NI TRI TE- OXI DI ZI NG BACTERI A AND METHODS OF USI NG AND DETECTI NG THE SAME
RELATED APPLI CATI ONS This application is related to, but does not nake a
claimof priority from U S. patent application serial No. [Atty. Docket
No. 81289-284779], filed Septenber 10, 2003, U S. patent application serial
No. [Atty. Docket No. 81289- 284781] filed Septenber 10, 2003, U.S. patent

ggglsl C::’]. iﬂ%gp%fr#m ﬁlca |on sermwﬁ?ﬁﬁgg@ﬂ@%%ﬂ 0

81289-305694], filed Septerrber 1CHR®AMEt he contents of each of which is
hereby incorporated by reference in its entirety as if fully set forth.
FI ELD OF THE | NVENTI ON The i nventi on relates generally to nitrite oxidizers

-and specifically to bacteri g nitrite to nitrate.
BACKGROUND OF THE | NVENTI O\I ?e ﬁ“keégﬁpﬁﬁl]pal ni t rogenous waste
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mass of water 1s |ow However, in man-nmade aquatic systems such as
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public I vat a nia c r oncentratl soneties very
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densi tyeﬁiﬁt@#ﬁ?lf’ﬁfl%&%ﬂ? inrelation to the small anount of water. Another
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reason | t hese systens the water is not continually
changed; rather it recirculates through the systemwth only periodic

partial water changes. Ther , e systens and aquari a use
filtration, in one formor i’iﬁm@%@?ﬂmﬂ‘%a degree of water quality
that is suitgpl b tﬂaﬁtea‘%e SIPRESTRE dx i dhd fe iFOMBS iohaf
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bi ol ogi ofibxiflizingeitrigeetomifrdte. nane fromthe fact that it acts as a substrate or

site for the growh | of bacteria which have the capability to convert, by
way of oxidation, ammoni a to anot her

BACKGROUND OF THE INVENTION
Ammonia is the principal nitrogenous waste product of teleosts and many
invertebrates in both freshwater and seawater. The ammonia results from the deamination or
transamination 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 aquaculture rearing pens, tanks,
raceways and ponds plus aquaria, both public and private, ammonia can reach toxic
concentrations, 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 that in 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 filtration, 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



conpound - nitrite. H gh concentrations of nitrite can al so 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. Patent 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

consi der, nan a extrene cases of ver
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studied nitrite oxidizing bacteria (NOB) is N trobacter w nogradskyi. It
was or imjtrogén substantest Blologisal ﬁhtangnamueqessquqmmanefcfatubn@éo meettéctNataenNGB in
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H A 1986 rﬁtE&fStaQ@stdeanﬁcaI he treatment of sewage and waste-waters. In
N|tr|f|cat|eyn J. 1. Prosser ed. IRL Press. Oxford.) and in aquaria (Spotte,
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NH; + Oy + HO +2¢ -—- >NH,0H + H,0 (1)
NH,OH + H;0 -—-->NO; + 5H" + 4¢” 2

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

following equation:
NO; +H,0 - >NO; + 2H' + 4¢” (1)

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
aquaculture facilities (Wheaton, F. W. 1977. Aquacultura] Engineering. John Wiley & Sons,
Inc. New York.), in wastewater treatment facilities (Painter, H.A. 1986. Nitrification in the
treatment of sewage and waste-waters. /n Nitrification J. I Prosser ed. IRL Press. Oxford.)
and in aquaria (Spotte, S. 1979. Seawater Aquariums - The Captive Environment. Wiley-



W nogradskyi and its close relatives were below detection limts in

freshwat er aquaria environnents (Hovanec, T.A and E. F. DeLong. 1996.
Conparative analysis of nitrifying bacteria associated with freshwater and
mari ne aquaria. Appl. Environ. Mcrobiol. 62:2888- 2896.). Furthernore,
research has shown that bacteria fromthe phylumN trospira are responsible
for th f |
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di fferences between freshwater and sal twater environnents. The distinction
anong VAr 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 environments (wastewater
treatment facilities) (Abeliovich, A. 2003. The Nifrite 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
(Nitrosomonas 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. Characterization of the microbial community and nitrogen transformation process
associated with moving bed bioreactors in a closed recirculated mariculture system.
Aquaculture 215 (2003) 187-202.)



NOB in their ability to tolerate such dramatic changes in |ocal environnent
Is critical in the design of these systens and inplenentation of NOB
therein. As such, a denonstrated tolerance by a particular NOB to a

sal twater environment may render that NOB suitable for wuse in particular
aquari a and wastewater environnments. Mreover, an ability to wthstand the
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in the art for that remain viabl'e after being subjected to a
f r eeze-slohi asgsuitebiliteefa patilARNAIF faiHESel INVENTRONT enviconnents) dothefreshwiatérhe
present i v«?nt on, isolated bacteria or bacterial strains capable of

oxi di zi‘?ﬂ}{]?ﬂwaﬁ?e to nitrate are provided. In one enbodi nent, the 16S r DNA
of the bacteria or bacterial strains has the nucl eotide sequence of SEQ ID
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sequencHOB ¢s withbtesd afresmditydig\todess SER B dryiles 4lloviEadd 10 MLhBlateSERREeNC 6,
SEQ ID NO. 7, _and SEQ.ID NG 8 are exenplary_of N trospira-like NOB. The
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and havexteaded 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 bacteria or bacterial strains
capable of oxidizing nitrite to nitrate are provided. In one embodiment, the 16S tDNA of the
bacteria 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 ID NO:5, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.
The nucleotide sequences described as SEQ ID NO:1 and SEQ ID NO:2 are exemplary of
Nitrococcus-like NOB, and the nucleotide 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 ID NO:8 are exemplary of
Nitrospira-like NOB. The Nitrococcus-like NOB represented by SEQ ID NO:1 and SEQ ID
NO:2 have been deposited with the American Type Culture Collection (ATCC) and have



assi gned accessi on nunber PTA-5422. In various enbodi ments, the 16S r DNA of
the bacteria or bacterial strains have the nucleotide sequence of SEQ ID
NO 1, SEQID NG 2, SEQID N0:3, SEQID NO 4, SEQID NO5, SEQID NGO 6, SEQ
IDNO7 or SEQID NO8 or a variant thereof which is at |least 96%simlar,
at | east 97% simlar, at |least 98%simlar or at least 99%simlar to SEQID
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cryoprotectant, placin min a freezer and bacteria or
bact er |lwst 919P/asmlan rtclSEQ <)) mm;JSEQrIESN(D*Z; SEQéDfN@é;«SBQ D NO e SEB@IIDof t he
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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, 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 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



oxidize nitrite to nitrate. The present invention also includes nethods of
alleviating the accunulation of nitrite in a nmedium The nethods include a
step of placing into the nediuma sufficient amount of a bacterial strain
or a conposition conprising a bacterial strain, wherein the 16S rDNA of the
bacterial strain has the nucleotide sequence of SEQ ID NGO 1, SEQ ID NG 2,

Nos ofsgtprestire. ThEetre dhmk MdtSGR qf e prgett ivepiip ot ikePhget

si m | aNORthat @as be (¥ d inrilease-Aiedformewhile nBifitakiing tiir vighi Hable; o SEQ
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nitrite to Mhempadsent Mkentivnt diswinchales drethods o \alldviating thtedcewrhualation dfatigited
probe of the present invention, isol gti ng t ot ab DNA, fromthe nediu
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Fi gur e 9de4 Libiikt (RSEE N mysmmm,rﬁ@mw,@%mwam SEQILNOI,
strains (i.e., those represented %SEQ ID NO1, SEQ ID NO 2, SEQ I D NG 3,
SEQ | DSRQ M) NeEG) $EQND: NO:7 gEREQIDNO®. SEQ I D NO 7, and SEQ I D NO 8)
inferred fromconparative analysis of 16S rDNA sequences in accordance with
an enbodi nerftheopresére mvestiont alsovarmclides. mdtheds rfee desectihgsamd determining the

nei ghbor -j 0i ni ng di.stance anal ysi.s of sequences, contai ni a mni of 1445
nucl eotquaeisty ofibaetega m mmqs%lfm&@%%b?%og@ﬁg@ma Rigrtg g dmtgate- 3&"? mgthed dresis
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NO 4, Dédilb, MihésingdSHhe ligdladed TDNANdo $he) prébeN@nder iconditicusomtiereine thai proban

enbodi nent, of the present, {nvention. Figure 3 i]Jlustrates denat uri ng

gr adi emybEaRes o eR e SREkIcaqbELANS BictHiaea die 16 tDNA of the bacteria has 2
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 reaction (PCR) primers that

may be used to detect the bacteria and nucleic acid sequences of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 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,
SEQ ID NO:6, SEQ ID NO:7, and SEQ ID NO:8) inferred from comparative analysis of 16S
rDNA sequences in accordance with an embodiment of the present invention. The tree is
based on neighbor-joining distance analysis of sequences containing a minimum of 1445

nucleotides.

Figure 2 illustrates a denaturing gradient gel electrophoresis (DGGE) of biomasses
from selected enrichments and nitrite-oxidizing bacteria represented by SEQ ID NO:1, SEQ



fromselected enrichnents and nitrite-oxidizing bacteria represented by SEQ
IDNOI, SEQ IDNO 2, and SEQID NGO 7, in accordance with an enbodi nent of

the present invention. Figure 4 illustrates a denaturing gradi ent gel
el ectrophoresis (DGGE) of biomasses from selected enrichnments and
nitrite-oxidizing bacteria represented by SEQID NO I, SEQ ID NGO 2, SEQID

0 R85 S B SO s T e R0

i |1 ust g ab a5 B8 aRthHnleBRRORGET M feédn ikvamas. for a Bacterial Additives Test
for saltwater bacterial strains and two conmercial additives. Figure 6

illustrate it Ll . ' Il ltiyes Test
.for saltwa gg%%%gc Féléﬂlr:gﬁs gtSHr;3 gﬁﬁ.{gﬁg a?d%g{l{ gér}de?i%c%[%%%%gﬁggpgé} Ejé’rﬁﬁ?%h.aéséfgure 7
i |1 ust fraael dRaer@ithBitnt agngieittoxidigingtbaeteda réfreseatddast SEQAD Madi, SRS Test
for assessing the viability of freeze-dried saltwater bacterial strains that
.had beBEDN&x:3s il $BQ IDNG: Tmeeeordapce tirith an embadimenttaf sheprasentinventioa.
concentration trends for a Bacterial Additives Test for assessing the
viability oFigumredziksirates! asiehhtneing rgridienie peladlecitophoresis (DAGR)ad biemassss or ed
for 5.5 nonths. Figure 9 iJlustrates, nean njtrate concentration trends for
2 Bact bomatel aeled ewdnenss ing wiitte-sxidiging bpctena ropraantedk by SEQADAOL $Hd
sal t watgr bac ' raai ha Qr f . AFLgure 10
G SEO T No2SE IO NoAPSELPRD 1N SHQ D 06 SHU Nai7; bl

i1 lustrat amoni ratro ends’ Tore a itives
Test f QEQADSBEYR/G dcberdunaebiith fry ebodibeat of theipeskentdhveamioar bacterial strains
that had been stored for 11 nonths. Figure 11 illustrates nean nitrite

concentrati gﬁgﬁré%nﬁﬁsﬁﬁés et RE cahceNtdtibh BRds1BF h Bat RfialB&fRHRIs Nest Of
viability o reeze-dried saltwater bacterial strains that had been stored

for 1saltwateihisactdfiajstraing 2nd twaeammaerstal mdditives.t r at e concentration trends for
a Bacterial Additives Test for assessing the viability of freeze-dried

sal t wat er bEgfnee icallustiates mear miarite bankdntatios trendsdfof @ Bacttfialidditives T2stfogur e 13
il lustrates nmean ammoni a concentration_trends for a Bacterial Additives

Test f spltwaterbagteripl staing pgasngt ap popngqudsted catrolvwat er bact erial strains t hat
had been stored for 5 nonths and for assessing the viability of saltwater
bacteri al sHiguined illhstratesnicireanmonis eogicentration trends for a Bacterial Additives Test

for assessing the viability of freeze-dried saltwater bacterial strains that had been stored for
5.5 months.

Figure 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.

Figure 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.

Figure 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.

Figure 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.

Figure 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.



liquid for 14 nonths. Figure 14 illustrates nmean nitrite concentration
trends for a Bacterial Additives Test for assessing the viability of frozen
sal twater bacterial strains that had been stored for 5 nonths and for
assessing the viability of saltwater bacterial strains that had been stored
ina liquid for 14 nonths. Figure 15 illustrates nmean nitrate concentration

trends for i S f frozen
sal t wat er aFlgg(rf\elt g? ﬂilsrtgé?%sﬁﬁeﬁgw zﬁabgférhcelsl or g’dﬁ#r{g %p%n%%ﬁq%gldﬁ%dlﬁ
assessimeg fidicasyésahig the wiailitydftivabe saltvatéradacRliabitfanisBatl Hhdt bdea dtop@efor St or ed
ina liquid for 14 nonths. DETAILED DESCRI PTI ON OF THE | NVENTI ON The

pr esenunqnthe and dar asesﬁa&ﬂleupmhw sgltwatey bagferial siyaine tha hied deemstorsdrinians
WhICh rpﬂp nitrite oxidation in saltwater and/or freshwater

envi ro éh can also survive and remain viable follow ng a

freezi ng or freeze dryi process. Enbodi rrents of es i nvention
descri be met Rigyse bl E%Ta?ﬁj RA Bidite CPRFgiraten BSEQ%&)F&IB&@M ditives Tslesent
i nventi e

cul £ ur SOpESRHinEr e b ER) 8 Mz SHRUAG, bRl Bnllns Rt IMCHG bt S

wher ei nndnils k08 fobhksesding t}fbewblﬁht}ecﬁﬂ saltwatef dhdterid) Glraigie $hdt fhad been stofddda a
sequence of SEQ ID NO 1, SEQID NO 2, SEQ ID NO 3, SEQID NO 4, SEQID
NO 5, $raad oG sontlsQ 1D NO 7 or SEQ ID NO 8 as shown in Tables 1 through

8. 8 Table 1: The sequence for the Nitrococcus-like nitrite-oxidizing
bact eri um r epigeseis eHustta]esSBéaxBﬁira@E@nb@tm@oﬂ trends for a Bacterial Additives Test

TGATCATGGCTCAGATT ; T AT CCANGT!
oCAPTapsess: Gl?,@]_ % o Salk e : CG% had been stored for 5

AT GACCUGHASTGCEAMbAGST AGT TGGT GGGGT AATGGCCTACCAAGECGACG
ATCGGTAGCTGGT CTGAGAGGACGAT CAGCCACACT GGGACT GAGACACGEECCC
AGACT CCTACGGGAGGCAGCAGT GGGGAATAT TGGACAAT GGGCGCAAGCCTGA
TCCAGCAAT GCCGCGT GEGT GAAGAAGECCT GCGEGT TGTAAAGCCCTTTCAGTC

AGCACOCTARCT CoT OB A L P e (X G PR R 0N
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 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 as
shown in Tables 1 through 8.



AATCGGAAT TACT GGGOGT AAMGOGCAT GTAGGCGGT CGGATAAGT CGGGTGTG
AAAGCCOCGGEECT CAACCT GGGAATTGCATCCGATACT GTTTGGCTAGAGTCTGG
T AGAGGGAGGCGGAAT TCCOGGT GTAGCGGT GAAATGOGTAGATAT CGGGAGGA
ACACCAGT GGCGAAGGOGGT CTCCT GGATCAAGACT GACGCTGAGGTGCGAAAG
CGT GGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCCGTAAACGATGAG
GACTAGCCGT TGGATTCATTAATGAGT CTAGT GGCGCAGCTAACGOGT TAAGTCC
TCCGCCT dabipdr Abesearencedor the Auracoseysdilsenitrite-exidizing bacterium represented
BOYE OFHAATTCGATGCAACGCGAAGAACCTTACC
TGCTCTT CATCT CCTTACAGAGAT GT GAGGGT GOCT TCGGGAACCGG
ATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGT TGGGT TAAGT
- COCGCAACGAGOGCAACCCT TACCOCTAGT TACCAGOGGT TOGGOOGGAGACTCT

GOGIAAACTCGGATTAATA

FEEEARGCTCGeAaccaaTae

GGTGT Gsmmmmm@mmxmeczr GRS HATEGOCTACCANGGCGACG

000 %@%@W%@Eﬁc@@ ©

500'.'9"‘ AYAWA " ’9’.-
e-i.%v.'.w@ .ﬁﬂwun} @‘;AAAGCCCTTTCAGTC

/\

MWWWWWWTMGTCGGGTGTG
WTWMMWTGGCTAGAGTCTGG

%@m A G EAGATATCGGGAGGA
ACACCAGTGGCGAAGGCGGTCTCCTGGATCAAGACTGACGCTGAGGTGCGAAAG
CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAG
GACTAGCCGTTGGATTCATTAATGAGTCTAGTGGCGCAGCTAACGCGTTAAGTCC
TCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACC
TGCTCTTGACATCTCCGGAACCTTACAGAGATGTGAGGGTGCCTTCGGGAACCGG
ATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGT
CCCGCAACGAGCGCAACCCTTGCCCCTAGTTACCAGCGGTTCGGCCGGGGACTCT
AGGGGGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATC
ATGGCCCTTATGGGCAGGGCTACACACGTGCTACAATGGCCGGTACAAAGGGTT
GCAAACCGTGGAGGGGAGCTAATCCCAAAAAGCCGGTCCCAGTCCGGATTGCAG
TCTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCAATGC
CGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTC

| GGCTGCACCAGAAGTCGGTAGCCTAACCTTCTTAGGAAGGAGGGCGCTGCCCAC
GGTGTGGTCGATGACTGGGGTGAAGTCGTA



AAAGCCCCGGGCTCAACCT GGGAAT TGCATCCGATACTGT TTGTCTAGAGTCTGG
TAGAGGGAGGCGGAAT TCCCGGTGT AGCGGT GAAAT GCGTAGATAT CGCGGAGGA

ACACCAGT GGCGAAGGCGGT CTCCTGGATCAAGACT GACGCT GAGGTGCGAAAG
CGTGGGGAGCAAACAGGAT TAGATACCCT GGTAGT CCACGCCGTAAACGATGAG
GACTAGCCGTTGGATTCATTAATGAGT CTAGT GGCGCAGCTAACGCGT TAAGTCC

TCCGCCTGEGCGAGT ACGGCCGCAAGGT TAAAACT CAAAGGAAT TGACGEEEECC

cecacaftaide 2edhessqusngsior Ahe ittagascuptikenitkiteaxidizingbacterium represented

TGCTCT WWGAGATGT GAGGGT GCCT TCGGEGAACCGG
ATGACAC@@ GICGTCAGCTCGT GT CGTGAGATGT TGEGT TAGGT

CCCGCAACGAGCGCAACCCT TGCCCCTAGT TACCAGCGGT TCEECCEEEGACTCT
AGGGEEGACT GCCGEGT GACAAACCGGAGGATGGT GEGGATGACGT CAAGT CATCA

TMGAW%GTGCAAGTCGAGCG
G OAGC GGG GACGGGTGAGTAA
CGCGGTGGGTCQQ@GG@Q@ETKCBTW@GM@GTMG@CCG@E@%@L&CTCGGATTAATAC

N rmﬁgﬁﬁ%ﬁm fé@éﬂi@@ﬁﬂ@?ﬁ&%&&gﬂ >
ARETEECATRIPARGGCGACGA

%AGQACETFECW 4 AT G R TGAGACACGGCCCA

ACGCT ATGATTU PACE S AN GEA G GRICASTAGUAGRATGGGCGCAAGCCTGAT

AAGGAGG
A TG cecerTIcAcee

mmmm TACCGGCAGAAGA
R BRI nocrocaAGooTT

GQRETASAVECTAEGINBECHITEGRATAAGTCGGGTGTG

TTTACT %WW@@W@W@GTCTAGAGTCTGG
CGGCTTAA GGT CGAGAGGAACTACT CAGCT AGAGGACGGGAGA

A@@GGXAWWM%&W@@@%GAT ATCGGGAGGA
ACACCAGTGGCGAAGGCGGTCTCCTGGATCAAGACTGACGCTGAGGTGCGAAAG

CGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAG
GACTAGCCGTTGGATTCATTAATGAGTCTAGTGGCGCAGCTAACGCGTTAAGTCC
TCCGCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACC
TGCTCTTGACATCTCCGGAACCTTGCAGAGATGTGAGGGTGCCTTCGGGAACCGG
ATGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAGGT
CCCGCAACGAGCGCAACCCTTGCCCCTAGTTACCAGCGGTTCGGCCGGGGACTCT
AGGGGGACTGCCGGTGACAAACCGGAGGATGGTGGGGATGACGTCAAGTCATCA
TGGCCCTTATGAGCAGGGCTACACACGTGCTACAATGGCCGGTACAAAGGGTTG
CAAACCGTGAGGGGGAGCTAATCCCAAAAAGCCGGTCCCAGTCCGGATTGCAGT
CTGCAACTCGACTGCATGAAGTCGGAATCGCTAGTAATCGCGGATCAGCAATGC
CGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTC
GGCTGCACCAGAAGTCGGTAGCCTAACCTTCTTAGGAAGG

10



GTGGCGAAGGCGECGCTCTGGAACGT ACCT GACGCT GAGGT GCGAAAGCGT GGG
GAGCAAACAGGATTAGATACCCTGGTAGT CCACGCCCTAAACGATGGGTACTAA
GTGT' CGGCGGT TTACCGT CGGT GCCGCAGCTAACGCAGT AAGT ACCCCGCCT GGG
GAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGEGEGCCCGCACAACCG
GTGGAGCATGTGGT TTAAT TCGACGCAACGCGAGGAACCTTACCCAGGT TGGAC
ATGCTCGT GGTACGAACCT GAAAGGGT GAGGACCT CGAAAGGGGAGCGAGCT CA
AZBeGxium represented by
ACGAGCHAAQCCREA oh R¢ TGCCATCGGGT CATGCCGAGCACT CTGAAGA
GACTGCCCA CORT RACELS GGTGGCGATGACGT CAAGT CAGCATGECC
TTTATGCCTGGEGECTACACACGT GCTACAAT GACCGGTACAGAGGGT TGCAATCC
CGCAAGGGGGAGCCAATCTCAAAA. AACCGGCCTCAGT TCAGATTGGGGTCTGCA

ACT WLV, S EAEREERREATA
GAA'IW%CACAW CACA CGAAAGT GTTGCAAGTCGAAC
ACCAGABSTEAETECEHS ' %@%C%GEQMTA&A’EG@

Ni t r0Sgrc@;(tcteomcTTGAG%«GGGM,QA@C@G@GGA@QAM‘G&@CMﬁE@GéTATSEQ I D

GTGGCGAAGGCGGCGCTCTGGAACGTACCTGACGCTGAGGTGCGAAAGCGTGGG
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAA
GTGTCGGCGGTTTACCGTCGGTGCCGCAGCTAACGCAGTAAGTACCCCGCCTGGG
GAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGACGCAACGCGAGGAACCTTACCCAGGTTGGAC
ATGCTCGTGGTACGAACCTGAAAGGGTGAGGACCTCGAAAGGGGAGCGAGCTCA
- GGTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCA
ACGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGA
GACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCC
TTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCC
CGCAAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCA
ACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGT
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGT
ACCAGAAGTCACTGGCGCCAACCTGCAAGGGAGGC

11



GTGTCGGCGGT TTACCGT CGGT GCCGCAGCT AACGCAGT AAGT ACCCCGCCT GGG
GAGT ACGGCCGCAAGGT TGAAACT CAAAGGAAT TGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCT TGCCCAGGTTGGAC

ATGCTCGT GGTACGAACCT GAAAGGT GAGGACCT CGAAAGGGGAGCGAGCTCAG

GTGCTGCATGGCT GT CGT CAGCTCGT GCCGT GAGGT GTTGGGT TAAGT CCCGCAA

CGAGCGT AACCCCTGTCTTCAGT TGCCAT CGGGT CATGCCGAGCACT CTGAAGAG
ACTGCCEabindnRbesegurence fortiNitrospinactike pikriteaxidizingsbagterium represented by
TTAT ﬁ%@%q:TACAATGACCGGTACAGA(IBGTTGCAATCCC

GCAA CAAAAAACCGGCCT CAGT TCAGATTGGGGTCTGCAA

CTCGACCCCAT GAAGGT GGAAT CGCTAGT AAT CGCGGAT CAGCACGCCGCGGTG

AATACGT TCCCGGGCCT TGTACACACCGCCCGT CACACCACGAAAGT CAGCTGTA

d(?CG@MA@hTCK?HHG’I%AR t he

CCAGAAGTEAGF RIS BARASIRAERTAGETS
NItI’OSpII’a|Ik§ Eltl’lte 0é|grz|n%1iacte | repr R21c76. SEQ I D
FA?& MM %@CACATGG

AACCCG@’W@KAWT@@GCTAATACCCTAT
.I

mﬁ AbcacTTGGTACTC

GACGGGAGAGG
A EACHTHTOGGGAAGAAGGCCG
GTGGCGAAGGCGGCGCTCTGGAACGTACCTGACGCTGAGGTGCGAAAGCGTGGG
GAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAA
GTGTCGGCGGTTTACCGTCGGTGCCGCAGCTAACGCAGTAAGTACCCCGCCTGGG
GAGTACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCG
GTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTGCCCAGGTTGGAC
ATGCTCGTGGTACGAACCTGAAAGGTGAGGACCTCGAAAGGGGAGCGAGCTCAG
GTGCTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAA
CGAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGAG
ACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCT
TTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCCC
GCAAGGGGGAGCCAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAA
CTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTG
AATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGTA
CCAGAAGTCACTGGCGCCAACCTGCAAGGGAGGGCAGGTG

