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(57) ABSTRACT

Described herein are nitrite-oxidizing bacteria. Particular
bacteria of the present invention are tolerant of saltwater
environments, saltwater environments, or both. Furthermore,
in various embodiments, various bacteria of the present
invention are capable of surviving a freezing or freeze-drying
process, and may remain viable thereafter. Methods for pre-
venting or alleviating the accumulation of nitrite in aqueous
environments are also provided, using the nitrite-oxidizing
bacteria of the present invention. Methods for detecting the
bacteria of the present invention are also provided. Compo-
sitions comprising the nitrite-oxidizing bacteria of the present
invention and, inter alia, ammonia-oxidizing bacteria, are
also provided.
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Figure 1
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Figure 4
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Figure 5
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Figure 7
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Figure 8
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NITRITE-OXIDIZING BACTERIA AND
METHODS OF USING AND DETECTING THE
SAME

RELATED APPLICATIONS

This application is related to, but does not make a claim of
priority from, U.S. patent application Ser. No. 10/659,983,
filed Sep. 10, 2003, now U.S. Pat. No. 7,267,816, U.S. patent
application Ser. No. 10/659,980, filed Sep. 10, 2003, now
U.S. Pat. No. 7,270,957, U.S. patent application Ser. No.
10/659,948, filed Sep. 10, 2003, and U.S. patent application
Ser. No. 10/659,965, filed Sep. 10, 2003, now abandoned, the
contents of each of which is hereby incorporated by reference
in its entirety as if fully set forth.

FIELD OF THE INVENTION

The invention relates generally to nitrite oxidizers and
specifically to bacteria capable of oxidizing nitrite to nitrate.

BACKGROUND OF THE INVENTION

Ammonia is the principal nitrogenous waste product of
teleosts and many invertebrates in both freshwater and sea-
water. The ammonia results from the deamination or tran-
samination of proteins the organism receives via its diet.
However, high ammonia concentrations can be toxic to many
of these same aquatic organisms. In natural systems, such as
lakes, rivers and oceans, the concentration of ammonia rarely
reaches deleterious levels because the density of fish (and
other organisms) per mass of water is low.

However, in man-made aquatic systems such as aquacul-
ture rearing pens, tanks, raceways and ponds plus aquaria,
both public and private, ammonia can reach toxic concentra-
tions, sometimes very quickly. One reason for this is that in
the above-named systems the fish density can be very large in
relation to the small amount of water. Another reason is thatin
many of these systems the water is not continually changed;
rather it recirculates through the system with only periodic
partial water changes.

Therefore, most aquaculture systems and aquaria use fil-
tration, in one form or another, to maintain a degree of water
quality that is suitable for the maintenance and growth of
aquatic organisms. A major component of any such filtration
unit is the biological filter. The biological filter gets its name
from the fact that it acts as a substrate or site for the growth of
bacteria which have the capability to convert, by way of
oxidation, ammonia to another compound—mnitrite. High
concentrations of nitrite can also be toxic but there are other
species of bacteria which grow on the biological filter and
oxidize the nitrite to nitrate, such as those described in U.S.
Pat. Nos. 6,268,154, 6,265,206 and 6,207,440, each of which
is incorporated by reference herein in its entirety as if fully set
forth. Nitrate is considered non-toxic to aquatic organisms
except in extreme cases of very high concentrations.

There are other situations or applications which use bio-
logical filters. These include sewage treatment facilities,
wastewater treatment facilities and drinking water filtration
plants. While each will have its own particular reason for
using a biological filter, the goal is the same: the conversion of
toxic inorganic nitrogen compounds to less harmful inorganic
nitrogen substances. Biological filtration is necessary for
many facilities to meet the National Recommended Water
Quality Criteria as set by the Environmental Protection
Agency (EPA) of the United States of America.
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The oxidation of ammonia to nitrite is a process mediated
by ammonia-oxidizing bacteria (AOB). Specifically, it is a
two step oxidation process involving the conversion of
ammonia to nitrite according to the following equations:

NH;+0,+H,0+2e™->NH,OH+H,0 o)

NH,OH+H,0 ->NO, +5H*+4e™ )

The oxidation of nitrite to nitrate is also a bacterially-
mediated process. Specifically, it is a one step oxidation pro-
cess involving the conversion of nitrite to nitrate according to
the following equation:

NO,+H,0 ->NO;~+2H*+4e™ o)

The most commonly studied nitrite oxidizing bacteria
(NOB) is Nitrobacter winogradskyi. It was originally isolated
from soils and is purported to be the active NOB in aquacul-
ture facilities (Wheaton, F. W. 1977. Aquacultural Engineer-
ing. John Wiley & Sons, Inc. New York.), in wastewater
treatment facilities (Painter, H. A. 1986. Nitrification in the
treatment of sewage and waste-waters. In Nitrification J. 1.
Prosser ed. IRL Press. Oxford.) and in aquaria (Spotte, S.
1979. Seawater Aquariums—The Captive Environment.
Wiley-Interscience. New York). These references, and all
other references cited herein are hereby incorporated by ref-
erence in their entirety as if fully set forth.

However, recent research conducted with modern molecu-
lar methods which use the uniqueness of the DNA sequence
of an organism (or group of organisms) has shown that N.
winogradskyi and its close relatives were below detection
limits in freshwater aquaria environments (Hovanec, T. A.
and E. F. Del.ong. 1996. Comparative analysis of nitrifying
bacteria associated with freshwater and marine aquaria. Appl.
Environ. Microbiol. 62:2888-2896.). Furthermore, research
has shown that bacteria from the phylum Nitrospira are
responsible for the oxidation of nitrite to nitrate in aquaria
(Hovanec, T. A., L. T. Taylor, A. Blakis and E. F. DelLong.
1998. Nitrospira-like bacteria associated with nitrite oxida-
tion in freshwater aquaria. Appl. Environ. Microbiol. 64:258-
264.) and in wastewater treatment facilities (Burrell, P. C., J.
Keller and L. L. Blackall. 1998. Microbiology of a nitrite-
oxidizing bioreactor. Appl. Environ. Microbiol. 64:1878-
1883.). However, the Nitrospira isolate determined to be
responsible for nitrite oxidation in freshwater aquaria was not
found in marine aquaria (Hovanec et. al. 1998).

Nitrospira marina was first discovered by Watson in 1986
(Watson, S. W., E. Bock, F. W. Valois, J. B. Waterbury, and U.
Schlosser; 1986. Nitrospira marina gen. nov., sp. nov.: A
chemolithotrophic nitrite oxidizing bacterium. Archives
Microbiology, 144:1-7). However, it was not considered an
important or dominant nitrite-oxidizing organism in natural
(soils, marine or freshwaters nor reservoirs) or artificial envi-
ronments (wastewater treatment facilities) (Abeliovich, A.
2003. The Nitrite Oxidizing Bacteria. In M. Dworkin et al.
Eds. The Prokaryotes: An Evolving Electronic Resource for
the Microbiological Community, third edition, release 3.13,
March 2003. Springer-Verlag, New York). A second species
of Nitrospira (Nitrospira moscoviensis) was isolated from a
partially corroded iron pipe in a heating system of a building
located in Moscow, Russia. This bacterium grew optimally at
39° C. in a non-marine medium (Abeliovich, A. 2003). It has
also been reported that the microbial consortium of a marine
moving bed reactor (MBB) included both AOB (Nitrosomo-
nas cryotolerans) and NOB (Nitrospira marina), along with a
number of heterotrophic bacteria. (Y. Tal, J. E. M. Watts, S.
Schreier, K. R. Sowers and H. J. Schreier, 2003. Character-
ization of the microbial community and nitrogen transforma-
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tion process associated with moving bed bioreactors in a
closed recirculated mariculture system. Aquaculture 215
(2003) 187-202.)

An environmental factor of particular import with aquaria
environments and wastewater treatment is salinity, and, more
specifically, the numerous physicochemical differences
between freshwater and saltwater environments. The distinc-
tion among various NOB in their ability to tolerate such
dramatic changes in local environment is critical in the design
of these systems and implementation of NOB therein. As
such, a demonstrated tolerance by a particular NOB to a
saltwater environment may render that NOB suitable for use
in particular aquaria and wastewater environments. More-
over, an ability to withstand the change between a freshwater
and saltwater environment may have even broader implica-
tions, such as suitability of a particular NOB for use ina range
of environments, both freshwater and saltwater.

Furthermore, the storage and transport of NOB is often
limited to liquid and similar, potentially inconvenient media,
owing, at least in part, to the inability of various strains of
NOB to withstand a freeze-drying process. Freeze-drying
allows one to formulate a volume of NOB into a solid, freeze-
dried powder or similar composition that may be tolerant of
greater fluctuations in, e.g., temperature, and may be corre-
spondingly more practical for purposes of shipping and han-
dling in a commercialized product and for maintaining an
extended shelf-life.

Thus, there exists a need in the art for the identification of
NOB which are capable of tolerating a saltwater environment
and/or both saltwater and freshwater environments. There is
also a need in the art for NOB that remain viable after being
subjected to a freeze-drying process.

SUMMARY OF THE INVENTION

In an embodiment of the present invention, isolated bacte-
ria or bacterial strains capable of oxidizing nitrite to nitrate
are provided. In one embodiment, the 16S rDNA of the bac-
teria or bacterial strains has the nucleotide sequence of SEQ
ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ
IDNO:5, SEQID NO:6, SEQIDNO:7 or SEQ ID NO:8. The
nucleotide sequences described as SEQIDNO:1 and SEQ ID
NO:2 are exemplary of Nitrococcus-like NOB, and the nucle-
otide sequences described as SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ 1D
NO:8 are exemplary of Nitrospira-like NOB. The Nitrococ-
cus like NOB represented by SEQ ID NO:1 and SEQ ID NO:2
have been deposited on Aug. 28, 2003 with the American
Type Culture Collection (ATCC) located at 10801 University
Boulevard, Manassas, Va. 20110-2209 and have been
assigned accession number PTA-5424. The Nitrospira-like
NOB represented by SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQID NO:6, SEQ ID NO:7, and SEQ ID NO:8 have
been deposited on Aug. 28, 2003 with the American Type
Culture Collection (ATCC) located at 10801 University Bou-
levard, Manassas, Va. 20110-2209 and have been assigned
accession number PTA-5422.

In various embodiments, the 16S rDNA of the bacteria or
bacterial strains have the nucleotide sequence of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8 or a
variant thereof which is at least 96% similar, at least 97%
similar, at least 98% similar or at least 99% similar to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.

The present invention also includes nucleic acid sequences
and bacteria with sequences which have the nucleotide
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4

sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8 or a variant thereof which is at least 96%
similar, at least 97% similar, at least 98% similar or at least
99% similar to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8.

For the purposes of this application, “96% similar” means
that single base substitutions may occur in up to 4% of the
bases, “97% similar” means that single base substitutions
may occur in up to 3% of the bases, “98% similar” means that
single base substitutions may occur in up to 2% of the bases
and “99% similar” means that single base substitutions may
occur in up to 1% of the bases.

The present invention also includes compositions capable
of, inter alia, alleviating the accumulation of nitrite in a
medium, wherein the compositions comprise one or more of
the bacterial strains of the present invention, wherein the 16S
rDNA of the bacterial strain(s) has the nucleotide sequence of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQID NO:5,SEQIDNO:6, SEQ IDNO:7 or SEQ ID NO:8
or a variant thereof which is at least 96% similar, at least 97%
similar, at least 98% similar or at least 99% similar to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.

The present invention also includes methods of freeze-
drying the bacteria or bacterial strains disclosed herein. The
methods comprise treating the bacteria or bacterial strains
with a cryoprotectant, placing them in a freezer and drying the
bacteria or bacterial strains under vacuum pressure. The
freeze-drying methods of the present invention produce
freeze-dried NOB that can be stored in freeze-dried form
while maintaining their viability and ability to oxidize nitrite
to nitrate.

The present invention also includes methods of alleviating
the accumulation of nitrite in a medium. The methods include
a step of placing into the medium a sufficient amount of a
bacterial strain or a composition comprising a bacterial strain,
wherein the 16S rDNA of the bacterial strain has the nucle-
otide sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 or SEQ ID NO:8 or a variant thereof which is at least
96% similar, at least 97% similar, at least 98% similar or at
least 99% similar to SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 or SEQ ID NO:8.

The present invention also includes methods for detecting
and determining the quantity of bacteria in a medium capable
of oxidizing nitrite to nitrate. The method includes providing
a detectably labeled probe of the present invention, isolating
total DNA from the medium, exposing the isolated DNA to
the probe under conditions wherein the probe hybridizes to
only the nucleic acid of the bacteria when the 16 rDNA of the
bacteria has a nucleotide sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 or SEQ ID NO:8, and detecting and
measuring the probe to detect and measure the amount of
bacteria.

The present invention also includes polymerase chain reac-
tion (PCR) primers that may be used to detect the bacteria and
nucleic acid sequences of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the phylogenetic relationships of eight
bacterial strains (i.e., those represented by SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
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SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8) inferred
from comparative analysis of 16S rDNA sequences in accor-
dance with an embodiment of the present invention. The tree
is based on neighbor-joining distance analysis of sequences
containing a minimum of 1445 nucleotides.

FIG. 2 illustrates a denaturing gradient gel electrophoresis
(DGGE) of biomasses from selected enrichments and nitrite-
oxidizing bacteria represented by SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:6, SEQ ID
NO:7, and SEQ ID NO:8, in accordance with an embodiment
of the present invention.

FIG. 3 illustrates a denaturing gradient gel electrophoresis
(DGGE) of biomasses from selected enrichments and nitrite-
oxidizing bacteria represented by SEQ ID NO:1, SEQ ID
NO:2, and SEQ ID NO:7, in accordance with an embodiment
of the present invention.

FIG. 4 illustrates a denaturing gradient gel electrophoresis
(DGGE) of biomasses from selected enrichments and nitrite-
oxidizing bacteria represented by SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, and SEQ ID NO:8, in accordance with
an embodiment of the present invention.

FIG. 5 illustrates mean nitrite concentration trends for a
Bacterial Additives Test for saltwater bacterial strains and two
commercial additives.

FIG. 6 illustrates mean nitrite concentration trends for a
Bacterial Additives Test for saltwater bacterial strains against
an non-inoculated control.

FIG. 7 illustrates mean ammonia concentration trends for a
Bacterial Additives Test for assessing the viability of freeze-
dried saltwater bacterial strains that had been stored for 5.5
months.

FIG. 8 illustrates mean nitrite concentration trends for a
Bacterial Additives Test for assessing the viability of freeze-
dried saltwater bacterial strains that had been stored for 5.5
months.

FIG. 9 illustrates mean nitrate concentration trends for a
Bacterial Additives Test for assessing the viability of freeze-
dried saltwater bacterial strains that had been stored for 5.5
months.
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FIG. 10 illustrates mean ammonia concentration trends for
a Bacterial Additives Test for assessing the viability of freeze-
dried saltwater bacterial strains that had been stored for 11
months.

FIG. 11 illustrates mean nitrite concentration trends for a
Bacterial Additives Test for assessing the viability of freeze-
dried saltwater bacterial strains that had been stored for 11
months.

FIG. 12 illustrates mean nitrate concentration trends for a
Bacterial Additives Test for assessing the viability of freeze-
dried saltwater bacterial strains that had been stored for 11
months.

FIG. 13 illustrates mean ammonia concentration trends for
a Bacterial Additives Test for assessing the viability of frozen
saltwater bacterial strains that had been stored for 5 months
and for assessing the viability of saltwater bacterial strains
that had been stored in a liquid for 14 months.

FIG. 14 illustrates mean nitrite concentration trends for a
Bacterial Additives Test for assessing the viability of frozen
saltwater bacterial strains that had been stored for 5 months
and for assessing the viability of saltwater bacterial strains
that had been stored in a liquid for 14 months.

FIG. 15 illustrates mean nitrate concentration trends for a
Bacterial Additives Test for assessing the viability of frozen
saltwater bacterial strains that had been stored for 5 months
and for assessing the viability of saltwater bacterial strains
that had been stored in a liquid for 14 months.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is based upon the discovery of novel
bacterial strains which are capable of nitrite oxidation in
saltwater and/or freshwater environments and which can also
survive and remain viable following a freezing or freeze-
drying process. Embodiments of the present invention
describe methods for using and detecting the bacterial strains.

The present invention provides an isolated bacterial strain
or a biologically pure culture of a bacterial strain capable of
oxidizing nitrite to nitrate, wherein the 16S rDNA of the
bacterial strain includes the nucleotide sequence of SEQ ID
NO:1, SEQ IDNO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8 as
shown in Tables 1 through 8.

TABLE 1

The sequence for the Nitrococcus-like
nitrite-oxidizing bacterium represented by

SB7¢c32.

TGATCATGGCTCAGATTGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAGCGG

SEQ ID NO:1

CAGCAGCGCCTTTCTTCGGAAAGGTGGCTGGCGAGCGGCGGACGGGTGAGTAACGC

GTGGGAATCTACCTTCGGTGGGGGATAGCCCGGGGAAACTCGGATTAATACCGCAT

ACGCCTACGGGGGAAAGCGGGCCTCTGCTTGCAAGCTCGCACCGATGGATGAGCCC

GCGTCCGATTAGCTAGT TGGTGGGGTAATGGCCTACCAAGGCGACGATCGGTAGCT

GGTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGG

GAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGC

GTGGGTGAAGAAGGCCTGCGGGTTGTAAAGCCCTTTCAGTCGGGAGGAAAAGCATC

GGGTTAATACCTCGGTGTCTTGACGTTACCGGCAGAAGAAGCACCGGCTAACTCCGT

GCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTA

AAGCGCATGTAGGCGGTCGGATAAGTCGGGTGTGAAAGCCCCGGGCTCAACCTGGG
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TABLE 1-continued

The sequence for the Nitrococcus-like
nitrite-oxidizing bacterium represented by
SB7¢32.

AATTGCATCCGATACTGTTTGGCTAGAGTCTGGTAGAGGGAGGCGGAATTCCCGGTG

TAGCGGTGAAATGCGTAGATATCGGGAGGAACACCAGTGGCGAAGGCGGTCTCCTG

GATCAAGACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCC

TGGTAGTCCACGCCGTAAACGATGAGGACTAGCCGTTGGATTCATTAATGAGTCTAG

TGGCGCAGCTAACGCGTTAAGTCCTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAR

CTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAT

GCAACGCGAAGAACCTTACCTGCTCTTGACATCTCCGGAACCTTACAGAGATGTGAG

GGTGCCTTCGGGAACCGGATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTG

AGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGCCCCTAGTTACCAGCGGTT

CGGCCGGGGACTCTAGGGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGA

CGTCAAGTCATCATGGCCCTTATGGGCAGGGCTACACACGTGCTACAATGGCCGGTA

CAAAGGGTTGCAAACCGTGGAGGGGAGCTAATCCCAAAAAGCCGGTCCCAGTCCGG

ATTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGC

AATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGA

GTCGGCTGCACCAGAAGTCGGTAGCCTAACCTTCTTAGGAAGGAGGGCGCTGCCCA

CGGTGTGGTCGATGACTGGGGTGAAGTCGTA.

TABLE 2

The sequence for the Nitrococcus-like
nitrite-oxidizing bacterium represented by
SB7c¢ll.

