 22980
tgacgctatt gccactggea geagcetgeac cgetegtace tagaaaacct ttatcaacaa 23040
tgatgacttt gacaccttgg getccagecg ceccatgetge ceatgeggeg geaggaccac 23100
caccaattac cagcacgtca gcagttaatt gtagttcagt gccgcetatag getgtaagea 23160
attgcttttc ctccttgttt aaagtcaagt tcatactttt aattatctte tgecagtcggt 23220
cgaatcaaaa tttcatttac atttacatga tcgggttgtg tcactgcata aattataget 23280
cttgcaatat cctcactttg taaaggtgtt attgtactaa gttgttcttt actaagetgt 23340
ttcgtgatcg ggtcagaaat taagtcatta aatggcgtat cgactaaacc tggctcaatg 23400

atggtaacgc gaatgttgtc taaagatacc tcctggcgta atgcttctga aagageattg 23460
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acgcctgatt tggcagcact ataaacgacc gcaccggact gegetatect gecatcgaca 23520
gaagatatat tgactatatg accggatttt tgggccttca gaagaggcaa aactgegtgg 23580
atagcatata aaactcccag aacattcaca tcgaatgctc gectccagte tgegggattt 23640
ccagtatcaa ttgcaccaaa cacaccaatt cctgcattat tcaccaaaat atctacatgt 23700
cctagctcaa cettggtctt ttggactaga tgatttactt gagattcgtce tgtaatatct 23760
gtaacaatag gcaatgcttg accaccactg gcettcaatce gttttgetag tgeatgcaaa 23820
agctcagcac gtettgecgge gatcgceaact tttgeccect ccgeagetaa agcaaatget 23880
gtagcctctc caatcccaga ggaagcetcca gtaataatcg ccacttttce atccaattta 23940
cctgecatca gtcactectt agttttcgtt ttgetggtec aatatgtaat aagtgegttt 24000
tgtacttgat tttgttcttt ggtgattttt atataggage gcataaagtg cttagtgatc 24060
actttatttt ttagtgccat tcaacttaaa ttaacaaacc ccataagtaa cacctagttg 24120
ctttagccat cgacgatagg caagtgtgca tctatctgat ggtacgtgea tttcgtgtga 24180
aaacaattgt gtatttatct gctttggagt taacagtggt aaacgtaccg getgttgtge 24240
atgtaagatc cgaatatctt gttctattgt ttcgtcatat tcagttagcea tctttgactc 24300
taacgtttca tacccgttce acattatcaa catacgcaat acactatttt cctcatcaat 24360
cggtgtgatc gtcattaaat ccacaatcct catttcaggg gattctgaaa cgeagtattg 24420
acataaagga tgactaagcc tgaaccaatt aacccaagag tcatcttcga tatggctgac 24480
aatccttgat gtctggaatt gatacttacc catagtaagg ccatctttat ctaatttcac 24540
ctcaaattct tccacttttg tataattgcg atcacctaac caaccgtcat ggataaaagg 24600
aaaatgagac acgtctaagg aattatccat cacacgaaac gcactagctt taatcaagta 24660
agacttggta taagtcttgt gataattcgg atcatcccat tcaggaaatg aaggtatatc 24720
attaacagga tcgcccaage acacccacac taagecatag cgetcetggg agtgatatgt 24780
cctggcttca geacttgeeg gtggtaccat gccagggtga getgggatct gtatgeattt 24840
accagcctca ttgtatctcc atccgtgata cggacaaact aaagtattat tcgtaatttc 24900

tcccatagac agaggaacac ctcggtgggg geagtagtca agecatacct gtatgggtga 24960
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attttgttca taactgcgcec ataataccaa cttcactccc aacaaacgag atctggtgat 25020
acttccaggt ttacagtctt ctacattggc gactacgtgc cagttattga ttaagattgg 25080
gtcggtagtt gtcataattg tctcctagtt ttgecageca gegaggegta agtcagaatt 25140
taagtttatg cttgtgtttg agcctgegat cgctaaatta tecttttcaa ggecatccace 25200
aacagtggtt tgatgttgtt ttttgtaaaa atcagagtta gcatcctgta atcggtaatt 25260
gaagtgttge cagctgcggt atgccataca gttggtgtat aaaacattge tgececteet 25320
ggaagtgaaa gacatatttc tgcatttagt gaattggcag aagatgaatc taatgagtgt 25380
tcccattggt ggcetacttgg tataactcge attgtaccca tagtattate tgtatcctgt 25440
aagtatatag ttatgaatac catggcttga ttggctactg gaaccaacaa ccgaagegeg 25500
tcgtcattta actcgttttt tgacatggat gcaagtgcgt tcaatacttc aactacatat 25560
ccatggtctt gatgccaagce aatgtatcct gtacctgeac gaattatggce tagatcggtg 25620
atcaatagga agatatcaga cccaattaga gcctgtactg gtcccatcac agttggaage 25680
tctaaaagcc tctgaattat cttttgatac ctaactggat ctgggatagt atgctcagac 25740
caccactcat agtcacccgce caatactcce ccacgttttt gttcggtaat aagttctact 25800
tcatgccgta tttcttcaat taacgctttt ggtacagcett cttcaactgt gaaataacca 25860
tcatttgtgt aagcttgttt ttgttccgcet gtgageatct ctcttattct cttgeaattc 25920
aaaggattta gtggatcgtc tggacataat taaggtcaat actgctgtaa ctatcaatgg 25980
ttagtaggaa ttatcctata gctgttcttt ctctggatag aagaaaggtt gtgagaaget 26040
cgcteccgact tcatttcage caatttttct gcagaccaat actgaaaata tcecaatctt 26100
aataattcat cactagcctc ttgtaactgg ctgaatgact gtactgatgc taaaacatac 26160
ttagggtgag ttatgattac gttattcaca ttctccgegt catcaccaac atattgtttg 26220
tctggatgceg atcctaaage taccaaatcg tattctggta atacataatt cgecttggta 26280
atgtaccttt ccaacctctg tgcatctagg ttttgagggt cgcagcecaaa aatcaccatt 26340
tcaaagtcat tattccatgt tcttatctgt tccattagaa getctggeag ttcaggtcca 26400