12



TTTAATTCGACGCAACGCGAAGAACCT TACCCAGGT TGGACATGCTCGTGGTACG

AACCT GAAAGGGT GAGGACCT TGAAAGAGGAGCGAGCT CAGGTGCTGCATGGCT

GTCGTCAGCT CGTGCCGT GAGGT GT TGGGT TAAGT CCCGCAACGAGCGTAACCCC

TGTCTTCAGT TGCCATCGGGT CATGCCGAGCACT CTGAAGAGACT GCCCAGGATA
ACGGCGAGGAAGGT GGGGAT GACGT CAAGT CAGCATGGCCT TTATGCCTGGGGRC

TACACACGT GCTACAAT GACCGGTACAGAGGGT TGCAATCCCGCAAGGGGGAGT

CAATCTGW@\M CrosemensefoacthedYinosgimrtikenitricrexdidizingpacterium represented by

GCGCCAACCCGCAACIIIII;CACI;TGCCCAACI;TATCI;TTCI;TAATTCIII;TGA AGTCGTAA 13 Tabl e 6:
The sequence for the Nitrospira-like nitrite-oxidizing bacteriumrepresented

by R2@Xﬁccﬁ@@c@T@G@GGCGCGCCTAACACATGCAAGTCGAACGAGAATCCGGGGC
ATCCTGGCT CAGAACGAACGCT GOGGEOGEGOCT AACACAT GCAAGT CGAA

MTM%@M@W@%@@MMQ@@CMCCTGCCCT TG
UMKWMMWMWWWEGHATCHCTHT

CCTGATTCGAGGATTGCGGEAA
Aty o ey Cave traw LIRS R AGGAGECAR GGAGGGGCTCATG
' SO ACGHT PCAXSESCEACGGACGGGTAGCTGG

AGACTCCTACGG

CGGCTAACTTCGTGCC

. ,* ’ WTACTGGGCGTAA

ASAATCITTCCGGCTTAACCGGG

A&AT@@TGM@WW@WK@@@@E@T GGCGAAGGCGG
CGCTCTGGAACGTACCTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGAT
TAGATACCCTGGTAGTCCACGCCCTAAACGATGGGTACTAAGTGTCGGCGGTTTA
CCGTCGGTGCCGCAGCTAACGCAGTAAGTACCCCGCCTGGGGAGTACGGCCGCA
AGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG
TTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTGGACATGCTCGTGGTACG
AACCTGAAAGGGTGAGGACCTTGAAAGAGGAGCGAGCTCAGGTGCTGCATGGCT
GTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGCGTAACCCC
TGTCTTCAGTTGCCATCGGGTCATGCCGAGCACTCTGAAGAGACTGCCCAGGATA
ACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTTTATGCCTGGGGC
TACACACGTGCTACAATGACCGGTACAGAGGGTTGCAATCCCGCAAGGGGGAGC
CAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAACTCGACCCCATGA
AGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGTGAATACGTTCCCGG
GCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGTACCAGAAGTCACTG
GCGCCAACCCGCAAGGGGGGCAGGTGCCCAAGGTATGGTTGGTAATTGGGGTGA
AGTCGTAA

13



AAGTAGTAAGAACCT GAAAGGEGGGAT GAGCCCGCAAGGGCAGCTTCCTCAGGT G
CTGCATGGCTGT CGT CAGCTCGTGCCGT GAGGT GT TGGT TAAGT CCCGCAACGAG
CGTAACCCCTGTCTTCAGT TGCCATCGGGT CATGCCCGEECACTCTGGAGAGACTG
CCCAGGATAACGGEGGAGGAAGGT GGGGATGACGT CAAGT CAGCATGGCCTTTAT
GCCTGGGEECTACACACGT GCTACAAT GACCGGT ACAAAGGGT TGCAATCCCGCA
AGGGTGAGCTAATCTCAAAAAACCAGT CTCAGT TCCGATCGCAGT CTGCAACT CG
Ad&mmmmmwm&mmw«emm represented by
%WCACACCATG@GAGTCG&TGCTCCAG

GTA! GCGAGGCTACCAAGGATCGGTCGGTGACT  GGGGTGAAGT 14 Tabl e
7: The sequence for the Nitrospira-like nitrite-oxidizing bacterium
represented by B7c10. SEQ | D NO 7.

Rt poTcomcon

TWM@WMMWTWMTACMGGGTMC

CTAGITF

GGCTCA] A ACCATATACGCTT
wmﬂ@@t@@ﬁ@ﬁﬁ@ﬂf@@mmm@x mm@a@e@GGCGTTCAAGGAG
CTCCT A RS ERA BT PARA T ATTERGRET CORTEEERECAAGGCAACGAC

GCGACGCOGEREEEEEA
CAACAAAACEAGCTACBCEBA %%@@QMQAGATACGGGCCAG
ACT TWA@?@@@A@@@@&G@@I&WKT@G@%@E@G@ GAAAGCCTGACG

NG GIPOUGCCTGREGTG GAATCTCCGGCTT
4 W@GAGAGGAGTGCG
OGS PAGATATCRGGAAGA AGGCCGGTGGCG
AAGGCGGCACTCTGGAACGCACCTGACGCTGAGGCGCGAAAGCGTGGGGAGCA
AACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGCACTAAGTGTC
GGCGGTTTACCGCCGGTGCCGCAGCTAACGCAGTAAGTGCCCCGCCTGGGGAGT
ACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGG
AGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTGGACATGC
AAGTAGTAAGAACCTGAAAGGGGGATGAGCCCGCAAGGGCAGCTTGCTCAGGTG
CTGCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGTTAAGTCCCGCAACGAG
CGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACTCTGGAGAGACTG
CCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTTTAT
GCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCAATCCCGCA
AGGGTGAGCTAATCTCAAAAAACCAGTCTCAGTTCGGATCGCAGTCTGCAACTCG
ACTGCGTGAAGCTGGAATCGCTAGTAATCGGAGATCAGCACGCTCCGATGAATA
CGTITCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTCGGCTGCTCCAG
AAGTAGTTATCTTAACCCGCAAGGAGGGAGGCTACCAAGGATCGGTCGGTGACT
GGGGTGAAGT

14



GCATGGCTGTI CGTCAGCT CGT GCCGT GAGGT GT TGGEGT TAAGT CCCGCAACGAGC

GTAACCCCTGTCTTCAGT TGCCAT CGGGT CATGCCGGGECACTCTGGAGAGACTGC

CCAGGATAACGGGGAGGAAGGT GGGGATGACGT CAAGT CAGCATGCECCTTTATG

CCTGGGGCTACACACGT GCTACAAT GACCGGTACAAAGGGT TGCAATCCCGTAA

GGGGGAGCTAAT CTCAAAAAACCGGECCT CAGT TCAGATTGEGGTCTGCAACTCG

ACCCCATGAAGGT GGAATCGCTAGTAAT CGGGGAT CAGCACGCCGCGGT GAATA

GuanceTior dnshMirapdadteuindEaxbiizieiootaium represented by
AAGT T(?[ W AAGCGAGGCAGGT GCCCAAGGTATGGTTGGTAAT - TGEGGT GAAGT CGTAACAA
15 Tab sequence for the Nitrospira-like nitrite-oxidizing bacterium
represented by B7c7. SEQ I D NO 8.

TTTGATCATGCCT CAGAACGAACGCT GGCGGCGC,\/VCT AACACATGCAAGT CCA

(L Loh / (Lord

ACGL\ s o)\ GTCGAACGAGAA
‘ TAC@TT@W@QAM@WM@T@W@KW ACATGGGTAACC
AAGGA

T I MO oo
m@ﬁ@@wm CEIATCAGEERALGIGTGTTCAAGGAGG
CT GACCGHEPE PO & ST SPCAET HAPGHCCTACEAAGGCAACGACG
AGCGAGCGCGAAGAAAAAGCGEEGTAA CGATACCT

CAGCTAROTREE W@W %&@ﬁas%mmceeecmm
AATTT em@@mem M@ﬁ@t@ﬁﬁ@e@@@GAAAGCCTGACGC
ARAGTA S ACRRIGAAS

. }_\ f .s,', REGEAALACCCCTTITCAGGAGG
GCTeAGIGA . (5
o

e cee
%a‘a’:'a'e‘l' i

c ARG @GGGAGAGGAGTGC

GGT CCT AT e R TAGOECTH ARG T AGA T GOAABA AGGCCGGTGGE
GAAGGCGGCACTCTGGAACGCACCTGACGCTGAGGCGCGAAAGCGTGGGGAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCCCTAAACGATGGGCACTAAGTGT
CGGCGGTTTACCGTCGGTGCCGCAGCTAACGCAGTAAGTGCCCCGCCTGGGGAG
TACGGCCGCAAGGTTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTG
GAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTGGACATG
CAAGTAGTAAGAACCTGAAAGGGGATGAGCCCGCAAGGAGCTTGCTCAGGTGCT
GCATGGCTGTCGTCAGCTCGTGCCGTGAGGTGTTGGGTTAAGTCCCGCAACGAGC
GTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACTCTGGAGAGACTGC
CCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCCTTTATG
CCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCAATCCCGTAA
GGGGGAGCTAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCAACTCG
ACCCCATGAAGGTGGAATCGCTAGTAATCGGGGATCAGCACGCCGCGGTGAATA
CGTTCCCGGGCCTTGTACATATTGTCCGTCACAGCACGAAAGTCAGCTGTACCAG
AAGTTGCTGGCGCTAACCCGTAAGGAGGCAGGTGCCCAAGGTATGGTTGGTAAT
TGGGGTGAAGTCGTAACAA
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ACAAGCGTAACCCCTGTCTTCAGT TGCCAT CGGGT CATGCCGEGCACT CTGGAGA
GACTGCCCAGGATAACGGGGAGGAAGGT GEGGATGACGT CAAGT CAGCATGGCC
TTTATGCCTGGGGECTACACACGT GCTACAATGACCGGTACAAAGGGT TGCAATCC
CGTAAGGGEEGAGCTAATCTCAAAAAACCGEECCTCAGT TCAGATTGEGGTCTGCA

ACTCGACCCCAT GAAGGT GGAAT CGCTAGT AAT CGCGGAT CAGCACGCCGCGGT

GAATACGT TCCCGGGECCTTGTACACACCGCCCGT CACACCACGAAAGT CACGCTGT

ACCAGAR@H I TTisCequenc o he AhincsuAGEkeniickeGEiiae-baGerium represented by
GTAATT CAAGGT 16 For the purposes of the present invention, an
| sol at ac lal strain is one that has undergone sone degree of
purification fromits natural environnent. A culture of a bacteriumis
consi dered to be biologically pure if at |east 20% of the bacteria are from

339 b q%l’ a&@m& Ct}c @C%@@vv| east@'ﬁg& gﬁ?%slt eas!

33%pure rmre_EG e culture 1s at

pr ef er AIGAGAA C@ﬁ@@Cé\A@TQQG%@EAQO@@BGQQG%GGQ&H@AEQA&TAQ&Tﬁ of the
pr eseniga X A RECERT WGG?PW&HCUT‘AT(&?&J&A@MGG@AD@TA@@@&S of

bacteri a, nutrients an or ot nher corrponent s to I OVI conposi tion for

mai nt a.mca@cgffc&mcﬁmgcga@msA@@MGAM@IﬂéﬂéAa@m@@MAmT@H@p| e, to
conbi ney & ﬁx@@GﬁﬂT@@Gﬁé@TRW@TTG‘H@G e@ﬁ@@m@@cof

I enovi ng ot her bl e conpoun m a ueous

Exanpl ésAGGAQQ‘EGM&@TGQT%GA&%‘\@W@%TCAM&%QTr AIACTGAGATACG™
(c he”D'GG@@A@&CT@@P&G@G@GG@A@CA@WAGGA@\WCGGAQATGGGU(?AAAGC

heterotr |c ba ri [ i an terjial in anmoni a and
ot her riaseitsas e Tl iV en e e te VIS o
I'n bél _he _A?(BGA(’KB?!AW@AAM&GU G@GM@CG@@@KGGMTH@@MCKG&@GA}@MAa na
subdi vi 0 [ es. | ec genera
N+ ros ST AACTIEGTR AR R G o BRI ACA NI LR GREEACOTRGT A
Ni Eir ijﬁ M@@WQUM@GC@AM&GMMAGMMWA@W@AWT@AWDP?S
an o I illus,
e sudone BT AR R A S A AR G AR A CEARAA RS GRER 1 e
wi t h t eAAGTACGAIAATTACOAATA TIAAC AATAKAATACATA AATATCOAXIRAASALGGO! t he
Pl anct ype
o't ur SEGTRGCHAACGEGRENAT G AREGER L TRRCRE AT S GARAGERG Y P L
be i sol&GGA(&EAA&G&GGMﬂ" A@MA@CETQGTAGﬂ"@CAEQﬁC@Q’:EAqAIA&GA'IﬁGGi}{&A@m al
strai NSy 8 Ttﬁﬁg RV ol admy @@1{- ng
bacteri'a suc ﬁét annll;rqu]‘?a %rgggjnt C@Gﬁﬁ Ig‘fgég@‘*em wou Q(ECGG'C@’FG
GGGAGTACGGCCGCAAG TTGAAACTCAAAGGAATT ACGGGGGCCCGCACAA
GCGGTGGAGCATGTGGTTTAATTCGACGCAACGCGAAGAACCTTACCCAGGTTG
GACATGCAAGTAGTAAGAACCTGAAAGGGGATGAGCCCGCAAGGAGCTTGCTCA
GGTGCTGCATAGCTGTCGTCAACTCGTGCCATAAAGTGTTGGGTTAAGTCCCACA
ACAAGCGTAACCCCTGTCTTCAGTTGCCATCGGGTCATGCCGGGCACTCTGGAGA
GACTGCCCAGGATAACGGGGAGGAAGGTGGGGATGACGTCAAGTCAGCATGGCC
TTTATGCCTGGGGCTACACACGTGCTACAATGACCGGTACAAAGGGTTGCAATCC
CGTAAGGGGGAGCTAATCTCAAAAAACCGGCCTCAGTTCAGATTGGGGTCTGCA
ACTCGACCCCATGAAGGTGGAATCGCTAGTAATCGCGGATCAGCACGCCGCGGT
GAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGAAAGTCAGCTGT
ACCAGAAGTCGCTGGCGCTAACCCGTAAGGAGGCAGGTGCCCAAGGTATGGTTG
GTAATTGGGGTGAAGTCGTAACAAGGT
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oxidized to nitrite and the nitrite oxidized to nitrate. The added
anmoni a- oxi di zi ng bacteria nay be any ammoni a- oxi di zi ng bacteria known to
the art or may be exenplified by, but are not in any way limted to, those
ammoni a- oxi di zi ng bacteria disclosed in the followng comonly assigned
patent applications: U S. patent application serial No. [Atty. Docket No.
81289-284779], filed Septenber 10, 2003, U. S. patent application serial No.
[Atty. Docket No. 81289-2847811, filed Septenber 10, 2003, U S. patent
application ' f|| enber 10,
2003, and §‘%l°' ﬁ‘@mges M]?;é §re§?rg‘§&§§§1?§m&1§é?kﬁé§ﬁ ﬁgtﬁm}s

81289- ﬁ%ﬁé&ﬂa sofnel c&@re‘éﬁtﬁﬁ)&ﬁﬁe:{tloh(ﬁmﬁ@@&anﬁil eﬁnmmﬁentemamhﬁe vpal d be to
conbi ne the bacterjal strains of the present invention wth aerobic or
anaer obActeriumiig eansigdereg th ke ﬂomlmcallwurﬁ ikt depse20% Rbthei hactere apmfrem ang produced

coni t roretie]) i, Steveldfis ARSRPdl R oy Rs B b g%k SRE dhnis b Bgen
based giRoiehite joati8st H5% parArl st ipdefemibld 0 tHe@iltinRes b RaRAObEpIAl Strains

of the present invention with heterotrophic bacteria which mheralize
organi ¢ mat ffée blactenalsstmmserf thepragenti mvgui@stmmdso b icombinedbyity eashtdther, can be

utilized as subswjt:g es hetbac eri strains o t he. resent | nveg,t I on.
sever af 8%8%?11% ac S AY PBP cmngpﬁqqtpg BPIYids PyRORPOSHAR JBs rredl a
are Pt §t dqﬁ%oﬂb' fbiihe- PR A Bd QirdIe! fF IcRaf Pﬂe 5e0biAe @ di 2i ng
bacteri a. | nment, a composition i s provided fof the malntenance

of hon’aa@cquaarqfathe spresbnt aqumuentwrbhl haotcpral &aipalgje sf] teneiving Nﬂ&rqﬁolhxtaatspoesent

inventiop along with saltwater AOB. one e nt, 5 L, but

pref er 3’6‘{]%5 ?CGQ}H?HP& O aguegys ’E‘Sﬁ‘@e V&%Péﬁr@‘) lir)\Tgf’ ria N&“‘@ﬁ aERenia; esent

| nvent |, g3 ané?eﬁHa éﬂénﬁrh%aﬁtoﬁg bRMErP VLS aé?éld'lz@p%ﬂ%hﬂﬁtt@l%uﬁ 375 m.
sa t co en “di

of concentra ter ncentrated mxture 1's ted to
2.5-3. ﬁetien‘omidi;hmlbmm l@wmchraimerabiey angpmio X inaterial ymﬁ) f dramdniauragésoth88. 7 nlL)
with artificial ter designed to tre 50 60 aIIons but

prefer é‘@smﬁi}r%&ll ay‘cagg ‘ngﬁl chﬁrrﬁ by kngiymio; thase Qfa*’t AJEEPRiAD N may

| ud tuat t
the 168 PR Bpehd %é"ﬁ'% Bin B 1P 1k M ellh IR °§é%€§53%”b’é’f"e§¥”er D
NO 1, Sk@npRsNichideSERcled MOHR, g6ita | MitNGomondSEQitrDsdupina, IEBQsdlBhiNCul  SEQ

I D NO? or SEQIDNOS8. In one enpodi t he conposition conprises all of
t he sM?MéFC'NO@lEP%FP%IQﬁ e@aﬂegﬁwn frpethe geaf:ra Wewcm"smdoawm of

| Noy B Bl R, BerchRRIS BB g REoRATICR, U Bl RAoER PRRERbEllepY 550

means ahd Ukadigerdd¥)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 serial No. [Atty. Docket No.
81289-284779], filed September 10, 2003, U.S. patent application serial No. [Atty. Docket
No. 81289-284781], filed September 10, 2003, U.S. patent application serial No. [Atty.
Docket No. 81289-294309], filed September 10, 2003, and U.S. patent application serial No.
[Atty. Docket No. 81289-305694], filed September 10, 2003.
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I n anot her enbodi nent, a conposition is provided for the maintenance of
public aquaria and aquaculture facilities, said conposition conprising
saltwater NOB of the present invention along with saltwater AOB. In one
enbodi ment, 40-50 nmL, but preferably approximately 45 nL of concentrated
sal twater NOB of the present invention is mxed with 118-128 ni, but
preferably approximately 123 nlL of concentrated saltwater AOB. That .
concent r at edAngthergxample traukd be to cambing the bacterial gping o€ theypresent amvention v

approximatel .1 : . ( 1 h. dg- ¢h Lnate filter.ed te a

o une VAR eesthitiof BhieRhie Uhnifoiis Bleldtar S B0s Sfsey AR vt Wi SEmERRRY o1
2460 gplel PRSrabtiorn@palid batetiapaaas IoifunN%gmeﬁtl inb¥ntiat ®ith dér@riffEfgmastesia on may
i ncl ude several strains of saltwater of the present invention, wherein

t he 16®onkiNBe tfducédtondiniteogenl orathexintizogendasednrodunts. i Achsd gyample vofuldkEe | D
NO |, SEQ|D 18,NQ 2,,SEQ IDNO 3, SEQID.NO 4, SEQ ID NO.5, SEQJ.Q NO 6,
SEQ | th\@%?LBJF éEcngﬁ“aNéggﬂs of '\tg'n ereéﬁgavq?&ﬂ? ,Wlﬂhgetétﬂﬁrﬁaggtt?aawﬂéo‘ﬁ%a? ses
al | of{nthl;@ y%},ﬁ;rn{\ﬂgt ks fs o) i t '

majority o?ﬁt?%tg onposi ti gf;llfogkéll é&clgg | s‘zeﬂﬁg@ﬂ%ﬁ?e‘oﬁg& gﬁ}'gﬁlﬁ%{sly’a{:%gbe

r epr esatilizdl fysubEQtedbNRetactial sthainddfthamdsesERvEMINO 8 (as used here, the

term "mpjority" neans at |east 50% . The present invention also provides a
m xture Conipisgiepsl etnbodiveents! endsbshirmt Erinidintaiming@drpueFRiak laGuddus eedel #& NY
nitrite to_ ni tsrate, wher ein th_en?%gs rDNér\ ofnt he %%ﬂ(;pt erl agﬁgg a? nucl eoti de
sequenpwvidedSHEt cOMROsE nisieoKHizNg bactgmQandanmahia-sEdizing hdteria. SEQon®

NGO 5, SEQ LD NO 6, SEQ I.Ld NO.7 or . D NO 8 .or a vari.ant thereof which is
N T eaSTOOHREE i (SGRPoRHoNa i, PReYdeih |ty aRnaE; OB ALY AR of g

| east QA9pekifibh %n%ﬁsﬁéﬂéamaté}@oh,oﬁﬁ@gfé&ﬂ%&nti@&@ldn@ With 3a1twiel ABBNO. 4,
SEQ ID NO5, SEQID NO6, SEQID NO 7 or SEQ ID NO 8. "According to this
enbodi deone embbdiment\ehitli omL, bhtproferdbly approxmateinl ind. o Lommeentmtetsal twatee

P Gher NGRS the s CBYRaR TRAHI 2aStrs Tl P PR dapimtly 275
concen tn‘i]%ﬁ 95‘11&{1&'%@8 sDRRARF h@B.S'gﬁ% icBnce‘P&rgﬂgcrl gﬂxﬁﬁ' 1s@RH divlisd ﬁflﬁ-@ 8 ﬂl.fi& al

cells in the sanple as determ ne y stan t echni ques suc as nol ecul ar
pr obi nguncsisnduf preferablyeapprorinsately hloid diras (8817 (0L )Sijtht artificiialy seasvaterha ch

will be . known.to thgse illed in the art, using apprqprigte controls and
ohurer SOIERS ANEBIL0 o6t 30-60r SHlgRt b prefabiy bRty 55 ealons U ABueter | o

strain | d 00 Ol rs t al..ne r e ly 45
o and ‘o ¢ i, Soltipirigh Rk findhad Bl faifiChl Splew BUENOR o BeChiRtiel Y
be pr efigvenbioa, wheteiythentSriDNAnofbthe baétetidlestdams thas aaueleotitle bapenae oflBE@ot i de

NS N RN R E YRR O il
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 ID 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
invention 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 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
composition 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
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SEQIDNO 7 or SEQID NGO 8 in the mxture. In this case, the percentages
stated above relate to percentage of total NOBs in the mxture with the
under st andi ng that the bal ance of cell population m ght be conprised of
ammoni a- oxi di zi ng bacteria or other types of bacteria. In particular, while
not wi shing to be bound by any theory, of the various bacterial strains

repr osShT 2 5 TEREP'S, BRQID NOAZPORRRD, SEE RO SEY NG AREE eeq 1
NO 5, RiES! h bt embsE@ent, Prdledrhpositich aiprisks NPoBthRIsBIRAL! RO stiathsRA the

especially tolerant of sal twater environments; al though these strains may
be uti present inveritiams iwith éhe mwwmtamfeﬂntsconmsmehlbem dorapesededf the drhcteriol

St i nsamEersnin By RECUE NOPrSe G dpNe:3 sl 918 BRNG oo el o 2

SEQIDM%q}IthEQ?ASJ%tI}QSflsyEQIDNOS SEQ I D NO 6, SEQIDNO? and SEQ ID

. NGO 8 may erate sa ter environments to an appreciable degree, yet
in a preferregd enbo of .the present. 19 invention, ' rai ns
repr esent ed Flﬂn‘f\?ﬁt“f Tq% SIS QNRESInE 2 %EG“F&%B’ ?engEQ ID
NG 5,  §E&in! éip h@eﬁ)f Q3 h&t% @ niftkie, \v@e&!ﬂ the e BRNA of Bifd Btedial ihsda

sal t wat er enV| ronment to oxidize nitrite to nitrate. Furthernmore, while any
of t henbelevtds sdquenaeaififEQIIBNGHe SEQNDNOR; SEQ D WQ:B, $EQ ID;N@éeSEQl Bvention

o2, - ey e Mg SR RONGY Sk S RBIRAE pet esReeeol st i Res#! anc

SEQ | D6 s hifr aPRhd é@’ﬁ)@ sirftilie ane%]Et' ) §ﬁﬁfl’artd}' &rléd& /o §1$1?1a1f Eoegﬁﬁ Bying

process, as evi dence el r a to renaln via ter suc
pr ocesNOﬂnGEQ)DIJN(wZ;SEQllﬂ)NQa3,t$EQ|IDr1\KT)ﬂ SEQ TWNGyS, SﬂQIIDd\I@RSQSEQs]D Thus,

i S A Bl b oy
NO. 5, £ él@dﬁpoé co Qghgdhlﬂh% lﬁEteﬁﬁQtﬂa{:ﬂ Nufs ﬁBaycotﬂF {2564 Sl 1§‘i1ur@g{j
t hereafter use X1 drze Nitrite to nrtrate In saltwater enviro

anot helthaanhmdonuentratmmMmd&doﬁ nhtuee Ar geireyalnthet doacrmation of therbabtecitbstrai
strains ﬁfe scl osed herein are Hrov ded. ,The _ net hods corrpcgése freati n%]t he

bact er ialldie a5 dgase?(% of She tota] cellpinthe sample apdetersanedby stgm M?ghmﬂ%sp
freezer, %@8189I1¥H nﬂ}gbfng Q%Cﬁfd’ré e&fmlgﬁ&hfc{dcﬁiatﬁy(ﬁt tedH ﬁ%ﬁbﬁ% IPpESSUr €.