GATCATGGCTCAGATTGAACGCTGGCGGCATGCCTAACACATGCAAGTCGAGCGGC

AGCAGCACCTCTCTTCGGAAAGGTGGCTGGCGAGCGGCGGACGGGTGAGTAACGCG

TGGGAATCTACCTTCGGTGGGGGATAGCCCGGGGAAACTCGGATTAATACCGCATA

CGCCTACGGGGGAAAGCGGGCCTCTGCTTGCAAGCTCGCACCGATGGATGAGCCCG

CGACCGATTAGCTAGTTGGTGGGGTAACGGCCTACCAAGGCGACGATCGGTAGCTG

GTCTGAGAGGACGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGG

AGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCAATGCCGCG

TGGGTGAAGAAGGCCTGCGGGTTGTAAAGCCCTTTCAGCCGGGAGGAAAAGCATCG

GGTTAATACCTCGATGTGTTGACGTTACCGGCAGAAGAAGCACCGGCTAACTCCGTG

CCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAA

AGCGCATGTAGGCGGTCGGATAAGT CGGGTGTGAAAGCCCCGGGCTCAACCTGGGA

ATTGCATCCGATACTGTTTGTCTAGAGTCTGGTAGAGGGAGGCGGAATTCCCGGTGT

AGCGGTGAAATGCGTAGATAT CGGGAGGAACACCAGTGGCGAAGGCGGTCTCCTGG

ATCAAGACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCT

GGTAGTCCACGCCGTAAACGATGAGGACTAGCCGTTGGATTCATTAATGAGTCTAGT

GGCGCAGCTAACGCGTTAAGTCCTCCGCCTGGGGAGTACGGCCGCAAGGTTAAAAC

TCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATG

SEQ ID NO:2
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TABLE 2-continued

The sequence for the Nitrococcus-like
nitrite-oxidizing bacterium represented by
SB7c¢ll.

CAACGCGAAGAACCTTACCTGCTCTTGACATCTCCGGAACCTTGCAGAGATGTGAGG

GTGCCTTCGGGAACCGGATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGA

GATGTTGGGTTAGGTCCCGCAACGAGCGCAACCCTTGCCCCTAGTTACCAGCGGTTC

GGCCGGGGACTCTAGGGGGACTGCCGGTGACAAACCGGAGGATGGTGGGGATGAC

GTCAAGTCATCATGGCCCTTATGAGCAGGGCTACACACGTGCTACAATGGCCGGTAC

AAAGGGTTGCAAACCGTGAGGGGGAGCTAATCCCAAAAAGCCGGTCCCAGTCCGGA

TTGCAGTCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCA

ATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAG

TCGGCTGCACCAGAAGTCGGTAGCCTAACCTTCTTAGGAAGG .

TABLE 3

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
SB7¢l36.

TGATCATGGCTCAGAACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAACGA

GAATCCGGGGCAACTCGGTAGTAAAGTGGCAAACGGGTGAGGAATACATGGGTAAC

CTGCCCTTGAGAAGGGAATAACCCGCCGAAAGGTGAGCTAATACCCTATACGCTAT

CATTTTTACGAAAAAGATAGGAAAGCCAAGTCGAGGACTTGGTACTCAAGGAGGGG

CTCATGTCCTATCAGCTTGTTGGTGGGGTAACGGCCTACCAAGGCTACGACGGGTAG

CTGGTCTGAGAGGATGATCAGCCACACTGGCACTGAGATACGGGCCAGACTCCTAC

GGGAGGCAGCAGTGAGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGT

CGCGTGGGGGATGAAGGTTTTCGGATTGTAAACCCCTTTCATGAGGAAAGATAAAG

TGGGTAACCACTTAGACGGTACCTCAAGAAGAAGCCACGGCTAACTTCGTGCCAGC

AGCCGCGGTAATACGAWGGTGGCGAGCGTTGTTCGGATTTACTGGGCGTAAAGAGC

ACGTAGGCGGTTGGGAAAGCCTTTTGGGAAATCTCCCGGCTTAACCGGGAAAGGTC

GAGAGGAACTACTCAGCTAGAGGACGGGAGAGGAGCGCGGAATTCCCGGTGTAGC

GGTGAAATGCGTAGATATCGGGAAGAAGGCCGGTGGCGAAGGCGGCGCTCTGGAAC

GTACCTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT

AGTCCACGCCCTAAACGATGGGTACTAAGTGTCGGCGGTTTACCGTCGGTGCCGCAG

CTAACGCAGTAAGTACCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGG

AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCG

AGGAACCTTACCCAGGTTGGACATGCTCGTGGTACGAACCTGAAAGGGTGAGGACC

TCGAAAGGGGAGCGAGCTCAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGG

TGTTGGGTTAAGTCCCGCAACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCAT

GCCGAGCACTCTGAAGAGACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACG

TCAAGTCAGCATGGCCTTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACA

SEQ ID NO:3

10
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TABLE 3-continued

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
SB7¢l36.

GAGGGTTGCAATCCCGCAAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGA

TTGGGGTCTGCAACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGC

ACGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGARA

GTCAGCTGTACCAGAAGTCACTGGCGCCAACCTGCAAGGGAGGC.

TABLE 4

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
SB7¢c47.

TGATCATGGCTCAGAACGAACGCTGGCGGCGCGCCTAACACATGCAAGTCGAACGA

GAATCCGGGGCAACTCGGTAGTAAAGTGGCAAACGGGTGAGGAACACATGGGTAAC

CTGCCCTTGAGAAGGGAATAACCCGCCGAAAGGTGAGCTAATACCCTATACGCTAT

CATTTTTACGAAAAAGATAGGAAAGCCAAGTCGAGGACTTGGTACTCAAGGAGGGG

CTCATGTCCTATCAGCTTGTTGGTGGGGTAACGGCCTACCAAGGCTACGACGGGTAG

CTGGTCTGAGAGGATGATCAGCCACACTGGCACTGAGATACGGGCCAGACTCCTAC

GGGAGGCAGCAGTGAGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGT

CGCGTGGGGGATGAAGGTCTTCGGATTGTAAACCCCTTTCATGAGGAAAGATAAAG

TGGGTAACCACTTAGACGGTACCTCAAGAAGAAGCCACGGCTAACTTCGTGCCAGC

AGCCGCGGTAATACGAAGGTGGCGAGCGTTGTTCGGATTTACTGGGCGTAAAGAGC

ACGTAGGCGGTTGGGAAAGCCTTTTGGGAAATCTCCCGGCTTAACCGGGAAAGGTC

GAGAGGAACTACTCAGCTAGAGGACGGGAGAGGAGCGCGGAATTCCCGGTGTAGC

GGTGAAATGCGTAGATATCGGGAAGAAGGCCGGTGGCGAAGGCGGCGCTCTGGAAC

GTACCTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGT

AGTCCACGCCCTAAACGATGGGTACTAAGTGTCGGCGGTTTACCGTCGGTGCCGCAG

CTAACGCAGTAAGTACCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGG

AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCG

AAGAACCTTGCCCAGGTTGGACATGCTCGTGGTACGAACCTGAAAGGTGAGGACCT

CGAAAGGGGAGCGAGCTCAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGT

GTTGGGTTAAGTCCCGCAACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATG

CCGAGCACTCTGAAGAGACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTC

AAGTCAGCATGGCCTTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAGA

GGGTTGCAATCCCGCAAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGATT

GGGGTCTGCAACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCAC

GCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGARAAGTC

AGCTGTACCAGAAGTCACTGGCGCCAACCTGCAAGGGAGGGCAGGTG .

SEQ ID NO:4

12



US 7,544,501 B2

13

TABLE 5

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
R21c76.

GAACGAACGCTGGCGGCGCGCCTAACACATGCAAGT CGAACGAGAATCCGGGGCA

ACCCGGTAGTAAAGTGGCAAACGGGTGAGGAATGCATGGGCAACCTGCCCTTGAGA

AGGGAATAACCCGCCGAAAGGTGGGCTAATACCCTATACGCTATCTTCTTTTCGGAA

AAGATAGGAAAGCTTGGTCGAGGACTCGGCACTCAAGGAGGGGCTCATGTCCTATC

AGCTTGTTGGTGGGGTAACGGCCTACCAAGGCTACGACGGGTAGCTGGTCTGAGAG

GATGATCAGCCACACTGGCACTGAGATACGGGCCAGACTCCTACGGGAGGCAGCAG

TGAGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGTGGGGGATG

AAGGTTTTCGGATTGTAAACCCCTTTCATGAGGAAAGATAAAGTGGGTAACCACTTA

GACGGTACCTCAAGAAGAAGCCACGGCTAACTTCGTGCCAGCAGCCGCGGTAATAC

GAAGGTGGCAAGCGTTGTTCGGATTTACTGGGCGTAAAGAGCACGTAGGCGGTTGG

GAAAGCCTCTTGGGAAATCTCCCGGCTTAACCGGGAAAGT TCGAGAGGTACTATTCA

GCTAGAGGACGGGAGAGGAGCGCGGAATTCCCGGTGTAGCGGTGAAATGCGTAGAT

ATCGGGAAGAAGGCCGGTGGCGAAGGCGGCGCTCTGGAACGTACCTGACGCTGAGG

TGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAAC

GATGGGTACTAAGTGTCGGCGGTTTACCGTCGGTGCCGCAGCTAACGCAGTAAGTAC

CCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCG

CACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCCAGG

TTGGACATGCTCGTGGTACGAACCTGAAAGGGTGAGGACCTTGAAAGAGGAGCGAG

CTCAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCG

CAACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGA

GACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTT

TATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCCCGC

AAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAACTCG

ACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACG

TTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGTACCAGAAGT

CACTGGCGCCAACCCGCAAGGGGGGCAGGTGCCCAAGGTATGGTTGGTAATTGGGG

TGAAGTCGTAA.

SEQ ID NO:5

TABLE 6

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
R21c28.

ATCCTGGCTCAGAACGAACGCTGCGGCGCGCCTAACACATGCAAGTCGAACGAGAA

TCCGGGCAACCTGGTAGTAAAGTGGCGAACGGGTGAGGAATACATGGGTAACCTGC

CCTTGAGAATGGAATAACCTATCGAAAGATGGGCTAATACCATATACGCTTCCTGAT

TCGAGGATTGGGAAGGAAAGT CGTATCGAGGATACGGCGTTCAAGGAGGGGCTCAT

GGCCTATCAGCTTGTTGGTGGGGTAACGGCCTACCAAGGCAACGACGGGTAGCTGG

TCTGAGAGGATGATCAGCCACACTGGCACTGAGATACGGGCCAGACTCCTACGGGA

SEQ ID NO:6

14
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TABLE 6-continued

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
R21c28.

GGCAGCAGTGAGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGT

GGGGGATGAAGGTTTTCGGATTGTAAACCCCTTTCAGGAGGAAAGATAAGGCAGGT

TACTGCCTGGACGGTACCTCCAGAAGAAGCCACGGCTAACTTCGTGCCAGCAGCCG

CGGTAATACGAAGGTGGCGAGCGTTGTTCGGATTTACTGGGCGTAAAGAGCGCGTA

GGCGGTTAGGTAAGCCTCTTGTGGAATCTCCGGCTTAACCGGGAATAGT CGAGGGTA

ACTGCTTAGCTAGAGGGCGGGAGAGGAGTGCGGAATTCCCGGTGTAGCGGTGAAAT

GCGTAGATATCGGGAAGAAGGCCGGTGGCGAAGGCGGCACTCTGGAACGCACCTGA

CGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACG

CCCTAAACGATGGGCACTAAGTGTCGGCGGTTTACCGCCGGTGCCGCAGCTAACGT

AGTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGAC

GGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACC

TTACCCAGGTTGGACATGCAAGTAGTAAGAACCTGAAAGGGGGATGAGCCCGCAAG

GGCAGCTTGCTCAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGTT

AAGTCCCGCAACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCAC

TCTGGAGAGACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGC

ATGGCCTTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCA

ATCCCGCAAGGGTGAGCTAATCTCAAAAAACCAGTCTCAGTTCGGATCGCAGTCTGC

AACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGGAGATCAGCACGCTCCGATG

AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTCGGCTGCTCC

AGAAGTAGTTATCTTAACCCGCAAGGAGGGAGGCTACCAAGGATCGGTCGGTGACT

GGGGTGAAGT .

TABLE 7

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
B7cl0.

CATGGCTCAGAACGAACGCTGCGGCGCGCCTAACACATGCAAGTCGAACGAGAATC

CGGGGCAACTCGGTAGTAAAGTGGCGAACGGGTGAGGAATACATGGGTAACCTGCC

CTTGAAAGTGGAATAACCTATCGAAAGATGGGCTAATACCATATACGCTTCCTAGTT

TGCGGATTAGGAAGGAAAGTCGTATCGAGGATACGGTGTTCAAGGAGGGGCTCATG

GCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCAACGACGGGTAGCTGGTC

TGAGAGGATGATCAGCCACACTGGCACTGAGATACGGGCCAGACTCCTACGGGAGG

CAGCAGTGAGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACGCCGCGGG

GGGGATGAAGGTTTTCGGATTGTAAACCCCTTTCAGGAGGGAAGAAAAAGCGGGTA

ACCGCCCGGACGGTACCTCCAGAAGAAGCCACGGCTAACTTCGTGCCAGCAGCCGL

GGTAATACGAAGGTGGCGAGCGTTGTTCGGATTTACTGGGCGTAAAGAGCGCGTAG

GCGGTTAGGTAAGCCTCTTGTGAAAGCTCCCGGCTTAACCGGGAATGGT CGAGGGG

AACTACTTAGCTAGAGGGCGGGAGAGGAGTGCGGAATTCCCGGTGTAGCGGTGAAA

SEQ ID NO:7
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TABLE 7-continued

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
B7cl0.

TGCGTAGATATCGGGAAGAAGGCCGGTGGCGAAGGCGGCACTCTGGAACGCACCTG

ACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCAC

GCCCTAAACGATGGGCACTAAGTGTCGGCGGTTTACCGTCGGTGCCGCAGCTAACG

CAGTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGA

CGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAALC

CTTACCCAGGTTGGACATGCAAGTAGTAAGAACCTGAAAGGGGATGAGCCCGCAAG

GAGCTTGCTCAGGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTA

AGTCCCGCAACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACT

CTGGAGAGACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGT CAGC

ATGGCCTTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCA

ATCCCGTAAGGGGGAGCTAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTG

CAACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGGGGATCAGCACGCCGCGGT

GAATACGTTCCCGGGCCTTGTACATATTGTACGTCACAGCACGAAAGTCAGCTGTAC

CAGAAGTTGCTGGCGCTAACCCGTAAGGAGGCAGGTGCCCAAGGTATGGTTGGTAA

TTGGGGTGAAGTCGTAACAA.

TABLE 8

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by
B7¢c7.

TTTGATCATGGCTCAGAACGAACGCTGGCGGCGCVVCTAACACATGCAAGTCGAAC

GAGAATCCGGGGCAACTCGGTAGTAAAGTGGCGAACGGGTGAGGAATACATGGGTA

ACCTGCCCTTGAAAGTGGAATAACCTATCGAAAGATGGGCTAATACCATATACGCTT

CCTAGTTTGCGGATTAGGAAGGAAAGT CGTATCGAGGATACGGTGTTCAAGGAGGG

GCTCATGGCCTATCAGCTTGTTGGTGGGGTAATGGCCTACCAAGGCAACGACGGGTA

GCTGGTCTGAGAGGATGATCAGCCACACTGGCACTGAGATACGGGCCAGACTCCTA

CGGGAGGCAGCAGTGAGGAATATTGCGCAATGGGCGAAAGCCTGACGCAGCGACG

CCGCGTGGGGGATGAAGGTTTTCGGAT TGTAAACCCCTTTCAGGAGGGAAGAAAAR

GCGGGTAACCGCCCGGACGATACCTCCAGAAGAAGCCACAGCTAACTTCGTGCCAG

CAACCGCGGTAATACAAGGGTAGCGAACGTTGTTCAAATTTACTAGGCGTAAAGAG

CACATAGACAATTAGGTAAGCCTCTTGTGAAAGCTCCCGGCTTAACCGGGAATGGTC

GAGGGGAACTACTTAGCTAGAAAACAGGAGAAAAGTACGAAATTCCCAATATAACA

ATAAAATACATAAATATCAAAAAGAAGGCCGGTGGCGAAGGCGGCACTCTGGAACG

CACCTGACGCTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTA

GTCCACGCCCTAAACGATGGGCACTAAGTGTCGGCGGTTTACCGTCGGTGCCGCAGC

TAACGCAGTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGTTGAAACTCAAAGGA

ATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGA

AGAACCTTACCCAGGTTGGACATGCAAGTAGTAAGAACCTGAAAGGGGATGAGCCC

SEQ ID NO:8

18
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TABLE 8-continued

20

The sequence for the Nitrospira-like
nitrite-oxidizing bacterium represented by

B7¢c7.

GCAAGGAGCTTGCTCAGGTGCTGCATAGCTGTCGTCAACTCGTGCCATAAAGTGTTG

GGTTAAGTCCCACAACAAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGG

GCACTCTGGAGAGACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGT

CAGCATGGCCTTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGT

TGCAATCCCGTAAGGGGGAGCTAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGG

TCTGCAACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCG

CGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCT

GTACCAGAAGTCGCTGGCGCTAACCCGTAAGGAGGCAGGTGCCCAAGGTATGGTTG

GTAATTGGGGTGAAGTCGTAACAAGGT .

For the purposes of the present invention, an isolated bac-
terial strain is one that has undergone some degree of purifi-
cation from its natural environment. A culture of a bacterium
is considered to be biologically pure if at least 20% of the
bacteria are from one bacterial strain. However, it is prefer-
able if the culture is at least 33% pure, more preferable if the
culture is at least 45% pure and most preferable if the culture
is at least 90% pure.

The bacterial strains of the present invention may also be
combined with each other, other species of bacteria, nutrients
and/or other components to provide a composition for main-
taining or purifying aqueous media. It may be desirable, for
example, to combine the bacteria of the present invention
with bacteria capable of removing other pollutants or unde-
sirable compounds from aqueous media. Examples of such
bacteria include ammonia-oxidizing bacteria (chemolithoau-
totrophic bacteria which oxidize ammonia to nitrite), het-
erotrophic bacteria (which mineralize organic material into
ammonia and other substances) and other bacteria which will
be known to those of skill in the art. Ammonia-oxidizing
bacteria are known from the beta and gamma subdivisions of
the Proteobacteria. Examples include species of the genera
Nitrosomonas, Nitrosospira, Nitrosolobus and Nitrosococ-
cus. Nitrate-reducing bacteria are known from the genera
Azoarcus, Pseudomonas and Alcaligenes. Heterotrophic bac-
teria are known from the genera Bacillus, Pseudomonas and
Alcaligenes. Other groups of bacteria that may be combined
with the bacterial strains of the present invention include
members of the Planctomyces. Such are available from
known sources (e.g., American Type Culture Collection,
10801 University Blvd., Manassas Va. 20100, USA) or may
be isolated directly from aquaria biofilters.

For example, the bacterial strains of the present invention
may be combined with ammonia-oxidizing bacteria such that
ammonia present in the water system would be oxidized to
nitrite and the nitrite oxidized to nitrate. The added ammonia-
oxidizing bacteria may be any ammonia-oxidizing bacteria
known to the art or may be exemplified by, but are not in any
way limited to, those ammonia-oxidizing bacteria disclosed
in the following commonly assigned patent applications: U.S.
patent application Ser. No. 10/659,983, filed Sep. 10, 2003,
now U.S. Pat. No. 7,267,816, U.S. patent application Ser. No.
10/659,980, filed Sep. 10,2003, now U.S. Pat. No. 7,270,957,
U.S. patent application Ser. No. 10/659,948, filed Sep. 10,
2003, and U.S. patent application Ser. No. 10/659,965, filed
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Sep. 10, 2003, now abandoned, the contents of each of which
is hereby incorporated by reference in its entirety as if fully
set forth.