tgaaaccaac gaacactaac acggttattt aaccaagctg ccttcgegta aggacagggt 26460



19

ggaaaatttc ctgttagagg attgggaatg ctgacaacat tgataatcca atcctctatt 26520
tcttggcgaa attgttcgat atttatcata actgttgatt tttcctcctt tgtagtaatt 26580
agtagttaaa ggatttagtg gatattaatc taggtcatag tataaccata tattaggctc 26640
gatgtatatt cccatattgt tgggatagtc aattttgaca ggtactaage ctttgggaat 26700
aatatagtca ccagtttctg gaaaacgcat cccaactcta tcttcccaac cgtcaatagt 26760
atcattaatt gttgtggatt taaaacagat ccctgcaatt ttagcccecat gtttgacatt 26820
aactcgtaac caagggtcaa atataagacc atttttatct cgccaggtaa tataccgetc 26880
tatgggtata agtgggtaaa gatattttag gettggacgt gcagecatga tcaaagaatt 26940
aagaccgtgg tattgagcaa gttctttcat gtatccaatc agatactgac tcaagttttt 27000
gccttgatac tctggtagga ttgaaatcga tactacacat aacgcattag gcaggeggtt 27060
ctgttctcgg tcttcaagec acttggctaa ageccagtea caaccttegt ccggtaacte 27120
atcaaaacgg ctttcataag ttaaagggat acagtttcct tgcgctatca taagetgtgt 27180
ggtagcttct actaacccaa actggaattc tggataaatt tcaaatagag ctaaggaage 27240
tggatctgec cagacatcat gtatcaaaaa ttttgggtat gcttgatcaa agacactcat 27300
cgtcctttce acaaaatcag aagtttcttt tggggttaca aagctatact ctaaattatg 27360
ctgtacaatt tgaatggtca ttggttattg gctaatcctt aaatttatac tggaagtcaa 27420
atgagatctc actatcgtta ttatctggaa gtacttgcac tgtcaattca ttaccgactt 27480
tcccattcce aggcataatt aataagttag ggtgaggtgg aatgecgteg tactgtcgga 27540
cgcggcegaaa aatgctcgaa ttctcgecac catgtttatt caagaggact tcaactggtg 27600
tgatgacaaa agtcattcct gacccaaggt ggcgegatcg ccgcettttga tttgetggag 27660
tggaaacact aacaaataag gcacaccctc ctagagaata agaccagtta gcagactgeg 27720
gatcggcaga ccaatggceag ggacaagaca ccgeatcaag getatgtaac geattcaaaa 27780
aatcaaatgc ttgacctgca tattcctcta ctgtaagaac tgttggttca ggtgggaaaa 27840
agatgacaag tgtcagaaga tccgeatttt cgtgetgaag caattcgttt tcattaactt 27900

catcaatgta tttgtagata ccctcaagcg tatgctcaac caagatcggg tcagttaaag 27960
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atgagactat caggtatcta atcattccct tctgttccce gatagttcce cagaagcaag 28020
ggaaggcaga atcgctgatt gtttcaacaa atgttgagta getagtgegt acccaagcag 28080
gaaggcactc ctctagaaga gaggattcca tetggctttt gttccagatt ggtgtaactc 28140
cgtcaggaca taaattcttg attaccatag ctgagttgaa aagtgagctt atttatacaa 28200
aaacgatgga agtgacacct gatggatggg acttcaaccc cctacacata attattatca 28260
ttactatgtg gcaggtcctt ctatatctta ttttttggaa gtccctgaaa attattcaac 28320
aagatcgaga cgttgttgtt gccagaattt gtgacageca ggtcaagcett getgtcgecg 28380
ttgaaatccg caattgctat agattcagga ttagtaccga ctggaaagtt agtagectatg 28440
ccaaaagacc cattaccatt tcctggtaag accgagacgt tattgctact ataatttgta 28500
acagccaggt caagtttact gtcgecattc acatctctaa tcgctacaga gtagggatta 28560
gtaccggctg gaaagttagt ggctgegeca aaagacccat taccatttce cagtaagace 28620
gagacgttat tgctgctagt atttgcaaca geccaggtcaa gettgetgte gecatttaca 28680
tccccagttg ctacaaatat gggattagta ccgactggaa agttagtgge tgegecaaaa 28740
gacccattac catttcccag taagaccgag acgttattge tgacccaatt tgtaatagca 28800
aggtcgagct tactgtcget attaaaatcc gcaatcgeta cggaaatcga ataagtatcg 28860
acagggaagc tgctggcetge gecaaaagac ccattaccat ttcccagtaa aaccaagace 28920
ttattgtcga accaatttgt aaaagcaagg tcaagctcac tatcgttatt cacatctcca 28980
atggctacag aataagggtt agtaccaact gaaaagttag tggctgegec aaaagaccca 29040
ttaccatttc ctagtaagac cgagacgtta ttgctactaa aatttgcaac agccaggtca 29100
agcttgetgt cgecatttac atccccagte actacaaaga cgggattagt accgactgga 29160
aagttagtgg ctgcgccaaa agacccatta ccatttccca gtaagaccga gacgttattg 29220
tcgaaccaat ttgtaacagc caggtcgagc ttactatcgc tattgaaatc cccaactget 29280
acagagtcag catcaagacc agttgggaag ttaatagcag tagcataact actcctgtgg 29340
gcaaatctca ctcctacgga caaattaacc ggaacactaa attgcccaga aagcettttca 29400

ttcttcagat aatagtcagt tatatttgct aatgcaacag gagttataca taaaaatgta 29460
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ctaacagata atatccccgc tataattagt aaagtgagcec ttttcacgag ttgtatagtt 29520
caaatgtatt aacaatgttt gtagccatac accatcgtgt atgaagaaag gtattgatcg 29580
caaaatatct atccttgatc tagcctatca cctaagttaa gecatattga gttctattta 29640
gattttcttt ataaatcagc tataatctat tgtttgaaaa ttgtgaattt gttttccacg 29700
tatttgagta gttgttctag getttcctcg acggtgagtt cggatgtttc cacccataaa 29760
tctgggcetat tgggtggttc ataaggggeg ctgattcccg taaatccatc tatttcccca 29820
ctgegtgctt ttagataaag acctttcgga tcacgetget cacaaagttc cagtggagtt 29880
gcaatgtata cttcatgaaa tagatctcca gctagtctac geacctgtte tcggtcattc 29940
ctgtagggtg agatgaaggc agtgatcact aggcatcctg actccgcaaa gagtttggca 30000
acctcaccca aacgacggat attttctgag cgatcactag cagaaaatcc taaatcggaa 30060
cacagtccat gacgaacact atcaccatct aaaacaaagg tagaccatcc tttctcgaac 30120
aaagtctgct ctaattttaa agccaatgtt gttttaccag ccccggacag tccagtaaac 30180
catagaatcc cgcttttatg accattcttt agataacgat catatggaga tataagatgt 30240
tttgtatagt gaatattagt tgatttcata ttgctggagt ttagactaaa cagaagagcg 30300
atcgctccat gectgagatt ttagtcagta tttccactcce tgtcaaacca ccaaaaacac 30360
ggggtaacct ggaaaattce cctggggatc agetgaaaac tgetgtttaa cctgeattat 30420
tcatgaaggc aaaaacagga aaaacaaaac ctaacattta taccccaatt tatggcggaa 30480
ctaacttaat aagtaaaaag taaattaaac ctaattaaaa tccctgattt taaccccaaa 30540
atcaatattt taaacctcaa aacttctctt aatcccccat ttagacacac ctatcctatc 30600
aaggcttaat tttaagaaaa aattatttca aactcgctcg ccaaacgctc cataatcaaa 30660
ttaatttcag acgaaaaagg acagtaatat ggtagctcta ccaacaccct tcttgeggaa 30720
actgtcacct tcgetgcetat tttgataatc gtttcectta acctaggaac ctgggcettta 30780
gcceagttttg ttcectgtge tgettgecga attcccaaca ttaaaatgta agetgettga 30840
gataaaaata accgaaactg attgacaata aatttctcac agctgagtct atctgatttt 30900