The frég ryl resent | nvention produce treeze- dried NOB

that capoba tﬁttbé@(tkilledfmebe ertplﬁsmpl appeopHatdcdrtrobeaand mmlthhodm Mortity
and ability to oxidize nitrite to nitrate after thawin I n sever al

enbodi Peplesably, jbe erncrpation of the baterigl siryy wawdd b@é%%rqrmﬁterwiéheetptaépelbse rains

even more preferably 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 understanding 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
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 especially tolerant of saltwater environments;
although these strains may be utilized in freshwater environments, 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
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of the present invention conprise particular freeze-drying conditions. In
one enbodi nent, NOB strains of the present invention are grown in a nmedi um
with a salinity of 30 ppt. The NOB are then treated with trehal ose as a
cryoprotectant, with 40-60g, but preferably approximtely 50g of trehal ose
bei ng m xed with 900-1100 nL, but preferably approximtely 1000 niL of NOB

for an,_approxina Jo.s0l uti on

nppr oxiHBoRy ta-thinte FraRoERterhsd WsPRBb R e SEQ B BidReston Nos,

pre-re f | r iyptely 3
hour <. HRaE) Riche BEYTD, KOS, SI200R, NO-SPRER NG Mot 3PQ IO NPt 418 0,
subl i ninolidedin arsat@zftmenanpnmxmtrtatoai@ze]ﬂtritemmu\a/td.h a finishing tenperature
of approximately 27C with a total drying tine of approximately 35 hours. In

anot her enbpgigRAbre,! WRild 8926 theybit@eriad NtairisOfiscRE& inl@Bhh&Hon WitEaRE for
the fact that the frozen solutions are placed in a drier at an aggressive

pri mar presanblinveitioan imay befiecesdrieds those sirams genresentaduby SEQ D NOilnSER HY

26 houhB38 1 RFOTH SR R S ARl o i B X108, b b B ARG o e

gr own {7 NR) §afé e lRevidl Tté‘b@{)ﬁﬁl:ﬁlﬁflwol&fan?@f ﬂaetﬁeeiré: reb&ss! BEHiddnRed ﬁgt Wi th

trehal ose as a cryoprotectant, with 0-110g ut “preferably approxi ely |
OOy of t]:ten'dbditpaﬁrd‘mmgvmblxmﬂtemmdh Q@fbctsi)@nd’rtq oimdize nitrité éo alttate &gifwingnat el y

1000 nL of NOB for appr ox el solution. The NOB solutions are
st or edSUEh HPIPCERi ek F=ym4@§l awgaﬁﬂ&%&@g ?ﬁﬁesewgﬁtﬂ?n thossybagteziah sHABA ont o

pre-re a | 4R ely 3
hour s. ¥#h£%t€d§g @YPUI??(% e tlﬁé % BFngdmgjng’a ff@ﬁqg)?i a@?@ﬁ%ﬁar y
subl i "SEQt IDDNO@'[SEQ)ID N{mﬁJr@SEQtIEI NOWMagW@ﬁmzb*ﬁrﬁdfamﬂl thérenfiert wepao at ur e
of approximately 27C. In another . enbodinent, the freeze-drying conditions
are i d@%@lzéﬂmteé?d'égﬁtef%Falmeﬁ%iromﬁmst he frozen solutions are placed in
a drier at an aggressive primary sublimnation rate for approximtely 2
hours with n anqﬂnemuen@ocimmérm@th@so)ff fagepe-dxyingitthe 3ba<2tm<1 drtbaCEnahdtramSood

| hvent ABROR e aeS PR AR rn i PHnred HRafing, B Bagiiia pp Padtedal Sens
freezeygi ae&yﬁﬁbiédt?ﬁntaewcm@ttﬂ&ﬁ a4 fre&lefa ahd ﬂ@lng\’fﬁecﬁbc'i@bﬁ &ebm&ﬁu ls¥ains

recogni zed by ‘one of s in the art. These 'are comonly referred to as
" comrenndexlvacuidi prassure. Thedreeag-drying mb&hodbwf tlzﬁrpresemt myentign pravute freezes: (1)

e i ndged N elohE et ai Hrevg RGN Eoie egting: G Kb oS

such t bgfity B%xidize 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 40-60g, but preferably
approximately 50g 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 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 with a total drying time of approximately 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 sublimination rate for
approximately 2 hours with a finishing temperature of approximately 27°C with a total drying

time of approxirmately 28 hours.
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viability of the cells is not destroyed during the course of storage; (2) a
frozen form wherein one or nore of the strains, mxtures or conpositions
are in aliquid mxture as above, optionally including cryoprotectant
conpounds to prevent cell lysis, which is frozen and stored at a tenperature
at or below 32F; and (3) a powder form which has been produced by

t he dehydrat.ed form of. one or nore of

f -dryi t her .. '
e O Dl OB a Syom PRt o e T U RS ke o R S
tenpergiis e Mity orE0 hAS STIRS NOBAAE thdr tredebd %&tﬂ'ma@s@a@e%fyogp%t&t%, M}ﬁw_ hin

bacterial strai'ns and the m xtures of the present invention Is we
t he sKiO110gnbutipreferdbly approrimately fl Dég bhigelabosediesg roied evith 900-5108Imb, but

L L e P
anp! s%ﬁltlgﬁs %Cgoﬁgrg?%gﬁﬂg(’ﬁnﬁg@ H%euntﬁmroceg&ﬁg,%erkﬁ : ftgllg}']é%b%)é]tr%q' ?Igo

.ammoni a- oxI di Zi ng bact erotropnic ni I te-o

het er %ré-?éﬁ%%@ramg‘}sam% 6db&l BYafR6kiRldHAy 20PC R& Jilﬁaf@xmékély afhdue fraems of

the biologically 1 pure bacterial strains may al'so contaln nutrients,
am no faezen ssolutidrsmares theend placéd rin condriennats a mild cprimery sublimmatee rate ford
pronote the gromh of the bacterial strains. The bacterial strains and the

i xt urdPgroximaiebnpe houromdthor fingshing tesaneratireyeh eprspximately 2706 e dlny anothesshwat er

it o BB Y RRks el QgRRS 28k, PaceBl P P e BRE WL T e
level futias bl placedGaasiitr Byar @rédsive ptitnarP suttindiniGitiagd fo BpprbAafsdy 2al So

cal I ed bi oaugnentation, includes, but is not limted to, the supplenental
addi t i mwro#ithiadimsiggmtempesature of apyrekmmatély 24°Ca site where bi ol ogi cal or
chem cal contam nation has occurred) for the purposes of pronoting or

est abl i shi g is Rin@¢re@oé ahatothe bastefiflesttfd, miRfuPGCHRIESorhpukitidng oflthe presédte
change of one or nore forms of chem cal conpounds present in the original

syst eninventionr eAnnkg in thenramsefepawdst, Hquidps dwwaen fomy enfreens-dried\iote oranyet hod

of alleyiating, the accumulation of nitri.tedn a .4ym .The hod i ncl udes
o o eptth i R o ey Rebiit e, ol AR Sl Th B s
bact erécﬁ\ﬁm&ﬂ?’%ﬂ&e@f‘ro h1ecamnmerl addivesy, ! &l map aiwledbut 28 inlha wag lifditedi te to
nitrate to alleviate the accunulation of nitrite in the nmedium wherein the
16S r DRA of the bacterial strain(s) has a nucleotide sequence of SEQ ID
NO 1, SEQID NO2, SEQID NO 3, SEQID NGO 4, SEQID NGO 5, SEQ ID NG 6, SEQ
I D NO 7 or SEQ | Q) aNiguéd formawhareiraotie érireorealf thdstrans, siistirdseasompésiticism | ar,
at | east 97% si m_| ar t .l east ,98%, . )

are 1n a hquid sc?lutlon containing inorganic salts or organic compounds such that the

viability of the cells is not destroyed during the course of storage;

(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
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simlar or at least 99%simlar to SEQID NO 1, SEQID NG 2, SEQ ID NO 3,
SEQID NGO 4, SEQID NG5, SEQIDNO6, SEQID NO7 or SEQID NG 8. The
anount of the bacterial strain(s) is sufficient if the added bacteria can
alleviate or prevent the accunulation of nitrite in the nedium In general,
the addition of one or nore of the bacterial strains of the invention to a

freshwat er or. sal twat er uariumi s.expected to reduce the maximumnjtrite
c e e REFERACHHALTAIRS T8y SISO 4iR SISt AFURP 3% FHATDS and wiies FOmBRIdShe
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of the rnvention, a nmethod of alleviating the accunulation o nitrite in a
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conposition, as, disclosed herei for alleviating the accumul ati on_of
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aner ened oo PluihEREREn SHERE (G ARRE Tl (P SO thusll B A plyilel ! Gc°
SeqUENstefibd SR bR 1alsSERIILE W96k mesERohDiMRidls, SEQs! RtNRhited TEQHD NO 5,

SEQ ID NO6, SEQID NO 7 or SEQ ID NO 8 or a variant thereof which is at
| east sopplemsntal pdditioat of enicroayganismsritbaz system éxgta 389 wherel biologicahtor| east

99% simlar.to SEQ ID NOQ 1 22 ID NO 2, SEQ 1D NQ.3, SEQ. I 1 4, SEQ
b NoBemiSeh GRAREIOASS| R ot BePIBORS 8 FPYURE SlsNAIHSent <.

met hodgo18kicAPadiict Bhatlical pPolesdedi that AHROMShEEHaRgeAbE ond '@ theRdfoRatof Ncl ude
placing 1hto the medium a sufficient amount of a conposition, as disclosed

her ei rcheiiual compotsids present ingbe ofiginabsystenyueous medi um I n sai d conposi ti ons,
the bacterial strains of the present invention nay be conbined with

anmoni a- OXiﬂécZ)fdil%ll?@Gh@ adpRct 6£the préseht MVeRUrPprBvideLa nettiddtdTallerbeng Higst em
woul d be oxidized to nitrite and the nitrite oxidized to nitrate. Another
exanplascywoulationef nigritedmis medivre Dhe method|inelndesi atepodf nlaninginte thetmediwment i on

ith ' bi | trifyi bacteri.a. _ ln thi. , t ' t
whi cht SotisieafireBAREDY A ot loht s, PRERE o T el Sy alRRicobie s ™ °
pr eser&xidiam?ﬂﬁﬁiwtd/\iumtsﬂ@rmwa&a tHeaccimtlagibh af Yidtite dn AR mediume hkRiihei t rogen
or other nitrogen based products. A third exanple would be to conbine the

bact eri6® rRNAxfrthe dfactenial ;strainés)t hasra anelpetidenseghense € S3iQ FRHNO: h &HEQ IDa
whi ch Jneraly . ' er d AR I NGk gaNn| anc i.ch,
1o oh 00E S BN S2H0 LA, S RN SEOUBNARSECHPSERTERRARCT
presenfO¥L R vt thBredEYeHich i MORA R4 SimilR] Roesst 97 @iniladi Milddst 98%
purifying aqueous nedia are provided that conprise placing into the medium
a suf fsimilenor ametstt 9P simtlemte SEQ &R N@ak, 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 addition 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 compared to the level which would be attained in the

absence of the bacterial strain(s).

~ In another embodiment of the invention, a method of alleviating 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 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,
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conprises nitrite-oxidizing bacteria and ammoni a- oxi di zi ng bacteria. In one
enbodi nent, a nethod of naintaining honme aquaria is provided that conprises
placing into the aquaria a sufficient anount of a conposition, said
conposition conprising saltwater NOB of the present invention along with
sal twater AOB. In one enbodi ment, the conposition is formed by m xing

0= bt SO PR S g

appr ogEMRENY:&. 75 nL of concentrated saltwater AOB. That concentrated
m xture is then diluted to 2.5-3.5 fluid ounces, but preferably

appr oxi mat | S L (g . vol une
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erbouPRBRE SRS s gesr iBigy i e fopdsed g uimontiolifiingbtfa v of
the plggeitat hilMesHid Presentiih hd WaterBjfeh twould be RRIGAPRSIilrte And ehdgitriteONTP! i sed
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conprising saltwater the present invéntion along wth s er ACB.
| n onédaetehaosionthbe rédused trmglinBragen or othef oitrogen bhsed piraduvts. 4A-thiid rekamplet

preferably approxjmtely 45 of concentrated salt er NOB.of the present
P et b e sozubing i Bepiegiah et of The breps oicaRes, “ih SEISKIHARRER Y2ckess i of
concenta: : : : ] RS | dto
06 gk ffnch )\ Hgatic Hdfor TG i ENaRL Sebotineby Vichs plpiERly

de- chlberitilia¢deas, subktrates Bydthedbeerial atreios ofithe presentgmemhtion. t reat 2410- 2510

gallons, but preferably approximtely 2460 gallons of aquarium or

aquacul t ur gnfeétal teyhbodingdnts, Th@hERNPO MatntHRAnget p afiRuUey aledid hdi Ns of
saltwater NOB of the present invention, wherein the 16S rDNA of the

bact erfreyidest that gemprise plaging|inte: the enediun wesvélicient apmmnt Pf ME@omposition| RN, 2,

NG5, CORRERES BEGIUATE berle ™ S BRTBris R g RE et o P ot PRIl o or N0
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bei ng conprised of the bacterial stains represented by SEQ ID NO 6, SEQ ID
sufficient amount of a composition, said composition comprising saltwater NOB of the

-

present invention along with saliwater 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 seawater, a
volume designed to treat 50-60 gallons, but preferably approximately 55 gallons of aquarium
water. The composition 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 strains represented by SEQ ID NO:6, SEQ ID NO:7 and SEQ ID

NO:8 (as used here, the term “majority” means at least 50%).
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NG 7 and SEQ ID NO 8 (as used here, the term"mgjority"” neans at |east 50%.
It will be appreciated that the actual |evels achieved in a given setting
will be a function of the size and contents of the systens (i.e., the
nunber of fish, plants, etc.). Ina newy set-up 37 liter aquariumwth ten
fish, the nitrite concentration may reach 14 ng/L or higher w thout
addition of the.,bacteri,al strain t-he maxi.mum | evel .can be.reduced
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3 my/L if one or nore of the bacterial strains of theinvention is added to
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present invention may be immobilized in an inmobilizing poIYner, such as,
but ncow aguaeuitere faeilitaweter.afhe eomppsgjtiommay duclugeseyeral sigaanelsaltwater NOB

b i-al - | |y i al | d.i fil
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her ei neqilidhge bESBQ AYWNO!IUBEQ $DI NOENERQ D NO3) SEQ D KOAESB@ I IDhNMRY, be
made of, in conbination or inits entirety, but not limted to, glass,

pl ast iTEQJP NOus6, BEex IDINGLT onXEQ IPnHQ:8 wini ete embpdigneat ihe i compogitioins ns
(such as fish nts, bacteria and invertebrates). ar | aced.. and .t he
Cont erfemris b B AR SirnaBF e Ju5iE o r i bR SRlion v BB R Bebqua i ¢
or gani syifpositieh Yelfd éon&;ﬂwea dTlthé BAGeria sfiRPtPidionted BF SIXD) eDINOIG; SEQdp for
transportation and other purposes. A freshwater aqUariumis generally an
aquar i NO17 amd B Q ADIVR:8| (agjused herm dheuterth &majoridy] ingansyat dfast ¥96). t han 15 parts
per thousand. A saltwater aquariumis generally an aquariumin which the
| i qui d mediluwillale appretiatedt thaothemastealt lowels hbhipaed in pegivérheettiagdvill Béa term
"aquariumwater” |[s used to refére to the nediumwhich js contained within
the dynetianehthy sireiand coatents of by systems (i-&y thedwimber of fish.aHantpeetady driac
or gani LeSi0e7 1; 180, t Yhe 9l ] r ' j c or
organir?:emf:l%(ggtisdé)a?7 g%lséta{énces wé@d@ﬁtfﬁg’rtg?ore, Borbetiétfon ]ﬁ&g?eagﬂ lhr}ﬂé&a&'
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/L 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 embodiment of the present invention,
the bacterial strains and compositions 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
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may have a wi de range of paraneters such as concentration of salts, pH,
total dissolved solids and tenperature, to nane a few. As used herein,
"wastewater” generally refers to a liquid nmediumwhich is the product of an
i ndustrial or human process. It may require treatnment by one or nore
filtration methods to render it | ess harnful to the environnment such that

it conforns to 'glill har 1? rds as determ ﬂgﬂd b gqggv_ern ntal agency.
Vast ewaTrasecrally &i's aSEe Lred pelaen material may fenBy placsd Hnra ddter or oy
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each Gmdvdstherfpmmsem(mr freshastatet zktmaajum ibgenabily encapasiung i uifhlxzhsthé ligaid h. 25
As used herein, "filter fl?}?&p refers t irrggularly shaped, nat.ural or
synt heRfdium,hag p sa lﬂwaﬂﬁlsas &P .@aﬂwr opsands ¢} saltviater agasiym g genegally

gfgcgl éadefugérs o a su Clﬁm‘ltle conmon sya %@%@&ﬁsﬁ@%qgﬁﬁepﬂﬂg%hﬂg} an

aquar i Tha tehh "agquariog oangddedsal to refegud ahe atedien ukhich sib agothined edthiwthe r ock,
coral, plastic qQr other nmaterial. It, serve as, a biqofilter, a mechani cal
fi |t eraqupGm, apddiseasaciates filtsh susteras. in whichitheiqustic reanems reside. AquriNgy e n,
the t t [ ch
wnen (Ll iy b AODRE gt EE%%B@O%#%%%U%% AbeincBBafl, Berfiler
serve m@ay havemamhafamgaloffpa}mers suéh 8 coricentratiorbef dalts sH [ioed] dissodied, solidy ast ic
filter media" refers to a man-made nmaterial which serves as a biofilter, a
mec hardnd4pPmperatieey; toglarpe f fiew.| t may be plastic nolded or injection nolded. In
anot her enbodi ment, nucl eic acid sequences and bacteria with sequences which
have the nudkemstd diereinq (lwastewater’ SEenedliOefers IEQ (ligukD raedisEQWHIcING he SEQ

'D Na Iglr’oduct of an industrial or human process. It may require treatment by one or more filtration

methods to render it less harmful to the environment such that it conforms to discharge
standards as determined by a governmental agency. Wastewater may also be recycled such

that it is not discharged to the environment.

As used 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 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 United States
Patents 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.
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SEQID NO5, SEQID NGO 6, SEQID NGO 7 or SEQID NG 8 or a variant thereof
which is at least 96%simlar, at least 97%simlar, at |east 98%siml ar
or at least 99% simlar to SEQID NO1, SEQID NO 2, SEQID NG 3, SEQID
NO 4, SEQID NO5, SEQID NGO 6, SEQID NO7 or SEQID NO 8 are al so
provi ded. In another enbodi nent, oligonucleotide probes are provided for

det ect i d [ th t of.b ' f.th I, ti
whi oh are greushoarn, Rt ol s (R sRRRIRY, Sabrd il s RbeteHilices set
forth g AndaGnhferiiOnideh 2§ deRd\ed ADioBRE:, d MeldnichP MR oPEQrbifdon o The

ol i gonucl eoti de probes of "the present invention can be synthesized by
met hodlsesehi ch are known in the art. The oligonucl eotide probes of the
present invention can be | abeled by any | abels that are detectable.
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radi oactive |abels, fluorescent |abels, and the |ike. Suitable |abeling
nmat er ith¢ dotiers, obanwAraiymy IAyeay bprempased obiiregulas ok Aesular: shapeb piscest of

ordi nary skil,l in.. . hads of l.i.n n_ ol i.gonu oti.de or a
pol ynd8¥1%o(i°fr7:}epgarsgé g’? sogﬁ%{n%\%%%?g‘eﬁ%ﬁgg %efv%)sg?nba{?gl@k 1 PTG ghg?rt f‘(rSee,
for e. Py bifmtionldfitessk, and T. Maniatis. Ml ecular C oning-A
Laborz;'fggqr)r;1 nualgésoigccc%ﬁld eélio'ltﬁidon, ?989, Col d Spring Harbor Press). Theg

ol i gonucl eof | »i i . el with
16577 Da” o PR R 8360 BT DB of R BRI e
ol i gonuigdreaidddin afl Gaguaritms opfas tpaet pf anesjuarinwe filtrationasysiene Inhays sérveds faor use
in a method for detecting and. determning the quantity of bacteria of the
pr eserfieghapicak filter, a biofilteparbefBpect of the present invention, a nethod is
provi ded for detecting and determ ning the quantity of bacteria capabl e of
oxi di zi ng nAs nsedchereinniplasiicefilten nat:driaé’die&m to aenanade matelidSvhichiservés dstae

e s ot G 8RSVt ol i ol o™ R B
The nethod geanJiRg! deisoditeat, Rluenéicdhdig s%a@@rtceﬂe@u?tlaﬂp%&ds LeREs Hmidhe

present invention wth a nucleotide sequence set torth In Q I'D NO 14, SEQ
| D NO Hdve tisEfacl éthdeseéquance oS8EQIID NO: LSSEQHP NOA, SEQnEP NGt 3| SHIND NGy a

nder SRQbNOR SHER N ShORINGPL BRI Sobtr ¢ gzt fershe R 7L aci d
of theehaits difilar, 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 are also provided.

In another embodiment, oligonucleotide probes are provided 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, SEQ ID 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 ordinary skill in the art. The methods of labeling an
oligonucleotide 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, second edition, 1989, Cold Spring Harbor Press).

The oligonucleotide probes of the present invention are able to hybridize with 16S

DNA of the bacterial strain of the present invention. Accordingly, the oligonucleotide
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wherein the 16S rDNA of the bacteria has a nucl eoti de sequence of SEQ I D
NO1l, SEQID NO2, SEQID NO 3, SEQID NGO 4, SEQID NGO 5, SEQ ID NG 6, SEQ
ID NO 7 or SEQID NO:8; and (d) detecting and nmeasuring the hybridized
probe for detecting and nmeasuring the quantity of the bacteria. The probes
of the present invention are represent ed by SEQID NO 14 SEQ I D NO 15,
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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
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I mpl ement ed by routine experinentation. By way of exanple, the nethod of the
present invention nmay be performed with DNA or protein mcroarrays,

bi osensors, bioprobes, capillary electrophoresis, and real-tine PCR to nane
some common et hodol ogi es; although it will be readily appreciated by one

of skill in the art that this list in not all-inclusive. The detection
nmet hod. of the present..inyention pr.qvide effect| tool ,for one t
oni ¢ ORGP ik SEEPIE Hiduid migy b8 eBviged BaBaiyaescaptisbe a5 BEiOONBRdRE i ¢ e
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i nvention. In another enmbodj ment, PCR prjmners are provided that nmay be used
to detiebe thigonycleatide; atggnlafﬂ?@r&cgu‘aacai Atds ombind Mg proReent i on.
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to detect the bacteria of the present invention. These PCR priners are

f ur t hedetersioarmetbed isuch 1as, bysvahgf examplee fluotomelpu P antoradiegisnhy, ahegnt to
one skilled in.t rt..that vyari.ants of the aforenentioned oligonucl eotide
probesoéﬁrdlﬁgé?gsp@?ﬂ%reéu?lhg’tayéfiuhﬁz?fgy be used to detect the bacteria and
nucl ei ¢ aci ghé aruRACRTayOltehiaEiveIeseE pérforiied ihi @njdicEorivwith B wide vaseReopf the
present invention. For exanple, a variant of any of the oligonucleotide

pr obesawpmeteil nprosessésat whighf will sreadibymreognizes Ny thosesef) skill MO the, arsEmd D

NO 16,. S I 1 18, . .SEO | D. 1,19, EOQO I D r 20,, S | D . SEQ I D
NG 25" HRIgted By JBUtH SxRTMETRtaR, BIqy Phekamle B mRog,SThR SRENt | ons.
DUt "t b g 6 brcyle A DR BRGSOk ibsndsniggigaces of

the present invéntion, is enconpasse the present ‘i nvention. 28 The
pr es entapiliarg electwophonesisicnd réad-¢ime BARBa came seme cominzmaniethadalegies;lalthoughi ns,

e e B SR RSB SR ST,
SEQ 1 D NG SThehbletttonNmidthodEQhk Dredtit fnvehtionovideNanSeffetive/ &0l 36 sntq t hose

sequences. Particularly preferred variants are those in which there Is a
hi gh degniter efid detectl the dgcurren@EQE bactdiia chpab8EQf IoRidIEINg , niBEOtd Mitrdte i, a SEQ | D
NO 4, SEQ I D 5, SEOQ |LD NO 6, SE NO 7 or, S | D NO: 8.. The.. .present
 nvent PSR Lo haf R Bravies afiol der PRsLt clg e opanetcial onaisSes o,
si m | afeteRhink BRSLTecBYYSs U RE alditiPls, b§aRdasBlg Rieddcfredd? ortthe hbdolit &f SEQ
ID NO: 2, SEQ I'D NG 3, SEQ 1D

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
represented 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
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 ID NO:18, SEQ ID
NO:19, SEQ ID NO: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.
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NO 4, SEQID NG5, SEQID NO 6, SEQIDNO7 or SEQID NO8. It is
appreciated in the art that disclosures teaching those skilled in the art
how t o make and use a reference sequence (such as SEQID NO 1, SEQID
NO 2, SEQID NGO 3, SEQID NO 4, SEQID NG5, SEQID NG 6, SEQID NO 7 or
SEQID NGO 8) will also be sufficient to teach such an individual to nake
and use the described variants. Three conmmonpl y-assi gned pat ents descrij bi ng

nitrite- oxi BhePIsEENb ARYEROR Incladesoigelated bacisring Isakated Dasterialosteains, tacteiak o

6. 207, HifrdsolsoBEGLAR soaRuEt, clhitng Tht RHoithLs enBE Hetin s SO 0ot e

sequenNe: BIFEGIY NG2| SRQSID N&@:3,/SE@ IDI‘IQQ'ELF;ISHQ]ED NIG:5 1 SEQomNogy, $BQtImat
sequence. The issuance of t hese patents denonstrates that specifications
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osor | HOR o hish Bl 144 B s St 3R M NG SEO BN SER D
di scl ofjoRg smqumewgymessa N@G'S?E M\NOS’V@&SE!%IDMD% ofpd hose
sequences (see e.g. US Pat ent . 6, 465, 21 6, 509, 170 and 6, 573, 066) .
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0 b, Byt g ablpsciivh ity TS PERUB) ICL B s ID0N0%, SEEM NoaeRERAEL
bot h N &34 c?or t@EQ'IPe B SEC mbarbsiswmmwwa{o%egaf indhenY

with ng 't y1iit Ic variants see atent Nos.
6, 448, @Aaﬂhaﬁdﬁclﬁstﬁreé)tpé&ﬁmg tHds¢ kidted inothe actrhosr uorlgakdBdmseralraﬁermye sefuehe®d or

often togent SEaAD NSRS m'#@ﬁ%j32§éﬁe%%%%ﬁ@%ﬁﬁﬁ eo.
€.g., N‘Cﬁ@ %ﬂiPtN(ﬁk? or @Eéﬂ 63') w1'I_1qu§cr'ﬁé suffiéRht & %Qéﬁ Qﬁ TRYindRidseth ¢ O
e 'si en va

detect 't arity bet iant  sequences and a re erence sequence
(see, enalje andhis®.thdddseribed\rariafits573, 066) . Thus, one skil I ed in the art would
be able to easil syntheS|ze and ide t| nucl eoti de uences t hat are
variants of L E-" e‘%‘/’&"%‘?@ -aga gRRdPaley &H&WWP’?’@&@ %"ée“aT Hasteedy of o

speci f h&iﬂg S Ialtcfégig %ﬁg&&rdfta%&cﬁn e ang{e'n%ss%@ﬂ?r?ﬁﬁqjﬂ% 3thids E@e{e'ttg.%F S

al | ows on art to use at sequence an

var i an{PatenEXANRE,HY, 440 H2652060enh 62684 5d4nd A&kﬂﬂee peehts describecd mukdlzbtide t 0
I solate, identify and, show the efficacy of the bacterial strains re orted

her ei n SCAnsBSE A B1% wariants, Hiaf Seye slfeatﬁaéb@r 9@I1°/‘th1’rtﬂelr°igb‘id° thalcIeanenses,
mol eculaf Rk Qe PeksE FhteARAhoriGRutes NP spEdiERRIRY sEHRE SARYaRRubE s%a&erfegi tures,

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.
Patent Nos. 6,465,621, 6,509,170 and 6,573,066).