Another example would be to combine the bacterial strains
of the present invention with aerobic or anaerobic denitrify-
ing bacteria. In this case, the nitrate which is produced by the
interaction of the bacterial strains of the present invention
with denitrifying bacteria would be reduced to dinitrogen or
other nitrogen based products. A third example would be to
combine the bacterial strains of the present invention with
heterotrophic bacteria which mineralize organic matter into
simpler inorganic substances which, subsequently, can be
utilized as substrates by the bacterial strains of the present
invention.

In several embodiments, compositions for maintaining or
puritying aqueous media are provided that comprise nitrite-
oxidizing bacteria and ammonia-oxidizing bacteria. In one
embodiment, a composition is provided for the maintenance
of home aquaria, said composition comprising saltwater
NOB of the present invention along with saltwater AOB. In
one embodiment, 0.5-1.5 mL, but preferably approximately 1
mL of concentrated saltwater NOB of the present invention is
mixed with 2.25-3.25 mL, but preferably approximately 2.75
mL of concentrated saltwater AOB. That concentrated mix-
ture is then diluted to 2.5-3.5 fluid ounces, but preferably
approximately 3 fluid ounces (88.7 mL) with artificial seawa-
ter, a volume designed to treat 50-60 gallons, but preferably
approximately 55 gallons of aquarium water. The composi-
tion may include several strains of saltwater NOB of the
present invention, wherein the 16S rDNA of the bacterial
strains has a nucleotide sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ IDNO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 or SEQ ID NO:8. In one embodiment,
the composition comprises all of the saltwater NOB strains of
the present invention, with the majority of the composition
being comprised of the bacterial stains represented by SEQ
1D NO:6, SEQ ID NO:7 and SEQ ID NO:8 (as used here, the
term “‘majority” means at least 50%).

In another embodiment, a composition is provided for the
maintenance of public aquaria and aquaculture facilities, said
composition comprising saltwater NOB of the present inven-
tion along with saltwater AOB. In one embodiment, 40-50
ml, but preferably approximately 45 mL of concentrated
saltwater NOB of'the present invention is mixed with 118-128
ml, but preferably approximately 123 mL of concentrated
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saltwater AOB. That concentrated mixture is then diluted to
0.9-1.1 gallons, but preferably approximately 1 gallon (3.79
L) with de-chlorinated, filtered water, a volume designed to
treat 2410-2510 gallons, but preferably approximately 2460
gallons of aquarium or aquaculture facility water. The com-
position may include several strains of saltwater NOB of the
present invention, wherein the 16S rDNA of the bacterial
strains has a nucleotide sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 or SEQ ID NO:8. In one embodiment,
the composition comprises all of the saltwater NOB strains of
the present invention, with the majority of the composition
being comprised of the bacterial stains represented by SEQ
IDNO:6, SEQ ID NO:7 and SEQ ID NO:8 (as used here, the
term “majority” means at least 50%).

The present invention also provides a mixture comprising
a concentrated bacterial strain capable of oxidizing nitrite to
nitrate, wherein the 16S rDNA ofthe bacteria has anucleotide
sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8 or a variant thereof which is at least 96%
similar, at least 97% similar, at least 98% similar or at least
99% similar to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8. According to this embodiment of the inven-
tion, the bacterial strain is considered to be concentrated if the
bacterial strain occurs in a concentration which is higher than
its concentration occurred in nature. In general, the concen-
tration of the bacterial strain will be at least 20% of the total
cells in the sample as determined by standard techniques such
as molecular probing using fluorescent in situ hybridization
(FISH) techniques, which will be known to those skilled in
the art, using appropriate controls and enumeration methods.
More preferably, the concentration of the bacterial strain
would be 33% or greater of the total cells, even more prefer-
ably 45%, and most preferably 90% or greater of the total
cells. However, it may be preferable to have more than one of
the bacteria which have a nucleotide sequence of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8 in the
mixture. In this case, the percentages stated above relate to
percentage of total NOBs in the mixture with the understand-
ing that the balance of cell population might be comprised of
ammonia-oxidizing bacteria or other types of bacteria.

In particular, while not wishing to be bound by any theory,
of the various bacterial strains discussed in connection with
the present invention, those strains represented by SEQ 1D
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8 are
believed to be especially tolerant of saltwater environments;
although these strains may be utilized in freshwater environ-
ments, as well, and are believed to function effectively
therein. Bacterial strains and mixtures incorporating strains
other than those strains represented by SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, and SEQ ID NO:8 may also tolerate
saltwater environments to an appreciable degree, yet in a
preferred embodiment of the present invention, it is those
strains represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 or SEQ ID NO:8 that are included in a saltwater envi-
ronment to oxidize nitrite to nitrate.

Furthermore, while any of the bacterial strains discussed in
connection with the present invention may be freeze-dried,
those strains represented by SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7, and SEQ ID NO:8 are believed to be particu-
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larly tolerant of the freeze-drying process, as evidenced by
their ability to remain viable after such a process, and to
oxidize nitrite to nitrate following such a process. Thus, in an
embodiment of the present invention, those bacterial strains
represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8 may be freeze-dried and thereafter used to
oxidize nitrite to nitrate in saltwater environments.

In another embodiment, methods of freeze-drying the bac-
teria or bacterial strains disclosed herein are provided. The
methods comprise treating the bacteria or bacterial strains
with a cryoprotectant, placing them in a freezer and drying the
bacteria or bacterial strains under vacuum pressure. The
freeze-drying methods of the present invention produce
freeze-dried NOB that can be stored in freeze-dried form
while maintaining their viability and ability to oxidize nitrite
to nitrate after thawing.

In several embodiments, the methods of freeze-drying the
bacteria or bacterial strains of the present invention comprise
particular freeze-drying conditions. In one embodiment,
NOB strains of the present invention are grown in a medium
with a salinity of 30 ppt. The NOB are then treated with
trehalose as a cryoprotectant, with 40-60 g, but preferably
approximately 50 g of trehalose being mixed with 900-1100
ml, but preferably approximately 1000 mL, of NOB for an
approximately 5% solution. The NOB solutions are stored at
approximately 4° C. until processing, whereupon they are
poured onto pre-refrigerated trays and frozen at approxi-
mately —40° C. for approximately 3 hours. The frozen solu-
tions are then placed in a drier at a mild primary sublimination
rate for approximately 12 hours with a finishing temperature
of approximately 27° C. with a total drying time of approxi-
mately 35 hours. In another embodiment, the freeze-drying
conditions are identical, except for the fact that the frozen
solutions are placed in a drier at an aggressive primary sub-
limination rate for approximately 2 hours with a finishing
temperature of approximately 27° C. with a total drying time
of approximately 28 hours.

In another embodiment, NOB strains of the present inven-
tion are grown in a medium with a salinity of 30 ppt. The NOB
are then treated with trehalose as a cryoprotectant, with
90-110 g, but preferably approximately 100 g of trehalose
being mixed with 900-1100 mL, but preferably approxi-
mately 1000 mL of NOB for an approximately 10% solution.
The NOB solutions are stored at approximately 4° C. until
processing, whereupon they are poured onto pre-refrigerated
trays and frozen at approximately —40° C. for approximately
3 hours. The frozen solutions are then placed in a drier at a
mild primary sublimination rate for approximately 12 hours
with a finishing temperature of approximately 27° C. In
another embodiment, the freeze-drying conditions are iden-
tical, except for the fact that the frozen solutions are placed in
a drier at an aggressive primary sublimination rate for
approximately 2 hours with a finishing temperature of
approximately 27° C.

It is understood that the bacterial strains, mixtures and
compositions of the present invention can be in the form of
powder, liquid, a frozen form, a freeze-dried form or any other
suitable form, which may be readily recognized by one of
skill in the art. These are commonly referred to as “commer-
cial additives,” and may include, but are in no way limited to:

(1) a liquid form, wherein one or more of the strains,

mixtures or compositions are in a liquid solution con-
taining inorganic salts or organic compounds such that
the viability of the cells is not destroyed during the
course of storage;
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(2) a frozen form, wherein one or more of the strains,
mixtures or compositions are in a liquid mixture as
above, optionally including cryoprotectant compounds
to prevent cell lysis, which is frozen and stored at a
temperature at or below 32° F.; and

(3) a powder form, which has been produced by freeze-
drying or other means, wherein the dehydrated form of
one or more of the strains, mixtures or compositions can
be stored at normal room temperature without loss of
viability.

Obtaining a proper form of the bacterial strains and the
mixtures of the present invention is well within the skill in the
art in view of the instant disclosure. It is also understood that
the bacterial strains and the mixtures of the present invention
can be used alone, or in combination with other components.
Examples of such components include, but are not limited to,
ammonia-oxidizing bacteria, heterotrophic nitrite-oxidizing
bacteria, heterotrophic ammonia-oxidizing bacteria and the
like. All of'the forms of the biologically pure bacterial strains
may also contain nutrients, amino acids, vitamins and other
compounds which serve to preserve and promote the growth
of the bacterial strains. The bacterial strains and the mixtures
and compositions of the present invention can be used in
freshwater aquaria, seawater aquaria and wastewater to alle-
viate the accumulation of nitrite. They can also be used in a
bioremediation process to reduce the level of pollution caused
by the nitrite. A bioremediation process, also called bioaug-
mentation, includes, but is not limited to, the supplemental
addition of microorganisms to a system (e.g. a site where
biological or chemical contamination has occurred) for the
purposes of promoting or establishing biological and/or
chemical processes that result in the change of one or more
forms of chemical compounds present in the original system.

Accordingly, one aspect of the present invention provides a
method of alleviating the accumulation of nitrite in a medium.
The method includes a step of placing into the medium a
sufficient amount of one or more bacterial strains of the
present invention capable of oxidizing nitrite to nitrate to
alleviate the accumulation of nitrite in the medium, wherein
the 16S rDNA of the bacterial strain(s) has a nucleotide
sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8 or a variant thereof which is at least 96%
similar, at least 97% similar, at least 98% similar or at least
99% similar to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8. The amount of the bacterial strain(s) is
sufficient if the added bacteria can alleviate or prevent the
accumulation of nitrite in the medium. In general, the addi-
tion of one or more of the bacterial strains of the invention to
a freshwater or saltwater aquarium is expected to reduce the
maximum nitrite concentration by at least 50% when com-
pared to the level which would be attained in the absence of
the bacterial strain(s).

In another embodiment of the invention, a method of alle-
viating the accumulation of nitrite in a medium includes
placing into the medium a sufficient amount of a composition,
as disclosed herein, for alleviating the accumulation of nitrite
in a medium. The composition may comprise one or more
bacterial strains of the present invention capable of oxidizing
nitrite to nitrate wherein the 16S rDNA of the bacterial strain
or strains has anucleotide sequence of SEQ ID NO:1, SEQID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 or SEQ ID NO:8 or a variant thereof
which is at least 96% similar, at least 97% similar, at least
98% similar or at least 99% similar to SEQ ID NO:1, SEQ ID
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NO:2, SEQ IDNO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 or SEQ ID NO:8.

In various embodiments, methods of maintaining or puri-
fying aqueous media are provided that include placing into
the medium a sufficient amount of a composition, as dis-
closed herein, for maintaining or purifying a aqueous
medium. In said compositions, the bacterial strains of the
present invention may be combined with ammonia-oxidizing
bacteria such that ammonia present in the water system would
be oxidized to nitrite and the nitrite oxidized to nitrate.
Another example would be to combine the bacterial strains of
the present invention with aerobic or anaerobic denitrifying
bacteria. In this case, the nitrate which is produced by the
interaction of the bacterial strains of the present invention
with denitrifying bacteria would be reduced to dinitrogen or
other nitrogen based products. A third example would be to
combine the bacterial strains of the present invention with
heterotrophic bacteria which mineralize organic matter into
simpler inorganic substances which, subsequently, can be
utilized as substrates by the bacterial strains of the present
invention.

In several embodiments, methods of maintaining or puri-
fying aqueous media are provided that comprise placing into
the medium a sufficient amount of a composition that com-
prises nitrite-oxidizing bacteria and ammonia-oxidizing bac-
teria. In one embodiment, a method of maintaining home
aquaria is provided that comprises placing into the aquaria a
sufficient amount of a composition, said composition com-
prising saltwater NOB of the present invention along with
saltwater AOB. In one embodiment, the composition is
formed by mixing 0.5-1.5 mL, but preferably approximately
1 mL of concentrated saltwater NOB of the present invention
is mixed with 2.25-3.25 mL, but preferably approximately
2.75 mL of concentrated saltwater AOB. That concentrated
mixture is then diluted to 2.5-3.5 fluid ounces, but preferably
approximately 3 fluid ounces (88.7 mL) with artificial seawa-
ter, a volume designed to treat 50-60 gallons, but preferably
approximately 55 gallons of aquarium water. The composi-
tion may include several strains of saltwater NOB of the
present invention, wherein the 16S rDNA of the bacterial
strains has a nucleotide sequence of SEQ ID NO:1, SEQ ID
NO:2, SEQ IDNO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 or SEQ ID NO:8. In one embodiment,
the composition comprises all of the saltwater NOB strains of
the present invention, with the majority of the composition
being comprised of the bacterial strains represented by SEQ
1D NO:6, SEQ ID NO:7 and SEQ ID NO:8 (as used here, the
term “‘majority” means at least 50%).

In another embodiment, a method of maintaining public
aquaria and aquaculture facilities is provided that comprises
placing into the aquaria or aquaculture facility a sufficient
amount of a composition, said composition comprising salt-
water NOB of the present invention along with saltwater
AOB. In one embodiment, the composition is formed by
mixing 40-50 mL, but preferably approximately 45 ml of
concentrated saltwater NOB of the present invention is mixed
with 118-128 mlL., but preferably approximately 123 mL of
concentrated saltwater AOB. That concentrated mixture is
then diluted to 0.9-1.1 gallons, but preferably approximately
1 gallon (3.79 L) with de-chlorinated, filtered water, a volume
designed to treat 2410-2510 gallons, but preferably approxi-
mately 2460 gallons of aquarium or aquaculture facility
water. The composition may include several strains of salt-
water NOB of the present invention, wherein the 16S rDNA
of the bacterial strains has a nucleotide sequence of SEQ ID
NO:1, SEQ IDNO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQID NO:6, SEQ ID NO:7 or SEQ ID NO:8. In one
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embodiment, the composition comprises all of the saltwater
NOB strains of the present invention, with the majority of the
composition being comprised of the bacterial stains repre-
sented by SEQID NO:6, SEQ ID NO:7 and SEQ ID NO:8 (as
used here, the term “majority” means at least 50%).

It will be appreciated that the actual levels achieved in a
given setting will be a function of the size and contents of the
systems (i.e., the number of fish, plants, etc.). In a newly
set-up 37 liter aquarium with ten fish, the nitrite concentration
may reach 14 mg/L or higher without addition of the bacterial
strain, whereas the maximum level can be reduced to about 5
mg/L. by addition of one or more of the bacterial strains. In
general, the maximum nitrite concentration would not be
expected to exceed 3 mg/LL if one or more of the bacterial
strains of the invention is added to such a system. When the
system reaches a steady state, the nitrite levels drop back to
below 0.5 mg/L., a process which occurs more rapidly when
one or more of the bacterial strains of the invention is present.

In one embodiment of the present invention, the bacterial
strains and compositions of the present invention are placed
directly into a medium such as, but not limited to, freshwater
aquaria, seawater aquaria and wastewater. In another embodi-
ment of the present invention, the bacterial strains and com-
positions may be grown on a rotating biological contactor and
then placed in the medium. In a different embodiment, the
bacterial strains and compositions of the present invention
can be placed on a biofilter unit contained in the medium. In
another embodiment the bacterial strains and compositions of
the present invention may be immobilized in an immobilizing
polymer, such as, but not limited to, acrylamide, alginate or
carrageenan. This bacterial-laced polymer material may then
be placed in a filter or may itself be placed in the filter stream
of a suitable facility.

As used herein, the term “aquarium” is intended to mean a
container which may be made of, in combination or in its
entirety, but not limited to, glass, plastic, or wood that holds
water and in which living aquatic organisms (such as fish,
plants, bacteria and invertebrates) are placed, and the contents
thereof. An aquarium may be for the purposes of displaying
aquatic organisms, for their short or long-term holding, for
scientific study, for transportation and other purposes. A
freshwater aquarium is generally an aquarium in which the
liquid medium has a salinity of less than 15 parts per thou-
sand. A saltwater aquarium is generally an aquarium in which
the liquid medium has a salinity of more than 15 parts per
thousand. The term “aquarium water” is used to refer to the
medium which is contained within the aquarium, and its
associated filter systems, in which the aquatic organisms
reside. Aquarium water may contain a wide range of inor-
ganic or organic chemical substances and, therefore, may
have a wide range of parameters such as concentration of
salts, pH, total dissolved solids and temperature, to name a
few.

As used herein, “wastewater” generally refers to a liquid
medium which is the product of an industrial or human pro-
cess. [t may require treatment by one or more filtration meth-
ods to render it less harmful to the environment such that it
conforms to discharge standards as determined by a govern-
mental agency. Wastewater may also be recycled such that it
is not discharged to the environment.

Asused herein, a “biological filter,” also called a “biofilter,
” generally refers to a filter type whose purpose is to promote
the growth of microorganisms, or to provide a substrate for
the attachment and growth of microorganisms. A biofilter
may be part of an aquarium filtration system or a wastewater
filtration system. As used herein, the term “rotating biological
contactor” generally refers to a type of biofilter which rotates
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in the water or medium. It may be completely or partially
submerged in the water or medium. Persons skilled in the art
will recognize rotating biological contactors as embodied in
U.S. Pat. Nos. 2,085,217; 2,172,067; 5,423,978, 5,419,831,
5,679,253; 5,779,885 and all continuations, improvements
and foreign counterparts; each of which is incorporated
herein by reference as if fully set forth.

As used herein, “filter floss” refers to irregularly shaped
natural or synthetic multi-stranded material which may serve
as a biofilter, a mechanical filter or a combination of these.

As used herein, “aquarium gravel” refers to a substrate
commonly placed inside, on the bottom, of an aquarium. It
may be composed of irregular or regular shaped pieces of
rock, coral, plastic or other material. It may serve as a biofil-
ter, a mechanical filter, for decorative purposes or a combi-
nation of these.

As used herein, the term “filter sponge” refers to a natural
or synthetic material which when used in an aquarium or as
part of an aquarium filtration system may serve as a mechani-
cal filter, a biofilter or both.

As used herein, “plastic filter media” refers to a man-made
material which serves as a biofilter, a mechanical filter or
both. It may be plastic molded or injection molded.

In another embodiment, nucleic acid sequences and bacte-
ria with sequences which have the nucleotide sequence of
SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4,
SEQID NO:5,SEQIDNO:6, SEQ IDNO:7 or SEQ ID NO:8
or a variant thereof which is at least 96% similar, at least 97%
similar, at least 98% similar or at least 99% similar to SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQIDNO:6, SEQ ID NO:7 or SEQ ID NO:8 are also
provided.

In another embodiment, oligonucleotide probes are pro-
vided for detecting and measuring the amount of bacteria of
the present invention which are present in a medium. The
probes have the nucleotide sequences set forth in SEQ ID
NO:14, SEQID NO:15, SEQ ID NO:16 and SEQ ID NO:18.
The oligonucleotide probes of the present invention can be
synthesized by methods which are known in the art.

The oligonucleotide probes of the present invention can be
labeled by any labels that are detectable. Examples of suitable
labels include, but are in no way limited to, radioactive labels,
fluorescent labels, and the like. Suitable labeling materials are
commercially available and would be known to those of ordi-
nary skill in the art. The methods of labeling an oligonucle-
otide or a polynucleotide are also known to those of ordinary
skill in the art (See, for e.g., Sambrook, J., E. F. Fritsch, and T.
Maniatis. Molecular Cloning—A Laboratory Manual, sec-
ond edition, 1989, Cold Spring Harbor Press).