atccccagtt ttaattcctt aattctatge tctgaagtag ctectctttg aacataaaat 30960
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ttatcgtata aatcctgagc ttctgtttcc aagcetagtaa ttataaatct aggattgggt 31020
cctttttcta gecattetge tttcataatt actcgecgag gttetgacca actccgaget 31080
gcgtaataca catcatcaaa taaacgaact ttttctcctg tgegacaata ttccagtetg 31140
gctcggtcaa gaaggtaatt aatttttcgt tttaagacat cattattget gaatccaaaa 31200
acatatccaa ccccgctttt ttcacaaacc tcaatgattt ctggtaacga gaaacccccg 31260
tctccectca gaacaattcet aatttcaggt aaggcetcttt tgattcgcaa aaataaccat 31320
tttagaatgc cagctactcc tttaccagag tgagaatttc ccgeccttag ttgtagaact 31380
aatggataac cactggaagc ttcattaatc agaactggaa agtagatatc atgcctatgg 31440
taaccattaa ataagctcag ttgttgatga ccatgagtta gagcatccca cgcatctatg 31500
tccaggacaa tctcttttga ttcccgagga taggattcta ggaatttatc aacaaataac 31560
cgacgaattt gtttgatatc tttttgagtc acctgatttt ctaaacgact catagttggt 31620
tgactagcta ataagttttc tcctactgtg ggaacttgat tacaaactag cttaaaaatt 31680
ggatcttgge geaatttatt actatcgttg ctatcttcat agccagcaat tatttgataa 31740
attcgttggc taattaattg agaaagagaa tgtttgactt tagtttggtc ccgattatcc 31800
gtcaaacaat ctgccatatc ttgacaaatt tttacctttt cttctacttg tcgtgecaga 31860
ataattccgce catcactact taaactcata tcagaaaaag tcagatctaa agttttttta 31920
tcgaagaaat ttaaagataa tcttgaggaa gatttagtca tatatagtgg ataggtttaa 31980
tttttaaaat cctgatttat tatagctgtt tttattcctt tttttcagtt tataactaaa 32040
gttagttatt atttaatttg gtgacggata ggaattacag agtgttggga tgacaaaatt 32100
gcegtagcetg ttgeagtata accctttcag cgatttttat tctactctga tgaataatce 32160
aggataggct tgccatcact ttctgggtag acaatgtcag gegegattgt ctcceccacce 32220
tgattaacgt tagattttat cacccccagt tgagtttttg gtgcaatttc cctcaccata 32280
tctatacctc ccattcactt tggtattgac tcaatcggtt caatttacta taacatgact 32340
tatgtggggg tgtgtgceata cectcactta aaattaatgg atttgaatct cctegeactg 32400

ctgcaacttg aaaaactctg agagtcagtt gagagctaac tctaccagga ggagagtttt 32460
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taaaaacccc cttcccgage gatcgcataa tttatggtat acaagaatag tgggtgaaaa 32520
actaactggc gatcgctctt ttcatttaag agacacccct tagttttttt tgcagtctca 32580
tgaatttaaa cgatatctaa ttattttcaa cctatctttg ccctgtaaca atgtatgcta 32640
ccctttgace aatattagta geatgatctg ccattctctc taaacactga attgetaatg 32700
ttaatagtaa aatgggctcc actaccccgg gaacatcttt ctgetgegee aaattacgat 32760
ataacttttt gtaagcatca tctactgtat catctaataa tttaatcctt ctaccactaa 32820
tctcgtctaa atccgctaaa getactagge tggtagecaa catagattgg geatgatcgg 32880
acataatggc aacctccccc aaagtaggat gggggggata gggaaatatt ttcattgeta 32940
tttctgccaa atctttggca tagtccccaa tacgttccaa gtctctaact aattgecatga 33000
atgagcttaa acaccgagat tcttggtctg tgggagcttg actgctcata attgtggecac 33060
aatcgacttc tatttgtctg tagaagcgat caattttttt gtctaatctc cgtatttget 33120
cagctgcetgt taaatcccga ttgaatagag cttggtgact cagacggaat gactgctcta 33180
ctaaagcacc catacgcaaa acatctcgtt ccagtctttt aatggcacgt ataggttgag 33240
gtttttcaaa aattgtatat ttcacaacag ctttcatatt tttaatctcg ggtttaatat 33300
atttctagct attatagtct tgattcagaa atatccgcca tcatgttgaa ccacctgggg 33360
aagatgaatt tgtatccaag caccaccggt atcaggatgg ttcatggecc tgattttgee 33420
accatgagct ataattattt ggcggacaat ggataaccct aaaccactac cagtaatttc 33480
tactgtttca ttctcagage gggactcgeg gtgtctaget ttgtcccece gataaaatct 33540
ttgaaagaca tggggtagat ccatgggage aaatccaacc ccggaatcaa taatgttaat 33600
ttctaaaatc tgatttgata cttggtttaa tattgtatct gettctggat caaccccatt 33660
aatagacttc tccccacaaa ctggattcat ttcaatgaaa atagtaccgt tcaggttget 33720
gtatttaata cagttatcta acagattaag aaacacttga taaattctgg acttatcagc 33780
acatatatag accttttccg ggccggagta agaaatacta agatgetgat tagcggetag 33840
gggctctaaa ttctcccaga ctgaaaaaat tagggagegg acttctagea tttccaaatt 33900