Variants of particular nucleotide sequences may be naturally-occurring
polymorphisms or synthetic sequence alterations (see, e.g. U.S. Patent No. 6,485,938). A
great diversity of modifications to nucleotide sequences, both natural and synthetic, are
common and well known in the art, along with methods for making the synthetic variants
(see, e.g. U.S. Patent 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. Patent No.
6,461,836). Further, hybridization may be used to detect the similarity between variant
sequences and a reference sequence (see, €.g., U.S. Patent 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 specification that
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nmol ecul ar bi ol ogi cal analysis of the bacterial strains, and the application
of concentrated cultures of the bacterial strains in liquid and
freeze-dried formto aquaria to neasure their ability to control nitrite
concentrations. EXAMPLE 1 Bacteria Culturing Bacterial culturing vessels
(termed reactors) were constructed and seeded with bacterial biomass

gat hered from operating aquari.a. Each reactor r ived 4.95 L of m ner al
sal t $8IcibPHA Y e&ﬁgqeﬁcﬁiaélfiilﬁslvéﬁ%tag‘P)’Vchﬂ?t%ﬁfﬁdr}ﬁq%ﬁ‘t mm@%@wg

K2HP 7 720, 1.25g CaCl2.2H20 and | g FeSO4. 7H20. Air was
provi eaé%g@gﬁ%qg%@?%gm%i ssol ved oxygen was equal to or greater than 7.5

ng/ L, stirring was provided, and the reactors were kept in a darkened

cabi net at approximately 28C. For the isolation and culturing of strains of
NOB of the present invention in saltwater environments, synthetic sea salts
(1 NSTANT OCEAN, Aquarium Systems BRAMPMERt or, OH) were added to reach a

salt concen L3l 0 SlnbESS0AR.A0G S cBRluci Il RTR FrRTal S fhe

concentr at i"0Ons Wer é using TTow injectl 'S (

Tecat QfffidacHoT A8 babtkfalsytaing ndepuied leersitl Rydatelved aesristy bhbatterkl adhuriage
(Denver Instrunents Mdel 225 pH ISE neter and associ ated pH ATC el ectrode).

Sal i niteghniqugs, melgeularcbiolggical anglyses\ptl BINAcextedctedi frgm spmpiesraftthe eyltures,
Conduct i vi robe. . Ni trate S asured. periqdjcall nd t.he data re
used dboleld: BoRah anabl cof B HAEEAaRainRy and thE drpileslPE Aripnt il Vas
ret ai n@ttutel dfhife bAAGHR shaithe! NGB RA FR2BIRRIOBAAUS Aghiifa tdPmeiRAStHet Very
floccular in nature. Thus prior to decanting 50% of the reactor's volune

t hr oucdbilithiéo eqnirobpitritaticencenysitionsy port, the bi onmass was settled by turning
off both the air and the stirring mechanismfor one hour. Additionally,
reactors were periodically scrubbed to renove the biomass fromthe surfaces
and thereby return the bionmass t ggAMEgiPnN. 30 M crobi ol ogi cal sanpl es

were taken routinely for DNA extractron (tor PCR) and cell fixation (for
FISH) for further analysis. EXBRiei2Culturing Aci d Sanpling and Extraction

For DNA extractjon, .sanpl es af rqpriate biological filJtratiopn media were
aken  and BElapGEaRE essrr (FEed Barken) (st onasried 300 merrd S0CI | pr
8.3) . bRBRPOonIR Rkl S6rPbperafify Anarid Bl hédctoP¥ideRfel 435 L BPY @RS ST N,
| ysozynme was added to the
salt solution (made up in distilled water) containing 50g KH,PO,, 50g K,HPO,, 18.75g
MgS047H,0, 1.25g CaCl*2H,0 and 1g FeSO4*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, OH)

were added to reach a salt concentration of between 28 and 33 ppt.

The amrﬂonia and nitrite concentrations were measured daily using flow injection
analysis (FIA, Tecator FIAST AR 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 a YSI 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 sampling port, the biomass was settled by tuming off both the air and
the stirring mechanism for one hour. Additionally, reactors were periodically scrubbed to

remove the biomass from the surfaces and thereby return the biomass to suspension.
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sanples to a final concentration of 10 ng/m . After incubation at 37C for 90
m nutes, 20% sodi um dodecyl sulfate (SDS) was added to a final
concentration of 1% Then the sanples were subjected to four freeze/thaw
cycles followed by the addition of proteinase K (stock concentration, 10
ng/rﬂ) to a final concentration of 2 ng/m and incubated at 70C for 35

m nut one, cas I.tional. protel e K and SD re.a d .and the
sanpl SMiehoRga ARy Sk tlinByor DB frrerdiet (BRPC aRe fell e Lua
was e Msfhﬁﬂe extraction kit (Qagen Inc., Santa Carita,

CA; he el na??f " artg?g’?SISQNSNA was eluted to a 50 | volune and quantified

by Hoechst type 33258 dye binding and fluoronetry (DYNAQUANT 200, Hoefer
Pharmacia Biotech Inc., San Francisco, CA). EXAMPLE 3 Clone Libraries of
PCR Amplified rRNA Genes C one | i BXaaM®PILBWw®re derived fromDNA extracts from
bi omass sanpl es taken from reactors and aquari a. Bacterial ribosomal RNA
.gene fragments from bactMu¢leicrAgid Samppling ayd Extracietjuences SEQ I D NO 1, SEQ

ID NO2, S 4.. SEO | D D NO SEQ I D NO 7,

and SEG 1 D R BNAFRraTSH praai® b AP MlsTosiedTiaaion Mspip VeRegaken (o1

GI'T TGhdl fus ﬁéﬁe@ﬂﬁ A 1ysietsaftd? WO AM BT A4 mNMETRARTE JHR:3), @iﬁlpTéC CTT

GIT ACG ACT T) (SEQ ID NO 10). PCR conditions, cycle par arreters

r eact i werecstorpd ReR0SCwer §44S uyntlbextxwiql dEQr(promsdnge'lmygle ¥as ﬁded%ﬂie

Arch ne P USA 89: 5685

-rgeggga}ﬁrﬂwcoa@ﬁze?g&rr{%l@ 8L AP FE: P idnielion i AE S sQphanes Pl PR

f dzur}‘l‘q I ,
ragmegg | noﬁg@l manu \§§P§? gvral_?dgﬂl gdg}[a .rfg}?g b&n&hﬁXﬁ&{&gﬁ% Tigh tﬁ'b%%%uf f er

descri after rinsing
and cowerndubgctedgot fous @reezelihaiv ewcﬂfs\lfd!lo@@si b:y)ﬂmeaddltml:oof px(ommaserK (é.tmk

DA | HinsRtiopo ] BIUTLIoh Soan REceB Ao 862 (N R b BPR ) TG BTk eened
by I eStiingld, Ofh &W%eé‘”ﬁd&’tﬁi | GREBnalS Knghd OSIESH Ld 8 ERRNBISRR 111 11

or der ensure that the 16 nsert was anpli term ne
whet heincubated S 5P Oifiéy qnmibc&é&@eﬂmatesum que REA pattern when digested with the
Hae 11l enzyne. If a clone was anplifiable and possessed a uni que REA

pattern, thamet B8l ¢s)DNAPWAS BkEacted using! PASYONASSktFahbh kit (€idgeRnc.,
Santa Clarita, CA; hereinafter “Qiagen’). DNA was eluted to a 50 ul volume and quantified
by Hoechst type 33258 dye binding and fluorometry (DYNAQUANT 200, Hoefer Pharmacia
Biotech Inc., San Francisco, CA).

EXAMPLE 3

Clone Libraries of PCR Amplified rRNA Genes

Clone libraries were derived from DNA extracts from biomass samples taken from
reactors and aquaria. Bacterial ribosomal RNA gene fragments from bacteria represented by
the sequences 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 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 (DeLong, 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 fragments were cloned with a TA
Cloning kit (Invitrogen, Carlsbad, CA), as described in the manufacturer’s directions, after
rinsing with TE buffer and concentrating to 30 pl with a CENTRICON concentrator
(Amicon, Inc. Beverly, MA).
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I nterest was partially sequenced. The anplified PCR 16S rDNA tenpl ate of
each clone selected for sequencing was cl eaned using the PCR Purification
Kit Catal og No. 28142 (Q agen). Sequencing was performed using a LI COR
4000L aut onat ed DNA sequencer on tenplate cycle-sequenced with
fluorescently |abeled primers and SEQUI THERM EXCEL |11 DNA Sequencing kits
(Epi centre Technol ogi es, Madison, W). Up to two or three clones of the sane
REA pattern were partially sequenced to ensure that they were identical.
Many clones were fully sequenced gadnpbiykqoenetically anal yzed by PAUP
(Phyl ogenetic Anal ysis Using Parstmnony ver 4. 2a, D. L. Swofford) (bootstrap
val ues and di st ance analSequencingRBd (Phylsgenetic Anklysisr onment for Sequence

Date, W Ludw Q S k hyl i C, Phyli Phyl

i o ence. FRSUASIINA Fedt DB Foch Qane R A0S cAgne [BERkote SHEGI b0

f t ' o f g | ' ARB
or obe ‘JaerRtap B AR (R IR M R Pl TR L AR BT

Pri mertBatahél 168 eDEA Wsere wae whiplifabRcidoddetérinineBhRéher( the A 6SADNK bodsesiedal -
1990. Basic local aljgnnment tool. J. Mdl . Biol._ 215:403-410). The

speci funiqueyRBA patternpyvheredigesied withethe Hae dHengymes ilhg clone wasranmlifiablet andct ed

f | d. | t f. K , teria, . T | fi,Clt. f th

or obe PRSI G, REA payitie theft g <heaie:s plastmh poRtatnmaig i RS FDNA HiseRto ' om
the rqaRaf was EhlFESqueldel. ATk YatiptifRAPER of6s! fDNAF%IQQEQTf %acﬁ%gl?}fét erial

analysis, TDNAfragnents were anplified using the forward 35
( eubacselected| for GEquenCmgEEas Ce@nadwsig) theSECR| Purifacation ) Kiti Catalag A90.bp8142C- cl anp

t he 5' d d i bed VL | . 1996.
Phyl odORRaeRE. SERIFpETeCT Bras e s SHICR ok Milerfel BN resbnckr 8t uar e
conpariggniiye SRilatsyuenstd WiRushiscaftly 18hA6d pRREBA A3 SEQUIHAERMPNACHIRgMEN S.
Appl . Environ. Mcrobiol. 62:2676- 32 2680), and the reverse priner

- * - UDNAOSet@encing kits (BEpi@mtre GashiolagieC®IgiBenCi3). CTG (SEQ I D NO 12). For
specific NOB DGCGE, the forward priner of 358f (SEQID No:l I) with a 40-bp

GC-cl anp onJp ketvid oftheee/dlones sfdhd\bdnte RBA pafiély werepartidly sHpm8ed to Msie85: CAC
CGG GAA TTC CGC GCT CCT Cg (SEQ ID NO. 13). The PCR conditions were the sane

and wethat they wereridentinalg FRecRAbyEGuased snd philaercticelly agalyzed CA)

usi ng .h [ i Q Np..P Ndi,t4,.80S NC ot .start
(800 byaﬁé‘%%%ﬁﬁc g"r“ élgég uﬁgﬁgl%ﬁf]‘%agpg g’gﬂé"tdt??%’[ | oﬂ% %‘w@%&?f({g?m ®n. was
f ol | owagudlland distance analysis), AR B (A Software Environment for Sequence Date, W. Ludwig

and O. Strunk) (phylogenetic tree) and Phylip (Phylogeny 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 et al. 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 known
bacteria. The specificity of the probes was tested using pure cultures of known bacteria and

samples from the reactors.

EXAMPLE 5
DGGE Analysis and Profiling
For general eubacterial DGGE analysis, TDNA 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 bacterioplankton from two California estuaries compared by denaturing

gradient gel electrophoresis of 16S tDNA fragments. Appl. Environ. Microbiol. 62:2676-

32



denaturation at 94C for 1 mn., a touchdown annealing from65C to 55C for |
mn. 29 sec. (the annealing tinme during the touchdown increased by 1.4 sec.
per cycle) and priner extension at 72C for 56 sec. (the extension tinme was
increased 1.4 sec. per cycle). The final tenperature series of the above
thermal cycle was repeated for 20 total cycles, followed by a final

t ' t 72C f 5 mn. X ' b I
ol ot ra58 e G rasdise RRE S DG b Ar 8 B bOTRAN . SERECEYS L (G- Rad
Labor &k REQ IIB'%IGH'ZE_S’F&A& BRIENUE DREGEBHR fofan: rﬁ‘ﬁhlsof"%&ef EID
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Bi 0- RaW):11)Gwith gr 403bp @G-clamp omotheed’ ewd mgs uBed Withdthe cavyerst prifner CGISRES]S

El ect h ' t K L Q- ] turi i ent of 25%¢t

5% (VROPEBSGbRG bt ant 16 CEE Tt b SRR D nd stk anditorsng 7 v
o Bi o . i o I

ot hot ues B fut S Pach@ibia 6 KOHOGYELER GIOUSIENT B (Strtagl) il oc

documespliat CAYugity the T8<) POREogdlis(Qiegen) s PERNeshditionYirsluded @Hoe staft (80°@)ed

1:10, 000) (Mol ecul ar nam cs, . Sunnyval e, CA; hereinafter "Ml ecular

Dynani 23”3 toushdayn prosedurco| | Ipitiad depiatiratonnatnd4°Gatos 3 minxwanbllascediey 2 and

then scanned. usj F I r 1 3~ ol Ndi vi dyal bands
wer e e‘%@?@'@gwfl rat%}’t(f]fgr I’b@ ’gﬂag‘%g%@%% %ﬁ?@lﬂ%ﬁ‘? I§’tl%/e§ra leler §§dc g%ra IBgI (éB Sec.

Ext r acfihed &mféfaliﬁ-%'ﬁnfer @it § &he Gbudtdovaivatrédied st NAdsecOfpeF @WElf aBd pimer(M J.
Ferris et al. 1996. Denaturing gradient gel electrophoresis profiles of 16S
r RNA- dextténsiog abdp\ foriS6 ser nfterextemmion timeoyasspereasgd idsesbpericyols). Thafimali ty .

| . ' . M [,0l 62, 340-346.). Th | d I d i
S0 Tetperghire Mrigh LU o thgtii Etievastaieared ErO A cledn RIOVEREY & Lbes
ver e hgdf e{(ﬂehéi%gatwab@ f&H 9%ﬁn.bﬁﬁ%iﬁc%ﬁvere@aé%&%y%%-&xyos@hél%@&ﬁoﬁi&géiﬁt s Inc.,

Bartlesville, ; hereinafter ospec") and placed in a mechanhi cal bead

b M - ' : ' h ' i.09. Th
o acessed TRRCToRAT EHorrad Rl ERSe-AeY IO SPhued up 0 Loumablieh® ™

st or agHerchles, CabdrreiiferctBiocRidiyed Gels et ®.5% grilamide/Bisnikins Bib-REG t 0
concentrate the g&l fragnents. The sg&ernat ant was transferred to a, clean

eppendesagents b GEBE Blgctzppizaresin&eagent etiRin-Rad). Giebaragientsters pouted asimsr was

sonet i gESp [ £- | f AN EWipi_ Ndnk e e . An
extrac loo%gcgé%{%%t%s' dg:;' ed a(;Eéée%fo e If %’%@i%ﬂdgtﬁf lalaéf%ﬁneqbgér%%nﬁm
anal yspadishi 62590 taTh 8 a(velsbravil 0004 denaturingiis almiRGirE 0P 40% dedionitdieforxaitie

popul ati on sanpl e. The nucl eoti de, sequence of the excised band was sequenced

by t heamt dMowsr), anrb ke BiaRade grasdent (delingryr systame {Model ¢75,aBw-Rad)pvnless s

otherwise 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,
CA,; hereinafter “Molecular Dynamics™) for 20 min., followed by a 20 min. wash in 1X TAE
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 pl sterile deionized water. The
tubes were half-filled with glass beads (cat. no.11079-101, Biospec Products Inc.,
Bartlesville, OK; 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 3,200 X
g for 8 minutes at 4°C to concentrate the gel fragments. The supernatant was transferred to a

clean eppendorf tube.
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EXAMPLE 6 digonucl eotide Probe Devel opnent O igonucl eoti de probes | abel ed
with fluorescent dyes were designed that specifically hybridize wth the
16S r RNA gene sequence isolated fromclosely related bacteria from reactors
in this study. One probe, SNOBTP (GIT GCC CCG GAT TCT CGI TC) (SEQ ID

NO 14), targets all Ntrospira-like bacteria found in this study, which are

o NG 6 Sl deBe A e ot PR F BT SRR fogpdiaed Wit S
ni tri {1 DGAH pithérs AR F&a8ANVAA BYDGEUE. SAH leﬂﬂﬁ@cfono\fvas&&&amde%mcéptme ltSEQ | D

NO 2 (the Nitrococcus-like bacteria), and also to the exclusion of
al phaymidadi a/$isglomand ot DEHE awalysis mihtchi coemagriatéid zveitls theecmgsairEGGEﬂ;and m

Ni t robact er wi nogr.adskyi hi s prohe has bee sed.successfully with either

Oy 5 8 Tisgropaanas suiple ’é@wﬁ@% 2 SERUPOR g Lhe proicel TR eePseent age

of 20 NAR Q&?c %ﬂ CCT O (SEQID

NOC. 15)?43'tleé gl%ﬂg gé&?ige?arget §<}11§1 ecl éﬁg%l Béie tgg%spl ra-li ke bacteria

(designated Clade 1) which is represented by the sequences of SEQ I D NO 3,

SEQ ID NO 4 and SEQ I D NO 5. ProSe NSP685 (SEQ I D NGO 15) is labeled with

the fluorescent dye Cy-3 and dur ybri di zati on procedure two

addi ti onal probes are ad i two additional probes

are SNTSP2 (CAC CGG GAA %o@é@@é%@@%&?&g@éﬁ?@ NO. 16) which is .l abel ed

Wi t h f1 uor e3lipennclédideProbeslabeled withiFhoreseent-EpaGRe8 desighedXhat ?ﬁé@iﬁﬁmj AGG
Silb’ Q.JD NGO 17) which is also | abeled with fluorescein-ON. The

per cemyhndize chﬂhFhedb5$ gRBYgene, seqiiencarisetated fram closgly elated bastgria fromke

oo Sl B 2OhEHbe S ORIR (oL R ARG Pttty ol BBl ©

anot heqOsiay,thrgets aﬁme;sﬁfminké bagtetid fountiiilf @higaaids, wemdhdﬁs ir ééeﬁﬁéd@%adﬁ 2)
whi ch is represent edéﬁat he sethiences of SEQ I D NQ 6, ?I D NO 7 and SEQ

| D NOsgquenaessofiSEQ Y sSEQ Ipr @&ml‘@;é@EQ IﬂcNol@)S QVHDNO 73m|dabe| ed

th f t t
No: 15 SEG TR b SR il el pR B RE ] BV ol o G,
| abel g W0O: hanBIEQIBNOMD €the Niseps2EE1ikO bARBHAES ah@ aRS to e HitlsicipoNde t he
Clade 2 Nitrospira-like nitrite oxidizing bacteria are the onl y Organi sms

vi si blalphansubdivigiore prptestbagicnoy nifrite-peidizesr @tqsp@ted Ayt Nitrabacisr ovivogrmdBpi.( CTC

e P Tni e Has ooen sl et VR Beper LS idicst @R Hligget e,

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 ID NO: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
percentage formamide is 55%. In this manner the Clade 1 Nitrospira-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
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and SEQ ID NO 2, to the exclusion of all N trospira-like nitrite-oxidizing
organi sns and also to the exclusion of the al pha subdivision proteobacteria
nitrite-oxidizers represented by Nitrobacter w nogradskyi. The percentage
formam de is 20 with this probe and the dye enployed is Cy-3. Probe natches
were initially screened using BLAST (S.F. Altschul et al. 1990. Basic |ocal

ot OngE. mr%eegagmmi%é@awsé%ﬁ%%é%n%’%w%%%F%-zﬁﬁ%ﬁgz%m%@258‘7“)
Pr obegx#f/ife batYdHaESthé 8HlydE éﬂi’ﬁhg’%sﬁﬁe'i}: leHeld 6£VidWEstRhe ffdrosc Qfenucleot'de

sequences of the probes I n Ta e 9. Table 9: The oti de

ﬁ?????éﬁ&?ﬁ?@kﬁ@ﬁ% &‘Jﬁ"@é@aé@%@%&pﬁ?ﬁﬁ@‘ﬁ%éf @a@#ﬂi{&? b5 o
3) R MO bR oriden BURHRYGT bR aCep GTlE) e~ SEQ

IDNO3, SEQID SEQID NO 14 SEQ ID NO 5, QID'NO6, SEQID NO7
L& SEqambSmQ D NEPRs® hacxcesoman Wmmqtﬂmnuﬂewmlmgmgmmaadsm | D

SEO | D 4&8 D NITSP2 CAC 5 --
SEQ | B AT e tiston mé?bf WIS rofEalalers, el Oxi s TeRrestated Rie cAC
CTT TS0 dutnoBikihD Pme Sihe TERRINE 2SO AT he gpvar
TCC GGG GCA A --4 SEQ | NO 3, SEQ ID prinmer NO 4, SEQ DNO5

SEQ | Priyl»yed9s GBSPTr Reverse TCM CCC TTT CAG GIT C - SEQID NO 6, SEQ ID
primer NO7 & SEQID NO8 SEQID NO 20 NitroM Forward prinmer TTC GGA AAG

GIG OCT GGPré¥amatchd3GvepE@itidlyNSreeredSERg BEQSTRSNO ARsthhl2t MO 1990. Basic
local alignment tool. J. Mol. Biol. 21 5:403-410) 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, CA). The nucleotide sequences of the probes

are shown in Table 9.