The oligonucleotide probes of the present invention are
able to hybridize with 16S rDNA of the bacterial strain of the
present invention. Accordingly, the oligonucleotide probes of
the present invention are well suited for use in a method for
detecting and determining the quantity of bacteria of the
present invention.

In one aspect of the present invention, a method is provided
for detecting and determining the quantity of bacteria capable
of oxidizing nitrite to nitrate in a medium, wherein the 16S
rDNA of the bacteria has a nucleotide sequence of SEQ ID
NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8. The
method may include:

(a) providing a detectably labeled probe of the present
invention with a nucleotide sequence set forth in SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16 or SEQ ID
NO:18;
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(b) isolating total DNA from a medium;

(c) exposing the isolated total DNA to the detectably
labeled probe under conditions under which the probe
hybridizes to only the nucleic acid of the bacteria,
wherein the 168 rDNA of the bacteria has a nucleotide
sequence of SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7 or SEQ ID NO:8; and

(d) detecting and measuring the hybridized probe for
detecting and measuring the quantity of the bacteria.

The probes of the present invention are represented by SEQ
ID NO:14, SEQ ID NO:15, SEQ ID NO:16 and SEQ ID
NO:18. A sequence that is at least 96% similar over the entire
length of any of the aforementioned probes may also be used
to detect the bacteria of the present invention. These probes
are further described in the ensuing examples.

The medium can be aquarium water, wherein the DNA is
isolated therefrom. The medium can also contain a material
such as aquarium gravel, sponge filter material, filter floss, or
plastic filter media, but is not considered to be limited to
these. Accordingly, the DNA can be isolated from the above
and other sources where such bacteria may be expected to be
found.

The method of the present invention can be performed in
conjunction with a DNA chip, or similar tools known to those
of'skill in the art. A DNA chip may include a solid carrier and
a group of nucleotide derivatives or their analogues fixed to
the solid carrier via covalent bonding. Detection of a nucleic
acid fragment with a DNA chip is generally performed using
a probe oligonucleotide which is complementary to the
nucleic acid fragment to be detected, by way of hybridization.
The probe oligonucleotide is generally fixed onto the solid
carrier (e.g., solid substrate). In the detection process, a
nucleic acid fragment in a sample liquid may be provided
with a fluorescent label or a radioisotope label, and then the
sample liquid may be brought into contact with the probe
oligonucleotide of the DNA chip. If the labeled nucleic acid
fragment in the sample liquid is complementary to the probe
oligonucleotide, the labeled nucleic acid fragment is com-
bined with the probe oligonucleotide by hybridization. The
labeled nucleic acid fragment fixed to the DNA chip by
hybridization with the probe oligonucleotide may then be
detected by an appropriate detection method such as, by way
of example, fluorometry or autoradiography, although other
methods for detection may be utilized.

The method may alternatively be performed in conjunction
with a wide variety of automated processes, which will
readily recognized by those of skill in the art, and imple-
mented by routine experimentation. By way of example, the
method of the present invention may be performed with DNA
or protein microarrays, biosensors, bioprobes, capillary elec-
trophoresis, and real-time PCR to name some common meth-
odologies; although it will be readily appreciated by one of
skill in the art that this list in not all-inclusive.

The detection method of the present invention provides an
effective tool for one to monitor and detect the occurrence of
bacteria capable of oxidizing nitrite to nitrate in a medium.
The method also provides a tool for one to check the com-
mercial additives to determine the effectiveness of the addi-
tives, by measuring the occurrence or the amount of the
bacteria of the present invention.

In another embodiment, PCR primers are provided that
may be used to detect the bacteria and nucleic acid sequences
of the present invention. The PCR primer pairs are repre-
sented by SEQ ID NO:19 and SEQ ID NO:20 and SEQ ID
NO:21 and SEQ ID NO:22. A sequence that is at least 96%
similar over the entire length of any of the aforementioned
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PCR primers may also be used to detect the bacteria of the
present invention. These PCR primers are further described in
the ensuing examples.

It would be readily apparent to one skilled in the art that
variants of the aforementioned oligonucleotide probes and
PCR primers that still may be used to detect the bacteria and
nucleic acid sequences of the present invention are within the
scope of the present invention. For example, a variant of any
of the oligonucleotide probes or primers that differs from
SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ 1D
NO:18, SEQ ID NO:19, SEQ ID N0O:20, SEQ ID NO:21 or
SEQ ID NO:22 due to one or more nucleotide additions,
deletions or substitutions, but still may be used to detect the
bacteria and nucleic acid sequences of the present invention,
is encompassed by the present invention.

The present invention includes isolated bacteria, isolated
bacterial strains, bacterial cultures and nucleotide sequences
comprising the sequences identified herein as SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8, or variants of
those sequences. Particularly preferred variants are those in
which there is a high degree of similarity to SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8. The present
invention includes variants that are at least 96% similar, at
least 97% similar, at least 98% similar or at least 99% similar
to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ
ID NO:8. It is appreciated in the art that disclosures teaching
those skilled in the art how to make and use a reference
sequence (such as SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 or SEQ ID NO:8) will also be sufficient to teach such an
individual to make and use the described variants.

Three commonly-assigned patents describing nitrite-oxi-
dizing bacteria, methods of using the bacteria and methods of
detecting the bacteria issued in the United States (see U.S.
Pat. Nos. 6,207,440, 6,265,206 and 6,268,154). All three
patents describe a nucleotide sequence and any variants that
have greater than 96.1% homology to that sequence. The
issuance of these patents demonstrates that specifications
setting forth particular sequences and describing particular
variants enable one skilled in the art to make and use the
sequence and its described variants. In addition, it is common
in the art that patents disclosing nucleotide sequences also
disclose and claim variants of those sequences (see, e.g. U.S.
Pat. Nos. 6,465,621, 6,509,170 and 6,573,066).

Variants of particular nucleotide sequences may be natu-
rally-occurring polymorphisms or synthetic sequence alter-
ations (see, e.g. U.S. Pat. No. 6,485,938). A great diversity of
modifications to nucleotide sequences, both natural and syn-
thetic, are common and well known in the art, along with
methods for making the synthetic variants (see, e.g. U.S. Pat.
Nos. 6,448,044 and 6,509,170). Methods for comparing the
similarity of two or more nucleotide sequences are well
known in the art. Similar sequences are often identified using
computer programs such as BESTFIT and BLAST (see, e.g.,
U.S. Pat. No. 6,461,836). Further, hybridization may be used
to detect the similarity between variant sequences and a ref-
erence sequence (see, e.g., U.S. Pat. No. 6,573,066). Thus,
one skilled in the art would be able to easily synthesize and
identify nucleotide sequences that are variants of a reference
sequence by using known techniques. Therefore, a specifica-
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tion that describes a nucleotide sequence and its variants
allows one skilled in the art to make and use that sequence and
its variants.

EXAMPLES

A series of assays and experiments were conducted to
isolate, identify and show the efficacy of the bacterial strains
reported herein. They involved a variety of bacterial culturing
techniques, molecular biological analyses of DNA extracted
from samples of the cultures, molecular biological analysis of
the bacterial strains, and the application of concentrated cul-
tures of the bacterial strains in liquid and freeze-dried form to
aquaria to measure their ability to control nitrite concentra-
tions.

Example 1
Bacteria Culturing

Bacterial culturing vessels (termed reactors) were con-
structed and seeded with bacterial biomass gathered from
operating aquaria. Each reactor received 4.95 L. of a mineral
salt solution (made up in distilled water) containing 50 g
KH,PO,, 50 g K,HPO,, 18.75 g MgSO,.7H,0, 1.25 g
CaCl,.2H,0 and 1 g FeSO,.7H,0. Air was provided such
that the dissolved oxygen was equal to or greater than 7.5
mg/L, stirring was provided, and the reactors were kept in a
darkened cabinet at approximately 28° C.

For the isolation and culturing of strains of NOB of the
present invention in saltwater environments, synthetic sea
salts (INSTANT OCEAN, Aquarium Systems Inc., Mentor,
Ohio) were added to reach a salt concentration of between 28
and 33 ppt.

The ammonia and nitrite concentrations were measured
daily using flow injection analysis (F1A, Tecator FIASTAR
5010 system) while pH was determined with an electrode
(Denver Instruments Model 225 pH/ISE meter and associated
pH/ATC electrode). Salinity was measured with aYSI Model
30 Salinity, Temperature, Conductivity probe. Nitrate was
measured periodically and the data were used to determine
when water changes were required. Bacterial biomass was
retained in the reactors during water changes because the
biomass is very floccular in nature. Thus prior to decanting
50% of the reactor’s volume through the appropriate sam-
pling port, the biomass was settled by turning off both the air
and the stirring mechanism for one hour. Additionally, reac-
tors were periodically scrubbed to remove the biomass from
the surfaces and thereby return the biomass to suspension.
Microbiological samples were taken routinely for DNA
extraction (for PCR) and cell fixation (for FISH) for further
analysis.

Example 2
Nucleic Acid Sampling and Extraction

For DNA extraction, samples of appropriate biological
filtration media were taken and resuspended in cell lysis
buffer (40 mM EDTA. 50 mM Tris-HCI, pH 8.3). Samples
were stored at —=20° C. or —74° C. until extraction. For pro-
cessing, lysozyme was added to the samples to a final con-
centration of 10 mg/ml. After incubation at 37° C. for 90
minutes, 20% sodium dodecyl sulfate (SDS) was added to a
final concentration of 1%. Then the samples were subjected to
four freeze/thaw cycles followed by the addition of proteinase
K (stock concentration, 10 mg/ml) to a final concentration of
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2 mg/ml and incubated at 70° C. for 35 minutes. In some
cases, additional proteinase K and SDS were added and the
sample was incubated at 55° C. for another 30 minutes.

After cell lysis, DNA was extracted using EASY DNA
extraction kit (Qiagen Inc., Santa Clarita, Calif.; hereinafter
“Qiagen”). DNA was eluted to a 50 pl volume and quantified
by Hoechst type 33258 dye binding and fluorometry (DY-
NAQUANT 200, Hoefer Pharmacia Biotech Inc., San Fran-
cisco, Calif.).

Example 3

Clone Libraries of PCR Amplified rRNA Genes

Clone libraries were derived from DNA extracts from bio-
mass samples taken from reactors and aquaria. Bacterial ribo-
somal RNA gene fragments from bacteria represented by the
sequences SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3, SEQ
1D NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, and
SEQ ID NO:8 were amplified with the primers S-D-Bact-
0011-a-S-17 (8f; GTT TGA TCC TGG CTC AG) (SEQ ID
NO:9) and 1492r (eubacterial; GGT TAC CTT GTT ACG
ACT T) (SEQ ID NO:10). PCR conditions, cycle parameters,
and reaction components were as previously described (De-
Long, E. F. 1992. Archaea in coastal marine environments.
Proc. Natl. Acad. Sci. USA 89: 5685-5689.) PCR products
were evaluated by agarose gel electrophoresis. PCR frag-
ments were cloned with a TA Cloning kit (Invitrogen, Carls-
bad, Calif.), as described in the manufacturer’s directions,
after rinsing with TE buffer and concentrating to 30 ul with a
CENTRICON concentrator (Amicon, Inc. Beverly, Mass.).

Example 4

Sequencing and Phylogenetic Analysis

The 168 rDNA inserts from each clone that comprised the
clone library were screened by restriction enzyme analysis
(REA) using the restriction enzyme Hae III in order to ensure
that the 16S rDNA insert was amplifiable and determine
whether the 16S rDNA possessed a unique REA pattern when
digested with the Hae III enzyme. If a clone was amplifiable
and possessed a unique REA pattern, then the clone’s plasmid
containing the 16S rDNA insert of interest was partially
sequenced. The amplified PCR 16S rDNA template of each
clone selected for sequencing was cleaned using the PCR
Purification Kit Catalog No. 28142 (Qiagen). Sequencing
was performed using a LICOR 4000L automated DNA
sequencer on template cycle-sequenced with fluorescently
labeled primers and SEQUITHERM EXCEL II DNA
Sequencing kits (Epicentre Technologies, Madison, Wis.).

Up to two or three clones of the same REA pattern were
partially sequenced to ensure that they were identical. Many
clones were fully sequenced and phylogenetically analyzed
by PAUP (Phylogenetic Analysis Using Parsimony ver
4.0b2a, D. L. Swotford) (bootstrap values and distance analy-
sis), ARB (A Software Environment for Sequence Date, W.
Ludwig and O. Strunk) (phylogenetic tree) and Phylip (Phy-
logeny Inference Package J. Felsentein) (similarity matrix).
Primers and probes for the clone of interest from the clone
libraries were developed using ARB probe design and probe
match programs as well as after manual alignment. Primers
and probes were double checked with BLAST (S. F. Altschul
etal. 1990. Basic local alignment tool. J. Mol. Biol. 215:403-
410). The specificity of the primers was determined by using
them on DNA extracted from clones and pure cultures of
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known bacteria. The specificity of the probes was tested using
pure cultures of known bacteria and samples from the reac-
tors.

Example 5
DGGE Analysis and Profiling

For general eubacterial DGGE analysis, rDNA fragments
were amplified using the forward 358f (eubacterial; CCT
ACG GGA GGC AGC AG) (SEQ ID No:11) with a 40-bp
GC-clamp on the 5' end as described by Murray et al. (A.
Murray et al. 1996. Phylogenetic compositions of bacteri-
oplankton from two California estuaries compared by dena-
turing gradient gel electrophoresis of 16S rDNA fragments.
Appl. Environ. Microbiol. 62:2676-2680), and the reverse
primer S-*-Univ-0519-a-A-18 (519r: GWA TTA CCG CGG
CKG CTG) (SEQ ID NO:12). For specific NOB DGGE, the
forward primer of 358f (SEQ ID No:11) with a 40-bp GC-
clamp on the 5' end was used with the reverse primer NSP685
(NSP685: CACCGGGAATTCCGC GCT CCTC) (SEQID
NO:13). The PCR conditions were the same and were per-
formed on a ROBOCYCLER GRADIENT 96 (Stratagene,
La Jolla, Calif.) using the TAQ PCR core kit (Qiagen). PCR
conditions included a hot start (80° C.) and a touchdown
procedure. Initial denaturation at 94° C. for 3 min. was fol-
lowed by a denaturation at 94° C. for 1 min., a touchdown
annealing from 65° C. to 55° C. for 1 min. 29 sec. (the
annealing time during the touchdown increased by 1.4 sec.
per cycle) and primer extension at 72° C. for 56 sec. (the
extension time was increased 1.4 sec. per cycle). The final
temperature series of the above thermal cycle was repeated
for 20 total cycles, followed by a final extension at 72° C. for
5 min. Amplicons were examined by agarose gel electro-
phoresis.

DGGE was performed with a Bio-Rad D-GENE System
(Bio-Rad Laboratories, Hercules, Calif.; hereinafter “Bio-
Rad”). Gels were 8.5% acrylamide/Bis using Bio-Rad
reagents (D GENE Electrophoresis Reagent Kit, Bio-Rad).
Gel gradients were poured using Bio-Rad reagents (D GENE
Electrophoresis Reagent Kit, Bio-Rad) with a denaturing gra-
dient of 25% to 55% (where 100% denaturant is a mixture of
40% deionized formamide and 7 M urea) and the Bio-Rad
gradient delivery system (Model 475, Bio-Rad) unless other-
wise noted. All gels were run at 200 volts for 6 hours. For
documentation purposes some gels were stained in Vistra
Green (diluted 1:10,000) (Molecular Dynamics, Sunnyvale,
Calif.; hereinafter “Molecular Dynamics™) for 20 min., fol-
lowed by a 20 min. wash in 1xTAE buffer, and then scanned
using a FLUORIMAGER SI (Molecular Dynamics).

Individual bands were excised from the DGGE gels using
alcohol-sterilized scalpels. Extraction of DNA from the gel
followed the methods of Ferris et al. (M. J. Ferris et al. 1996.
Denaturing gradient gel electrophoresis profiles of 16S
rRNA-defined population inhabiting a hot spring microbial
mat community. Appl.Environ. Microbiol. 62: 340-346.). The
excised band was placed in a sterile 2 ml screw cap tube with
500 wl sterile deionized water. The tubes were half-filled with
glass beads (cat. no0.11079-101, Biospec Products Inc.,
Bartlesville, Okla.; hereinafter “Biospec”) and placed in a
mechanical bead beater (MINI-BEADBEATER-8, Biospec)
for 3 min. at the highest setting. The processed DNA
remained in the tubes at 4° C. overnight. After overnight
storage, the tubes were centrifuged at 3,200xg for 8 minutes
at4° C. to concentrate the gel fragments. The supernatant was
transferred to a clean eppendortf tube.

To check the extraction efficiency, the supernatant was
sometimes re-amplified with the DGGE primers and re-ana-
lyzed by DGGE. An extraction was considered acceptable if
it yielded a single band in DGGE analysis which co-migrated
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with the original DGGE band in the mixed population
sample. The nucleotide sequence of the excised band was
sequenced by the previously described methods using fluo-
rescently labeled primers.

Example 6

Oligonucleotide Probe Development

Oligonucleotide probes labeled with fluorescent dyes were
designed that specifically hybridize with the 16S rRNA gene
sequence isolated from closely related bacteria from reactors
in this study. One probe, SNOBTP (GTT GCC CCG GAT
TCT CGT TC) (SEQ ID NO:14), targets all Nitrospira-like
bacteria found in this study, which are represented by the
sequences of SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8 to the
exclusion of other nitrite-oxidizers represented by the
sequences of SEQ ID NO:1 and SEQ ID NO:2 (the Nitrococ-
cus-like bacteria), and also to the exclusion of the alpha
subdivision proteobacteria nitrite-oxidizers represented by
Nitrobacter winogradskyi. This probe has been used success-
fully with either Cy-3 or fluorescein-ON (Qiagen Inc., USA)
dyes with a formamide percentage of 20%.

A second probe, NSP685 (CAC CGG GAA TTC CGC
GCT CCT C) (SEQ ID NO:15), can be used to target a
specific clade of Nitrospira-like bacteria (designated Clade 1)
which is represented by the sequences of SEQ ID NO:3, SEQ
ID NO:4 and SEQ ID NO:5. Probe NSP685 (SEQ IDNO:15)
is labeled with the fluorescent dye Cy-3 and during the
hybridization procedure two additional probes are added to
the reaction. These two additional probes are SNTSP2 (CAC
CGG GAA TTC CGC ACT CCT C) (SEQ ID NO:16) which
is labeled with fluorescein-ON (Qiagen Inc., USA) and
EUBAC338 (GCT GCC TCC CGT AGG AGT) (SEQ ID
NO:17) which is also labeled with fluorescein-ON. The per-
centage formamide is 55%. In this manner the Clade 1 Nitro-
spira-like nitrite oxidizing bacteria are the only organisms
visible in the field of view of the microscope.

A third probe combination can be used to target another
specific clade of Nitrospira-like bacteria (designated Clade 2)
which is represented by the sequences of SEQ ID NO:6, SEQ
ID NO:7 and SEQ ID NO:8. This involves using probe
SNTSP2 (SEQ ID NO:16) which is labeled with fluorescein-
ON in combination with two other probes: NSP685 (SEQ ID
NO:15), labeled with Cy-3, and EUBAC338 (SEQ ID
NO:17), which is also labeled with Cy-3. The percentage
formamide is 55. In this manner the Clade 2 Nitrospira-like
nitrite oxidizing bacteria are the only organisms visible in the
field of view of the microscope.

A fourth probe, MOBP (CTC GCC AGC CAC CTT TCC
GAA) (SEQ ID NO:18), targets Nitrococcus-like nitrite-oxi-
dizing organisms, which are represented by SEQ ID NO:1
and SEQ ID NO:2, to the exclusion of all Nitrospira-like
nitrite-oxidizing organisms and also to the exclusion of the
alpha subdivision proteobacteria nitrite-oxidizers repre-
sented by Nitrobacter winogradskyi. The percentage forma-
mide is 20 with this probe and the dye employed is Cy-3.