cagttgtatg gaggaggtta tttccatctg ggtcaggtct aaccaatttt ggactaaatt 33960
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aattagtctg tcaacctcct gcatcaageg gatgacccaa cggtttagag ggggatctaa 34020
gcgagtttge agggtttctg cgaccagacg aatggaagtc agaggtgtte tcagttcatg 34080
ggccaggtct gaaaaagage ggtcacgttg ctgatgaatg tctacaaatt gttggtgact 34140
ttctagaaac acacccactt gtcccceegg taggggaaaa ctgttagetg ctaaagacaa 34200
tggctttaat cctaaaatac cctgaccatg atctcgggaa gggtgaaaaa tccactcttg 34260
catttgcggt ttttgccaat cccgggtttg ctcaattaac tgatccaget cataggatct 34320
cactaattcc agtagcaggc gcacttgacc cggttgecat ctttgtaaat acagcatttc 34380
ccgegcegeac tgattacace atagtagttg gttttcttca tctacttgta aatatcccaa 34440
aggcgcagca tccagcaact gttcataagce tttgagtgac aagegtaagt tttgttgetc 34500
atctctaacg gtagatattt tacgatgtaa tccagctaat aggggtaata atatcttttc 34560
agcgtgaggg tttaagggtt gggttaactg ctccaaatga ctgttaagtt gaaattgttg 34620
ccaaagccaa aaaccaaaac cgactgecaa acccagaaga aatcccaata agaacatttg 34680
atcgtaagtg tgctatttga ccggaattaa agggggagga tccaageacg gtetttacag 34740
gacggctttt tctaattgtt aaattataat tataatcggt agggactgct ttgggaaaat 34800
gcgatcgecc aggtatctgt aaccatttct gtaccacagg ttagactgga tcaggtaact 34860
gatacacttc ttgctgaatt ttatgtccaa tcaaaatgac aactcccaaa atgataactc 34920
ccgtgacaag agccaaaaac ccgaatccag cagatggttt aaaataaaaa gaccacgacc 34980
acctaaagga ataggaaaac caaaaacaga atagcccaca tatagaaatc aaccaaatct 35040
atagccaaaa cccctaactg tgacaatata ttctggatgg ctagggtcta actctaattt 35100
ttccctcage catcgaatgt gaacatccac cgttttactg tcaccaacaa aatcaggace 35160
ccaaacctgg tctaataact gttccecgtga ccacaccctg cgagceataac tcataaatag 35220
ttctagtaac cggaattctt tcggtgacaa getcacctee ctecctetca ctaacacccg 35280
acattcctga ggatttaaac tgatatcctt atattttaaa gtgggtatca agggcaaatt 35340
agaaaaccgc tgacgacgta acagggcegeg acacctagec accatttece gtacgetaaa 35400

aggcttagtt aggtaatcat ccgeecectac ctctaaacce agcacccggt cagtttcact 35460
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acctttcgca ctcagaatta aaatcggtat ggaattacce tggtgacgta acaaacgaca 35520
aatatctaat ccgttgattt gtggcaacat caagtctagc acaagcaggt cgaaggataa 35580
ctcaccaggt tgggtctcta aattcctgat taattccaca gecacaacgac catccttage 35640
agtcacaact tcataacctt caccctctaa ggctactaca agcatctcte ggatcagttc 35700
ttcgtcttce actattaaaa cgcgactaac tggttcaata tccgatttag tgaagtatct 35760
agggtaattc agtagtatac attgataaca aaaatttgta agaatgtact ggtctgggtt 35820
tcccactagt atatgatcct cactcattga tgecacatat tggggaacac ggaattettg 35880
tattcaatac aacaatttgc ttaaatttat aattcaaata ggtgttttat agaaaatttt 35940
gtcgaatatt tccacatttg tggcttttag ttcaggcaaa acgagagaag tctaaagtgg 36000
gtggaatatc ctgaattctt ccaggaccta tagececcgtag tgettctggt aaactaatat 36060
ccccagtata tagggcttta cccacaatta ctcctgtaac cccctgatgt tctaaagata 36120
ataaggttaa taggtcagta acagaaccca cacccccaga ggcaatcacg ggtatggaaa 36180
tagcagatac caagtctctt aatgctcgea agtttggtce ctgaagegta ccatcacggt 36240
ttatatccgt ataaataata gctgecgeac ccaattcctg catttgggtt getagttggeg 36300
gggccaaaat ttgagaagtt tctaaccaac ccctggtage aactagacca ttccgegeat 36360
caatcccaat tataatttge tgggggaatt gttcacacag tccttgaacc agatctggtt 36420
gctctactge tacagttcce agaattgecc actgtaccce aagattaaat aactgtataa 36480
cgctggagct atcacgtatt cctccgecaa cttcaatagg tatggaaata geattggtaa 36540
tagcttctat agtagataaa ttaactattt taccagtttt tgctccatct aaatctacta 36600
aatgtagtct tgttgctcct tggtctgece acattttage ggtttccaca gggttatgge 36660
tgtaaacctg ggattgtgca tagtcacctt tgtagagtct tacacaacge ccctctaata 36720
gatctattgc tgggataact tccatgacta attagtgaat aggttaattt cagttgaget 36780
aaatggagaa ggagggattc gaaccctcgg atggacctta cgattccatc aacagattag 36840
caatctgccg ctttcgacca ctcagecacc tctccaggtt tgttataaat tatgatgggt 36900

caatcctaac agacaatttt tggcttgtca agagattttt tgcaagtgga ggaggaaatc 36960
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cgtcagggat ttcaatcctg gtcaactttt ttttgatttt gaatataaag ttaagtttaa 37020
caatttctag tggcgcetcct ccaacagtag atataaaata tgagttggtc cacaatgaag 37080
gacgtcttga ttttaatagt caaatccctc caaatccatt ataatcccat gaatgctett 37140
tcaattccta cctggattat ccatatttct agtgtcattg aatgggtagt tgecatttcc 37200
ctcatctgga aatatggcga actgacccaa aaccatagtt ggaggggatt tgccttaggt 37260
atgatacccg ccttaattag cgccctatce gettgtacct ggcattattt cgataatcce 37320
cagtccctag aatggttagt caccctccag getactacta cgttaatagg taattttact 37380
ctttgggcag cagcagtctg ggtttggcgt tctactcgac cgaatgaggt tctcagtatc 37440
tcaaataagg agtagaccgt tatgatgtca aaagaaactc tctttgetct ctecctgttc 37500
ccctatttgg gaatgttgte gtttctcagt cgeagtceee aaatgecccce ttaagggete 37560
tatggattct atggcacttt agtatttgtt ggtgttacca ttccag 37606