Table 9: The nucleotide sequences and positions of oligonucleotide probes and

PCR primer sets for nitrite-oxidizing bacteria,

Probe Base Sequence % Annealing Target
(5°t0 37) forma- Temp (°C) Group
mide
SNOBTP GTT GCC CCG GAT TCTCGT 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 GAATTIC CGCGCTCCTC 55 -- SEQID NO:3 SEQ ID
SEQID NO: 15 NO:4 & SEQID NO:5
SNTSP2 CACCGG GAATIC CGCACTCCTC 55 - SEQID NO:6 SEQ ID
SEQID NO: 16 ‘NO:7 & SEQ ID NO:8
MOBP CTC GCC AGCCAC CTTTCC GAA 20 - SEQID NO:1 & SEQ
SEQID NO: 18 1D NO:2

SNTSPTf Forward TCC GGG GCA ACC YGG TA - 49 SEQIDNO:3, SEQ ID
primer NO:4, SEQ ID NO:5,
SEQIDNO: 19

SNTSPTr Reverse TCM CCC TTT CAG GTITC - SEQ ID NO:6, SEQ ID
primer NO:7 & SEQID NO:8
SEQ ID NO: 20

NitroMf Forward primer TTC GGA AAG GTG GCT GGC GAG -- 60 SEQID NO:1 & SEQ
SEQID NO: 21 IDNO:2

NitroMr Reverse primer ATC TCT GYA AGG TTCCGG AG -

SEQID 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
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NitroM Reverse primer ATC TCT GYA AGG TTC COG AG -- SEQ ID NO 22 The
stringency for the probes (SEQ ID NO 14, SEQ ID NO 15, SEQ ID NO 16 and
SEQ I D NO 18) was determ ned though a series of FISH experinents at
differing formam de 35 concentrations using the reactor bionmass as a
positive control for the bacterial sequences herein (SEQID NGO 1, SEQID

NO 2. SEQIDNO3 SEQIDNGA SEQLDNA S, SEQYDy NA L SEQIDNG T, or
SEQ | DORESeBrations Using [T IsBEiog PLATRASS 45 8POF iy SePREG, o AR EeS  was
T o) Rr LG RO FTD N0 2 T IoN @%?Eﬁjﬂwﬁs@?@zﬂsﬂ i

ol i gonINOBPSEQEDINOIE or SEQ IuN@: 8 Insitauhybsidisfatibn of thei fiked, Bundeitizedsvadls

i ncubated in_an equi]ibrated humdity chanbe r 1 0..mn. The
hybr i dive@sceBiedoyt 1 2 Bypridization selfiogrngisipg of ?ygé"lm F&Z%}‘S&@%Pﬂm

sol uti 0/l ]ﬁ@.pd' | : | : mn. at
48C. T?h)ag'??é’?ghﬁ]%zdé%rﬁg gst | ﬁ%?r%@?gg%gngﬁlﬁgnﬁgﬁ} n rgl%%%ﬂd gs I'T the

hybr i disgatuntrof foremmitieeSkideswers dhatbated inanteguilibiatad hivinIditysehliber 1 467C4)

0.01% SDS, 5 nM EDTA, and NaCl.. The . conce_ntfr;ﬂation of NaCl varied according
to the fpePQEnt20msinyelhedibridization selpton ¥as rinsed off syith 2 b Wamipd O rashina O

concentration : %4 : f oo ~t NaCl
concentP ol BRI et henthatifod b MR apt bollln ML oy AR 70

epi f| UQIcBRGE ifeSafe® the SRishing slép)as irCRie By byidlizbliéd Qep,thd Wadh | t er
sets forc FI TC FLﬁﬁ%ﬁmﬁ%. eTheS ogtiﬁﬁumsétri rimgncz \}vas etermaned to be
20% f orseiutioteontied CABMSTGHFCpEbE 4), S:03 HoISTAD: S m) DL, oo dakibrE8S and

SNTSP2 tri- | abel . 16,1« i th

opt i muriEFAEn ) NAEE aRA R ontny Beresabiopisrnbis e b FRBEEHONTRY oot mum
st ri ngery fvaRnids i Nalk doheenaatiad Wak Q1 SV forf30% ittvire 1VORRMD asPRr 40%
represented by SEQ | D NO 18. EXAMPLE 7 PCR Prinmer Devel ogment A set of PCR

pr |t er sthe _stEQI cqcmi@@&:amg %E@M[@@l?w?e d@mtedexsmg@?ﬂm K@P%pteci fi ca|t ly
etects I FosSplra-41Ke I (0] uan S e resen I nventl on
(T o eronidraeidedmetasSortaiC el 2Aep Teria BEII AR iy WG RCRFTL, \D'55) vl
devel opEdCANLIG03 and@ er) Cysal The siftingeh StriidehO¢ Ras Wstetrhifed b4 20% Tordantide

sequences of the present invention (Table 9). One set (SEQ ID NGO 19 and SEQ
D NG 20} thefNOBTE probe (REQ@ IDNQH 1) oEp foe NSRGS Sandt SNTSP2 trisbeled prybehe 16

rONA's e&wﬁf N%)(?{S,fs%’d HD N'b:?&q‘alsp%c?il%lc})’l) th%Eo tllnl?umN?m%ge%c%QvLstel}pﬁn?ﬂed to be
55% formamide for each. The optimum stringency was determined to be 20% formamide for
the MOBP probe represented by SEQ ID NO:18.

EXAMPLE 7
PCR Primer Development

A set of PCR primers (SEQ ID NO:19 and SEQ ID NO:20) was developed which
specifically detects Nitrospira-like bacteria 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 Nitrococcus-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 ID 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
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SEQ ID NO. 6, SEQID NGO 7, and SEQ ID NO 8 to the exclusion of other
nitrite-oxidizing bacteria (Table 10). The second set (SEQ ID NG 21 and SEQ
I D NO 22) specifically detects the N trococcus-|like bacteria including the
16S r DNA sequence set forth in SEQID NO1 and SEQID NO 2 to the exclusion
of other nitrite-oxidizing bacteria (Table 10). PCR 36 conditions were as

previ ously,.described in Exanple.5, .except the annealing tenperature was
o T 1 eEPRAAOas ST Buprepioma ot Tbg I8 Kkl 3y GXCORE i AR B RBPBERI M abrer
devel op Ld6i if'g and anneal ing tenperature experinents.

Cl one Nfci)(ifaH |etaragg%%{gggdﬁt%g& Nitrospira-like NOB O Tank No, SEQ ID NO 1
AND SEQ ID NO: 3, SEQID NO4 SEQID NO5 SEQID NO2 SEQID NO 6, SEQ ID

NO 7 AND SEQ ID NO: 8 Annealing Tenp(C) 56 58 60 62 64 43 45 47 49 51 SB 10
NOB Tank + + + + + SB2 NOB Tank + + + + + SB7 AOBTank + + + + + SB4 AOB

Tank + + + + +/- - - - - - SB7c32seQDNOI + + + + +/- - - - - - SB7cl 1SEQ
ADNO2 + + + + +/- - - - - - SB7¢136 SEQDNO3 - - - - - + + + + + SB7c47
SEQDNO:4 - - - - - ++ + + + R2Ic76SEQID NO:5 - - - - - + + + + + R21c2S
SEQIDNOG6 - - - - - +++ + + 137c 10 SEQIDNO7 - - - - - + + + + +

B7c7 SEQDNO S8 - - - - - + + + + + "+" strong signal, "-" no signal, "+/ -"

weak signal The specificity of each priner set was -optim zed by conducti ng
a PCR experinent wth each primer set using the tenperature gradi ent node
of the Stratagene ROBOCYCLER In this node one can run a single experinent
of all the reactions at up to 12 different annealing tenperatures.
Typically, the experinments were conducted at 4 to 6 different tenperatures
with 2C increasing interval. Each PCR prinmer set was tested agai nst clone
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product with a nucleo
NO 3, SEQID i NG 4,
Tabl e 9 presents the

tide sequence of SEQID NO 1, SEQID NG 2, SEQID
SEQID NO 5, SEQIDNGO6, SEQID NO7 or SEQ I D NG 8.
PCR priner sets, and the optiml annealing tenperature

results are shown in Table 10. 38 EXAMPLE 8 Simlarity Analysis Three clone

| i braries were constr
det er m ne
of nitrit
11. Table 11: Details
was extracted and cl
of Nitrifying Bi omass

Table Ikl ool

ucted fromsaltwater nitrifying bionmasses in order to
nitrit

1 di zer (S)..f 8sponsi bl e for oxidation
Reprimes fe el bRy AE el aipalife o0 o

regar di ngmipdfatif@Stptrfmend, aquari a from whi ch bi omass

one libraries were constructed. Clone library Details

P4 This reactor was seeded with 20 liter of materi al

fromthe,su of biofarm,l5 which.. sal twat er bi SS. S linity
was rralﬁﬁ‘?‘}ﬁnﬁBd at bet \Aeer{\}lgé’cg?flfs'%gz@(?? Thi s_react lﬁ@glrpﬂﬁ‘ezﬁé@ rg/ L
anmmoni aHi . SB7 This : seeded YHQ P WA SEUP NGH3RQ RNGEdnps
of biofarm5 —and 15 which weSEQIDNDZA: o SEQIR NO:6, SEQ M NOJANDSEQ D Hi:8
mai nt ai Aeeealing Tsee(ien| 306 and585 pilt. TA s redactor wds feth at 4 ng/49 51

anmoni

bi of ar mOBL0VOR Rk wh

mai nt ai @% a&oﬁ)ﬁtnl\(/\een

anmoni a-ni't rogen. The
nitritesed digs fgk bac
two types of nitrite-
and t he SB4 rAoRTakis- |
Nitrospira-Like NOB a
of cl onS&B7CPAEMP NI
t he tot re
cl ones ﬁ%ﬁggﬁg%@%

s at a

scr eene@H7taB6 Ssokdos
SB7c¢47 sEQ IDNO:4
R21c76 seqNO:5
R21¢28 seQ0NO:6
B7¢10 seQNO7

B7c¢c7 SEQIDNO®

§4t i nitty
3Q and_ 35 ppt. This reactor vas fed at 5 ngy/l +
clone library data show that there are two groups of

chtwer e tsal t at er "bi o

eria that exist+in tdge test ammonia feg. reagt ors+ The
bxi di zi ng bacteria are the N trospira-|like organi sns

ke mi croor gani s (Tatdt e 12). -However, -only-the -
e found in all three clones libraries. The percentage
ad Nt fospi fa- 1 i e NOB ranged-fromr3.11°to 33.33 of

ened. I_\Iritrogoccug-l i ke NOB were found in two_of three
percentage of 2.56 and 8.70 of the total clones
B9 - - - . - + + 4+ + +

- - - - - + + + + +

- - - - - + + + + +

- - - - - + + + + +

- - - - - + + + + +

- - - - - + + + + +

“+ strong signal, “-“ no signal, “+/-* weak signal

The specificity of each primer set was -optimized by conducting a PCR experiment

with each primer set using the temperature gradient mode of the Stratagene ROBOCYCLER.

In this mode one can run a single experiment of all the reactions at up to 12 different

annealing temperatures.

Typically, 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.
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Tabl e 12: Nunmber of clones which fell into different phyl ogenetic groups
within the three clone |ibraries devel oped for nitrite-oxidizing bacteri a.
Clone Library P4 B7 SB7 No. Cones Screened 84 156 161 No. C ones
partially or 37 103 95 fully sequenced Nitrosonobnas sp 26 (30.95) 14 (8.97)
28 (17.39) Nitrospira-like NOB 28 (33.33) 17 (10.90) 5(3.11)

Ni trococcus-like NOB 0 4 (2.56) 1@;%22?11;80\' pha proteobacteria + + + Beta
prot eobacteria + + + Gamma prote + + OP 11 group -- + --

Pl anctonyces -- + + Actinobact eSiinil§rity Analysi§\Ci dobacterium -- + - "+"
present; " -" not present. Percent of total clones screened given in

par ent heses. Thresichanedibranes wark corstuetedfoom seltwater pitrifying biogiasses ip geder to

d b h E 1, SE D NO, 2 SEQ ID
No 4. " SRR RSl ot e SR TRl a RS BT 1 e
(Ma' dakDeFé:llls abou]tthé%loﬁ:ﬁgésal@ rdsenfe @Eﬂiqrable]lrl, G M Grrity, N Larsen, B.
<Li, | bur n, . McCaughey, . Osen, R Overbeek, S. Pramanik,

T. M Schm dt J. M T| edje and C. It. W)ese A new version of the RDP
( Ri bosoTabldRt:anasits fegardiag the feuctors andaigdariB®deom vliidll biohiass W} vacteBabl e

13) . Tahha clohe 1iratiesvele/conséricted. for nitrite-oxidizing clones isolated from
reactors—anmuaguarta ST M rarfty 1O TDONA Of T SB7C3Z SB7CT L SB7-_ SBrc47

R21c76 R?éﬁgg 1iBf B7c7 Nitro- N tDQtanN'Jerileﬁ anﬂ&s'\“ tro- Nitro- 036
Nitro- = rce
coccas cdus Nitro- Ehlﬁéeafr rr‘&ass pelad ythy 20 diterrof ISR SomeRiefAIR e

noscov -like -like spi W ol eWap | & gsaltypies bipinges vewse galinity Aram
iensis -like 5813) Smagipingdatbgtween 30 and 35 ppt. This reactor was fed at 5 mg/L

ammoma-mtro gen.

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 microorganisms (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.

i 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).
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coccus-like SEQ IDNO I SB7cll Nitro- 0.992 -- coccus-like SEQ ID NO:2
SB7c136 0.795 0.792 -- Nitrospira-like SEQ ID NGO 3 SB7c47 0.796 0.794 .997
-- Nitrospira-like SEQ ID NO 4 R21c76 0.801 .798 .985 .984 --
Nitrospira-like SEQ ID NO5 R21c28 0.796 .793 .922 .920 .923 --
Nitrospira-like SEQ 1D NO 6 B7cl0 0.792 .787 .940 .939 .940 .959 --
Nitrospira-like SEQ DNO 7 B7c7 0.769 .765 .917 .915 916 . 931 .963 --

Ni t r ospir a- | iTeblests Numbey of dgnes sehich fell intoghifferepyphylegsnetio groupswithiny 766

0 7oL PR Bt B S 2
e —— S .B7. s A S A

794 . 898 . N

1797 .897 .Glege Libsawovi ensis P4 “SB7

No. Clones Screened 84 156 161
No. Clones partially or 37 103 95
fully sequenced

Nitrosomonas sp 26 (30.95) 14 (8.97) 28 (17.39)
Nitrospira-like NOB 28 (33.33) 17 (10.90) 5(3.11)
Nitrococcus-like NOB 0 4 (2.56) 14 (8.70)
Alpha proteobacteria + + +
Beta proteobacteria + + +
Gamma proteobacteria + + +
OP11 group - + -
Planctomyces - + +
Actinobacterium - + -
Acidobacterium -- + -

“+” 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. Lilbumn, 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 from reactors and aquaria

% Similarity to TDNA oft
SB7c32 SB7cll SB7- SB7c¢47 R21c76 R21¢28 B7c¢l0 B7c7  Nitro- Nitro- Nitro- _Nitro-
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The simlarity analysis reveal ed one group of clones (represented by SEQ I D
NO 1 and SEQID NO 2) to be 98.9% simlar to Nitrococcus nobilis (Table
13). The simlarity analysis revealed that there are two cl ades of
Nitrospira-like NOB of the present invention (represented by SEQ ID NO 3,
SEQID NO 4, SEQID NO5, SEQID NO6, SEQID NGO 7 and SEQID NG 8). d

1 incl , : 6 : O3 —A—g -5
itho- _ Nifro- €138 Nitro-_" 'Nitrp- CCus— SpiFg spira- a

C! ade 1’rDltiK|§urmcgoc[‘u§ p'}ﬁ&?ngﬁ,g. pira irlaD $, ;ﬁ p raSEl:Qi 'stzna4 lﬁg € ggwcag-‘%

simlar o NTrORpI I audr kjaa A t bee NOB -figpr esent ekl Dy Sksh. (N5 iedbise

98. 7% simlar to N trospiFgkenarina. C ade 2 includes NOB representiegd by SEQ

| D NO 6sB782@irwD N 7 and SEQ ID NO 8. Wthin Clade 2, the NOB represented

by SEQ rBufN® 6 are 92. 2% sinmilar to Nitrospira marina, the NOB represented

by SEQ F¥®TNE!7 are 91.6% similar to Nitrospira narina and the NOB

represegied Mpy. SEs,! D NO 8 are 94.0%similar to Nitrospira marina.

. Phyl ogeggtigeanal ysis of the sequences by construction of tree using

nei ghboseg minoi2ng di st ance anal ysis and bootstrap anal ysis supports the

results of the simlarity analysis (Fig. 1). The phylogenetic results show

a very HF?W r ob&8%3 i £4P20f "SEQ ID NO:'1 and SEQ ID NO'2 being simlar to

each ot SP"CIB the cl osest known rel ative being N trococcus nobilis.

However , Iﬁe results al so denonstrate that of SEQ ID NO 1 and SEQ I D NO 2
are not sphiiit rocoooess wodai | bs. The phyl ogenetic results al so support the
concl usiNomsptrlitkt t here are two separate clades of saltwater Nitrospira-like
NOB whi SEREBXN4di stinct fromknown Nitrospira bacteria (Fig. 1). d ade 1,
represente by Sl(—'r%ll D N@ 39gsoEQg, D NO 4 and SEQ ID NO5 are clearly distinct
from the,t3,ad&. 2, represented by SEQ ID NG 6, SEQID NO 7 and SEQ ID NG 8.
The G agggmphosal twater Nitrospira-1ike NOB have Nitrospira marina as a

cl osest relative. As an exanple, there is no question that the C ade 2

sal t wat &1<Mi t r ospi’?a- |- 7Re R&B {28EQ B NO-6, SEQ ID NO 7 and SEQ | D NO 8)
are at I’S"EEE "'C‘)&Gﬁe new speci es of bacteria The simlarity analysis shows
their cl ‘relative (Nitrospira marina) to be at nost 94.0% simlar (in
the caseQf SEQ lplpaNO &y. Dbve pévgl ogeqpet | essanal ysi s shows these 3 sequences
to be okwegriikedi stinct fromall known Nitrospira bacteria (Fig 1). BLAST
anal ysi SEQROWE’ that Nitrospira marina is the closest bacteria in the

dat abase_to thes equence bug. .t he ,sequence f Nitrospira marina is
clearl yeB ‘i7 fer n'?”?anan'%?he§157equ§alﬁces'9§6epr'gis]ent egg’ by " SEQIDNO6, SEQID

NO 7 an Eé%f&i NO 8, as evidenced by the simlarity and phyl ogenetic

anal yses.
Nitrococcus 0.989 0.989 .795 795 802 797 766 .789 -
mobilis
Nitrospira 0.797 796 .992 992 .987 922 916 940 799
marina
(82559.1) .
Nitrospira-like  0.791 790 .897 .897 .898 .882 .867 .893 794 .898 -
(AF035813)
Nitrospira 0.793 793 .894 .894 .894 .885 .895 870 797 .897 963 -

moscoviensis

The similarity analysis revealed one group of clones (represented 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
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The simlarity rankings given in Table 13 are a guide to determ ning the
uni queness of the bacterial strains. There are no hard and fast rules for
defining a new bacterial species. However, as exanples, the

ammoni a- oxi di zi ng bacteria Nitrosolobus nmultiformis and N trosovibrio
tenuis, which have a simlarity ranking of 0.989, are recognized by all

mul 1 7 oS a5, SECNTY NQULF o821 i dmlftclo SPRP R mdrd g Ms WPEGBB8Smied e
bact eri g} SEH® NO:5 ﬁfg%mtsﬁﬂllﬁﬁo %sgz;& WeFira. a@?’ad%@@nbl@déﬁ%)@% F‘es@nted

simlarity ranking of 992 when conpared to Nitrospira 42 marina. This
si mi | ar by $EQaHX NGy 6j SEQ IYNQ:Y ahd §EE IID N8t HWithiro8hddi2s thesN OB mlpmsentedbut

oo i bb SEOLEY b Bre B2 Sigl i Mitesrinsoepass, b YaP Sraesened PHSEQ I bt
the cl opgy.9aleP91 §N&iRTR (SFisSirg if 9%&@9@@%6 ?ﬁsgr@lsmﬁ!ﬁ% data

and simlarity ranking dem)nstratet at the ns*rep
herei n 940% simiilogi® Niscbsgirs antiy. f r om known nitrite-oxidi zi ng bacteri a.
EXAMPLE 9 Anal ysis of Bacteria and Experinental Results C onal nenbers of

Ni trospira-| pkglo P\%ti‘é%ﬁlyéﬁlﬂf@hé d& é’édceé B&%Sné?f'uchtiﬂ of &b 188 meighBbt foMIRE!

for which cl one rari es were devel oped” (Table 12). The N'trospira-Ilike NCB
r epr esedistaacs anplysis amhbogistrapi analysis sepportsdhatesulto oftheisteilarityianalysis §Figi hy fr om
just over 3% (SB7). to at er th 33% of e I cl Jhe

ATt ocolhe Bhyibgsmekies SRR g e PLhPIAtRodRy O SERS > VA i SED s o
12) an Wibgr I [,xl(g%nr ; 2SS

t han 3%{;0?g ilﬁmg{ (t)@nes V\c/)eﬂ?ée}a?l g%ffm:l&esgggghﬁ?%rﬂgiéggcus- 4 elﬁ‘3 cv\%woeylﬁ
sanpl e Héwevere the resnlts cajso dermorstrateNhat Wi tSRE ADCNG©:1 iand S Ee NO:Rcarachot n
sanpl e P4 (Tabl e ééf%f EXAMPLE 10 Denaturing G adient Gel Electrophoresis

Survey OFresosabIotliSReact ors The novel ty of various bacterial strains
reported herein is further denonstrated by the results of the denaturing

gradi ent gel The @bylospmﬁmgstéts@b@@;porteﬁteucngcluﬂpg@haé there; Aeg\igy ot separapizes

hnd- seef e kel g iR DGR B ditfn ReRSRRSR Vingsola Pt ets N
NO 5) a@a@ laqa)re&n(eﬁﬁg& B@Q@ Ro: 3‘5@@% DD 4 WS]?@QU ﬁd\@aﬁ) cledrlyt distinct

Nltrosplra- NOB along with enrichnments of ammoni a- and

nitritefiom ﬂlﬁz:iladg 2o zepresanted bpr¥EQ 83 NQ<6, SEQWD N&:7 and SEQ B HO:8. The clade

1 saltwater Nitrospira-like NOB have Nitrospira marina as a closest relative.