Probe matches were initially screened using BLAST (S. F.
Altschul et al. 1990. Basic local alignment tool. J. Mol. Biol.
215:403-410) and CHECK_PROBE (B. L. Maidak et al.
1994. The ribosomal database project. Nucleic Acids Res.
22:3485-3487.). Probes were synthesized by Operon Tech,
Inc. (Alameda, Calif.). The nucleotide sequences of the
probes are shown in Table 9.



US 7,544,501 B2

33

TABLE 9

34

The nucleotide sequences and positions of oligonucleotide probes and PCR
primer setg for nitrite-oxidizing bacteria.

Base Sequence

forma-

%
s

Annealing Target

Probe (5' to 3') mide Temp (° C.) Group

SNOBTP GTT GCC CCG GAT TCT CGT TC 20 - SEQ ID NO:3, SEQ ID

SEQ ID NO: 14 NO:4, SEQ ID NO:5,
SEQ ID NO:6, SEQ ID
NO:7 & SEQ ID NO:8

NSP685 CAC CGG GAA TTC CGC GCT CCT C 55 - SEQ ID NO:3 SEQ ID

SEQ ID NO: 15 NO:4 & SEQ ID NO:5

SNTSP2 CAC CGG GAA TTC CGC ACT CCT C 55 - SEQ ID NO:6 SEQ ID

SEQ ID NO: 16 NO:7 & SEQ ID NO:8

MOBP CTC GCC AGC CAC CTT TCC GAA 20 - SEQ ID NO:1 & SEQ

SEQ ID NO: 18 ID NO:2

SNTSPTf Forward TCC GGG GCA ACC YGG TA - 49 SEQ ID NO:3, SEQ ID

primer NO:4, SEQ ID NO:5,

SEQ ID NO: 19

SNTSPTr Reverse TCM CCC TTT CAG GTT C - SEQ ID NO:6, SEQ ID

primer NO:7 & SEQ ID NO:8

SEQ ID NO: 20

NitroMf Forward primer TTC GGA AAG GTG GCT GGC GAG - 60 SEQ ID NO:1 & SEQ

SEQ ID NO: 21 ID NO:2

NitroMr Reverse primer ATC TCT GYA AGG TTC CGG AG -

SEQ ID NO: 22

The stringency for the probes (SEQ ID NO:14, SEQ ID
NO:15, SEQ ID NO:16 and SEQ ID NO:18) was determined
though a series of FISH experiments at differing formamide
concentrations using the reactor biomass as a positive control
for the bacterial sequences herein (SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7, or SEQ ID NO:8). In situ hybridization

35

of the fixed, immobilized cells was carried out in a hybrid- ,,

ization solution consisting of 0.9 M NaCl, 20 mM Tris/HCl
(pH 7.4), 0.01% sodium dodecyl sulphate (SDS), 25 ng of
oligonucleotide probe, and varying amounts of formamide.
Slides were incubated in an equilibrated humidity chamber at
46° C. for 90 to 120 min. The hybridization solution was
rinsed off with a pre-warmed (48° C.) wash solution. The
slides were then incubated in the wash solution for 15 min. at
48° C. To achieve the same stringency during the washing
step, as in the hybridization step, the wash solution contained
20 mM Tris/HCI (pH 7.4), 0.01% SDS, 5 mM EDTA, and
NaCl. The concentration of NaCl varied according to the
percent formamide used in the solution. For 20% formamide
the NaCl concentration was 215 mM, for 30% it was 120 mM,
and for 40% the NaCl concentration was 46 mM. Cells were
detected using an AXIOSKOP 2 epifluorescence microscope
(Carl Zeiss, Jena, Germany) fitted with filter sets for FITC/
FLUO3 and HQ CY3. The optimum stringency was deter-
mined to be 20% formamide for the SNOBTP probe (SEQ ID
NO:14). For the NSP685 and SNTSP2 tri-labeled probes
(SEQ ID NO:15, SEQ ID NO: 16, respectively) the optimum
stringency was determined to be 55% formamide for each.
The optimum stringency was determined to be 20% forma-
mide for the MOBP probe represented by SEQ ID NO:18.

Example 7

PCR Primer Development

A set of PCR primers (SEQID NO:19 and SEQ ID NO:20)
was developed which specifically detects Nitrospira-like bac-
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teria of the sequences of the present invention (Table 9). A
second set of PCR primers (SEQ ID NO:21 and SEQ ID
NO:22) was developed which specifically detects Nitrococ-
cus-like bacteria of the sequences of the present invention
(Table 9). One set (SEQ ID NO:19 and SEQ ID NO:20)
specifically detects Nitrospira-like bacteria including the 16S
rDNA sequence set forth in SEQ ID NO:3, SEQ ID NO:4,
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, and SEQ 1D
NO:8 to the exclusion of other nitrite-oxidizing bacteria
(Table 10). The second set (SEQ ID NO:21 and SEQ ID
NO:22) specifically detects the Nitrococcus-like bacteria
including the 16S rDNA sequence set forth in SEQ ID NO:1
and SEQ ID NO:2 to the exclusion of other nitrite-oxidizing
bacteria (Table 10). PCR conditions were as previously
described in Example 5, except the annealing temperature
was modified as described in Table 10.

TABLE 10
Results of the PCR primer development specificity testing
and annealing temperature experiment:

Nitrospira-like NOB

SEQID NO: 3,

SEQID NO: 4

SEQID NO: 5

Nitrococcus-like NOB SEQ ID NO: 6,

Clone No. SEQID NO: 1 AND SEQID NO: 7
Or Tank No. SEQ ID NO: 2 AND SEQ ID NO: 8
Annealing Temp(° C.) 56 58 60 62 64 43 45 47 49 51
SB10 NOB Tank + o+ 4+ 4+ - - - - -+
SB2 NOB Tank + o+ o+ 4+ - - - - -+
SB7 AOB Tank + o+ o+ 4+ - - - - -+
SB4 AOB Tank + o+ o+ o+ - - - - - -

SB7¢32 SEQ ID NO: 1 + o+ o+ o+ - - -

SB7¢11 SEQ ID NO: 2 + o+ o+ o+ - - - - = -

SB7c136 SEQ ID NO: 3



US 7,544,501 B2

35

TABLE 10-continued
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TABLE 11-continued

Results of the PCR primer development specificity testing
and annealing temperature experiments.

Nitrospira-like NOB

SEQID NO: 3,

SEQID NO: 4

SEQIDNO: 5

Nitrococcus-like NOB SEQ ID NO: 6,

Clone No. SEQ ID NO: 1 AND SEQID NO: 7
Or Tank No. SEQIDNO: 2 AND SEQ ID NO: 8
Annealing Temp(° C.) 56 58 60 62 64 43 45 47 49 51
SB7¢47 SEQ ID NO: 4 - - - - -+ 4+ o+ o+
R21¢76 SEQID NO: 5 - - - - -+ o+ o+ o+ o+
R21¢28 SEQ ID NO: 6 - - - - -+ o+ o+ o+ o+
B7¢10 SEQ ID NO: 7 - - - - -+ o+ o+ o+ o+
B7¢7 SEQ ID NO: 8 - - - - -+ o+ o+ o+ o+

“+” strong signal,
“~" no signal,
“+/-" weak signal

The specificity of each primer set was optimized by con-
ducting a PCR experiment with each primer set using the
temperature gradient mode of the Stratagene ROBOCY-
CLER. In this mode one can run a single experiment of all the
reactions at up to 12 different annealing temperatures. Typi-
cally, the experiments were conducted at 4 to 6 different
temperatures with 2° C. increasing interval. Each PCR primer
set was tested against clone product with a nucleotide
sequence of SEQ ID NO: 1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO: 5, SEQ ID NO:6, SEQ ID NO:7
or SEQ ID NO:8. Table 9 presents the PCR primer sets, and
the optimal annealing temperature results are shown in Table
10.

Example 8
Similarity Analysis

Three clone libraries were constructed from saltwater nitri-
fying biomasses in order to determine the identity of the
nitrite oxidizer(s) responsible for oxidation of nitrite to
nitrate. Details about the biomasses are presented in Table 11.

TABLE 11

Details regarding the reactors and aquaria from which biomass
was extracted and clone libraries were constructed.

Clone library Details of Nitrifying Biomass

P4 This reactor was seeded with 20 liter of material from
the sump of biofarm 15 which was a saltwater biomass
whose salinity was maintained at between 30 and 35 ppt.

This reactor was fed at 5 mg/L. ammonia-nitrogen.
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Details regarding the reactors and aquaria from which biomass
was extracted and clone libraries were constructed.

Clone library Details of Nitrifying Biomass

SB7 This reactor was seeded with material from the sumps
of biofarm 5 and 15 which were saltwater biomasses whose
salinity was maintained at between 30 and 35 ppt. This
reactor was fed at 5 mg/L. ammonia-nitrogen.

B7 This reactor was seeded with material from the sumps

of biofarm 5 and 15 which were saltwater biomasses whose
salinity was maintained at between 30 and 35 ppt. This
reactor was fed at 5 mg/L. ammonia-nitrogen.

The clone library data show that there are two groups of
nitrite-oxidizing bacteria that exist in the test ammonia fed
reactors. The two types of nitrite-oxidizing bacteria are the
Nitrospira-like organisms and the Nitrococcus-like microor-
ganisms (Table 12). However, only the Nitrospira-like NOB
are found in all three clones libraries. The percentage of
clones identified as Nitrospira-like NOB ranged from 3.11 to
33.33 of the total clones screened. Nitrococcus-like NOB
were found in two of three clones libraries at a percentage of
2.56 and 8.70 of the total clones screened (Table 12).

TABLE 12

Number of clones which fell into different phylogenetic
groups within the three clone libraries developed for
nitrite-oxidizing bacteria.

Clone Library P4 B7 SB7

84
37

156
103

161
95

No. Clones Screened
No. Clones partially or
fully sequenced
Nitrosomonas sp 26 (30.95)
Nitrospira-like NOB 28 (33.33)
Nitrococcus-like NOB 0

Alpha proteobacteria +
Beta proteobacteria +
Gamma proteobacteria +
OP11 group
Planctomyces
Actinobacterium
Acidobacterium

14 (8.97)
17 (10.90)
4(2.56)

28 (17.39)
5(3.11)
14 (8.70)

|
+ o+ o+ o+ o+ o+ o+
| £ +++

“+” present;
“—" not present.
Percent of total clones screened given in parentheses.

A similarity ranking was conducted for the eight clonal
sequences described herein (SEQ ID NO:1, SEQ ID NO:2,
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7 and SEQ ID NO:8) using RDP (Maidak, B. L.,
J.R. Cole, C.T. Parker, Jr, G. M. Garrity, N. Larsen, B. Li, T.
G. Lilbum, M. J. McCaughey, G. J. Olsen, R. Overbeek, S.
Pramanik, T. M. Schmidt, J. M. Tiedje and C. R. Woese. A
new version of the RDP (Ribosomal Database Project).
Nucleic Acids Res. 27:171-173 (1999)) (Table 13).

TABLE 13

Similarity ranking for nitrite-oxidizing clones isolated fr m reactors and aquaria

% Similarity to rDNA of:

SB7c32 SB7cl1 SB7c¢136 SB7c47 R21c76 R21c28
Nitrococcus- Nitrococcus-  Nitrospira-  Nitrospira-  Nitrospira-  Nitrospira-
rDNA source like like like like like like
SB7c¢32 Nitrococcus- —
like

SEQIDNO: 1
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TABLE 13-continued

Similarity ranking for nitrite-oxidizing clones isolated fr m reactors and aquaria

% Similarity to tDNA of:

SB7cl1 Nitrococcus-
like

SEQ ID NO: 2
SB7c¢136
Nitrospira-like
SEQID NO: 3
SB7c47
Nitrospira-like
SEQ ID NO: 4
R21c76
Nitrospira-like
SEQIDNO: 5
R21c28
Nitrospira-like
SEQID NO: 6
B7c10
Nitrospira-like
SEQ ID NO: 7
B7c7
Nitrospira-like
SEQID NO: 8
Nitrococcus
mobilis
Nitrospira
marina
(82559.1)
Nitrospira-like
(AF035813)
Nitrospira
moscoviensis

0.992

0.795

0.796

0.801

0.796

0.792

0.769

0.989

0.797

0.791

0.793

0.792 —

0.794 997 —

798 985 984 —

7193 922 920 923

187 .940 939 .940

765 917 915 916

0.989 195 195 .802

7196 992 992 987

790 .897 897 .898

7193 .894 .894 .894

959

931

197

922

.882

.885

rDNA source

B7c10
Nitrospira-  Nitrospira-  Nitrococcus marina (AF03

like

Nitrospira-
B7c7 Nitrospira like

like mobilis (82559.1) 5813)

Nitrospira
moscoviensis

SB7c¢32 Nitrococcus-
like

SEQID NO: 1
SB7cl1 Nitrococcus-
like

SEQ ID NO: 2
SB7c¢136
Nitrospira-like
SEQID NO: 3
SB7c47
Nitrospira-like
SEQ ID NO: 4
R21c76
Nitrospira-like
SEQIDNO: 5
R21c28
Nitrospira-like
SEQID NO: 6
B7c10
Nitrospira-like
SEQ ID NO: 7
B7c7
Nitrospira-like
SEQID NO: 8
Nitrococcus
mobilis
Nitrospira
marina
(82559.1)
Nitrospira-like
(AF035813)
Nitrospira
moscoviensis

963

166

916

867

.895

189 —

.940 799 —

.893 7194 .898 —

.870 197 897 963

38
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The similarity analysis revealed one group of clones (rep-
resented by SEQ ID NO:1 and SEQ ID NO:2) to be 98.9%
similar to Nitrococcus mobilis (Table 13).

The similarity analysis revealed that there are two clades of
Nitrospira-like NOB of the present invention (represented by
SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6,
SEQ ID NO:7 and SEQ ID NO:8). Clade 1 includes NOB
represented SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5.
Within Clade 1, the NOB represented by SEQ ID NO:3 and
SEQ ID NO:4 are 99.2% similar to Nitrospira marina and the
NOB represented by SEQ ID NO:5 are 98.7% similar to
Nitrospira marina. Clade 2 includes NOB represented by
SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8. Within
Clade 2, the NOB represented by SEQ ID NO:6 are 92.2%
similar to Nitrospira marina, the NOB represented by SEQ
IDNO:7 are 91.6% similar to Nitrospira marina and the NOB
represented by SEQ ID NO:8 are 94.0% similar to Nitrospira

marina.

Phylogenetic analysis of the sequences by construction of
tree using neighbor joining distance analysis and bootstrap
analysis supports the results of the similarity analysis (FIG.
1). The phylogenetic results show a very high probability of
SEQ ID NO:1 and SEQ ID NO:2 being similar to each other
with the closest known relative being Nitrococcus mobilis.
However, the results also demonstrate that of SEQ ID NO:1
and SEQ ID NO:2 are not Nitrococcus mobilis.

The phylogenetic results also support the conclusion that
there are two separate clades of saltwater Nitrospira-like
NOB which are distinct from known Nitrospira bacteria
(FIG. 1). Clade 1, represented by SEQ ID NO:3, SEQ ID
NO:4 and SEQ ID NO:5 are clearly distinct from the clade 2,
represented by SEQ ID NO:6, SEQ ID NO:7 and SEQ ID
NO:8. The clade 1 saltwater Nitrospira-like NOB have Nitro-
spira marina as a closest relative.

As an example, there is no question that the Clade 2 salt-
water Nitrospira-like NOB (SEQ IDNO:6, SEQ IDNO:7 and
SEQ ID NO:) are at least one new species of bacteria. The
similarity analysis shows their closest relative (Nitrospira
marina) 1o be at most 94.0% similar (in the case of SEQ ID
NO:8). The phylogenetic analysis shows these 3 sequences to
be clearly distinct from all known Nitrospira bacteria (FIG.
1). BLAST analysis shows that Nitrospira marina is the clos-
est bacteria in the database to these sequences, but the
sequence of Nitrospira marina is clearly different than the
sequences represented by SEQ ID NO:6, SEQ ID NO:7 and
SEQ ID NO:8, as evidenced by the similarity and phyloge-
netic analyses.

The similarity rankings given in Table 13 are a guide to
determining the uniqueness of the bacterial strains. There are
no hard and fast rules for defining a new bacterial species.
However, as examples, the ammonia-oxidizing bacteria
Nitrosolobus multiformis and Nitrosovibrio tenuis, which
have a similarity ranking of 0.989, are recognized by all
microbiological authorities as distinct species, as are Nitro-
solobus multiformis and Nitrosospira briensis (similarity
ranking of 0.980). The bacterial strains represented by SEQ
IDNO:3 and SEQ ID NO:4 have a similarity ranking 0f 0.992
when compared to Nitrospira marina. This similarity ranking
is slightly higher than the 0.989 discussed above, but SEQ ID
NO:3 and SEQ ID NO:4 are still sufficiently distinct from
Nitrospira marina to constitute novel and unique species.

Therefore, the totality of the clone data, the PCR results,
the phylogenetic analysis, the DGGE data and similarity
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ranking demonstrate that the bacterial strains reported herein
are unique and distinct from known nitrite-oxidizing bacteria.

Example 9

Analysis of Bacteria and Experimental Results

Clonal members of Nitrospira-like NOB were found in all
three of the saltwater enrichments for which clone libraries
were developed (Table 12). The Nitrospira-like NOB repre-
sent a significant portion of the total clones identified, ranging
from just over 3% (SB7) to greater than 33% (P4) of the total
clones.

The Nitrococcus-like NOB were found in only 2 of the 3
clone libraries (Table 12) and at lower number than the Nitro-
spira-like NOB. In sample B7 less than 3% of the clones were
identified as Nitrococcus-like NOB while in sample SB7 the
percentage was 14. No Nitrococcus-like NOB were found in
sample P4 (Table 12).

Example 10

Denaturing Gradient Gel Electrophoresis Survey of
Clones and Reactors

The novelty of various bacterial strains reported herein is
further demonstrated by the results of the denaturing gradient
gel electrophoresis (DGGE) testing. FIG. 2 shows the DGGE
results for clone representatives for the Nitrococcus-like
NOB (SEQ ID NO:1 and SEQ ID NO:2) and both clade 1
(SEQ ID NO:3, SEQ ID NO:4 and SEQ ID NO:5) and clade
2 (SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) of the
Nitrospira-like NOB along with enrichments of ammonia-
and nitrite-oxidizing bacteria. The results show that there is a
slight difference in the migration distance in the gel between
SEQ ID NO:1 and SEQ ID NO:2 (Nitrococcus-like NOB).
Theband locations for the three clade 2 Nitrospira-like clones
(SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) are also
different, which is expected since there are slight sequence
differences in the 16S rRNA gene (Tables 6-8). Furthermore,
when comparing the band locations of the four enrichments
on FIG. 2, (Lanes E, F, G and H) it is difficult to distinguish
whether the bands in the gel for these enrichments line up
with SEQ IDNO:1 (Nitrococcus-like NOB) or SEQ ID NO:7
(Nitrospira-like NOB).

Therefore, a second type of DGGE analysis was set-up. For
this DGGE analysis, the gradient was changed from the stan-
dard of 25 to 55% to a gradient of 30 to 60% for a run time of
360 minutes at 200 volts. FIG. 3 shows the band migration
pattern for a set of mixed clone standards comprised of SEQ
ID NO:1, SEQ ID NO:2 (both Nitrococcus-like NOB) and
SEQ ID NO:7 (Nitrospira-like NOB) along with these same
clones run individually and an NOB enrichment (Lane A).
The results show that we were clearly able to separate the
bands of these three clones with this DGGE. In addition, both
bands in the enrichment (Lane A) were excised, processed as
previously described and sequenced. The upper band aligns
to clone SB7¢32 (SEQ ID NO:1) and the lower band aligns
with clone B7¢10 (SEQ ID NO:7) further confirming the
validity of our methods and results.