<210> 2

<211> 1320

<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 2
atgatcccag ctaaaaaagt ttatttttta ttgagtttag caatagttat ttcacccttt 60

ttatccatga ttgtgggtat ttacgaaaat attaaattta gggtattatt tgatttggtg 120
gtcagggcac taatggtggt tgactgettc aatatcaaaa aacatcgggt caaaattagt 180
cgtcaattac ctctacgttt atctattgga cgtgagaatt tagtaatatt gaaggtagag 240
tctgggaatg tcaatagtge tattcaaatt cgtgattact atcccacaga atttcccgta 300
tccacatcta acctgatagt taaccttcce cctaatcata ctcaggaagt aaagtacacc 360
attcgaccta atcaacgggg agaattttgg tggggaaata ttcaagttcg acagetggga 420
aattggtctc tagggtggga caattggcaa attccccaaa aaactgtggc taaggtgtat 480
cctgatttgt taggactcag atccctcgct attcgtttaa ccctacaate ttetggatct 540
atcactaaat tgcgtcaacg gggaatggga acggaatttg ccgaacteeg taattactge 600

atgggggatg atctacggtt aattgattgg aaagctacag ctagacgtge ttatggaaat 660
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ctgagtcccc tagtaagagt tttagagcect caacaggaac aaactctgct tatattatta 720
gatcgtggta gactaatgac agctaatgta caagggttaa aacgatatga ttggggttta 780
aataccacct tgtctttggc attagcagga ttacataggg gegatcgegt aggagtaggg 840
gtatttgact cccagcetgea tacctggata cctccagage gaggacaaaa tcatctcaat 900
cggcttatag acagacttac acctattgaa ccagtgttag tggagtctga ttatttaaat 960
gccattacct atgtagtaaa acaacagact cgtagatctc tagtagtgtt aattactgat 1020
ttagtcgatg ttactgcttc ccatgaacta ctagtagegc tgtgtaaatt agtgectcga 1080
tatctacctt tttgtgtaac actcagggat cctgggattg ataaaatagc tcataatttt 1140
agtcaagact taacacaggc ttataatcga gcagtttctt tggacttgat atcacaaaga 1200
gaaattgctt ttgctcagtt gaaacaacag ggagttttgg tgttggatge accagcaaat 1260
caaatttccg agcagttggt agaaaggtac ttacaaatca aagccaaaaa tcagatttga 1320
<210> 3

<211> 439

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 3

Met Ile Pro Ala Lys Lys Val Tyr Phe Leu Leu Ser Leu Ala Ile Val

1 5 10 15

Ile Ser Pro Phe Leu Ser Met Ile Val Gly Ile Tyr Glu Asn Ile Lys
20 25 30

Phe Arg Val Leu Phe Asp Leu Val Val Arg Ala Leu Met Val Val Asp
35 40 45

Cys Phe Asn Ile Lys Lys His Arg Val Lys Ile Ser Arg GIn Leu Pro
50 55 60

Leu Arg Leu Ser Ile Gly Arg Glu Asn Leu Val Ile Leu Lys Val Glu
65 70 75 80
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Ser Gly Asn Val Asn Ser Ala Ile GIn Ile Arg Asp Tyr Tyr Pro Thr
85 90 95

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

His Thr Gln Glu Val Lys Tyr Thr Ile Arg Pro Asn Gln Arg Gly Glu
115 120 125

Phe Trp Trp Gly Asn Ile GIn Val Arg Gln Leu Gly Asn Trp Ser Leu
130 135 140

Gly Trp Asp Asn Trp Gln Ile Pro GIn Lys Thr Val Ala Lys Val Tyr
145 150 155 160

Pro Asp Leu Leu Gly Leu Arg Ser Leu Ala Ile Arg Leu Thr Leu Gln
165 170 175

Ser Ser Gly Ser Ile Thr Lys Leu Arg Gln Arg Gly Met Gly Thr Glu
180 185 190

Phe Ala Glu Leu Arg Asn Tyr Cys Met Gly Asp Asp Leu Arg Leu Ile
195 200 205

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

Val Arg Val Leu Glu Pro Gln Gln Glu Gln Thr Leu Leu Ile Leu Leu
225 230 235 240

Asp Arg Gly Arg Leu Met Thr Ala Asn Val Gln Gly Leu Lys Arg Tyr
245 250 255

Asp Trp Gly Leu Asn Thr Thr Leu Ser Leu Ala Leu Ala Gly Leu His
260 265 270

Arg Gly Asp Arg Val Gly Val Gly Val Phe Asp Ser Gln Leu His Thr
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275 280 285

Trp Ile Pro Pro Glu Arg Gly Gln Asn His Leu Asn Arg Leu Ile Asp
290 295 300

Arg Leu Thr Pro Ile Glu Pro Val Leu Val Glu Ser Asp Tyr Leu Asn
305 310 315 320

Ala Ile Thr Tyr Val Val Lys Gln GIn Thr Arg Arg Ser Leu Val Val
325 330 335

Leu Ile Thr Asp Leu Val Asp Val Thr Ala Ser His Glu Leu Leu Val
340 345 350

Ala Leu Cys Lys Leu Val Pro Arg Tyr Leu Pro Phe Cys Val Thr Leu
355 360 365

Arg Asp Pro Gly Ile Asp Lys Ile Ala His Asn Phe Ser GIn Asp Leu
370 375 380

Thr Gln Ala Tyr Asn Arg Ala Val Ser Leu Asp Leu Ile Ser Gln Arg
385 390 395 400

Glu Ile Ala Phe Ala Gln Leu Lys Gln Gln Gly Val Leu Val Leu Asp
405 410 415

Ala Pro Ala Asn Gln Ile Ser Glu Gln Leu Val Glu Arg Tyr Leu GIn
420 425 430

Ile Lys Ala Lys Asn Gln Ile
435

<210> 4

<211> 759

<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 4
atgatagata caatatcagt actattaaga gagtggactg taatttccct tacaggttta 60
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gccttetgge tttgggaaat tegetcteec ttccatcaaa ttgaatacaa agetaaattc 120
ttcaaggaat tgggatgggc gggaatatca ttcgtcttta gaaatgttta tgcatatgtt 180
tctgtggcaa ttataaaact attgagttct ctatttatgg gagagtcage aaattttgca 240
ggagtaatgt atgtgcccct ctggetgagg atcatcactg catatatatt acaggactta 300
actgactatc tattacacag gacaatgcat agtaatcagt ttctttggtt gacgcacaaa 360
tggcatcatt caacaaagca atcatggtgg ctgagtggaa acaaagatag ctttaccgge 420
ggacttttat atactgttac agctttgtgg tttccactge tggacattcc ctcagaggtt 480
atgtctgtag tggcagtaca tcaagtgatt cataacaatt ggatacacct caatgtaaag 540
tggaactcct ggttaggaat aattgaatgg atttatgtta cgccecgtat tcacactttg 600
catcatcttg atacaggggg aagaaatttg agttctatgt ttactttcat cgaccgatta 660
tttggaacct atgtgtttcc agaaaacttt gatatagaaa aatctaaaaa tagattggat 720
gatcaatcag taacggtgaa gacaattttg ggtttttaa 759

<210> 5

<211> 252

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 5

Met Ile Asp Thr Ile Ser Val Leu Leu Arg Glu Trp Thr Val Ile Ser

1 5 10 15

Leu Thr Gly Leu Ala Phe Trp Leu Trp Glu Ile Arg Ser Pro Phe His
20 25 30

Gln Ile Glu Tyr Lys Ala Lys Phe Phe Lys Glu Leu Gly Trp Ala Gly
35 40 45

Ile Ser Phe Val Phe Arg Asn Val Tyr Ala Tyr Val Ser Val Ala lle
50 55 60

Ile Lys Leu Leu Ser Ser Leu Phe Met Gly Glu Ser Ala Asn Phe Ala
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65 70 75 80