As an example, there is no question that the Clade 2 saltwater Nitrospira-like NOB

(SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8) are at least one new species of bacteria.

i The similarity analysis shows their closest relative (Nitrospira marina) to 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 closest 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 phylogenetic 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 Nitrosolobus multiformis and
Nitrosospira briensis (similarity ranking of 0.980). The bacterial strains represented by SEQ
ID NO:3 and SEQ ID NO:4 have a similarity ranking of 0.992 when compared to Nitrospira
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slight difference in the mgration distance in the gel between SEQ ID NO 1
and SEQID NO 2 (N trococcus-like NOB). The band |ocations for the three
G ade 2 Nitrospira-like clones (SEQ ID NO 6, SEQ ID NGO 7 and SEQ I D NO 8)
are also different, which is expected since there are slight sequence
differences in the 16S rRNA gene (Tables 6-8). Furthernore, when conparing

t he band | ocatd,ons the faour. ' | , and
i T ey 1 sy S s SABARCERRE" R ohg F48S cfepiel aBPvint 5D 2
enr i chnEniND:Biang Sﬁ&m ND:4 SEQtHIDUEE idntl N stife Edih HVitrbdghr NuB)in® fo &rtituz NO. 7
(Nitrospira-like ). 43 Therefore, a second type of DGCGE anal ysis was

set - up. ngeal andhinmiqEEERECEAal ysi s, the gradi ent was changed fromthe standard
of 25 to 55%to a gradient of 30 to 60%for a run time of 360 m nutes at
200 volts. FiThereford thhavmlityhel tharvdone datgtthe P(Ratdsalts) the phylogeretiofanalyisisgd

L0 A S St 5 e S Akl e e 11

i ndi vi dyal : I Q@g% €. results show t hat we were
cl ear | yggeb%qlfeg&dgg%ara gﬁtlﬁlé an éé@a%“@%acg ree clones with this DGGE. In

addition, both bands in the enrichnent (Lane A) were excised, processed as
previ ously descri bed and sequenced. The upper band aligns to clone SB7c32
(SEQ ID NO'1) and the | ower band MB@& clone B7c¢10 (SEQ I D NG 7)

further confirmng the  validity of our t hods a esylts. Figure 4
represents anot her Deeé“&baﬂsy%?h?%?%wﬁ&%"{%ﬁ%%“@ﬁn chnent sanples as
in Figure 2 Iglbnadtm@nbkrs HfeNinfossivhlike QVOBUReteOfdung ahANgifde ! the QaRWhiePNS
(see above). The results clearly show that we are able to distinguish

bet ween entichménts fagpvhich cloge libkogsarrte dieelnpad Gablec 12)- [Thi diopita-ikeNOB K) in

[ t al les. MPLE. 1 teri.al.Additive Test.s A '
o e SRR R T b ekl FOR B b 755 v bt st
m Xt ur egg feg'tmhrgg%@e?lggg{qusmloﬁés,r ains of the present invention as
conpar ed g%? (1) contro aquaria that did not receive a mxture, (2)

aquari a t hat ﬂ{%r@nj g§?&u&-ﬁk€%d§%r9?&h%r' nl @&ﬂ&l%%sclfogé liﬂfa?ie% Q;{;}ﬁl&?ﬁb}a'

fish aquaria, an 6 preserved or store aXterla m Xtures o e

3act eri anhd&*f;JI rogienaﬁmbgﬁ then E[ed&'fﬂfgkpir@-‘l(ik@N@B.. _I:E_fsatr_ﬁpltsiBﬂgll&%tsha:@B;’/aoiﬁu}nstcwnesic S )
enonstrate .showng that fhe nitrife-oxid zin acterial strains of the

present WY srolied o Mﬁ%@ocav%flket gfb_g] wa&&apisama}f'd,sg? ihe RErcentagrpagtidn No

combl NeQyhoksbcl-HEE NeRAFHELY Blmeh @irdfe B (Bable PN &~ OXi di zing bacteria),

t he bacteri

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. Figure 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). The band 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 Figure 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 ID NO:1 (Nitrococcus-like NOB) or SEQ ID NO:7 (Nitrospira-like NOB).
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accel erate the establishnment of nitrification in aquaria. Establishnment of
nitrification can be neasured in at |least three different ways. The first
is by counting the nunber days it takes after setting-up a new aquarium for
the ammonia and nitrite concentrations in the aquarium water to reach a
near O ng/L concentration. In a newWwy set-up saltwater aquarium it
typically takes about 14 days for _the ammonia concentration to reach O ng/L

and about 3CThetefes, aageond tyne of PGEGERnakysiswas sg-upy/ For hisDEKHE anglysis,ghe
measur e_t he benef.i ci action. of, addi U EAPAY bact eri-al Jalns to
aquar i agrﬁ‘gerftow%so%ﬁgezd friun thgﬂaﬁg%ﬁcogr@ grhq[ §é1{°| tfé’na g’% dig Imoﬁ{jé)atc?r&?ﬂ/"tafﬂ ? &

r eachedijhefpneo higuted 4t 2ONGERE. " Figued 3Ghaws e KindUhigratibn pherfibor AR of
concentration of ammonia or nitrite reached in aquaria in which nitrifying

bact er i mixed cbonadtiadaids compmiséd 0EntEQ IDeBNO:AhEEQ He N@s2 thoth Ntmeereus-tike on
reached in. contrQl uaria, .i.hen a r f effectiveness is denonstrated.
ExaneL V0D e o8Q 3B R (ot SRR alimel R TBERE et cloBes i o
the abi fgym@fly ¥Ad LONDB At diERAL ﬂjanm StHeef\AtsGhow! thet RERREEILAY 8PkitoN tO
oxidize nitrite to nitrate, as they nay be inplenented in a "real” world"
set ti ngsepiate therfandsraf tdesefthret elones vuthethis(DGGE. phe additionnbetit bamdswasthe

conpared to congmercially avai]able bacterial m xture hat claimith are
sui t abl W%@@ﬁ@i‘t’ﬁ@rﬁxclﬁ?‘is%%% Bt PEYI] té?sc EE‘@PP .Se‘li%ﬁnc?‘{\i siﬁ?est,

fifteen - 0 ' )] ' rinal LM
Plr oduct gép%hg%d gfrllg]? &g-a%%%kgg?ﬁzg po ﬁ? quiq;we%%dlv\ﬁ% rBlg(‘s;\,ét?eﬁra:ﬁﬁi ag%gs ‘@ﬁg?@t}ghl y
ri nsed Bagid (SEQURENOLT) fartherdopfiming theevaflidityoofi oug nobtlyodseantd results. was fil | ed

with 10 I bs. _of rinsed Tideline shed Coral  # nd equi pped with a
sterilized poigare 14ixw’&seqtpwneﬁvbé?%éﬁdmalwglédwhwgr g‘aﬁ% ¢ rsapge enmghaRent ank

was fille 1t h. 3B. 10 A F el REASE, e j.pation
of Troplga%r %lél §1§fo{e %b}?ﬁ tzgjﬁé gz;ﬂ{er %2%%'? e(}uetg’ gI%sa ?%8{1;@@; °‘3‘b‘“§‘gﬂy‘°‘ he
filtersaysey Bhe et dlearlishoavhanivehte sbledd distinghishasttweerntheQVisapirsikal

addi tives and fish. The next _norning the tanks were topped off with

ul t r apuNOBndethe NgrecepensrideeNOB(Eanes\(x oy intenyronmentabsanplespl es t aken. Each
tank was dosed with one bacterial treatnent, however no bacterial m xture
was added to the control group. There were four treatnents for this test:
Reactors 21 and 29, which both i nEXAMBIR I1 strains of Nitrospira-like NOB
of the present invention represented by SEQ ID NO 3, SEQ ID NO 4, SEQID
NO 5, SEQ ID NO 6, SEQ | D NO Basteripddditive kestscycLE (a

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 bacteria), 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/L concentration. In a newly set-up saltwater aquarium, it typically
takes about 14 days for the ammonia concentration to reach 0 mg/L and about 30 to 35 days
for nitrite to reach 0 mg/L.

A second way to measure the beneficial action of adding nitrifying bacterial strains to

aquaria is to compare the maximum concentration of ammonia or nitrite reached before the
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commercially avail abl e bacterial m xture for use in freshwater or

saltwater); and STRESS ZYME (another commercially avail abl e bacteri al

m xture for use in freshwater or saltwater). Each treatnment had three
replicates. Aquaria receiving the Reactor 21 and Reactor 29 treatnents were
dosed with 100 m of either m xture one time on the first day of the test

A th STRESS ZYME d 10 m
of el « enceniatiof fisns Yo T owiE: 7 g Fiyipdy Monesh FALGTO nnlEhE, o Hiie Habita” o
day 7 qf dqfisrid &5 whedhOnidifym@iaciepinaleretddedns s@{ﬁﬁmﬂyd@yﬁtmhttﬁé midxahuhor the

duration of the test. Four assorted dansel s omacentrus spp.) were added

t 0 eacltoneenitration teaehdd insontuel\aqudria, thent aaé@grafan ¢féattivonese isdemgnstreteder sanpl es
-were collected and anal yzed daily for pH, ammonia, nitrite and

conductivity. On Monday, Wednesday and Friday the water was tested for
nitrate and turbidity. Measurenents for pH were made wth a Denver
‘I'nstruments Mdel 225 pH lon netgxs9dpigPes W th a Denver Instrunments pH
conbi nati on el ectrode. A Tecator FTASTAR 5010 Anal yzer was used to neasure
ammonia, nitrite and nitrate (Bacterialr AgditjveiBéshg net hods described in the
Tecator Application Notes. Salinity was neasured directly in each tank daily
using a YSI Madgdal 30tHigret- e td evaluatei thy abilidy df eriotistitixmnds bENOB stdiicof
system Turbidity data was determned with a DRT-100 turbidity rreter (HF
Sci ent ithe a:)reserrh@wn@tm in pxifize mite &tl’ﬂﬁﬂtﬁo As theyr may der Buplementgt iprit St

conpr | XA FEME " The rpsrmiafbL St e BB Bl Bk v a%“%amwrg%@ D
NO 5,  SfuhbiclMilybavaiiabie! l{écfdﬁ’aﬂ nﬁﬂﬂreSEQalt R1aibiOtifeyouied bizieableifby b inMegtheor €

qui ckly than the other treatnments. The nitrite concentration in the Reactor
t r eat mefieshwatezloe salwaderfagiaridoack to O ng/ L nmuch sooner than in the case of
the other treatnents (F| g. 5) Reactor 21 reached O ng/L on day 21, Reactor

29 reached / o] L1 1Y did
not fall bagﬁgggjﬂﬁ tﬁ%iL un o/vgg 3%88 r%‘flehﬁ?@j Ipe%%lgl 5‘?@3 a\q[d ?’%eds
denmonst Agh&iin Produtis) a%-sﬁ-ﬂwmkafylél%w‘r filtees %ﬁﬁehllsz@mﬁm@gﬂ @ﬁa@&i erate
nitrite oxidation in set-up saltwater aquaria_and (2) the comrermal

addi t i vangd aligweshtor élpdn'e nythé(fﬁ}cl%t‘f’lﬁgt dey regB tank vasakitled wWilbn Q) thsd ok yinsed e not

auar i al el PRERGE Cotel s ol bl Wil ANl B0 e P F O A b o
eval uat garbbiecattidge! VEach tankrAaUEl1&di witt! r3BSL of afBRidl tse@ier. 0OThe 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 moming 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 ID NO:8, CYCLE (a
commercially available bacterial mixture 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 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
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the present invention to oxidize nitrite to nitrate, as they may be

I npl emented in a "real world" setting. Material fromreactor SB7 (which
contained both Nitrospira-like NOB and N trococcus-like NOB strains of the
present invention) was placed in aquaria and the performance of this system
was conpared to aquaria that did not receive a bacterial inoculation. 46

For this test ht .10- | d 170B (Mari nel and
quar | uBERELILP a1 He NI e teHo At RHOTEH daisrl (BPBReTHa.
h d h k
was 111 FE Yl f?%ﬁ%fﬁ%aa* PR g Bty P the ‘ﬂ?ea‘% %Q”Pﬁ‘%s and equi pped

i th fil PL.T O b dge,
Ench tank wadV e RPN SYPrs solsties, ot ARrirod dailv i PEA FRROER GG i o/
was MadgohycRHE. "On Mﬁ-ﬁﬁw \%‘é&ﬁa@e%?@mrﬁia Aﬁé'a&étb'xmwﬁﬁst%&% foVRREARE .an@hi 0)

to carbon filtered city wat until the salinity was 30 ppt. The aquari a
wer e fi thrbilityi tl\ldea;shmmceta/\ﬁurq:H avede trhalef with @rBenver &nstmientseModel 22MmpHlenni ght

ks &&e&e“r?eaﬁ%%sé 5P e ErERneEs phh e etn feftides A draen BRTLAR N ©
and wat g :y‘z“%&é'ﬂfs@d td Bfe@s&@‘dqer@xposmﬁﬁé EndARGEL W %g'éﬁ) #din hheﬁ%s

r eact or bacter m xture. The ot ur tanks were not
bact er i desanibed inrthe Tétetor Bﬁﬁlwamanﬂ‘mmsn &zﬂmtg vas nsdastred directdy insdaok tamk daily
i nvention,

Ni trococcus-1|ike tgﬂl% Ni tr I of .the present

r epr eseNSBg§ By SkMode ang-he %hrEfYN@"QdUCSE@’ apgd REBCraER SySigyLNG WD ldﬁEQ | D
NQ 5, SHQL.! 4 Emggﬁgt,,l ownfish (Anphiprion
ocel | ari‘¢ ‘%\%@ g‘adégqflgﬂaae%it ank on it |rstS %ﬁ}lo "the test and fed
twice a day Thefls feed ) r e. of froze brjne s

Spi rul na 1 TheneppcaitefopdRapl s eliolt nbiBiRR fid PRl Renfieadn

( Amphi prigite GC eTﬂeQﬂirieﬁi maersagﬂeﬂdtz@ QAfidh EsthisHdel Miralt SITNOBMRpRSeMEd By

coll ected and tested dail %@ or pH ammonia, nitrite and conductivity. On

Monday, SHQIMRINAP, SEQ B B NO:WeSEQ 4Dt NO:6, o?fEQllDrHDe7and|SEQ D

t ur bi di NEa ur ts f H wer, nver nstr ment s del 225
iy Pon M@ T weR ey alitdy TR bhe- PR E o abe Rt Be A
Tecat,or iFhikHRor ﬁ‘éétgaeﬁf@éééked aﬂ\@fel%ﬁli tb @ HERSHOG s"’d&i@f‘t}ﬁn i tHerdaE@oPtHé
nitrate (as nitrogen) using nethods described in Tecator Application Notes.

Sal i ni t yothesreatewats (@i ¢+ Keattpr 2h reachhd Oang/Ldwi day 2h;§ﬁeagoa29’8¢achbrﬂ@ mgD

ot or m ELEARD I AELRG ORIt e PR R cped it T pRdi o U et el ok 12

concent r@tiaengid 9. the SB7 treatnent and control are presented in

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 seawater 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 in a “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.
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Figure 6. The SB7 treatnent oxidized nitrite significantly faster than did
the control. The nean nitrite concentration reached O ng/L on day 24 in
tanks receiving the SB7 treatnment, while 38 days elapsed in the control
aquaria before nitrite values reached the sane |level of 0O ng/L.
Furthernore, the mean maximumnitrite concentration of the SB7 treatnent

(about 2.4 [ L= was, st gni ficantl.y_| pwe an .t maxi nitrite
Concent rat i oRdofis el B | Skator Rl e ¥5hs i ih 7 oA fart il Sl

resul t s paSiTRRY il éh-headack BE/1Shdvar @ﬁte@fw&@t&{ﬁzwﬁthWoﬁgﬁl?triﬂs@éY%ﬂ& e €
effective at” accelerating nitrite oxidation in newy sef-up seawater

aquar i ataaid dryai Qo defolgwing dayt each ok awes filrdowitio 10 dbs phitinsadsTidakinegrushéds t i me

, i od. EXANPLE .14 . Bacteri al. Additi t | of. thj t t
Pesess (AL earipbes vibecetlifey oave AP 01708 andinsgl b eria
that hag,peenksRrMed Wik 351 oMkbS! se; Qaeﬂoglsnigéiat E\éagraie?%as"iﬁédeaﬂ}séﬁdﬁr% test

the effectiveness of vari ous conposi tions, escri bed herein, for
mai nt ai INSFANJUOCHAN Sealalts (MpuanuusSysenepdfatton Ohid) tBaatbenifdtebaidityod athiOB

LCocatoht ettt pono e ) SR ioh s B vstedf e RS "
reactor slifFea Rk RARARRlotlo LIRS RLaNRR iR peoen [ nvent o
NO 5 SEQID NGO 6, SEQID NO7 and SEQ ID NO 8) and both were naintai ned at

a salinity ofThdGerpimorihg tHeotahkavverg toptey offisvithualtrapuyeewatat sntorapengaisSobl e

was removed fromthe tank. A second congcentration was carried out |
smal | er @VapAraimeind wiater| sagwles fakeng ugﬁ? g)ﬂlénﬁa-“]&% “f?&’sgpﬁdew\‘/@slﬁoewg\ﬂfoéhﬁhe

remai ni gg?]cl?&q}a‘éfe{i%gﬁ‘iﬁ&ﬁe.c e e foud MAKR LWBRL ot BosRd iCOBIRLAE mikfr ethd © | OF

4-5 nor ours. ain, as nuch supernatant as possible was renoved and the
sol ut i orSBfareastpt ilixtire domsistedrdfstraindof Mrraopoisiike NGO ahd MetrogsralikeNOB t he

bacterial solutions as a cryoprotectant in varyi anounts. ln_gne

ol ut 1 orPf BOBFEEAT TGP IEPFELIE Beob i PING hovAQ Tor Rck Y5 1R NG SEQual ose
solutio A [ . I } X ' 000
w of NEEPsk SEQIRNOS, SR 15 0, SERSPONGHE g SEE BNOR, Shk MolAeih, s
react or S(Awh?rioaida?iellc&ﬁd)wm addedwd daoh tdnk @Bz ehedfipst day obatigplestsantefed taicer £d at
AC prior_to further processing. . Excess apounts of OB, with no

NOB and AQB,
cryopr estayy e figh fepdveass mixtereof frogen bying shopigepyand Spirulina fish flakes. On Day 3

of the test, four additional clownfish (dmphiprion 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 Analyzer 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 temperature 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

Figure 6. The SB7 treatment oxidized nitrite significantly faster than did the control. The
mean nitrite concentration reached 0 mg/L 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 concentration of the SB7 treatment (about 2.4

mg/L-N) was significantly lower than the mean maximum nitrite concentration of the control

treatment (7.2 mg/L-N) (Fig. 6).
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as positive controls. Table 14: Experinental set-up of bacteria for
freeze-drying Bacteria type SB1 and SB2 NOB ACB Salinity 30ppt 30 ppt
cryoprotectant 5% 10% Trehal ose 5% 10% Trehal ose 48 process Dry Dry
Freeze rate -40C for dry -40C for dry Primary mld, aggressive mld,
aggressive Sublimation Rate For freeze-drying, the sanples were split in
order to test two_primary sublimation rates (PSR): mld and aggressive. All

sanpl es wer dhsgesuits dempnstigiethating sfamsod N @Bé&féh%lﬁ’éfse‘ﬁ linyesdionfrg effeetiveer |

:s”t]gs];(r:]ﬁez fel¥\§ nglll 0’2182&}0%0& e?ﬁgp & }Algésa%vwa}féérrg&ﬁﬂngdin “%?#wr@ﬂ" f1d or

aggreSSdeYcﬂvBif&conB’éiﬂaﬁbﬁS&ﬁﬁn@t]n@dnﬁ@mﬂoels were stored in |yophilized form
for 5.5 nonths at 4C. 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 m.}_prepared artificial seawater,
made by di ssol ving | NSTANT OCEAN Sea Salts in post-GACto a salinity of 29
ppt. A Penguin 125 power filter, BacteriabAddiivéTestf r eshly rinsed, carbon
cartridge, and a new Bl ONMHEEL was pl aced on each aquarium plugged in, and
al lowed to THNGOY &F-tRisHekt M't@&sé&@ the GRSl of FREARASE saRWdR: i MtWeY €
randoml y assi gned a particular treatnent consisting of four replicates each
(Tabl e dxdizingdatteria Grat Badbeeni storedrbinti 3. 6mmithst T8 gedtofithiSdesgs weas also to test
Cryopreservative Pr Anmpunt f Esti npt e..of Nunb S Sub{gngatlon mat eri al
per |1 P cPHIoREYaEoFsoPik VERRHS, Creppsitions; g8 'degcribes hefsiir Tap mBIAPES  S4E08 4g
ACB + Z2HL4iA0B + 0.2g NOB 1nL NOB 4, 6, 13, 21 5% Trehal ose Fast 5x 2g AOB
+ 10nL ACB + 1.0 NOB 5nL NOB 1,9, 10, 22 10% Trehal ose Slow I x 0.5g AOB +
2L AOB + 0.25g NOB I nL NOB

Methods: Preparation of Bacteria

600L of NOB from Reactor SB1 and 600L 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 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) 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 supernatant as possible was removed. The
remaining bacteria were collected and placed in a SL container to settle for 4-5 more hours.
Again, as much supematant 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, 50g of trehalose was mixed with 1,000mL of NOB for a 5%
trehalose solution and in the other solution, 100g 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

30ppt

30 ppt

cryoprotectant

5%, 10% Trehalose

5%, 10% Trehalose
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3,8,19,23 10% Trehal ose Fast Ix 0.5 AOB + 2nL AOB + 0.25g NOB | nL NOB
5,17,18,27 4Clx 1 nmL AOB + 0.5 nL NOB 2, 16, 25, 26 Positive Ix 1 nL AOB +
0.5 nmL NOB 11, 12, 14, 28 Negative 49 At the start of the test, the aquaria
were topped off with deionized water, to nmake up for water lost to
evaporation, and a baseline sarrpl e was taken. The bacteria were added at 11

a.m Erﬁd—+'ef'+—t-ﬁ—eﬁ'f‘eﬂl—‘aue+6i' Fo—mHutes—before—taki ng t he second basel ine
sanpl espro@ss 12:30 p |Dr)9 dom no dandgays were added

to each aquarium Every
nmor ni the aguaria we pped—of T~ Wi LI ger oni zed hat er and t hen sanpl ed.
The sq/R5PeE T8 ¢ anal yzé@@l Ny for HAOANRIAT, nitfite, and turbidity.
Ni tratfeppjgary Measured jntermttently Jthroughout, the

est. Ammoni a and
ni i QuREE (EAR T PPild, segtessiver] AqWAH 3880es89Fng fret hods described in the
Foss /Mﬁb. A—tecatot FHASTAR-5630—was—used to neasure nitrate
(as nitrogen) using nethods described in the Tecator Application Notes.
Turbidity data was determ ned using the HF Scientific Mcro 100
Turbidinmeter., Results: Table 16 reports . the initial wet weight of the
freeze- dri edoBaEeearidsyingdthe spaples Secze wplitt i @rdep to dast HWprmmm%ubﬂmw/as
freeze- t t
Initi alrgtreg ?lgs ﬁ? dzﬁ.{lﬁ"ingéég}@? gl%i‘%% a‘?ﬁ}ﬂ & %81% O%Iﬁg%\%ér ous égt-zgg%cfs's ]agxd

bact er ipladed ¢ tarfegtizer. BRgd fédzer HasFooledAOR40T. t iISainplsl wiere fidden for I Bdulrandwt P
(g) AOB 5% M |d 1000 1047.2 200.5 AOB 5% Ag resswe 1000 1046.6 201.2 AOB

10% M Isybseqentisopiaces inpgduer. Tsmam%mggﬁ dsiegl\aé eitherthe oyld or aggpessivel§R.504
Mid 50H1el‘:§eeze-d%1%8 saé.lmpllélsdva’ver%o/s ég(gmel)slgﬁﬁilﬁzeggorm gr' § 51n(1)§nt}zs 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

Sample Cryopreservative Primary Amount of Estimate of
Numbers Sublimation material per liquid
Rate tank equivalent
7,15,20,24 5% Trehalose Fast Ix | 04gAOB+ | 2mL AOB +
0.2g NOB 1mL NOB
4,6,13,21 5% Trehalose Fast 5x 2g AOB + 10mL AOB +
1.0g NOB 5mL NOB
1,9,10, 22 10% Trehalose Slow Ix | 0.5gAOB+ | 2mL AOB +
0.25g NOB 1mL NOB
3,8,19,23 10% Trehalose Fast 1x | 0.5gAOB+ | 2mL AOB +
0.25g NOB 1mL NOB
5,17, 18,27 4°C Ix | 1mL AOB +
0.5 mL NOB
2,16, 25,26 Positive 1x | 1mL AOB+
0.5 mL NOB
11,12, 14,28 | Negative
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NOB 10% M Id 500 549.0 122.0 NOB 10% Aggressive 500 548.2 121.7 During the
freeze-drying process the follow ng was noted: the mld PSR took about 35
hours, finishing at a tenperature of 27C. The aggressive PSR t ook about 28
hours, finishing at a tenperature of 27C. The NOB dried faster than the
AOB. The 10% trehal ose solutions left a thin sugar |ayer on the dried
product. No,i.nte L) J : ' . I a

val ues (M4ﬁt%er&¥ﬁ!éft§§#ﬁs%l% %Q@g%%'ﬁftgﬁ?gopﬁh@?ﬁf\gl@ ggfbﬁze%l%at%gd;??@ﬁgom r ol
(no addbrtvifer 16kt tb aedperadtion, indakbadélimbaygsnple wae sakiena Thecterongendattdtan  of
ammoni a. The ammonia in this treat rrent@{g_eaked on day 7 _at a value of nearly

7 ny/ Lam.anddefhtorcirstilatecfor B gunutes heiere mgtth%sqqoeiétb%ﬂm sapipdash ¥t 12H8y
i ved_a,lj quid it] i -drjed f f th
i ert 1 gig? st e et SadeRUh e0i aqutull BiGSTRORE R AU o

faster tég:ﬂegoff?‘),i{h ddiénir&RIBRatanaidthén Ganpeat ration values for the freeze-dried
treatnents fell between those of the positive and negative controls (Fig.

7). In general, the aquaria receiving the freeze-dried treatnents reached a
maxi mum anmrdiie aaroplas wateraanlysed ddilyafor pi, amenongg, initritd, andotudhidity. ONitpte whet ween

days 10 and 13. Th nitrite .concentrations .for the varioys treatnents
of "t i anpated ditermfestl aendy e G0 SRR e SV aiE P 588 TR ¢ ne
amoni aﬁlﬂﬁTﬁR Aob ubiag nidivcisidesMbled fn HRCRIsY @g)pﬁcat@é’& Nefidsal AiTpgigl ati on,

whet her the positive control or freeze-dried, exhibited nitrification

si gni f iIRARTAR 5 6tveas uséiaho méassre nitgaier(asnitiogen)rusing methads desozipad invthe( Fi g 8) .
Fi firms that t ' I f, i itr] t
ox! dat i GRAGY APPERREOR Siiss. e ES i ar acprintd Poaeane P Suisreieomisre hod i | °

treat nefifidiRdigduced an increase in nitrate concentration over time. The
positive control treatnment started to produce nitrate al nost i medi ately
after the test began. The freeze-dried treatnents started generating

nitrate by &Rwesults:dTpble0l6l Sepotisi the duirtial rwet weight wif't the f freezbidmed ieesteria and
establ i shed nor.e qui.ckly in aquarja inocul ated wt he, bact.erjal . strains of
the prdEBalose mivur fof rFabn, e End S0t Bt %qes%eéﬁnacﬁ” ﬁ‘&pi the Urg Feieht el poft s

t est dqg@iﬁﬂiaﬁbﬁ. that freeze-dried preparations of the bacterial strains of
esent

t he pr I nvention maintain their viability and their ability to oxidize
nitrite to [yla [ t ensi s r = QL f .The
fesults of tﬁa‘b%e Pdni ot SRR E o2 AR gt e el
preparatig € CYPMENLS | ol otrains of —t-he—present—Rventi-on—can
Bacteria | % Cryo PSR Initial Volume | Wet wt (g) | Dry wt
@) 8
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 at a temperature 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.