FIG. 4 represents another DGGE analysis which shows the
same enrichment samples as in FIG. 2 but at a greater reso-
Iution due to the changed gel conditions (see above). The
results clearly show that we are able to distinguish between
the Nitrospira-like NOB and the Nitrococcus-like NOB
(Lanes G-K) in environmental samples.
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Example 11

Bacterial Additive Tests

A series of experiments were conducted to determine the
efficacy of various bacterial mixtures containing the bacterial
strains of the present invention as compared to: (1) control
aquaria that did not receive a mixture, (2) aquaria that were
inoculated with bacterial mixtures for use in tropical fish
aquaria, and (3) preserved or stored bacterial mixtures of the
bacterial strains of the present invention.

Effectiveness of a mixture is demonstrated by showing that
the nitrite-oxidizing bacterial strains of the present invention
oxidize nitrite in aquaria and, further, that when combined
with other bacterial strains (e.g., ammonia-oxidizing bacte-
ria), the bacteria accelerate the establishment of nitrification
in aquaria. Establishment of nitrification can be measured in
at least three different ways. The first is by counting the
number days it takes after setting-up a new aquarium for the
ammonia and nitrite concentrations in the aquarium water to
reach a near 0 mg/I. concentration. In a newly set-up saltwater
aquarium, it typically takes about 14 days for the ammonia
concentration to reach 0 mg/LL and about 30 to 35 days for
nitrite to reach O mg/L..

A second way to measure the beneficial action of adding
nitrifying bacterial strains to aquaria is to compare the maxi-
mum concentration of ammonia or nitrite reached before the
concentration drops to O mg/L.. If the maximum concentration
of ammonia or nitrite reached in aquaria in which nitrifying
bacteria were added is significantly less than the maximum
concentration reached in control aquaria, then a degree of
effectiveness is demonstrated.

Example 12
Bacterial Additive Test

The goal of this test was to evaluate the ability of various
mixtures of NOB strains of the present invention to oxidize
nitrite to nitrate, as they may be implemented ina “real world”
setting. The performance of the mixtures of the present inven-
tion was compared to commercially available bacterial mix-
tures that claim they are suitable for use in either freshwater or
saltwater aquaria.

For this test, fifteen 10-gallon aquaria and fifteen Penguin
170B (Marineland Aquarium Products) hang-on-the-back
style power filters were sterilized, thoroughly rinsed and
allowed to air dry. On the following day each tank was filled
with 10 1bs. of rinsed Tideline Crushed Coral #5 and equipped
with a sterilized power filter (PF 0170B) and rinsed carbon
cartridge. Each tank was filled with 35 L of artificial seawater.
The seawater was a combination of Tropic Marine salt mix
and post GAC water to a salinity of 30 ppt. The filters were
allowed to run overnight prior to the addition of bacterial
additives and fish.

The next morning the tanks were topped off with ultrapure
water to compensate for evaporation and water samples
taken. Each tank was dosed with one bacterial treatment,
however no bacterial mixture was added to the control group.

There were four treatments for this test: Reactors 21 and
29, which both included all strains of Nitrospira-like NOB of
the present invention represented by SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ
1D NO:8, CYCLE (a commercially available bacterial mix-
ture for use in freshwater or saltwater); and STRESS ZYME
(another commercially available bacterial mixture for use in
freshwater or saltwater). Each treatment had three replicates.
Aquaria receiving the Reactor 21 and Reactor 29 treatments
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were dosed with 100 ml of either mixture one time on the first
day of the test. Aquaria receiving the CYCLE or STRESS
ZYME treatments were dosed with 10 ml of either treatment
on the first day of the test, an additional 10 ml on day 7 of the
test and an additional 5 ml every 7 days after that for the
duration of the test. Four assorted damsels (Pomacentrus
spp.) were added to each tank on the first day of the test and
fed twice a day.

Water samples were collected and analyzed daily for pH,
ammonia, nitrite and conductivity. On Monday, Wednesday
and Friday the water was tested for nitrate and turbidity.
Measurements for pH were made with a Denver Instruments
Model 225 pH/lon meter equipped with a Denver Instruments
pH combination electrode. A Tecator FIASTAR 5010 Ana-
lyzer was used to measure ammonia, nitrite and nitrate (as
nitrogen) using methods described in the Tecator Application
Notes. Salinity was measured directly in each tank daily using
aYSI Model 30 hand-held salinity, conductivity and tempera-
ture system. Turbidity data was determined with a DRT-100
turbidity meter (HF Scientific).

The mean nitrite concentrations for the four treatments and
control are depicted in FIG. 5. Treatment Reactors 21 and 29,
which comprised strains of NOB represented by SEQ 1D
NO:3, SEQ IDNO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 and SEQ ID NO:8 oxidized nitrite much more quickly
than the other treatments. The nitrite concentration in the
Reactor treatments peaked and fell back to 0 mg/I. much
sooner than in the case of the other treatments (FIG. 5).
Reactor 21 reached 0 mg/L. on day 21, Reactor 29 reached 0
mg/L. on day 29 while the control and commercial additives
did not fall back to 0 mg/L until day 37 or later (FIG. 5).

These results demonstrate that (1) the strains of NOB of the
present invention accelerate nitrite oxidation in newly set-up
saltwater aquaria and (2) the commercial additives which
reportedly contain the NOB Nitrobacter winogradskyi are not
effective at controlling nitrite during the start-up of new sea-
water aquaria.

Example 13
Bacterial Additive Test

The goal of this test was to evaluate the ability of various
mixtures of NOB strains of the present invention to oxidize
nitrite to nitrate, as they may be implemented ina “real world”
setting. Material from reactor SB7 (which contained both
Nitrospira-like NOB and Nitrococcus-like NOB strains of the
present invention) was placed in aquaria and the performance
of'this system was compared to aquaria that did not receive a
bacterial inoculation.

For this test, eight 10-gallon aquaria and eight Penguin
170B (Marineland Aquarium Products) hang-on-the-back
style power filters were sterilized, thoroughly rinsed and
allowed to air dry. On the following day each tank was filled
with 10 1bs. of rinsed Tideline Crushed Coral #5 and equipped
with a sterilized power filter (PF 0170B) and rinsed carbon
cartridge. Each tank was filled with 35 L of artificial seawater.
Artificial seawater was made by adding INSTANT OCEAN
SeaSalts (Aquarium Systems, Mentor, Ohio) to carbon fil-
tered city water until the salinity was 30 ppt. The aquaria were
filled with the seawater and the filters were allowed to run
overnight prior to the addition of bacterial additives and fish.

The next morning the tanks were topped off with ultrapure
water to compensate for evaporation and water samples
taken. Then four tanks were dosed with 150 ml of SB7 reactor
bacterial mixture. The other four tanks were not dosed with a
bacterial mixture. The SB7 reactor mixture consisted of
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strains of Nitrococcus-like NOB and Nitrospira-like NOB of
the present invention, represented by SEQ ID NO:1, SEQ ID
NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID
NO:6, SEQ ID NO:7 and SEQ ID NO:8. Six clownfish (4m-
phiprion ocellaris) were added to each tank on the first day of
the test and fed twice a day. The fish feed was a mixture of
frozen brine shrimp and Spirulina fish flakes. On Day 3 of the
test, four additional clownfish (Amphiprion ocellaris) were
added to each aquarium.

Water samples were collected and tested daily for pH,
ammonia, nitrite and conductivity. On Monday, Wednesday
and Friday the water was tested for nitrate and turbidity.
Measurements for pH were made with a Denver Instruments
Model 225 pH/Ion meter equipped with a Denver Instruments
pH combination electrode. A Tecator FIASTAR 5010 Ana-
lyzer was used to measure ammonia, nitrite and nitrate (as
nitrogen) using methods described in Tecator Application
Notes. Salinity was measured directly in each tank daily using
a’YSI Model 30 hand-held salinity, conductivity and tempera-
ture system. Turbidity data was determined with a DRT-100
turbidity meter (HF Scientific).

The mean nitrite concentrations for the SB7 treatment and
control are presented in FIG. 6. The SB7 treatment oxidized
nitrite significantly faster than did the control. The mean
nitrite concentration reached 0 mg/[. on day 24 in tanks
receiving the SB7 treatment, while 38 days elapsed in the
control aquaria before nitrite values reached the same level of
0 mg/L. Furthermore, the mean maximum nitrite concentra-
tion of the SB7 treatment (about 2.4 mg/[.-N) was signifi-
cantly lower than the mean maximum nitrite concentration of
the control treatment (7.2 mg/L-N) (FIG. 6).

The results demonstrate that the strains of NOB of the
present invention are effective at accelerating nitrite oxida-
tion in newly set-up seawater aquaria and maintaining nitrite
below toxic concentrations during this time period.

Example 14

Bacterial Additive Test

The goal of this test was to assess the viability of freeze-
dried saltwater nitrite-oxidizing bacteria that had been stored
for 5.5 months. The goal of this test was also to test the
effectiveness of various compositions, as described herein,
for maintaining aqueous media.

Methods: Preparation of Bacteria

600 L of NOB from Reactor SB1 and 600 L of NOB from
Reactor SB2 were mixed together and settled in a Harvest
Only Tank (HOT) overnight. Both Reactor SB1 and Reactor
SB2 contained all of the strains of NOB of the present inven-
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tion (represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ IDNO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 and SEQ ID NO:8) and both were maintained at a
salinity of 30 ppt. The following day, as much supernatant as
possible was removed from the tank. A second concentration
was carried out in smaller containers until as much superna-
tant as possible was removed. The remaining bacteria were
collected and placed in a 5 L container to settle for 4-5 more
hours. Again, as much supernatant as possible was removed
and the solution was split to two parts. At this point, trehalose
was added to the bacterial solutions as a cryoprotectant in
varying amounts. In one solution, 50 g of trehalose was mixed
with 1,000 mL of NOB for a 5% trehalose solution and in the
other solution, 100 g of trehalose was mixed with 1,000 mL of
NOB for a 10% trehalose solution (Table 14). AOB from two
saltwater reactors were similarly prepared for freeze-drying.
Samples were stored at 4° C. prior to further processing.
Excess amounts of NOB and AOB, with no cryopreservative,
were stored at 4° C. to be used as positive controls.

TABLE 14

Experimental set-up of bacteria for freeze-drying

Bacteria type SB1 and SB2 NOB AOB

Salinity 30 ppt 30 ppt
cryoprotectant 5%, 10% Trehalose 5%, 10% Trehalose
process Dry Dry

Freeze rate -40° C. for dry -40° C. for dry

Primary
Sublimation Rate

mild, aggressive mild, aggressive

For freeze-drying, the samples were split in order to test
two primary sublimation rates (PSR): mild and aggressive.
All samples were poured onto pre-refrigerated trays and
placedina freezer. The freezer was cooled to —40° C. Samples
were frozen for 3 hours and subsequently placed in a drier.
The samples were dried at either the mild or aggressive PSR.
The freeze-dried samples were stored in lyophilized form for
5.5 months at 4° C.

Test set-up: Twenty-eight five-gallon aquaria and filters
were disinfected with Sanaqua, rinsed, and allowed to air-dry.
Aquaria were filled with 19 liters of freshly prepared artificial
seawater, made by dissolving INSTANT OCEAN Sea Salts in
post-GAC to a salinity of 29 ppt.

A Penguin 125 power filter, equipped with a freshly rinsed,
carbon cartridge, and a new BIOWHEEL was placed on each
aquarium, plugged in, and allowed to run over-night. Using
the Access Test Database, aquaria were randomly assigned a
particular treatment consisting of four replicates each (Table
15).

TABLE 15

Bacterial Additive Test 48 Set-Up

Primary Amount of Estimate of
Sample Sublimation material per liquid
Numbers Cryopreservative ~ Rate tank equivalent
7,15,20,24 5% Trehalose Fast 1x 04gAOB+02g 2mL AOB + 1 mL
NOB NOB
4,6,13,21 5% Trehalose Fast 5% 2gAOB+1.0g 10 mL AOB + 5 mL
NOB NOB
1,9,10,22 10% Trehalose Slow 1x 05gAOB+0.25¢g 2mL AOB + 1 mL
NOB NOB
3,8,19,23 10% Trehalose Fast 1x 05gAOB+0.25¢g 2mL AOB + 1 mL

NOB

NOB
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TABLE 15-continued

46

Bacterial Additive Test 48 Set-Up

Primary Amount of Estimate of
Sample Sublimation material per liquid
Numbers Cryopreservative  Rate tank equivalent
5,17,18,27  4°C. 1x 1mLAOB+0.5mL
NOB
2,16,25,26  Positive 1x 1 mLAOB + 0.5 mL
NOB
11,12,14,28  Negative

At the start of the test, the aquaria were topped off with
deionized water, to make up for water lost to evaporation, and
a baseline sample was taken. The bacteria were added at 11
a.m. and left to circulate for 30 minutes before taking the
second baseline samples. At 12:30 p.m., 9 domino damsels
were added to each aquarium. Every morning the aquaria
were topped off with deionized water and then sampled.

The samples were analyzed daily for pH, ammonia, nitrite,
and turbidity. Nitrate was measured intermittently throughout
the test. Ammonia and nitrite were measured on a Foss FIA-
STAR 5000 using methods described in the Foss Application
Notes. A Tecator FIASTAR 5010 was used to measure nitrate
(as nitrogen) using methods described in the Tecator Appli-
cation Notes. Turbidity data was determined using the HF
Scientific Micro 100 Turbidimeter.

Results: Table 16 reports the initial wet weight of the
freeze-dried bacteria and trehalose mixture for each treatment
that was freeze-dried and the dry weight yield, post lyo-
philization.

TABLE 16

Initial wet weights and dry weight yields of the
various freeze-dried bacteria treatments

Initial Volume Dry wt
Bacteria % Cryo PSR L) Wet wt (g) (g)
AOB 5% Mild 1000 1047.2 200.5
AOB 5% Aggressive 1000 1046.6 201.2
AOB 10% Mild 1000 1082.4 248.4
AOB 10%  Aggressive 1000 1082.2 249.1
NOB 5% Mild 500 539.7 102.4
NOB 5% Aggressive 500 537.8 103.7
NOB 10% Mild 500 549.0 122.0
NOB 10%  Aggressive 500 548.2 121.7

During the freeze-drying process the following was noted:
the mild PSR took about 35 hours, finishing at a temperature
of'27° C. The aggressive PSR took about 28 hours, finishing
atatemperature of 27° C. The NOB dried faster than the AOB.
The 10% trehalose solutions left a thin sugar layer on the
dried product. No internal boiling was noted.

FIG. 7 shows the mean ammonia values (N=4) for the
various treatments in this test. The negative control (no addi-
tion of bacteria) took 20 days to reach a 0 mg/LL concentration
of ammonia. The ammonia in this treatment peaked on day 7
at a value of nearly 7 mg/L. In contrast to these values, all the
treatments, whether they received a liquid (positive control)
or freeze-dried form of the nitrifying bacteria, reach a 0 mg/L.
concentration of ammonia significantly faster (FIG. 7).
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The mean ammonia concentration values for the freeze-
dried treatments fell between those of the positive and nega-
tive controls (FIG. 7). In general, the aquaria receiving the
freeze-dried treatments reached a maximum ammonia con-
centration of about 4-6 mg/l. and reached 0 mg/LL between
days 10 and 13.

The mean nitrite concentrations for the various treatments
of'this test are presented in FIG. 8. These results mirror those
for the ammonia data. All the aquaria which received a bac-
terial inoculation, whether the positive control or freeze-
dried, exhibited nitrification significantly faster than those
aquaria that received the negative (FIG. 8).

FIG. 9 confirms that the disappearance of ammonia and
nitrite were due to oxidation of those compounds to nitrate.
The figure clearly shows that all treatments produced an
increase in nitrate concentration over time. The positive con-
trol treatment started to produce nitrate almost immediately
after the test began. The freeze-dried treatments started gen-
erating nitrate by about day 10-15. This confirms that nitrifi-
cation was established more quickly in aquaria inoculated
with the bacterial strains of the present invention than in
non-inoculated aquaria.

The results of this test demonstrate that freeze-dried prepa-
rations of the bacterial strains of the present invention main-
tain their viability and their ability to oxidize nitrite to nitrate
after extensive storage in freeze-dried form. The results of
this test also demonstrate that liquid and freeze-dried prepa-
rations of the bacterial strains of the present invention can
establish nitrification in newly set-up aquaria much faster
than non-inoculated aquaria. The results of this test also dem-
onstrate that compositions for the maintenance of aqueous
media, as described herein, are capable of oxidizing ammonia
to nitrite and nitrate to nitrate in said aqueous media.

Example 15

Bacterial Additive Test

The goal of this test was to assess the viability of freeze-
dried saltwater nitrite-oxidizing bacteria that had been stored
for 11 months and to determine the optimal dose of saltwater
nitrite oxidizing bacteria for the purpose of reducing the
concentration of nitrite in a aqueous medium. The goal of this
test was also to test the effectiveness of various compositions,
as described herein, for maintaining aqueous media.

Methods: Preparation of Bacteria
600 L of NOB from Reactor SB1 and 600 L of NOB from
Reactor SB2 were mixed together and settled in a Harvest
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Only Tank (HOT) overnight. Both Reactor SB1 and Reactor
SB2 contained all of the strains of NOB of the present inven-
tion (represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 and SEQ ID NO:8) and both were maintained at a
salinity of 30 ppt. The following day, as much supernatant as
possible was removed from the tank. A second concentration
was carried out in smaller containers until as much superna-
tant as possible was removed. The remaining bacteria were
collected and placed in a 5 L. container to settle for 4-5 more
hours. Again, as much supernatant as possible was removed
and the solution was split to two parts. At this point, trehalose
was added to the bacterial solutions as a cryoprotectant in
varying amounts. In one solution, 50 g of trehalose was mixed
with 1,000 mL of NOB for a 5% trehalose solution and in the
other solution, 100 g of trehalose was mixed with 1,000 mL of
NOB for a 10% trehalose solution (Table 17). AOB from two
saltwater reactors were similarly prepared for freeze-drying.
Samples were stored at 4° C. prior to further processing.
Excess amounts of NOB and AOB, with no cryopreservative,
were stored at 4° C. to be used as positive controls.

TABLE 17

Experimental set-up of bacteria for freeze-drying

SB1 and SB2 NOB
30 ppt

5%, 10% Trehalose
Dry

-40° C. for dry
mild, aggressive

AOB

30 ppt

5%, 10% Trehalose
Dry

-40° C. for dry
mild, aggressive

Bacteria type
Salinity
cryoprotectant
process

Freeze rate
Primary
Sublimation Rate
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For freeze-drying, the samples were split in order to test
two primary sublimation rates (PSR): mild and aggressive.
All samples were poured onto pre-refrigerated trays and
placedina freezer. The freezer was cooled to —40° C. Samples
were frozen for 3 hours and subsequently placed in a drier.
The samples were dried at either the mild or aggressive PSR.
The freeze-dried samples were stored in lyophilized form for
11 months at 4° C.

2 L of fresh cells for comparative testing was taken from
both saltwater NOB reactors (SB 1 and SB2) and 5 L. of fresh
cells were taken from the two saltwater AOB reactors. The
NOB were combined separately and left to settle overnight.
The next day the supernatant was drawn off and the remaining
samples were placed in an Imhoff settling cone to determine
the density. Based on the density, a dilution was made to reach
the high dose concentration (Table 18) with freshly made
saltwater mixed with INSTANT OCEAN Sea Salts and
deionized water to a salinity of 28 ppt. Serial dilutions of this
stock were made with saltwater to obtain the medium and low
dosage used in this test (Table 18).