Gly Val Met Tyr Val Pro Leu Trp Leu Arg lle Ile Thr Ala Tyr Ile
85 90 95

Leu GIn Asp Leu Thr Asp Tyr Leu Leu His Arg Thr Met His Ser Asn
100 105 110

GlIn Phe Leu Trp Leu Thr His Lys Trp His His Ser Thr Lys GIn Ser
115 120 125

Trp Trp Leu Ser Gly Asn Lys Asp Ser Phe Thr Gly Gly Leu Leu Tyr
130 135 140

Thr Val Thr Ala Leu Trp Phe Pro Leu Leu Asp Ile Pro Ser Glu Val
145 150 155 160

Met Ser Val Val Ala Val His Gln Val Ile His Asn Asn Trp Ile His
165 170 175

Leu Asn Val Lys Trp Asn Ser Trp Leu Gly Ile Ile Glu Trp Ile Tyr
180 185 190

Val Thr Pro Arg Ile His Thr Leu His His Leu Asp Thr Gly Gly Arg
195 200 205

Asn Leu Ser Ser Met Phe Thr Phe Ile Asp Arg Leu Phe Gly Thr Tyr
210 215 220

Val Phe Pro Glu Asn Phe Asp Ile Glu Lys Ser Lys Asn Arg Leu Asp
225 230 235 240

Asp GlIn Ser Val Thr Val Lys Thr Ile Leu Gly Phe
245 250

<210> 6
<211> 396
<212> DNA
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<213> Cylindrospermopsis raciborskii T3

<400> 6
tcacccccaa cttattgcag aaaaactttt ttctcttagg taataaatta gtagtttaat 60

tgaaaagcat agcatctctt ttgacttgga ataacaaaat gtcttacgat gtagtctage 120
taaatagtga cgcaaacgac tgttttctce ctcaactcta gtcattgatg ttttactaat 180
aatttggtct ccatcgggaa taaattttgg gtaaacttta tagccatccg taatccaaaa 240
ataggatttc caatgctcta tctttttcca taatttggea aatgttttgg cacttctatc 300
tcccactaca tattgaataa ttcccgaacg tttgttatct acaactgtce agacccatat 360
cttgtttttt tttaccaata aatgtttcca actcat 396

<210> 7

<211> 131

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 7

Met Ser Trp Lys His Leu Leu Val Lys Lys Asn Lys Ile Trp Val Trp

1 5 10 15

Thr Val Val Asp Asn Lys Arg Ser Gly Ile Ile Gln Tyr Val Val Gly
20 25 30

Asp Arg Ser Ala Lys Thr Phe Ala Lys Leu Trp Lys Lys Ile Glu His
35 40 45

Trp Lys Ser Tyr Phe Trp Ile Thr Asp Gly Tyr Lys Val Tyr Pro Lys
50 55 60

Phe Ile Pro Asp Gly Asp GlIn Ile Ile Ser Lys Thr Ser Met Thr Arg
65 70 75 80

Val Glu Gly Glu Asn Ser Arg Leu Arg His Tyr Leu Ala Arg Leu His
85 90 95

Arg Lys Thr Phe Cys Tyr Ser Lys Ser Lys Glu Met Leu Cys Phe Ser
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100 105 110

Ile Lys Leu Leu Ile Tyr Tyr Leu Arg Glu Lys Ser Phe Ser Ala Ile
115 120 125

Ser Trp Gly
130

<210> 8

<211> 360

<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 8
ttatctacaa ctgtccagac ccatatcttg ttttttttta ccaataaatg tttccaactc 60

atccagttga caaacttcag gtgtttggga attattatta ctatctgata actgacgacc 120
tagctttttg acccaacgaa tgactgtatt gtgatttact ttagtcattc tttcaattgc 180
cctaaatcca ttcccattta catacatggt taaacatgct tectttactt cttgggaata 240
acctctagga gaataagatt caataaattg acgaccacaa ttcttgcatt gataattttg 300
ttttccectt ctetggecat tttttctaat attattggaa tcacagtttg aacagttcat 360
<210> 9

<211> 119

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 9

Met Asn Cys Ser Asn Cys Asp Ser Asn Asn Ile Arg Lys Asn Gly GIn
1 5 10 15

Arg Arg Gly Lys Gln Asn Tyr Gln Cys Lys Asn Cys Gly Arg Gln Phe
20 25 30

Ile Glu Ser Tyr Ser Pro Arg Gly Tyr Ser GIn Glu Val Lys Glu Ala
35 40 45

Cys Leu Thr Met Tyr Val Asn Gly Asn Gly Phe Arg Ala Ile Glu Arg
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50 55 60

Met Thr Lys Val Asn His Asn Thr Val Ile Arg Trp Val Lys Lys Leu
65 70 75 80

Gly Arg GIn Leu Ser Asp Ser Asn Asn Asn Ser GIn Thr Pro Glu Val
85 90 95

Cys GIn Leu Asp Glu Leu Glu Thr Phe Ile Gly Lys Lys Lys GIn Asp
100 105 110

Met Gly Leu Asp Ser Cys Arg
115

<210> 10

<211> 354

<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 10
ttatgacctc attttcattt ctagacgttc agcaacgggc attaactcac gtatcagatc 60

aaagtttcct acgttccgtc tcatccagtc taataagaat ttttctectt catctagett 120
acctttatca tcaacaaaaa ccatctgctc gcaccaatct acaaatccgg aattagtcat 180
ctcatagact aaaatgatgg gaggaaagtg tgcgaatccc attttttcaa tgacttccat 240
acaaaccagc ttaaatactt gttcgtttgt caattcatta gacataaaga attttccttt 300
aatcaattct gtttctaatc ctaccacaga gtaataactc ttggtctgga acat 354
<210> 11