Figure 7 shows the mean ammonia values (N=4) for the various treatments in this test.
The negative control (no addition of bacteria) took 20 days to reach a 0 mg/L 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)

50



establish nitrification in newy set-up aquaria nuch faster than

non-inocul ated aquaria The results of this test also denonstrate that
conpositions for the nmaintenance of aqueous nedia, as described herein, are
capabl e of oxidizing ammonia to nitrite and nitrate to nitrate in said
aqueous nedia. EXAMPLE 15 Bacterial Additive Test The goal of this test was

t h t .
bact or Ph et . OF B iAo Rt 1Rt AR el fobbirftarBit ff isihin
dose ofjgniRbhtMpfacter (Fig /7t e oxidi zing bacteria for the purpose of redum ng

the concentration of nitrite in a 51 aqueous medium The goal of this test
was also to test the effectiveness of various conpgsitions, as described

herein, for Thainrwaniammopiagoresusatienyvaluesfr tbelfeere-aped heatmentsiicbiemeena 600L

of rom.React gr.. SBl , and 600L om Rea B2 were ni.xed

C oget hiosE s e oy e B8RPkt (Pigank Ehernonl dPh et ke or sa
1 and RResd @red @Ea%meﬁatr@dched adhhxigfunt BEmSdniAtcoisceditralib® o hbéll &-6 hAHE Rhd

i nvention (represented by SEQID NO 1, SEQID NO 2, SEQID NO 3,” SEQ I D

NC: 4, M¢@M@Ebe@§@dm4\k9md$mo NO 7 and SEQ ID NO 8) and both were
mai ntained at a salinity of 30 ppt. The follow ng day, as nuch supernat ant

i bl i ed
out "1 n smal L0F T AL e sonciedohs 43 the au fE PRERERR G 2his 3 A et v
The T e5gigi ks RGURS irfrdiPtifss G 86 afithdilapac eal e aqd‘ahaqu&meaawed 9

settle for 4-5 nore hours. Again, as nuch supernatant as possible was
r enov e bactedalt mecalefiorn, i whethers thep posltlve) ctmmolpalr tfieeze-Atied,hexhipitddn hitrificatibal ose

was added h acterjal sol ut cryopr.otectant in varying
anount §1gnPéFth)é%§%F§{af‘élﬁose%a%‘f 59‘?8’1" @g’e\/%eﬁg %Ed8®t h 1, 000nL of NOB for

a 5% trehal ose solution and in the other solution, 100g of trehal ose was

m xed with %800 gricoffirmdVeRat' e alsa@ﬁ/ea&dn@éaépaﬁuﬁ&wtmanniﬂ&bwrel&e 1408

fromtwo saltWater reactors were m | arrgl prepared for freeze-drying.
Sarrpl eoxidation sefothest somp@ipdsi tor muﬁttﬂ ur Thee gpm)@é@slyn@howsmmé@él tieatmants  of

th no c servat st or at 4Cto se
oo ¢ 1 PE0GiE | Gersteso b AHATE EoEimintfing VoS SE1<),, The ot Poptfo) Heatimert”
freezefking pRaste rmﬁateyﬂaqo%&mﬁﬁala‘ia% MNEB A4B tea! bePahy ABRPHeSE-dRiel
treatments started generating nitrate by about day 10-15. 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 preparations of the bacterial
strains of the present invention maintain 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 preparations 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 demonstrate 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
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cryoprotectant 5% 10% Trehal ose 5% 10% Trehal ose process Dry Dry Freeze
rate -40C for dry -40C for dry Primary mld, aggressive mld, aggressive
Sublimation Rate For freeze-drying, the sanples were split in order to test
two primary sublimation rates (PSR): mld and aggressive. Al sanples were
poured onto pre-refrigerated trays and placed in a freezer. The freezer was

led to -40C. .S I f 3 .h 5 b tl I d
1 e dAfeous THelGinT 06 §BRG ofr o et L HET IPrieseg S gRreeg Vgl
The fr %@nggﬁééiﬁwﬁs ?&i M@fe?n,%%ﬁﬁiltdiﬂngﬁﬁ’t_ Ryuk lngeggl_ formfor 11 nonths at

4C. 2L o or conparative tesSting was taken from both sal twater
NOB reactors (SBI and SB2) and 5L of fresh cells were taken fromthe two

sal t wat\gethodds Frgredtionsof BdtterillOB wer e conbi ned separately and left to settle
overni ght. The next day the supernatant was drawn off and the remaining

sanpl es wer $08L 2 NOBnfrem Reaetpr SBétand; a0§L S OBofromt ReastarSB2 Weredsinesdt v .

concentPagand reds o A8 KAy S8R5 GROR A teliBR et Rerliis 57 B Reastotr
OCEAN 10 séMthifed Bl of 4Ré QfHafiRJoMRIOH of thePprédint Hhvehtioh (R3RRénted®y SEQ ID

dilutions of this stock were made with saltwater to obtain the medi um and

| ow do¥@d, SEQIMD NQ:hi SEQdID? NO3bSEQIP) NO% SEQ éD-N@:5, $SEQ Iy NGw6, $EQ-IBal | on
i fj di i ted with .o, T d, d all dt

a2 O SECUD B fad R e pmpintatned B i) s U QUPVIE | ol

seawat ' Iy ffetbl FRAn i-n 14286 :

salini 'f{';ly’o?? g%(:ﬁ)éu .ﬁﬁgﬁgé\%gﬁohﬁ?géb%omr filter ,ﬁ?éegaﬂ#'pégﬁéé\?t h zfte ?trrglsorﬁ y

ri nsed,wasaraimed auh it srhalder coartainers watil asRh@iHBEEratent pd passibleowasrentovadiUBite um

| ugged in, .and al)Jowed tao r over.-ni.ght._Using the cess Jest t abase,
B auar T deWBINTg stro Yoo AU P PA AL EPRRRRL SoLner &3 REre BPupour
rep! i 0o gin CaGHuch KAL) -as [RGBle Wis BRGVES kil mEdBhulibl al 85kt BIwBGartth
Sanpl e yopreservative Primary Amount of Estimte o Nunber s Subl’i mati on

mat er i aAt thés péint) tieHalofawast addedetguthe bhetatialgoltibns 29,2 Gfofviettanhin varyifgast | x

0.4g AGB + 2nm._ACB + . 0. 2R . .
g amounts. In one solution, éBCgB oil g‘&'\a!t%%e was mixed with 1,000mL of NOB for a 5%

trehalose solution and in the other solution, 100g 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

Bacteria type | SB1 and SB2NOB | AOB
Salinity 30ppt 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

placed in a freezer. The freezer was cooled to -40°C. Samples were frozen for 3 hours and
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12, 19, 28, 31 5% rehal ose Fast 5x 2g AOB + |OrL AOB + 1.0 NOB 5L NOB
14,15, 17,22 10% Trehal ose Fast |Ix 0.5g AOB + 2nL. AOB + 0.25g NOB 1ni NOB
6,7,18,23 4C -- |Ix 1nL AOB + -- 0.5n. NOB Fresh Cells Anpunt of [ AOB ] |
NOB | cells per tank and dose and dose 1, 3, 20, 32 Hi gh Dose 1nL AOB + 4x
5mL/L 2.5nmL/L 0.5nmL NOB 200ni/tank 200mL/tank 5,8,9,21 Mddle Dose 0.5nL

Cow DoSBsGuaay blabeff B fhss e el f et bOMSE MU Bedrel SR o

53 NOBrhelftsezéd3ried GamdfesNe&raistor&l mlyophiltzel féfm £d19 15haviths &f4che test, the
aquaria were topped off wth deionized water, to nmake up for water lost to

evaporation, and a baseline sanple was taken. The bacteria were added at 10
‘a.m and | &3l of fresh celld for somparaive testing was tadew front bath sgltwiter §OBomactdissel i ne

I E ' ' t ff wth i oni zed ,wat d
S e BT S e B bR B AL s gt o
POSt SR etk cérﬁbﬁtb&%le@éx%teiy L lﬁﬁfﬁhl&&e 136, STHP e IR/ fhe g{i‘ﬁérﬂa&&xﬂ dai l'y
for pH amonia, nitrite, and turbidity. Nitrate was neasure

i nt er nwhs datvinyoff indthgrertairtinge sangrdes. wekapiaced irmaminthaff setingeore toglenumad on a

Foss

Tecat othe e

usi ng e

FI ASTAR 5000 usi
aypdop

o Pl LV RGP BT LG4 i

g thods_.described in the Foss, Application Notes.
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L SOBAN, SR Sl 1o
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for each treatnent that_ was freeze-dried and the dry weight yield, post
the medium and low dosage used in this test (Table 18).

| yophi 19 gbfzin

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 consisting
of four replicates each (Table 18).

Table 18: Bacterial Additive Test 54 Set-Up

Sample Cryopreservative Primary Amount of Estimate of
Numbers Sublimation material per liquid
Rate tank equivalent
4,27,29, 30 5% Trehalose Fast 1x | 0.4gAOB+ | 2mL AOB +
0.2g NOB 1ImL NOB
12,19,28,31 | 5% Trehalose Fast 5x 2g AOB+ | 10mL AOB +
1.0g NOB 5mL NOB
14,15,17, 22 10% Trehalose Fast 1x | 0.5gAOB+ | 2mL AOB +
0.25g NOB 1mL NOB
6,7, 18,23 4°C -- 1x { ImL AOB+ --
0.5mL NOB
Fresh Cells Amount of [ AOB ] [ NOB ]
cells per tank and dose and dose
1, 3,20, 32 High Dose ImLAOB + | 4x SmL/L 2.5mL/L
0.5mL NOB 200mL/tank | 200mL/tank
5,8,9,21 Middle Dose 0.5mL AOB + | 2x 2.5mL/L 1.25mL/L
0.25mL NOB 200mL/tank | 200ml./tank
2,10,25, 26 Low Dose 0.25mL AOB | 1x 1.25mL/L 0.625mL/L
+0.125mL 200mL/tank | 200mL/tank
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Table 19: Initial wet weights and dry weight yields of the various
freeze-dried bacteria treatnents Bacteria % Cryo PSR Initial Volume Wt w
(g) Dy wt  (1,) (g0 AOB 5% MId 1000 1047.2 200.5 AOB 5% Aggressive 1000
1046.6 201.2 AOB 10% MId 1000 1082.4 248.4 AOB 10% Aggressive 1000 1082.2
249.1 NOB 5% M Id 500 539.7 102.4 NOB 5% Aggressive 500 537.8 103.7 NOB
10% M Ld 500 549 Q 122 0 NOB-10% Aggr ' 548.2 121 7 During the
freezd-drying pro¢ess the followihg wiOBoted: the nild PSR it ook about B5
hour s,| 1li, b3,96i 24 aiNegatieeper at ure| of 27C. The ag@ressi/e PSH t ook Qabout | 28
hours, finishing at a tenperature of 27C. The NOB dried faster than the
AOB. The 10%trehal ose solutions left a thin sugar |ayer on the dried
product. No internal boiling was noted. 54 Figure 10 shows the nmean anmoni a
values (N=4) for the various treatnments in this test. The control (no

addi ti on of Atahé start af thetekt, 2@ adagsa werer teppdd ff Withlelontzedoeaier, 36 hmlaecr?

ammoni a, The anmmonia in this treatpent peaked on day 12 at a value of nearly
7 ny/ L.1of wateg Ipst to s¥apergtionaad abaselms sapple wa%tak¢rbafhfebﬂcse,nwextewédect 3

recel veglauld GleLih 67 HEh AL bl ptyaesfgasn[dgafs&p%qs%i reach a

0 ng/L ¢onhcen on of "anmoni a Si gni r the

l'i qui d thomingtthe ighariasvere tbpped offf whll deionizel wgiie land @RAG .
nitrification faster. The nean anmonia value in the high dose treatnent did

not exc@émgLevenpdded mapnualy tothg aanaria eagh ey reshegmplingatonsimyplatafist. For t he

medi um d%segigﬁ treatnent, the nean ammpni a concentration reached a naxi num
val ue of°n t I nmg/L and reached O ng/L by day 5 (Fig. 10). For the |ow
dose treatnment, the nean ammbni a concentration reached a maxi mum val ue of

1.5 ny/ L andrHeaaspRe WersBhalyzdydadB)ofpH, RemvaRNniAfeDat dresiaReNitkite s val ues
for the freeze-dried treatnents were very close to each other and fell
bet weermeasted igermiftently fupughoubthertestt Ammaniaiand ointerwérs migaisgred b0)a. Fossn
gener al ey (1A SR sing Fisfloth BeschiBEa [ BeF8se ApSitalibE IR & faGRed @ maxi mum
FIASTAR 5010 was used to measure nitrate (as nitrogen) using methods described in the
Tecator Application 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

lyophilization.

Table 19: Initial wet weights and dry weight yields of the various freeze-dried

bacteria treatments

Bacteria | % Cryo PSR Initial Volume | Wetwt (g) | Dry wt

@) ®

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 at a temperature 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.
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concentration of about 4 ng/L and reached O ng/L between days 10 and 12. The
mean nitrite concentrations for the various treatnents of this test are
presented in Fig. 11. These results mnor those for the anmonia data. The
non-i nocul ated aquaria took, on average, over 50 days to reach O ng/L NO2-N
after reaching a maxi num concentration of nearly 26 mg/L NO2-N. Al the

aquaria which re bact eri al i.nqcul at t her. yid or. ..
freeze-drie lgu&ﬁﬁbﬁ\f‘f’g&%h? {9, FYPPYA V?ﬁtfﬁld\loq?ﬂﬁ?r @efvﬁgf"ésr {r%f’é’r‘?n&ﬁast@s

aquar i qest.Nhe chREST (HRadARIINOCHcRria) fodkF 2@ days to feh@is © he/ICQsHcEARich#t t he
di sappearance of ammonia and nitrite were due to oxidatron of those
conpoungsndnia. nThe axrmon'mm ﬂnsgtlcammhtam‘Akyd Qn@m 12e4a value af meatty@nng/L. gnoduced

.an increase in nitra ratio The 1 |dtre

star {c4°RES! i g 0% eox A 4 enentyetnet off aprived:  Bapid o Begieriodne
freeze- t r 2 i feanlﬂ-)i ﬁ!rt% ile

t he nor%gl::nlrltggu ulzarc?egéd%%g}hgt s?r%dﬂ%rg%@%c({nra% @gggmn | }g %%t day
40. Thi(Bigc 0o}t i rms that nitrification was establi shed m)re quickly in
aquaria inoculated with the bacterial strains of the present invention than

i n non-inocul ated a uarlahﬁ_SS The results of ﬁ is test d rmnstrate t hat
freeze-dri edopthed € VAR a pleat Eendef a hig aggfesgql? Mpg aHRficatioPent i on

mai nt ai &heﬂlf d{éa?gra ot éfﬁ%éé}?@dgs ¥re519n liﬂi'r?o‘?e éeﬁ'dfﬁgﬁaﬁ 4 ledt ©

after e ensi ve reeze- e resu s of al so
denmonstagairga rdabidd 10 mg/]d NHBIN beeatag-41r iR thé eﬂaiimhlctUas g fredtienh) abie Qﬂ¢aﬁ|
strains of the present invention can establish n|tr|f| cation in newy

set - up ARG aomﬁmﬁratla@tr@ac hed a madaumyaue af apw JumellaandrrrachedeQ mg/k bdf this

test al g0 h 0 t I nt enanc

e o G4 G380 IDbeon el RE BEAhRAP dhEimdsd bty ARG o JHFBIR, o anc
nitrat Qni)ﬁmﬁinwaﬁeeof p5§ﬁg/ﬂ, anaqmg@omgﬁ@,b@@\@LE 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 nonths and to assess
t he vi abi | i tSheohea amenemna Sppeciration yalues dor thegfreagp{dried drpatmentp sveze Wew's f or

14 mont fige TUEicRkr Bl K Sl 8o RSPl hERnchSnq ] ESHYEATTS BT

varl ous 'ons, as descr erelrn mal ntal ni ng aqueo

Met hodsfn g%h@tﬁlirtﬁé aqamt régeniny th Mszmieertrda@ﬁeﬁtg o¢RcRenE trRHEmbfh AmﬁmhaSBZ

were harvested for the fresent test. Bot
concentration of about 4 mg/L and reached 0 mg/L between days 10 and 12.

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/L NO2-N after reaching a maximum concentration of
nearly 26 mg/LL 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).

Figure 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 treatments 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.
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React or SB1 and Reactor SB2 contained all of the strains of NOB of the
present invention (represented by SEQ ID NO 1, SEQ ID NG 2, SEQ I D NO 3,
SEQID NO 4, SEQID NO5, SEQIDNO6, SEQID NO 7 and SEQ I D NG 8) and
both were maintained at a salinity of 30 ppt. AOB fromtwo sal twater
reactors were al so harvested for the present test. 3 stock solutions of ACB

and NOB wer g, made,. e .dncarporatin % .5% and ,10% trehal o .
cryopr ot ect ih? .re%'éﬁp‘?ég“\?\é?% %stlagc@‘a? Q'Fezf(ﬁ?egrpﬁﬁéraﬂ%ﬁ ogﬁ&agquqpaét -80C
for 72,40 = L3S thBY Basliliw et i ; i d at
i o STAHE SE e BrRECct ek B xARLARS AR AU AEONCR Bily bR T
st or ednhtatd hfts extanpersidrage $n fieezédriedforins . Thpresuitsi ofethis! tyst hlsondenidnstratar | i er,
saltwater NOB from Reactors SB1 .and SB2 and ., AOB.from AOB reactors were

st or edthat liquidj and cfresze-driedRrentrations ofrthe bagigral srsnsrofi the Preserf inventionpABse

l'iquid es, \wer . Of 4 rage riod,
cach seoran RuheRrE e BFEHE S tREh dientan el BPp ol e ARAART TREG
Ver e Cadshitedf Mk te§alsé damonetedte Sampboposiiomm foe theafaifttnahceasTaidoud medd, | s
(Table 20). Finally, positive NOB and 56 AOB controls were sel ected by

har ves@s dgscobed keted), aseanable pf exidiéng: esmenBHp nitnite SBLnimate tofnitete Aoenid
reactors i medi,ately prior to setting up the Bacterial Additives 51 test.
Tabl e 289S 859t i on of Liquid Sanples Cell Tenperature Density Dilution
Yield Type AOB 4C 11 m /L 450m.+ Sm /L 50nL water AOB Roomtenp 5 milL
500m. + 5nil/L OrL water AOB 370 7. SpRaMMPLEg/ L n /L added to NOB NOB 4C
2.5 400m+ Im/L m/L 100nm. water NOB Roomtenp 1 mm Use all cells lu IL

NOB 370 3 m /L 333nmL 1ML/L adde IAEF : -up: Thirty-six five-gallon
aquaria and filters were disinf eg]t;%%ev}n %J@glkgaﬁ%{

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 harvested for the present test. Both
Reactor SB1 and Reactor SB2 contained all of the strains of 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) 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% trehalose as a
cryoprotectant. Samples were then placed at 4°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 produced different cell densities. Thus, dilutions were carried out so

that each sample contained an equal amount of cells (Table 20). Finally, positive NOB and
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rinsed, and allowed to air-dry. Aquaria were filled with 19 liters of
freshly prepared artificial seawater, made by dissol ving | NSTANT OCEAN Sea
Salt in post-GACto a salinity of 30 ppt. A Penguin 170 power filter,

equi pped with a freshly rinsed, carbon cartridge, and a new Bl OMHEEL was
pl aced on each aquarium plugged in, and allowed to run over-night. Using

the Ac Ts Dat abas aquar i re r. dom

L oat mvB ORI VPR gSeared B Py it Bap et A B3R R r Pl S e

condi t 'ﬁ%ﬁ?AQ@rem&s%ﬁiedwe@ FiRres bing ﬁgfﬂéﬁ‘&teda@!?\ﬁﬁftlv%QFEéspf bact eri al
storage conditions (frozen bacteria at -80C, -20C and -15C with various
concentrations of trehal ose and liquid bacteria at 4C, roomtenperature and
37C) 57 on the basis of initial viability tests perfornmed on the various
stored frozgabR): Prepacatidnost kiguid Sdmples 21: Test Set-U for Bacteri al

Addi tive Test Treatnent Storage Tank % Vol une Cells Added Ti ne Nunber

t r ehalfose~AQUEOTACE NOB(TL)  AOF NOB nL  FT [I7 I0C 5 nontns [IZ7 14,7 16] 5%
2m_JOl4nL 2/dedO| 4 Temperaturell5C 5 nDemsity 13, 7, Diutiop 10% 2ni/ Fisld
2mi/ 0. FT 17 -20C 5 nonths 1,2, 5, 28 10% 2ni/0. 4nL 2m_J0. 4nm. FT 17
-80C § ths 8 11, 13, 10% 2m PO 4nl 2nLJO, 4nl 23 Negative 4, 9, 10 32
No baqteria-Posiitive-24 31 351006250 tot@al 2 50 181 136 LiguidRoom
14 nonths 1700, 21, 40% | 00MLJ1P0ONL | i 4fg2 Tempep+Li qui d 37GhA, nont hs
19, 28, 27, 0% [OONLJI OOl I nl/ O, 2nL 33 Liquid 4C 14 nonthy 6, 29, 30, 0%
| OO/}l OOnL | mLAO. 2L 34 At the| start of theS@mEtwatérhe aqugria were t ¢opped
of f wijth dei oni zed water, to nake up
AOB Room temp Sml/L 500mL + Smli/L
OmL water
ACOB 37° 7.5 666mL Sml/L
ml/L added to NOB
NOB 4°C 2.5 400mL + 1ml/L
ml/L 100mL water
NOB Room temp 1 ml/L Use all cells 1ml/L
NOB 37° 3ml/L 333mL IMI/L
added to AOB

Test set-up: Thirty-six 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 Salt in post-GAC to a salinity of 30
ppt. A Penguin 170 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 21). Treatment conditions for the test were selected from the

larger group of bacterial storage conditions (frozen bacteria at -80°C, -20°C and -15°C with

various concentrations of trehalose and liquid bacteria at 4°C, room temperature and 37°C)
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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 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 (0.5mg/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
FIASTAR 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 Application Notes. Turbidity data was determined using the HF Scientific Micro 100

Turbidimeter.

Figure 13 shows the mean ammonia values (N=4) for the various treatments in this
test. The negative control (no addition of bacteria) took 25 days to reach a 0 mg/L

concentration of ammonia. The ammonia in this treatment peaked on day 14 at a value of
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it should be readily apparent to people of ordinary skill in the art that a
nunber of nodifications my be nmade w thout departing fromthe spirit

t hereof . The acconpanying clainms are intended to cover such nodifications
as would fall within the true spirit and scope of the invention. The
presently disclosed enbodi nents are, therefore, to be considered in al
respects as %éhystrative and not restricti t he scoEe of, the [ nvention

bei ng nealya byt fRNtragh e et Valugs.rall p ¥h%é?xﬂeﬁﬁ\§nP aqyasiacBsther they
q R _ e ot . . .
cau var e a fbiei BENGER ¢aRhaf OB (BT, Aicollfith M ain L GRARD, |

CLAI MERsteB(Figh 13YAn i sol ated bacterial strain that oxidizes nitrite to
nitrate, conprising a nucleotide sequence that has at |east 96% i dentity

over the full length thereof to SEQID NO 1, SEQID NO2, SEQID NO 3, SEQ
I D NO 4, SHiewp INDsEowssthe mesnnaitge vakues (IN=Aldor thy vasiogs treatmeus @ this tefhe

320 | iR eei ety (15 RegRbve SPRIc s Rty Nisud B Boiedhab 386 Tp |
NO. 6, i%g@)iteh Qle!thZc}] aitri&EQg_bQ th&? 8id ndt aBafd’ aies:%&a'th%{%w BgysC uﬁltdéﬁﬁ%%ftoa

bact er strain that oxidizes nitrite to nitrate, erein the 1 r DNA of
t he bachese valessthxearemiinderaofithe lezpérimentsbayimnieewhether thay redeived astozen Ur
identity . over the I.I length thereaf to SEQ.I D NO SEQID NGO 2, SEQ ID
NO. 3, é?ﬂ@dm*tm@%,ex%&édme%ﬁt@? IRy 1fer§ORes T “SE@L\IJED%% 7 or SEQ ID NO 8. 4.
The biologically pure culture of claim3, wherein the nucleotide sequence is
i denti cal . , : 3 EQ) k2 ¢ . . I D

N 5, sto 1 R SRR et s (YR g g Vtious Edabionti s BES i g
an i sol At efdhdamaiein exhitdted abmetificttasexn aitzats coricentrdtdntavenihe cairse of theitesei N sai d
bacterial strain conprises a nucleotide sequence set forth in SEQID NO I,

SEQ | DVitiohe exesptionmeiNbe diquiskeslls staved at 3BiEpapmrikaeseiviseall|ab thedrezen sad) | D

NO 7 : | D NO,8.. 6. The. it f ¢claimb inth iti
s i n dPERRTEP Loy A aeiEat graa BhEratt s Mot Hiha. trozen. o
freeze-dried and powdered. 7. The conposition of claimb5, wherein the

conposi t i ONTherebralth Ve fls tedt denisiisytaR thatSrozEh Preparapions bf 18 NUB 6f té fredentWher ei n
the polyner is selected fromthe group consisting of acryl am de, alginate,

car r agerveatirnanaintainsheia abdity ta peidigsrnitrite to nitrate after 5 months of frozen storage.

The results of this test also demonstrate that the optimum frozen storage temperature for the

NOB of the present invention is -80°C, but that -20°C and -15°C are also good storage

temperatures.