Test set-up: Thirty-two ten-gallon aquaria and filters were
disinfected with Sanaqua, rinsed, and allowed to air-dry.
Aquaria were filled with 37 liters of freshly prepared artificial
seawater, made by dissolving INSTANT OCEAN Sea Salt in
post-GAC to a salinity of 29 ppt. A Penguin 125 power filter,
equipped with a freshly rinsed, carbon cartridge, and a new
BIOWHEEL was placed on each aquarium, plugged in, and
allowed to run over-night. Using the Access Test Database,
aquaria were randomly assigned a particular treatment con-
sisting of four replicates each (Table 18).

TABLE 18

Bacterial Additive Test 54 Set-Up

Primary Amount of Estimate of
Sample Sublimation material per liquid
Numbers Cryopreservative  Rate tank equivalent
4,27,29,30 5% Trehalose Fast 1x 04gAOB+02g 2mL AOB + 1 mL
NOB NOB
12,19, 28,31 5% Trehalose Fast 5x 2gAOB+1.0g 10 mL AOB + 5 mL
NOB NOB
14,15,17,22  10% Trehalose Fast 1x 05gAOB+0.25¢g 2mL AOB + 1 mL
NOB NOB
6,7,18,23 4°C. — 1x 1mLAOB+05mL —
NOB
Amount of [AOB] [NOB]
Fresh Cells cells per tank and dose and dose
1,3,20,32 High Dose 1 mL AOB + 4x SmL/L 2.5mL/L
0.5 mL NOB 200 mL/tank 200 mL/tank
5,8,9,21 Middle Dose 0.5mLAOB+ 2x 25mL/L 1.25 mL/L
0.25 mL NOB 200 mL/tank 200 mL/tank
2,10,25,26  Low Dose 0.25mLAOB+ 1x 1.25mL/L 0.625 mL/L
0.125 mL NOB 200 mL/tank 200 mL/tank
11,13,16,24  Negative — — 0 0
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At the start of the test, the aquaria were topped off with
deionized water, to make up for water lost to evaporation, and
a baseline sample was taken. The bacteria were added at 10
a.m. and left to circulate for 30 minutes before taking the
second baseline samples. Every morning the aquaria were
topped off with deionized water and then sampled. Ammonia
(0.5 mg/L.) was added manually to the aquaria each day, post
sampling, to simulate fish excretion.

The samples were analyzed daily for pH, ammonia, nitrite,
and turbidity. Nitrate was measured intermittently throughout
the test. Ammonia and nitrite were measured on a Foss FIA-
STAR 5000 using methods described in the Foss Application
Notes. A Tecator FIASTAR 5010 was used to measure nitrate
(as nitrogen) using methods described in the Tecator Appli-
cation Notes. Turbidity data was determined using the HF
Scientific Micro 100 Turbidimeter.

Results: Table 19 reports the initial wet weight of the
freeze-dried bacteria and trehalose mixture for each treatment
that was freeze-dried and the dry weight yield, post lyo-
philization.

TABLE 19

Initial wet weights and dry weight yields of the
various freeze-dried bacteria treatments

Initial Volume Dry wt
Bacteria % Cryo PSR L) Wet wt (g) (g)
AOB 5% Mild 1000 1047.2 200.5
AOB 5% Aggressive 1000 1046.6 201.2
AOB 10% Mild 1000 1082.4 248.4
AOB 10%  Aggressive 1000 1082.2 249.1
NOB 5% Mild 500 539.7 102.4
NOB 5% Aggressive 500 537.8 103.7
NOB 10% Mild 500 549.0 122.0
NOB 10%  Aggressive 500 548.2 121.7

During the freeze-drying process the following was noted:
the mild PSR took about 35 hours, finishing at a temperature
of'27° C. The aggressive PSR took about 28 hours, finishing
atatemperature of 27° C. The NOB dried faster than the AOB.
The 10% trehalose solutions left a thin sugar layer on the
dried product. No internal boiling was noted.

FIG. 10 shows the mean ammonia values (N=4) for the
various treatments in this test. The control (no addition of
bacteria) took 20 days to reach a 0 mg/L. concentration of
ammonia. The ammonia in this treatment peaked onday 12 at
a value of nearly 7 mg/L.. In contrast to these values, all the
treatments, whether they received a liquid or freeze-dried
form of the nitrifying bacteria, reach a 0 mg/L. concentration
of ammonia significantly faster (FIG. 10).

For the liquid from there was a clear trend of a higher
dosage establishing nitrification faster. The mean ammonia
value in the high dose treatment did not exceed 0.3 mg/L. and
the aquaria reached 0 mg/L. NH3-N by day 4. For the medium
dosage treatment, the mean ammonia concentration reached a
maximum value of about 1 mg/L. and reached 0 mg/L by day
5 (FIG. 10). For the low dose treatment, the mean ammonia
concentration reached a maximum value of 1.5 mg/l. and
reached 0 mg/mL by day 6.

The mean ammonia concentration values for the freeze-
dried treatments were very close to each other and fell
between those of the liquid treatments and the controls (FIG.
10). In general, the aquaria receiving the freeze-dried treat-
ments reached a maximum ammonia concentration of about 4
mg/L, and reached 0 mg/L. between days 10 and 12.
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The mean nitrite concentrations for the various treatments
of'this test are presented in FIG. 11. These results mirror those
for the ammonia data. The non-inoculated aquaria took, on
average, over 50 days to reach 0 mg/[. NO2-N after reaching
a maximum concentration of nearly 26 mg/[. NO2-N. All the
aquaria which received a bacterial inoculation, whether liquid
or freeze-dried, exhibited nitrification significantly faster
than those aquaria that received no inoculation (FIG. 11).

FIG. 12 confirms that the disappearance of ammonia and
nitrite were due to oxidation of those compounds to nitrate.
The figure clearly shows that all treatments produced an
increase in nitrate concentration over time. The liquid treat-
ments started to produce nitrate almost immediately after the
test began. The freeze-dried treatments started generating
nitrate by about day 17 while the non-inoculated aquaria did
not start producing nitrate until about day 40. This confirms
that nitrification was established more quickly in aquaria
inoculated with the bacterial strains of the present invention
than in non-inoculated aquaria.

The results of this test demonstrate that freeze-dried prepa-
rations of the bacterial strains of the present invention main-
tain their viability and their ability to oxidize nitrite to nitrate
after extensive storage in freeze-dried form. The results of
this test also demonstrate that liquid and freeze-dried prepa-
rations of the bacterial strains of the present invention can
establish nitrification in newly set-up aquaria much faster
than non-inoculated aquaria. The results of this test also dem-
onstrate that compositions for the maintenance of aqueous
media, as described herein, are capable of oxidizing ammonia
to nitrite and nitrate to nitrate in said aqueous media.

Example 16
Bacterial Additive Test

The goal of this test was to assess the viability of frozen
saltwater nitrite-oxidizing bacteria that had been stored for 5
months and to assess the viability of bacteria stored in a liquid
at different temperatures for 14 months. The goal of this test
was also to test the effectiveness of various compositions, as
described herein, for maintaining aqueous media.

Methods: Preparation of Bacteria

Saltwater NOB from Reactors SB1 and SB2 were har-
vested for the present test. Both Reactor SB1 and Reactor
SB2 contained all of the strains of NOB of the present inven-
tion (represented by SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ IDNO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7 and SEQ ID NO:8) and both were maintained at a
salinity of 30 ppt. AOB from two saltwater reactors were also
harvested for the present test. 3 stock solutions of AOB and
NOB were made, each incorporating 0%, 5% and 10% treha-
lose as a cryoprotectant. Samples were then placed at4° C. for
one hour and then at —80° C. for 72 hours. Finally, the samples
were divided into thirds and placed at three different storage
temperatures: —15°C., =20° C. and —80° C. The samples were
stored at these temperatures for 5 months.

Approximately 11 months earlier, saltwater NOB from
Reactors SB1 and SB2 and AOB from AOB reactors were
stored at 3 different temperatures: 4° C., room temperature
and 37° C. These liquid samples were stored for 14 months.
At the end of the storage period, each storage condition pro-
duced different cell densities. Thus, dilutions were carried out
so that each sample contained an equal amount of cells (Table
20). Finally, positive NOB and AOB controls were selected
by harvesting bacterial samples from Reactors SB1 and SB2
and from AOB reactors immediately prior to setting up the
Bacterial Additives 51 test.
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TABLE 20

Preparation of Liquid Samples

52

(as nitrogen) using methods described in the Tecator Appli-
cation Notes. Turbidity data was determined using the HF
Scientific Micro 100 Turbidimeter.

FIG. 13 shows the mean ammonia values (N=4) for the

Cell . o . various treatments in this test. The negative control (no addi-
Type  Temperaure  Density Dilution Yield tion of bacteria) took 25 days to reach a 0 mg/L. concentration
AOB 4°C. 11 mVL 450mL+50mL  SmlL ofammonia. The ammonia in this treatment peaked on day 14
water at a value of nearly 7 mg/L. In contrast to these values, all of
AOB  Room temp 3 ml/L f}voa?;L +0mL 3 ml/L 1o the experimental aquaria, whether they received a frozen or
AOB  37° 7.5 ml/L 666 mL added to 5 ml/L liquid treatment, reach a 0 mg/L. concentration of ammonia
NOB significantly faster (FIG. 13).
NOB 4°C. 2.5 ml/L 400 mL + 100 mL 1 ml/L . .
" Waterrn TR " FIG. 14 shows the mean nitrite values (N=4) for the various
NOB  Room temp 1 mUL Use all cells 1 mlL treatments in this test. Aquaria receiving the negative control
NOB  37° 3mlL ngmL addedto 1 MIL 15 and the treatment of liquid bacteria stored at 37° C. exhibited
elevated nitrite levels that did not abate after more than 30
) ) ) days. In contrast to these values, the remainder of the experi-
Test set-up: Thirty-six five-gallon aquaria and filters were  mental aquaria, whether they received a frozen or liquid treat-
ilsmfe.cted Wflitﬁ ian'agliaé l'r 1nsed%fan(111allowed t;’ al'r{-idl"yi ment, exhibited a reduction in nitrite concentration (FIG. 14).
quariawere filled with 19 hiters of Ireshly prepared artificial 20 FIG. 15 shows the mean nitrate values (N=4) for the vari-
seawater, made by dissolving INSTANT OCEAN Sea Salt in s . e
. - ous treatments in this test. All of the aquaria exhibited some
post-GAC to a salinity of 30 ppt. A Penguin 170 power filter, . L. . h £ th
equipped with a freshly rinsed, carbon cartridge, and a new 1n§rease n nltrgte concen?rat.lon over the course of the tes.t.
BIOWHEEL was placed on each aquarium, plugged in, and With the exception of the liquid cells stored at 37° C., aquaria
allowed to run over-night. Using the Access Test Database, 25 receiving all of the frozen and liquid treatments showed a
aquaria were randomly assigned a particular treatment con- consistent, upward trend in nitrate concentration.
sisting of four replicates each (Table 21). Treatment condi- The results of this test demonstrate that frozen preparations
tions for the test were selected from the larger group of of'the NOB of the present invention maintain their ability to
bacterial storage conditions (frozen bacteria at -80° C., -20° oxidize nitrite to nitrate after 5 months of frozen storage. The
C. and -15° C. with various concentrations of trehalose and 30 results of this test also demonstrate that the optimum frozen
liquid bacteria at 4° C., room temperature and 37° C.) on the storage temperature for the NOB of the present invention is
basis of initial viability tests performed on the various stored -80° C., but that —20° C. and -15° C. are also good storage
frozen and liquid bacteria. temperatures.
TABLE 21
Test Set-Up for Bacterial Additive Test
Volume Added
Storage  Tank % AOB/NOB Cells Added
Treatment Time Number trehalose (mL) AOB/NOB(mL)
FT 17 10° C. 5months 12, 14, 16, 5% 2mL/04mL  2mL/0.4mL
18
FT 17-15° C. Smonths 3,7, 15,22 10% 2mL/04mL  2mL/0.4mL
FT 17-20° C. Smonths 1,2,5,28 10% 2mL/04mL  2mL/0.4mL
FT 17-80° C. 5months 8,11, 13,23 10% 2mL/04mL  2mL/0.4mL
Negative 4,9,10,32 No bacteria
Positive 24,31, 35, 0% 25 mL total 2.5ml/1.8 mL
36
Liquid Room 14 months 17, 20, 21, 0% 100 mL/100 mL 1 mL/0.2 mL
Temp 25
Liquid 37°C. 14 months 19,26, 27, 0% 100mL/100 mL 1 mL/0.2 mL
33
Liquid 4° C. 14 months 6, 29,30, 34 0% 100mL/100 mL 1 mL/0.2 mL
At the start of the test, the aquaria were topped off with 55 While the description above refers to particular embodi-
deioniz.ed water, to make up for water IO.St to evaporation, and ments of the present invention, it should be readily apparent to
a ba.sehne sample was taken. The bactf:na were added and l.eft people of ordinary skill in the art that a number of modifica-
to circulate for 30 minutes before ta.klng the second basehpe tions may be made without departing from the spirit thereof,
samples. Every morning the aquaria were topped off with . . . .
e . The accompanying claims are intended to cover such modi-
deionized water and then sampled. Ammonia (0.5 mg/L) was ¢, . L ..
added manually to the aquaria each day, post sampling, to fications as would fall within the true spirit and scope of the
simulate fish excretion. ’ ’ invention. The presently disclosed embodiments are, there-
The samples were analyzed daily for pH, ammonia, nitrite fore, to be considered in all respects as illustrative and not
and turbidity. Nitrate was measured intermittently throughout restrictive, the scope of the invention being indicated by the
the test. Ammonia and nitrite were measured on a Foss FIA- 65 appended claims rather than the foregoing description. All

STAR 5000 using methods described in the Foss Application
Notes. A Tecator FIASTAR 5010 was used to measure nitrate

changes that come within the meaning of and range of equiva-
lency of the claims are intended to be embraced therein.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 22

<210> SEQ ID NO 1
<211> LENGTH: 1495

<212> TYPE:

DNA

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB SB7c¢32 16S rDNA

<400> SEQUENCE: 1

tgatcatgge
agcgecettte
ctaccttegyg
gaaagcggge
ttggtggggt
cacactggga
caatgggege
agccctttea
cagaagaagc
taatcggaat
ccegggetea
cggaatteee
cggtetectyg
ataccctggt
tagtggcgea
tcaaaggaat
gcgaagaace
cgggaaccgg
taagtccege
agggggactg
ttatgggcag
gggagctaat
aagtcggaat
tgtacacacc

tcttaggaag

tcagattgaa

ttcggaaagyg

tgggggatag

ctetgettge

aatggcctac

ctgagacacg

aagcctgatce

gtcgggagga

accggctaac

tactgggegt

acctgggaat

ggtgtagegg

gatcaagact

agtccacgec

gctaacgegt

tgacgggggce

ttacctgete

atgacaggtyg

aacgagcgca

ccggtgacaa

ggctacacac

cccaaaaagc

cgctagtaat

gecegtcaca

gagggcgetg

<210> SEQ ID NO 2
<211> LENGTH: 1450

<212> TYPE:

DNA

cgectggegge
tggctggega
cceggggaaa
aagctegeac
caaggcgacyg
gcccagacte
cagcaatgcc
aaagcatcgg
tcegtgecag
aaagcgcatg
tgcatccgat
tgaaatgcgt
gacgctgagg
gtaaacgatg
taagtcctee
ccgcacaage
ttgacatcte
ctgcatgget
accettgece
accggaggaa
gtgctacaat
cggtcccagt
cgcggatcag
ccatgggagt

cccacggtgt

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB SB7c¢ll 16S rDNA

<400> SEQUENCE: 2

atgcctaaca

dcggeggacy

ctcggattaa

cgatggatga

atcggtaget

ctacgggagg

gegtgggtga

gttaatacct

cagccgeggt

taggcggtcg

actgtttgge

agatatcggyg

tgcgaaageg

aggactagecc

gectggggag

ggtggagcat

cggaacctta

gtcegtcaget

ctagttacca

ggtggggatg

ggceggtaca

ccggattgea

caatgccgeg

cggetgeace

ggtcgatgac

catgcaagtce

ggtgagtaac

taccgcatac

gecegegtece

ggtctgagag

cagcagtggg

agaaggcctyg

cggtgtetty

aatacggagg

gataagtcgg

tagagtctgyg

aggaacacca

tggggagcaa

gttggattca

tacggccgea

gtggtttaat

cagagatgtyg

cgtgtegtga

geggttegge

acgtcaagtce

aagggttgca

gtctgcaact

gtgaatacgt

agaagtcggt

tggggtgaag

gageggcage
gecgtgggaat
gectacgggyg
gattagctag
gacgatcagce
gaatattgga
cgggttgtaa
acgttaccgyg
gtgcaagegt
gtgtgaaagce
tagagggagg
gtggcgaagg
acaggattag
ttaatgagtc
aggttaaaac
tcgatgcaac
agggtgecett
gatgttgggt
cggggactet
atcatggcce
aaccgtggag
cgactgcatyg
tccegggect
agcctaacct

tcgta

gatcatggct cagattgaac gctggeggca tgcctaacac atgcaagteg ageggcagea

gecacctcetet tcggaaaggt ggctggegag cggceggacgg gtgagtaacyg cgtgggaatc

tacctteggt gggggatage ccggggaaac tcggattaat accgcatacg cctacggggg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1495