<211> 117

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 11

Met Phe Gln Thr Lys Ser Tyr Tyr Ser Val Val Gly Leu Glu Thr Glu

1 5 10 15

Leu Ile Lys Gly Lys Phe Phe Met Ser Asn Glu Leu Thr Asn Glu Gln



35

20 25 30

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

His Phe Pro Pro Ile Ile Leu Val Tyr Glu Met Thr Asn Ser Gly Phe
50 55 60

Val Asp Trp Cys Glu GIln Met Val Phe Val Asp Asp Lys Gly Lys Leu
65 70 75 80

Asp Glu Gly Glu Lys Phe Leu Leu Asp Trp Met Arg Arg Asn Val Gly
85 90 95

Asn Phe Asp Leu Ile Arg Glu Leu Met Pro Val Ala Glu Arg Leu Glu
100 105 110

Met Lys Met Arg Ser
115

<210> 12

<211> 957

<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 12
tcataactta ttacttgacg gagttgcagg ggcatacctt aacttgacct tgggagegat 60

agaagaaagg aaggcttcag tgacgggtct ttgactaatc ccagtttcca cttcaactaa 120
aacagcatca caaatgtcga atagtgattg agaatatcta ttcatattca tgaaagtcag 180
agcagattcc atcggagaca tggatgaatt aaaggcagceg ttttcagegt atcgacctgt 240
aaatatattc ccgtgggaat cttttaacgc tacccctgea aaatttttcg tgtagggage 300
ataactttga ttggcagcgg atagagcagce aagcacaaca tcatcggtag aataggtctc 360
cagatcatga aatactgttt gcattaatcc acctgtgagt cctagatccg ctggtccaaa 420
tggctcgggt agaaaatgtg ggagtttatt tgaggtataa gtttgctcag getgtgattc 480

attagacttc acaagaagaa caaaattttg atttacagtt gccatctcgt ataaaaattg 540



36

tcggcagtat ccacatggtg cttcgtggat tgctaatget tgtaaaccgg tttctcegtg 600
caaccacgca tttatggtgg cggattgttc tgcgtgaact gagaaactaa gtgectgtce 660
tacaaattcc atgtcggcac caaaataaag agttccagaa cccagttgat tcttagattg 720
tggtttacca agagcgatcg cccctacata aaactgegat attggtacce tagcataagt 780
tgcggctacg ggtagtaatt gaatcattaa cgtactaata ttagtaccaa gtcgatcaat 840
ccaagatgcg acaacacttg agtcaattac agcatgttgg gcaagaattg tccttaactc 900
tgattgaatg gaacgtggaa ccttggeaat cgectgttct aatgetacat gggtcat 957
<210> 13

<211> 318

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 13

Met Thr His Val Ala Leu Glu Gln Ala Ile Ala Lys Val Pro Arg Ser

1 5 10 15

Ile Gln Ser Glu Leu Arg Thr Ile Leu Ala GIn His Ala Val Ile Asp
20 25 30

Ser Ser Val Val Ala Ser Trp Ile Asp Arg Leu Gly Thr Asn Ile Ser
35 40 45

Thr Leu Met Ile Gln Leu Leu Pro Val Ala Ala Thr Tyr Ala Arg Val
50 55 60

Pro Ile Ser Gln Phe Tyr Val Gly Ala Ile Ala Leu Gly Lys Pro Gln
65 70 75 80

Ser Lys Asn Gln Leu Gly Ser Gly Thr Leu Tyr Phe Gly Ala Asp Met
85 90 95

Glu Phe Val Gly Gln Ala Leu Ser Phe Ser Val His Ala Glu GIn Ser
100 105 110
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Ala Thr Ile Asn Ala Trp Leu His Gly Glu Thr Gly Leu Gln Ala Leu
115 120 125

Ala Ile His Glu Ala Pro Cys Gly Tyr Cys Arg Gln Phe Leu Tyr Glu
130 135 140

Met Ala Thr Val Asn Gln Asn Phe Val Leu Leu Val Lys Ser Asn Glu
145 150 155 160

Ser GIn Pro Glu GIn Thr Tyr Thr Ser Asn Lys Leu Pro His Phe Leu
165 170 175

Pro Glu Pro Phe Gly Pro Ala Asp Leu Gly Leu Thr Gly Gly Leu Met
180 185 190

GIn Thr Val Phe His Asp Leu Glu Thr Tyr Ser Thr Asp Asp Val Val
195 200 205

Leu Ala Ala Leu Ser Ala Ala Asn Gln Ser Tyr Ala Pro Tyr Thr Lys
210 215 220

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

Gly Arg Tyr Ala Glu Asn Ala Ala Phe Asn Ser Ser Met Ser Pro Met
245 250 255

Glu Ser Ala Leu Thr Phe Met Asn Met Asn Arg Tyr Ser Gln Ser Leu
260 265 270

Phe Asp Ile Cys Asp Ala Val Leu Val Glu Val Glu Thr Gly Ile Ser
275 280 285

GlIn Arg Pro Val Thr Glu Ala Phe Leu Ser Ser Ile Ala Pro Lys Val
290 295 300

Lys Leu Arg Tyr Ala Pro Ala Thr Pro Ser Ser Asn Lys Leu
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305 310 315

<210> 14

<211> 3738

<212> DNA

<213> Cylindrospermopsis raciborskii T3

<400> 14
ttaatgcttg agtatgtttt cctcctgett acaaggcaaa getttecttt tttgtagcaa 60

atcccaaact getttgagag atttaattge ttggtctate tectcttcgg tattggegge 120
tgtaatcgaa aaccttaaag cacttttatt taaaggtacg attggaaaaa tagcaggagt 180
aattaaaata ccatattccc aaaggagttg acacacatca atcatgtgtt gagcatctcc 240
cactaacacg cctacgatgg gaacgtaacc atagttatcc acttcgaatc caatggetct 300
tgcttgtgta accaatttgt gagttaggtg ataaatttgt tttcttaact gctcceecte 360
ctgacgattc acctgtaatc cggctaagge acttgecaaa ctcgcaacag gagaaggace 420
agaaaatatg gcagtccaag cgttgcggaa gttggttttg atccggegat cgecacaagt 480
taagaatgct gcgtaagaag aataggcttt ggacaaacca getacataga tgatattatc 540
ctctgcaaac cgcaggtcaa aataattcac catcccgttt cctttgtaac cgtaaggeat 600
atcgctgcetg ggattttcge ccaaaatgec aaaaccatga geatcatcca tgtaaattaa 660
ggcattgtac tcttttgcca gatgcacgta agetggeaga tcgggaaaat ctgecgacat 720
ggaatacacg ccatcaatga caataatctt tacttgttca ggcggatatt ttgctagttt 780
ttcggctaaa tcgttcaaat cattatgtcg atattggatg aactgggcte ctttgtgctg 840
agccagacag cacgcttcat aaatacaacg atgtgcagct atgtcaccaa agatgacacc 900
attattccca gttaatagtg gtaaaattcc tatctgaage agtgttacag ctggaaatac 960
taaaacatca ggtacgccta aaagtttgga caattcttce tccaattcct cataaattge 1020
tggggaagca acaagccgag tccagettgg atgtgtgcce catttatcca aagetggtgg 1080
aattgcttcc ttaacttttg gatgcaagtc aagacctaaa tagttgcaag aagcaaagtc 1140
tatcacccaa tgtccgtcaa ttageacctt gegaccttgt tgttctgtga cgactettgt 1200