60

120

180
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aaagcgggee tctgettgca agectcgeacce gatggatgag ccecgegaccyg attagetagt 240
tggtggggta acggcctacce aaggcgacga tcggtagetyg gtcectgagagyg acgatcagece 300
acactgggac tgagacacgg cccagactcce tacgggagge agcagtgggyg aatattggac 360
aatgggcgca agcctgatcce agcaatgecg cgtgggtgaa gaaggcctge gggttgtaaa 420
geectttecayg ccgggaggaa aagcatcggg ttaataccte gatgtgttga cgttaccgge 480
agaagaagca ccggctaact ccgtgccage agecgceggta atacggaggyg tgcaagegtt 540
aatcggaatt actgggcgta aagcgcatgt aggceggtegyg ataagtcggyg tgtgaaagece 600
ccgggetcaa cctgggaatt gecatccgata ctgtttgtet agagtcetggt agagggagge 660
ggaattcceyg gtgtageggt gaaatgcgta gatatcggga ggaacaccag tggcgaaggce 720
ggtectectygyg atcaagactg acgctgaggt gcgaaagcegt ggggagcaaa caggattaga 780
taccctggta gtccacgccg taaacgatga ggactagecg ttggattcat taatgagtcet 840
agtggcgcag ctaacgegtt aagtccteceg cectggggagt acggccgcaa ggttaaaact 900
caaaggaatt gacgggggcce cgcacaagceg gtggagcatg tggtttaatt cgatgcaacg 960
cgaagaacct tacctgctcet tgacatctce ggaaccttgce agagatgtga gggtgcctte 1020
gggaaccgga tgacaggtgc tgcatggctg tcgtcagcte gtgtcecgtgag atgttgggtt 1080
aggtcccegca acgagcgcaa cccttgecce tagttaccag cggtteggece ggggactcta 1140
gggggactgc cggtgacaaa ccggaggatg gtggggatga cgtcaagtca tcatggccect 1200
tatgagcagg gctacacacg tgctacaatg gccggtacaa agggttgcaa accgtgaggg 1260
ggagctaatc ccaaaaagcc ggtcccagtce cggattgcag tcectgcaactc gactgcatga 1320
agtcggaatc gctagtaatc geggatcage aatgccgegg tgaatacgtt cccgggectt 1380
gtacacaccg cccgtcacac catgggagtc ggctgcacca gaagtcggta gcctaacctt 1440
cttaggaagg 1450
<210> SEQ ID NO 3
<211> LENGTH: 1445
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB SB7¢136 16S rDNA
<400> SEQUENCE: 3
tgatcatggce tcagaacgaa cgctggegge gegectaaca catgcaagtce gaacgagaat 60
ccggggcaac tcggtagtaa agtggcaaac gggtgaggaa tacatgggta acctgecctt 120
gagaagggaa taacccgccg aaaggtgagce taatacccta tacgctatca tttttacgaa 180
aaagatagga aagccaagtc gaggacttgg tactcaagga ggggctcatyg tcctatcage 240
ttgttggtgg ggtaacggcce taccaaggcet acgacgggta getggtctga gaggatgate 300
agccacactg gcactgagat acgggccaga ctectacggg aggcagcagt gaggaatatt 360
gegcaatggyg cgaaagcctg acgcagcgac gecgegtggg ggatgaaggt ttteggattg 420
taaacccctt tcatgaggaa agataaagtg ggtaaccact tagacggtac ctcaagaaga 480
agccacggcet aacttegtge cagcagecge ggtaatacga wggtggcgag cgttgttegg 540
atttactggg cgtaaagagc acgtaggcgg ttgggaaage cttttgggaa atctcccgge 600
ttaaccggga aaggtcgaga ggaactactc agctagagga cgggagagga gcgcggaatt 660
cceggtgtag cggtgaaatg cgtagatatce gggaagaagg cceggtggega aggeggeget 720
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ctggaacgta cctgacgetg aggtgcgaaa gegtggggag caaacaggat tagataccct 780
ggtagtccac gccctaaacg atgggtacta agtgteggeg gtttaccgtce ggtgccgeag 840
ctaacgcagt aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt 900
gacgggggcee cgcacaagceg gtggagcatg tggtttaatt cgacgcaacyg cgaggaacct 960
tacccaggtt ggacatgctc gtggtacgaa cctgaaaggg tgaggacctc gaaaggggag 1020
cgagctcagg tgctgcatgg ctgtcecgtcag ctegtgeegt gaggtgttgg gttaagtcecce 1080
gcaacgagcg taacccctgt cttcagttge catcgggtca tgccgagcac tctgaagaga 1140
ctgcccagga taacggggag gaaggtgggg atgacgtcaa gtcagcatgg cctttatgece 1200
tggggctaca cacgtgctac aatgaccggt acagagggtt gcaatccege aagggggage 1260
caatctcaaa aaaccggcct cagttcagat tggggtctgce aactcgaccce catgaaggtg 1320
gaatcgctag taatcgcgga tcagcacgcce gcggtgaata cgttcecceccggg ccttgtacac 1380
accgeccgte acaccacgaa agtcagetgt accagaagte actggcgceca acctgcaagg 1440
gaggc 1445
<210> SEQ ID NO 4
<211> LENGTH: 1450
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB SB7c47 16S rDNA
<400> SEQUENCE: 4
tgatcatggce tcagaacgaa cgctggegge gegectaaca catgcaagtce gaacgagaat 60
ccggggcaac tcggtagtaa agtggcaaac gggtgaggaa cacatgggta acctgecctt 120
gagaagggaa taacccgccg aaaggtgagce taatacccta tacgctatca tttttacgaa 180
aaagatagga aagccaagtc gaggacttgg tactcaagga ggggctcatyg tcctatcage 240
ttgttggtgg ggtaacggcce taccaaggcet acgacgggta getggtctga gaggatgate 300
agccacactg gcactgagat acgggccaga ctectacggg aggcagcagt gaggaatatt 360
gegeaatggyg cgaaagcctg acgcagcgac gecgegtggg ggatgaaggt ctteggattg 420
taaacccctt tcatgaggaa agataaagtg ggtaaccact tagacggtac ctcaagaaga 480
agccacggcet aacttegtge cagcagecge ggtaatacga aggtggcgag cgttgttegg 540
atttactggg cgtaaagagc acgtaggcgg ttgggaaage cttttgggaa atctcccgge 600
ttaaccggga aaggtcgaga ggaactactc agctagagga cgggagagga gcgcggaatt 660
cceggtgtag cggtgaaatg cgtagatatce gggaagaagg cceggtggega aggeggeget 720
ctggaacgta cctgacgetg aggtgcgaaa gegtggggag caaacaggat tagataccct 780
ggtagtccac gccctaaacg atgggtacta agtgteggeg gtttaccgtce ggtgccgeag 840
ctaacgcagt aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt 900
gacgggggcee cgcacaagceg gtggagcatg tggtttaatt cgacgcaacyg cgaagaacct 960
tgcccaggtt ggacatgctce gtggtacgaa cctgaaaggt gaggacctcg aaaggggagc 1020
gagctcaggt gctgcatggce tgtcgtcage tcgtgecgtg aggtgttggg ttaagtceccecyg 1080
caacgagcgt aacccctgte ttcagttgce atcgggtcat geccgagcact ctgaagagac 1140
tgcccaggat aacggggagg aaggtgggga tgacgtcaag tcagcatggce ctttatgect 1200
ggggctacac acgtgctaca atgaccggta cagagggttg caatcccgca agggggagec 1260
aatctcaaaa aaccggcctce agttcagatt ggggtctgca actcgacccce atgaaggtgg 1320
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aatcgctagt aatcgeggat cagcacgecg cggtgaatac gtteceggge cttgtacaca

ccgecegtea caccacgaaa gtcagetgta ccagaagtca ctggegccaa cctgcaaggg

agggcaggtg

<210> SEQ ID NO 5
<211> LENGTH: 1473

<212> TYPE:

DNA

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB R21c76 16S rDNA

<400> SEQUENCE: 5

gaacgaacgce

gtagtaaagt

ccegecgaaa

cttggtegag

aacggcctac

ctgagatacg

aagcctgacyg

tgaggaaaga

ttegtgecag

aaagagcacg

ttcgagaggt

tgaaatgcgt

gacgctgagg

ctaaacgatg

tacccegect

acaagcggtyg

catgctegtyg

tgcatggetyg

cceetgtett

c¢ggggaggaa

gtgctacaat

ceggecteag

tcgeggatca

ccacgaaagt

aaggtatggt

tggcggegeyg
ggcaaacggyg
ggtgggctaa
gactcggcac
caaggctacyg
ggccagacte
cagcgacgec
taaagtgggt
cagccgeggt
taggcggttyg
actattcage
agatatcggg
tgcgaaageg
ggtactaagt
ggggagtacg
gagcatgtgg
gtacgaacct
tcgtcagete
cagttgecat
ggtggggatg
gaccggtaca
ttcagattgg
gecacgccgeyg
cagctgtacce

tggtaattgg

<210> SEQ ID NO 6
<211> LENGTH: 1473

<212> TYPE:

DNA

cctaacacat

tgaggaatgc
taccctatac
tcaaggaggg
acgggtagcet
ctacgggagyg
gegtggggga
aaccacttag
aatacgaagg
ggaaagccte
tagaggacgg
aagaaggccg
tggggagcaa
gteggeggtt
gecgcaaggt
tttaattcga
gaaagggtga
gtgcegtgag
cgggtcatge
acgtcaagtc
gagggttgca
ggtctgcaac
gtgaatacgt
agaagtcact

ggtgaagtcg

<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB R21c28 16S rDNA

<400> SEQUENCE: 6

gcaagtcgaa

atgggcaacc

gctatettet

gctecatgtee

ggtctgagag

cagcagtgag

tgaaggtttt

acggtaccte

tggcaagegt

ttgggaaatc

gagaggagcyg

gtggcgaagg

acaggattag

taccgteggt

tgaaactcaa

cgcaacgcga

ggaccttgaa

gtgttgggtt

cgagcactct

agcatggect

atcccgcaag

tcgaccccat

tccegggect

ggcgccaace

taa

cgagaatccg

tgceccttgag

tttcggaaaa

tatcagcttyg

gatgatcage

gaatattgcg

cggattgtaa

aagaagaagc

tgttcggatt

tcceggetta

cggaattece

cggegetetyg

ataccctggt

gecgcageta

aggaattgac

agaaccttac

agaggagcga

aagtcccgea

gaagagactg

ttatgcctygy

ggggagccaa

gaaggtggaa

tgtacacacc

c¢gcaaggggy

gggcaacceg
aagggaataa
gataggaaag
ttggtggggt
cacactggca
caatgggcga
accectttea
cacggctaac
tactgggegt
accgggaaag
ggtgtagegyg
gaacgtacct
agtccacgee
acgcagtaag
gggggeccge
ccaggttgga
gctcaggtge
acgagcgtaa
cccaggataa
ggctacacac
tctcaaaaaa
tcgctagtaa
gecegtcaca

gecaggtgece

atcctggete agaacgaacg ctgeggegeg cctaacacat gcaagtcgaa cgagaatcceg

1380

1440

1450

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1473

60
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ggcaacctygyg tagtaaagtg gcgaacgggt gaggaataca tgggtaacct geccttgaga 120
atggaataac ctatcgaaag atgggctaat accatatacg cttectgatt cgaggattgg 180
gaaggaaagt cgtatcgagg atacggcgtt caaggagggg ctcatggect atcagettgt 240
tggtggggta acggcctacce aaggcaacga cgggtagetyg gtcectgagagyg atgatcagece 300
acactggcac tgagatacgg gccagactcce tacgggagge agcagtgagyg aatattgcge 360
aatgggcgaa agcctgacgce agcgacgecg cgtgggggat gaaggtttte ggattgtaaa 420
ccecttteag gaggaaagat aaggcaggtt actgectgga cggtacctece agaagaagcce 480
acggctaact tcgtgccage agccgeggta atacgaaggt ggcgagegtt gtteggattt 540
actgggcgta aagagcgegt aggcggttag gtaagcectet tgtggaatct ccggettaac 600
cgggaatagt cgagggtaac tgcttageta gagggcggga gaggagtgeyg gaattcccegg 660
tgtageggtyg aaatgcgtag atatcgggaa gaaggccggt ggcgaaggeyg gcactctgga 720
acgcacctga cgctgaggcg cgaaagegtg gggagcaaac aggattagat accctggtag 780
tccacgecct aaacgatggg cactaagtgt cggeggttta cegecggtge cgcagctaac 840
gcagtaagtyg ccccgectgg ggagtacgge cgcaaggttg aaactcaaag gaattgacgg 900
gggeccgeac aagcggtgga gcatgtggtt taattcgacg caacgcgaag aaccttaccce 960
aggttggaca tgcaagtagt aagaacctga aagggggatyg agcccgcaag ggcagettge 1020
tcaggtgctg catggctgte gtcagctcecgt gcecgtgaggt gttggttaag tceccgcaacg 1080
agcgtaaccce ctgtcecttcag ttgccatcgg gtcatgecegg gcactctgga gagactgecce 1140
aggataacgg ggaggaaggt ggggatgacg tcaagtcagc atggccttta tgcctggggce 1200
tacacacgtg ctacaatgac cggtacaaag ggttgcaatc ccgcaagggt gagctaatct 1260
caaaaaacca gtctcagttc ggatcgcagt ctgcaactcg actgcgtgaa gctggaatcg 1320
ctagtaatcg gagatcagca cgctccgatg aatacgttcecce cgggeccttgt acacaccgcece 1380
cgtcacacca tgggagtcgg ctgctccaga agtagttatc ttaacccgca aggagggagg 1440
ctaccaagga tcggtcggtg actggggtga agt 1473
<210> SEQ ID NO 7
<211> LENGTH: 1480
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB B7c¢l0 16S rDNA
<400> SEQUENCE: 7
catggctcag aacgaacgct gecggcgegece taacacatge aagtcgaacyg agaatccggg 60
gcaactcggt agtaaagtgg cgaacgggtg aggaatacat gggtaacctg cecttgaaag 120
tggaataacc tatcgaaaga tgggctaata ccatatacge ttectagttt gcggattagg 180
aaggaaagtc gtatcgagga tacggtgttc aaggagggge tcatggcecta tcagettgtt 240
ggtggggtaa tggcctacca aggcaacgac gggtagetgg tctgagagga tgatcageca 300
cactggcact gagatacggg ccagactcct acgggaggca gcagtgagga atattgcgca 360
atgggcgaaa gcctgacgca gcgacgecge gggggggatyg aaggtttteg gattgtaaac 420
ccetttcagg agggaagaaa aagcgggtaa cegeccggac ggtacctceca gaagaagcca 480
cggctaactt cgtgccagca gecgeggtaa tacgaaggtyg gcegagegttyg ttceggattta 540
ctgggegtaa agagcegegta ggcggttagg taagectcett gtgaaagetce ccggettaac 600
cgggaatggt cgaggggaac tacttagcta gagggcggga gaggagtgeyg gaattcccgg 660
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tgtageggtyg aaatgcgtag atatcgggaa gaaggccggt ggcgaaggeyg gcactctgga 720
acgcacctga cgctgaggcg cgaaagegtg gggagcaaac aggattagat accctggtag 780
tccacgccct aaacgatggg cactaagtgt cggeggttta cegteggtge cgcagcectaac 840
gcagtaagtyg ccccgectgg ggagtacgge cgcaaggttg aaactcaaag gaattgacgg 900
gggeccgeac aagcggtgga gcatgtggtt taattcgacg caacgcgaag aaccttaccce 960
aggttggaca tgcaagtagt aagaacctga aaggggatga gcccgcaagg agcttgctca 1020
ggtgctgcat ggctgtcgte agctcecgtgece gtgaggtgtt gggttaagtc ccgcaacgag 1080
cgtaacccct gtcttcagtt gecatcecgggt catgccggge actctggaga gactgcccag 1140
gataacgggg aggaaggtgg ggatgacgtc aagtcagcat ggcctttatg cctggggceta 1200
cacacgtgct acaatgaccg gtacaaaggg ttgcaatccce gtaaggggga gctaatctca 1260
aaaaaccggce ctcagttcag attggggtct gcaactcgac cccatgaagg tggaatcgcet 1320
agtaatcggg gatcagcacg ccgcggtgaa tacgttceccg ggcecttgtac atattgtecg 1380
tcacagcacg aaagtcagct gtaccagaag ttgctggcegce taacccgtaa ggaggcaggt 1440
gcccaaggta tggttggtaa ttggggtgaa gtcgtaacaa 1480
<210> SEQ ID NO 8
<211> LENGTH: 1490
<212> TYPE: DNA
<213> ORGANISM: Unknown
<220> FEATURE:
<223> OTHER INFORMATION: NOB B7c¢7 165 rDNA
<400> SEQUENCE: 8
tttgatcatg gctcagaacg aacgctggeg gegevvcectaa cacatgcaag tcgaacgaga 60
atccggggca actcggtagt aaagtggega acgggtgagyg aatacatggyg taacctgcce 120
ttgaaagtgg aataacctat cgaaagatgg gctaatacca tatacgcttce ctagtttgeg 180
gattaggaag gaaagtcgta tcgaggatac ggtgttcaag gaggggctca tggectatca 240
gettgttggt ggggtaatgg cctaccaagg caacgacggg tagctggtet gagaggatga 300
tcageccacac tggcactgag atacgggeca gactcctacyg ggaggcagca gtgaggaata 360
ttgcgcaatyg ggcgaaagcce tgacgcageg acgecgegtyg ggggatgaag gtttteggat 420
tgtaaaccce tttcaggagg gaagaaaaag cgggtaaccyg cccggacgat acctccagaa 480
gaagccacag ctaacttcgt gccagcaacce gcggtaatac aagggtageg aacgttgtte 540
aaatttacta ggcgtaaaga gcacatagac aattaggtaa gcctettgtyg aaagctcccg 600
gcttaaccgy gaatggtcga ggggaactac ttagctagaa aacaggagaa aagtacgaaa 660
ttcccaatat aacaataaaa tacataaata tcaaaaagaa ggccggtgge gaaggcggca 720
ctetggaacyg cacctgacge tgaggcgega aagegtgggyg agcaaacagyg attagatace 780
ctggtagtcee acgccctaaa cgatgggeac taagtgtegyg cggtttaceg tceggtgecge 840
agctaacgca gtaagtgccce cgectgggga gtacggcecge aaggttgaaa ctcaaaggaa 900
ttgacggggg cccgcacaag cggtggagca tgtggtttaa ttcgacgcaa cgcgaagaac 960
cttacccagg ttggacatgc aagtagtaag aacctgaaag gggatgagcec cgcaaggagce 1020
ttgctcaggt gctgcatage tgtcgtcaac tcgtgccata aagtgttggg ttaagtccca 1080
caacaagcgt aacccctgte ttcagttgce atcgggtcat geccgggcact ctggagagac 1140
tgcccaggat aacggggagg aaggtgggga tgacgtcaag tcagcatggce ctttatgect 1200
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ggggctacac acgtgctaca atgaccggta caaagggttg caatcccgta agggggagct 1260
aatctcaaaa aaccggcctce agttcagatt ggggtctgca actcgacccce atgaaggtgg 1320
aatcgctagt aatcgcggat cagcacgccg cggtgaatac gttccecggge cttgtacaca 1380
cecgecegtea caccacgaaa gtcagetgta ccagaagteg ctggegctaa cccgtaagga 1440

ggcaggtgcec caaggtatgg ttggtaattg gggtgaagtc gtaacaaggt 1490

<210> SEQ ID NO 9

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 9

gtttgatcct ggctcag 17

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 10

ggttaccttg ttacgactt 19

<210> SEQ ID NO 11

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 11

cctacgggag gcagcag 17

<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 12

gwattaccge ggckgctg 18

<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 13

caccgggaat tccgecgctece te 22

<210> SEQ ID NO 14

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide Probe

<400> SEQUENCE: 14
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gttgccecegyg attcetegtte 20

<210> SEQ ID NO 15

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide Probe

<400> SEQUENCE: 15

caccgggaat tccgecgctece te 22

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide Probe

<400> SEQUENCE: 16

caccgggaat tccgcactcece te 22

<210> SEQ ID NO 17

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide Probe

<400> SEQUENCE: 17

gctgectecee gtaggagt 18

<210> SEQ ID NO 18

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Oligonucleotide Probe

<400> SEQUENCE: 18

ctcgeccagece acctttecga a 21

<210> SEQ ID NO 19

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 19

tceggggcaa ccyggta 17

<210> SEQ ID NO 20

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: PCR Primer

<400> SEQUENCE: 20
temeccttte aggtte 16
<210> SEQ ID NO 21

<211> LENGTH: 21
<212> TYPE: DNA
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ORGANISM: Artificial
FEATURE:
OTHER INFORMATION: PCR Primer

<213>
<220>
<223>
<400>

SEQUENCE: 21

ttcggaaagyg tggctggega g

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

SEQ ID NO 22

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: PCR Primer
<400>

SEQUENCE: 22

atctctgyaa ggttccggag

21

20

What is claimed is:

1. A biologically pure culture of a bacterial strain that
oxidizes nitrite to nitrate, wherein the 16S rDNA of the bac-
terial strain has a nucleotide sequence comprising SEQ 1D
NO:1.

2. A composition, comprising a concentrated isolated bac-
terial strain that oxidizes nitrite to nitrate wherein the 16S
rDNA of the bacterial strain has a nucleotide sequence com-
prising SEQ ID NO:1.

3. The composition of claim 2, further comprising a micro-
organism selected from the group consisting of ammonia-

20

25

30

oxidizing organisms, nitrite-oxidizing microorganisms,
nitrate-reducing microorganisms, heterotrophic microorgan-
isms and combinations thereof.

4. A composition comprising nitrite-oxidizing bacteria and
ammonia-oxidizing bacteria, present in an approximately 1:3
ratio, wherein the nitrite-oxidizing bacteria comprises an iso-
lated bacterial strain having 16S rDNA including a nucleotide
sequence identical to SEQ ID NO:1.