gacttgagga attttttgtt ggttaactac gttttccaga gtgttgattt cgttggetga 1260
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gtcaacaggt ggagctagat cagattgttt ctcttgtacc acttggtttt ggaaataagt 1320
gatgatggca gttggagtgt tcttttgtaa aaagaacgtt ccagacagat tgatccctaa 1380
acgttcctct aggagcegttt gcagttctaa taaatctaaa gaatctaatc ccatatccag 1440
cagtttttgt tgtggagcgt aggetgectg acgttgggaa cccattactt ttaagatgeca 1500
ttctttaacg agatccgcta cagttttgtt ttccttagtt gcagatgttg cttttggtac 1560
caatgaacca attgctgagt taatatacgg tcctttgcga tcaccaggeg agtgcaaage 1620
actgtcgcge aggttatatt caatcaaaat acccatgecg agattatctg tatcttccgg 1680
acgataatta gcaataattc ccctaatttc ggctcctcee gacacatgga aacccacaat 1740
tggatccaga agetgtcgtt getcattgtg tagctttaaa tactccatca tcggceatttg 1800
ggaataattg acataatttc gacagcgagt tacacccacc acgctctcaa tgecgecttt 1860
cagggtacag tagtaaagca taaagtcccg caattcattt cctaacccece gegectgaaa 1920
ctcaggtaga atatttagtg cgagcagttg aataactgac ccttggggag tatgtaacgt 1980
cggcacttgc gcatatttta cattctctaa tgcctcagtg ctggtaattg tttgggaata 2040
aatcgcacca ataatttgat cttctataat cagcactaaa ttaccttgeg ggtttagetc 2100
aagtcttcgc cgaatttcat gagtagatgc ccgtaaattt tctggccaac acttgacctc 2160
caagtcaact aaggcaggta aatctgacaa ataggcatga ctaattttgt aaggtctttt 2220
ctcgaagtaa ttaagcgtaa tgcgagtaaa aggaaatgtt tttgggtatc ttttagaaag 2280
ctctagtttt ggaaatagac ctacttgtge agcagacatg agaaaaacct cagcttccac 2340
aagatactgc tgagaaaatc cctgaaacgc atcgaaatgt aagttttcge ttttgtctaa 2400
aaactgatag actacccttg gttccaaaca atggacctcc aaaatcatta aaccgtgttt 2460
attgaccact tgagaccatc tttctaagtg ttccaccaaa ctttgcacca taacatgagg 2520
aggaataagc tctccttgat catcgacaca gactgattgg taaggtaagt gagcacgttc 2580
tttcaattcg tttcttttct gaggaggaat aaagagacga tcatggtcga ggaacgaacg 2640
gatgtgcagg atattttcgg gatcatgaat gccatgagct tctaaagaac geaccatttg 2700

ttctgggttc ccaatatctc cctgtaaaac taagtgggga aggctagcaa gggtgcgtgt 2760
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ggtagctttt aaagaagctt cgttataatc tacacctata agacgcaggg gatactgttc 2820
gagtgctttt cccctageag acttaaattg aatggtttcc cagactcgtt tcaggagagt 2880
tccatcgeca caccccatgt cagtaatgta tttgggttgt tcttctaatg gcaactgatt 2940
gaatactgag aggatacttt cttctaaatc ggcaaaatat ttctggtgtt gaaatccact 3000
cccgatcacg ttaagggtge gatcaatgtg cctttcgtga ccggaagcat ctetttggaa 3060
tacggagaga caattgccaa acaatacatc atgaatgcgg gacaacatag gagtgtagga 3120
cgccactatg getgtattca aggetcgetce tcccataaat cgaccaagtt cggttatggt 3180
caaacgacct gctgtaaggt cagcccagec aaggtggaga aataacttac ccaactcttc 3240
ttgcactgtt gagcttaatg aggagagcaa aggtttgtce tccgaatctg caagcaagtt 3300
gtgtttgtge agtgecagea ggagtgggat gaccagtaat ccatctaaaa aatctgecat 3360
taggggattg tccaggttce acaattggea agaacgctca atccatcttc ccageaaatt 3420
tccttgtttc ccttctaaat aagactgaat tggtaggttg tacaattgaa gaatgtcttc 3480
cgaaattttg ttgtgaatcg ctgettctge ggttagagag tatttaaget ccttatttcg 3540
ggaaagccaa tgtaaagact cgagcatcct caaagcaact tgaaaatgtc cgetgttage 3600
tcccagatgt tccaccattt ggtttaaaga gagaggactt tcatcggcga gtaattcaaa 3660
aacacctttt tctcgacacg caagaataac gggaaccgcec acaaagecgt gagtataacg 3720
attaatcttt tgtaacat 3738

<210> 15

<211> 1245

<212> PRT

<213> Cylindrospermopsis raciborskii T3

<400> 15

Met Leu GlIn Lys Ile Asn Arg Tyr Thr His Gly Phe Val Ala Val Pro

1 5 10 15

Val Ile Leu Ala Cys Arg Glu Lys Gly Val Phe Glu Leu Leu Ala Asp
20 25 30
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Glu Ser Pro Leu Ser Leu Asn GIn Met Val Glu His Leu Gly Ala Asn
35 40 45

Ser Gly His Phe GIn Val Ala Leu Arg Met Leu Glu Ser Leu His Trp
50 55 60

Leu Ser Arg Asn Lys Glu Leu Lys Tyr Ser Leu Thr Ala Glu Ala Ala
65 70 75 80

Ile His Asn Lys Ile Ser Glu Asp Ile Leu Gln Leu Tyr Asn Leu Pro
85 90 95

Ile Gln Ser Tyr Leu Glu Gly Lys GIn Gly Asn Leu Leu Gly Arg Trp
100 105 110

Ile Glu Arg Ser Cys GIn Leu Trp Asn Leu Asp Asn Pro Leu Met Ala
115 120 125

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

Lys His Asn Leu Leu Ala Asp Ser Glu Asp Lys Pro Leu Leu Ser Ser
145 150 155 160

Leu Ser Ser Thr Val Gln Glu Glu Leu Gly Lys Leu Phe Leu His Leu
165 170 175

Gly Trp Ala Asp Leu Thr Ala Gly Arg Leu Thr Ile Thr Glu Leu Gly
180 185 190

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

Thr Pro Met Leu Ser Arg Ile His Asp Val Leu Phe Gly Asn Cys Leu
210 215 220

Ser Val Phe Gln Arg Asp Ala Ser Gly His Glu Arg His Ile Asp Arg
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225 230 235 240

Thr Leu Asn Val Ile Gly Ser Gly Phe GIn His GIn Lys Tyr Phe Ala
245 250 255

Asp Leu Glu Glu Ser Ile Leu Ser Val Phe Asn Gln Leu Pro<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>