While the description above refers to particular embodiments of the present invention,
it should be readily apparent to people of ordinary skill in the art that a number of
modifications may be made without departing from the spirit thereof. The accompanying
claims are internded to cover such modifications as would fall within the true spirit and scope
of the inventionn. The presently disclosed embodiments are, therefore, to be considered in all
respects as illustrative and not restrictive, the scope of the invention being indicated by the
appended claims rather than the foregoing description. All changes that come within the

meaning of and range of equivalency of the claims are intended to be embraced therein.
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9. The conposition of claimb5, further conprising a mcroorgani smsel ected
fromthe group consisting of amoni a-oxi di zi ng organi sns, nitrite-oxidizing
m croorgani snms, nitrate- reducing m croorgani sns, heterotrophic

m cr oor gani sns and conbi nati ons thereof. 60 10. A conposition, conprising a
concentrated bacterial strain that oxidizes nitrite to nitrate wherein the
16S rDNA of the bacterial strain has a nucl eotide sequence that has at

| east QBIAT I TIAMBDAS:the full length thereof to SEQ ID NO 1, SEQ ID NO 2,
SEQID NGO 3, SEQIDNO4, SEQID NO5, SEQID NGO 6, SEQID NO7 or SEQID
NO 8. 11. The conposition of claim 10, wherein said bacterial strain has a
16S r DNA sehueiselatednbactérigl stratnethet exidizes wiade| to mifwete) comgprizingdanmcleotidEQ | D

NO 3, SEQ | D NO 4, 1 5. SEQ LD 6, .SEQ | I SEQ r 8.
T2, T alEeR L hs AL st Peetenstty P e A astst Beingt e TRQABNGIRSER B et e
from t g2 FFYIDNOS, SEQ'D N0:21SEQI B NO: 3l FHAD N@EVEGED NOF drise@r di zi ng
m croorgani sns, nitrate- reducing microorgani sns, heterotrophic

m cr ooN@gadi sms and conbi nati ons thereof. 13. A conposition, conprising at

| east two isolated bacterial strains that oxidize nitrite to nitrate,

wher ei f the at l.east. t bacterial strajns h 16S [ di
il cofi do. 06 BHEBS] HERRGLHR, ) CAER B8 T BRIhEUPBES P PG,

nucl eogy 1S bHh A NN a YA\ I ngt h
her sl O LRI K04 SHO W RN, SO SR P NG PR NOSE TS

NG 5, HEQO:DoNSER MINPBD NO 7 and SEQ ID NO. 8. 14. The conposition of
claim13, further conprising a mcroorgani smselected fromthe. group
consisting of a ni.a- oxi di zi ng_or.gani sps, .nitrite;oxidizing,mcrqorgani smns,
nitraté- reAJRORPGAIYIIBE § E%ﬁ? lﬁ%&@é‘ﬁg&%m*‘é oﬁlidbzP%B%t&ﬁPglPF?t% erein
conbi nat.l r . ﬁpﬁ% L0 of ' [ ' | east
two bac eleﬁggplggr(gtﬁ%g b%ﬁg?%iggr aa g%?%‘%l?é;f&ssteﬁg%ﬁ vm}ija? Ra%‘ﬁilé%’t 98‘@2@%@’? udi ng
a nucl evér e fisk detaytic theasofste ISEQID INOr, SEQ D NO, SEQallbNC:8y SEQ IBtN@idn wi t h

a 16S rDNA including.a nuc tide sequence as._set forth in SEQ ID N02, a
bact er SEQ B N&:p» %ﬁ@&“@éﬁé@%l lﬂﬂ%%@ﬁ)mﬁeoti de sequence as set
forth in SEQID NGO 3, a bacterial strain with a 16S rDNA i ncluding a
nucl eoi de : L10; : ' M th a
165 1 o | ndld o eicefly Bk Qe OF HRick SRt b nuBleb oot Rplal”
bact er it@ISEQX 2 NOvi,tSEQ IDENO:INSEQNID INiD13g SEQID INOW, SEQ HoqNess¢ SEQsID et
forth in SEQ ID NQO 6, a bacterial strain with a 16S rDNA including a
SHQUBHE bt S8

nucl eoNQ¥6, IPNDES-in SEQ ID NO 7 and a bacterial strain with
a 16S r DNA
5. A composition, comprising an isolated bacterial strain that oxidizes nitrite to nitrate,

wherein said bacterial strain comprises a nucleotide sequence set forth in 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.

6. The composition of claim 5, wherein the composition is in a form selected from the

group consisting of liquid, frozen, freeze-dried and powdered.
7. The composition of claim 5, wherein the composition is included in a polymer.

8. The composition of claim 7, wherein the polymer is selected from the group

consisting of acrylamide, alginate, carrageenan and combinations thereof.

9. The composition of claim 5, further comprising a microorganism selected from the
group consisting of ammonia-oxidizing organisms, nitrite-oxidizing microorganisms, nitrate-

reducing microorganisms, heterotrophic microorganisms and combinations thereof.
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i ncl udi ng a nucl eoti de sequence as set forth in SEQID NGO 8. 61 16. The

conposition of claim 13 created by the process of freeze-drying, wherein the

freeze-drying process conprises: treating the at | east two isolated

bacterial strains with a cryoprotectant; placing the treated bacteri al

strains in a freezer; renoving the treated bacterial strains fromthe

freezsé'; and dryi,
d

ng the bacterial strai under vacu pressure. . 17. An
i 5ol alld ndcFemedsiEs, COIBRRETRG ian@f’n&e%ﬁsﬁeeteflﬂ%?trwaﬁa OKiliacs BYE itQent ity

over : e i : 3, SEQ

ID NG 4, S 1 5, ) 6, [ Or '8. 138. The
plifteeteleist BRE1AS HRACH ePbadielal Sl s & ARIblidY Jefpuqeeghd b &,

i sol ateast 969! identitacovdr ake GilRiomgily therdvdrtoi SEQ D BN UERERQ I3 NOLPSEQaIDto a

.sequence selected fromthe group consisting of l SEQ ID NO 1, SEQ I D NO 2,

SO | B0 SEQIRADY, SKA I NeEs, SEQRNO:65880 1 NO-gor SEQUTNQE 7 and SEG | D

NG 8. 19. An oligonucl eotide probe, conprising a nucl eotide sequence

sel ectied f . ISt h0g.: of . ] r 15 SEQ I D
NG 16 “and @Eg°?%%ﬂ%.‘1§§3fﬁ%ﬁﬁiﬁ’ %P%B‘ﬁ%%&g%!ﬂgaeﬂ%aé@“tsﬁﬁg ﬁ%llg‘ga PIPREE L 96%
| dent infhicho @denthal tUSEQI BHIOIL! $EQEDf NOR2, SEQUDI N0k3,BEQ 4DUL0LE St ed
fromthe group consisting of SEQ ID NO 14, SEQ ID NO 15, SEQ I'D NO 16 and
SEQ | DY(u6x SBQ T¥Oeh, SEQED Qg onSEQBY N§:8.pr obe hybri di zes to the nucleic

acid of bacteria having 16S rDNA that has a nucl eoti de sequence that has at

| east ,,96%. dentity..over. the I engt h thereof. to SEQO | D,NO: SEQ I D

NG 2, 120 TReNApobtREGr AR Rt st £ BicsoPrsaysns SIS o 7 o
SEQ | Brdv Bnsidfing 6f RAMOTRL 8581z pPbrigaiSRs, hiftte oRIdRing ihibRorgafRIR! hitrafed a

nucl ecti de sequence selected fromthe group consisting of” SEQ iD NO 19, SEQ
| D NOr@iucingEgickevridigs, hetérot8Rpdid Diduarg2nisiag and\corubinationsstheredfi n react i on

(PCR) primer that has at |east 96% identity over the full Ilength thereof to

S TSR0 S5caEBTR b Reh e el T o3 R BRL kR B v ¥
hybri itzfs wherdih@aft@fahé aiCleskt OfwodBadt&ridl sty Ravel G8ST AT hrfudliRsa a

nucl eoti de sequence that has at least 62 96%identity over the full |ength
t her eofickeotidSEQenmEnde indepEdently NeleRtedSEOM DtheiOg®up SBGistgNOf 4nuchietide D NO: 5,
SEQ I D NO 6

sequences tﬁgt%a!v[g a't\l%azt é%slg«%t{t}? ovNeC% tg'e full length thereof 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 and
SEQ ID NO:8.

14.  The composition of claim 13, further comprising a microorganism selected from the .
group consisting of ammonia-oxidizing organisms, nitrite-oxidizing microorganisms, nitrate-

reducing microorganisms, heterotrophic microorganisms and combinations thereof.

15. The composition of claim 13, wherein said at least two bacterial strains include a
bacterial strain with a 16S rDNA including a nucleotide sequence as set forth in SEQ ID
NO:1, a bacterial strain with a 16S rDNA including a nucleotide sequence as set forth in SEQ
ID NO:2, a bacterial strain with a 16S rDNA including a nucleotide sequence as set forth in
SEQ ID NO:3, a bacterial strain with a 16S rDNA including a nucleotide sequence as set
forth in SEQ ID NO:4, a bacterial strain with a 16S rDNA including a nucleotide sequence as
set forth in SEQ ID NO:5, a bacterial strain with a 16S rDNA including a nucleotide
sequence as set forth in SEQ ID NO:6, a bacterial strain with a 16S rDNA including a
nucleotide sequence as set forth in SEQ ID NO:7 and a bacterial strain with a 16S rDNA
including a nucleotide sequence as set forth in SEQ ID NO:8.
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23. A nethod of alleviating or preventing the accunulation of nitrite in a
medi um conprising: providing a bacterial strain that oxidizes nitrite to
nitrate, wherein said bacterial strain conprises a nucleotide sequence that
has at | east 96% identity over the full length thereof to SEQ ID NO 1, SEQ
IDNO2, SEQIDNGO3, SEQIDNO4, SEQID NO5, SEQID NGO 6, SEQID NG 7 or

SEQ ID NG 8; and introducing into the nmediuman anpunt Qf .the bacteri al
strai Absuf &h&ﬁ@ﬁ?%ﬁlw GrHRe Freaﬁﬁebbéﬁle PIRECSE O E&r ,ovhegein thee

t he | nare;%- f claim23, wherein the nediumis selected from
t he g?‘%ﬁ% C ngpgﬁlﬁs%gﬁﬁgeés?al twat er aquarium a freshwater aquarium
wastewater and liquid in an aquaculture facility. 25. The nethod of claim
23, wher ei treitifgrthel ut laagt twit isolalter] baethriahstfains wth a cxyoprotecemt; pl aci ng t he
bacterial strain into the mediumon a vector selected fromthe group
consisting of, a rotati %i% bi ol ogi.ca] contactor, a biofilter and a pol yner.
26. A net hakcie the fegled basigrigh sHABY WA M98 he accunul ation of nitrite in a
medium conprising: providing a bacterial strain that oxidizes nitrite to

nitrate, s | » | i L se nucl eoti de sequence set
Forth i n St feRBEbRT stobd gy RGBT 070 47 S0 1D No 6,
SEQID NGO 6, SEQID NO7 or SEQ ID NO 8; and introducing into the medi um an
amount of idhgindte ltsucierial Striiak mndelf Yacoirg preskwreal | eviate or  prevent the
accunul ation of nitrite in the medium 27. A biorenediation process that

all eviates or, prevents the accurmulation of nitrite in a_ nedium conprising:
provi difng Anjselated; nucleje asidy comprisigg p gequence that has at legst H6Ys identity\over dien sai d

dont 11D Bl Ao (60 I8NE: [EG D W02 SHFRIRG ¥EAB RO RS Beo 1 o
N 3, 1S SEQNOND: SEQ IV o BEID NG, SEQ 1D NO7 or SEQ 1D N0 &;

and 63 introducing into the nmedium an anount of the bacterial strain
sufficient to renediate. the nedium_28. A nethod of alleviating or

pr everi8i ng Thadsokedmicleiq anid off claity 1% avhierein thesaquenice isddenticakiorfgieqpensei di ng a
composLiLaR soRIME! Slolf Bhsib®R be 58O PRI, XEQHS NOLAESUANES, 'sir) 8! di 2¢
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8.

19.  An oligonucleotide probe, comprising a nucleotide sequence selected from the group
consisting of SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16 and SEQ ID NO:18.

20.  An oligonucleotide probe that has at least 96% identity over the full length thereof to
a nucleotide sequence selected from the group consisting of SEQ ID NO:14, SEQ ID NO:15,
SEQ ID NO:16 and SEQ ID NO:18, wherein the oligonucleotide probe hybridizes to the
nucleic acid of bacteria having 16S rDNA that has a nucleotide sequence that has at least
96% identity over the full length thereof to SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3,
SEQ ID NO:4, SEQ ID NO:$§, SEQ ID NO:6, SEQ ID NO:7 or SEQ ID NO:8.

21. A polymerase chain reaction (PCR) primer, comprising a nucleotide sequence
selected from the group consisting of SEQ ID NO:19, SEQ ID NO:20, SEQ ID NO:21 and
SEQ ID NO:22.

22. A polymerase chain reaction (PCR) primer that has at least 96% identity over the full
length thereof to a nucleotide sequence selected from the group consisting of SEQ ID NO:19,
SEQ ID NO:20, SEQ ID NO:21 and SEQ ID NO:22, wherein the PCR primer hybridizes to

the nucleic acid of bacteria having 16S rDNA that has a nucleotide sequence that has at least
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nitrite to nitrate, wherein each of the at | east two bacterial strains have
16S rDNA i ncluding a nucleotide sequence independently selected fromthe
group consi sting of nucl eotide sequences that have at | east 96%identity
over the full length thereof to SEQID NO 1, SEQ ID NG 2, SEQ ID NG 3, SEQ
IDNO4, SEQID NG5, SEQID NO 6, SEQID NO7 and SEQ ID NO 8; and

intro i.ng jinto the | um.an amun f o] Siti S icient. to

2l | viele dS e, v, D TaRE heciontt SHQID MQ:T: SEQ 1D e 2nsbRul Reba, The

met ho. f L i . .4 erial strains

i ncl u%%eé])%ggéipg%?% st rg’ ?E it hﬁab'él’g% ?ngﬁgpﬁg g@?\%cl eoti de sequence
as set forthin SEQID NO1, a bacterial strain with a 16S rDNA i ncluding a
-nucl e?3.i deAs emptiexic of adlevmtingoornt praventBfgQthel archifubation bfaaiteitel Al asmedium Wi th a
16S rDNA including a nucl eotide sequence as set forth in SEQID NGO 3, a
bact ePMITIERG ain with a 16S rDNA i ncluding a nucl eoti de sequence as set
~forth in SEQ ID NO 4, a bacterial strain with a 16S rDNA including a

nucl eoti de . : . i : ‘ [ raL,n Wwth a
165 rona | PO g Sadriaf aih B Brlakelrdiledy bate, hchf s ReRl ol |
bact e¢ériprises aaiusleotidd saquiénSe thalhAas nicleasdi9oy identity obveothe dgll aagihethekofid set
forth in SEQ 1D NO 7 and a bacterial strain with a 16S rDNA_including a
nucl eSEQID N&jLRQ IRsNE:Z, $BRUIP NQ:3Z5E6Q B NQ:4. SEQ IDTING: 1hSERLE dO:64 ai m 28,

wher expAt i ther conprises a mcroorganism selected fromthe
ar oupsggr@ielggl' fngpgifabmg’-%% di zing organisns, nitrite-oxidizing

m cr oorgani sns, nitrate-reducing m croorgani sns, heterotrophic

m cr oor ganintroelucing intethbintedin@ g arvnheef the Bdcterfal BR4iRGH ANt GedlRS1ater and
determning the quantity of bacteria that oxidize nitrite to nitrate in a
nedi umevemgh@mupn@atmfmemthen@edwat eria includes a nucl eotide sequence
sel ected fromthe group consisting of SEQID NO 1, SEQID NG 2, SEQ ID NO 3

and S I . 6 7 a . 1 8,
compr P41 ng PE o PR ERh 45 BhesEPithr e tibElssaiorel ot e A Rshik o e
sequepegdtwaesjuatumi b Frashivated bQusRiués) Wastivates atf 1iEQI &h NaddlurSHEQHHR NO: 15,
SEQ ID NGO 16 and SEQ ID NO 18; isolating total DNA fromthe nmedi um
exposing the isolated total DNA tg the detectably | abel ed probe under

condi 2pons Thadeethoshiafhclapa 33 ovkerely pntreducing b dha ynediven fudhes| compsisep of

bact ©hlaing the bacterial strain into the medium on a vector selected from the group consisting of

a rotating biological contactor, a biofilter and a polymer.

26. A method of alleviating or preventing the accumulation of nitrite in a medium,

comprising:

providing a bacterial strain that oxidizes nitrite to nitrate, wherein said bacterial strain
comprises a nucleotide sequence set forth in 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

introducing into the medium an amount of the bacterial strain sufficient to alleviate or

prevent the accumulation of nitrite in the medium.

27. A bioremediation process that alleviates or prevents the accumulation of nitrite in a

medium, comprising:

providing a bacterial strain that oxidizes nitrite to nitrate, wherein said bacterial strain
comprises a nucleotide sequence that has at least 96% identity over the full length thereof 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; and
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havi ng 16S rDNA i ncl udi ng the nucl eoti de sequence; and detecting and
nmeasuri ng the anount of hybridi zed probe. 32. The nethod of claim 31,
wherein the mediumis selected fromthe group consisting of a saltwater
aquarium a freshwater aquarium wastewater and liquid in an aquacul ture
facility. 33. The nethod of claim 31, wherein the nmediumincludes therein a
material selected fromthe group consisting of aquariumgravel, filter
sponges, f intoducing dute theshedivar ah @myount ef therhagtesial $rpin Fufficiast kpremédiateai m 33,
wherei,n isplating total DNA fromthe nedium conprises isolating the total
DNA fﬁEHP? ®aterial. 35. The nethod of claim 31, wherein providing a
detectably | abel ed probe further conprises including the detectably |abel ed
probe 2gn a ADhtHeli Bf aBBviafile ofeirbeshting tleadtumihlatioh esfehitrifehh BeiieaRim,

i ncorporates an automated process. 37. The nethod of claim 36, wherein the
aut oneomgngngicess i s selected fromthe group consisting of DNA mcroarray,
protein mcroarray, biosensor, bioprobe, capillary electrophoresis and real
time polynerase chain reaction. .38. e met ho f..clai. 1. erei.n. the

br esence’ Py ficoBwoRTgDsoRerisng L kel v polefd tapPHEl ffimalBa Sk = ¢ ha
oxi di Z@rif thhitte, wh dibin'AER ofhe ot RASEIRBUCtHal SvAMd ItivE A8SRDM ictudihgdi cati ve
of the quantity of said bacteria that oxidize nitrite to nitrate in said
medi umucladgtideA sepehoel indepatddemlyt isalpctedd fiken ethai gionp ¢omsistingnof tyuadéotidact eri a

that oxidize nitrite to nitrate in a i reip t r t he
bact erSP‘ﬁleP?Féltﬁ‘?i&’gV% aﬁi?@?‘egé}f’ @@%ﬁ‘éqégg g?lﬂ EP%&T&?&%@QM@ y over
t he fyhl f . m | . BD\RG: QID
NC: 4, lﬂgE%b%% E:hgg%% |S%®Ngfg¢'gEQ | IDN%@ Sbr@EgEiI(;) FI[? §%§ , c?rf%rauﬁgi ng: 65
provi SBQYIANGes;eodabl y | abel ed probe that has at | east 96% i dentity over the
full length thereof to a nucleotide sequence selected fromthe group

consisting.of SEQ I.D NO 14,. SEQ | D NO , SEQ I.D NO 16. and SEQ.ID NO 18;
i sol ating t’%foﬂucwnfor%mf‘@“ﬁ?ﬁ ﬂﬁ?“@ﬁ%g? ﬁ@@ﬂ%@%ﬁ‘l‘éﬁ”@&t IRRUPVIBRATt 0 t he
det ectp’ixgl t theBedugil1 the hihons under which the probe hybridizes
to only teﬁedhnuclugﬂcggdg{oﬁ%?ﬂﬁglct e?‘lwgl ‘Edﬁavi ng 16S rDNA including the

nucl eoti de sequence; and detecting and neasuring the anount of hybridi zed
probe.29. The method of claim 28, wherein the at least two isolated bacterial strains include a

bacterial strain with a 16S rDNA including a nucleotide sequence as set forth in SEQ ID
NO:1, a bacterial strain with a 16S rDNA including a nucleotide sequence as set forth in SEQ
ID NO:2, a bacterial strain with a 16S rDNA including a nucleotide sequence as set forth in
SEQ ID NO:3, a bacterial strain with a 16S rDNA including a nucleotide sequence as set
forth in SEQ ID NO:4, a bacterial strain with a 16S rDNA including a nucleotide sequence as
set forth in SEQ ID NO:5, a bacterial strain with a 16S rDNA including a nucleotide
sequence as set forth in SEQ ID NO:6, a bacterial strain with a 16S rDNA including a
nucleotide sequence as set forth in SEQ ID NO:7 and a bacterial strain with a 16S rDNA
including a nucleotide sequence as set forth in SEQ ID NO:8.

30.  The method of claim 28, wherein the composition further comprises a microorganism
selected from the group consisting of ammonia-oxidizing organisms, nitrite-oxidizing
microorganisms, nitrate-reducing microorganisms, heterotrophic microorganisms and

combinations thereof.

31. A method for detecting and determining the quantity of bacteria that oxidize nitrite to
nitrate in a medium, wherein the 16S rDNA of the bacteria includes a nucleotide sequence
selected from the group consisting of SEQ ID NO:1, SEQ ID NO:2, SEQ ID NO:3 and SEQ
ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7 and SEQ ID NO:8, comprising:

64



40. The nethod of claim 39 wherein the nediumis selected fromthe group
consisting of a saltwater aquarium a freshwater aquarium wastewater and
liquid in an aquaculture facility. 41. The nethod of claim 39, wherein the
medi um i ncludes therein a material selected fromthe group consisting of
aquariumgravel, filter sponges, filter floss and plastic filter nedia. 42.
The met hod of claim41l wherein isolating total DNA fromthe nmedi um conprises
i sol ating the tproxidimgia detestablhiebpled @robe inclidingmeuciestide geqienck stlasted,

wherei n providing a detectabl )b . rd dpcl udi ng
the. det eot TR R IEREEORRUREE o SACHRANGI 8 S50 1ot R0, IR I R4 fnd
wherei n t hggELIRG:1gicor porates an automated process. 45. The nethod of
claim44, wherein the automated process is selected fromthe group

consi sting of Didalatingrtotat PANA fremahe medivingy oar r ay, bi osensor, bi oprobe,
capillary electrophoresis and.real 1i ol rase .chajn reaction. 46. The
met hod of clai nf ,Sl%zﬁ%ilﬁoaif‘tﬁg tﬁfaés]éhﬁ tgf t%;ﬁ?tfg?}&%lédﬁbaﬁﬂem’oi’ei WRfleEat i ve
of the pr e 0 i Lisk i Hhive [ anount
of hybri b SagssnfF fich Anb LS Byblidieed d DhbPuieOpRIde Refl OF ottt 1T

oxi di ze ni having 169 rDNA Aictding thendcleetidesequetice; 2hdDNA chi p, conprising: a

solid substrate;, and 66 an ol i.gonucl eoti de prohe inc]uding a nucleotide
sequence sel ect 8tCFHRgIR @egﬁlagg %%%‘P%P?berﬁﬁzagﬁw’{?% NO 14, SEQ I D NO 15,

SEQ ID NO 16 and SEQ I D NO. 18 configured upon the solid substrate. 48 A
conposit i ohbemigthadsoeilaim 81.iwhereinithy medignbisceleetcd fromithgrgiowp eomsidtiog of ng
bacter.i resent in.an approximately 1:3 rati herein th oy

i eoabya g f A REE Al whsttivatet Bbd Bud B shestfves ity o

i ncluding a nucl eoti de sequence identical to SEQID NO 1, a bacterial

st r ai 33havirR@ ré&ifod RAIAACE UdWRGe fhedGhed iR chided eiedin Ia0RAtdrizd sele@edEQ | D
NO 2, a bacterial strain having 16S rDNA including a nucleotide sequence

i dent ifox thecerSER) conpistiag 3f aquaraun gravel, Blieragpongesyifiligr flos amhinlasticlfilwrng a
nucl eoti,de sequence identical to SEQ ID NG 4, a bacterial strain having 16S
r DNA M8%idi ng a nucl eoti de sequence identical to SEQ ID NO5, a bacteri al
strain having 16S rDNA including a nucl eotide sequence identical to SEQ ID
NG 6, 33, bagheih@hod lof @l4imN38/i vikkrdifi SselbiMy tdsll DNiAnGom fhe Ghédibid Eomsa@yence

identical to SEQ ID NO 7 and a bacterial strain having 16S rDNA including a
isolating the total DNA from the material.

35. The method of claim 31, wherein providing a detectably labeled probe further
comprises including the detectably labeled probe on a DNA chip.

36.  The method of claim 31, wherein the method incorporates an automated process.

37.  The method of claim 36, wherein the automated process is selected from the group
consisting of DNA microarray, protein microarray, biosensor, bioprobe, capillary

electrophoresis and real time polymerase chain reaction.

38.  The method of claim 31, wherein the presence of hybridized probe is indicative of the
presence of bacteria that oxidize nitrite to nitrate and the amount of hybridized probe is

indicative of the quantity of said bacteria that oxidize nitrite to nitrate in said medium.

39. A method for detecting and determining the quantity of bacteria that oxidize nitrite to
nitrate in a medium, wherein the 16S rDNA of the bacteria includes a nucleotide sequence
that has at least 96% identity over the full length thereof 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
NQO:8., comprising:
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nucl eoti de sequence identical to SEQ ID NO 8. 67 1/11
81289-0312520. ST25. t xt SEQUENCE LI STI NG ¢c110> Aquaria, Inc. Hovanec,
Timothy A Phalen, Carol m, 120> Nitrite-oxidizing Bacteria and mnet hods of
using and Detecting the Sane :130> 81289-312520 :150> US 10/682,179 :151>
2003-10-09 :160> 22 :170> Patentln version 3.2 :210> 1 :211> 1495 :212>
DNA : 213> unknown,  :220> :223> l\? SBrc32 16S rDNA 400> 1 gatcatg}gc
t cagatt gaa cgctRfg¥isins adefectablydab S@@E@&é@%ﬁ%&@@ﬁ@%%@1@@!‘“%@&@@% 1

2

tt cggaaag onSisti
t gggggat age’i%ggfé%gggg Ecg Iglci Eggaﬁ t@ ;égqé ac[c %Ssg%?fgg fg)glgp'%%gggc 8 tmégggféggigc
ct ct gct t goNeaps; SEQE B N(y 85 RFEQ B NOcrd&t SEQ gbtN@Je8f ag 240 tggt gggat

aat ggcct ac caag_gcgg;g at cqgt agct ggt ct gagag gacgat cagc 300 acact ggga
ct gagacacg gcccHg gt@ﬂdggégg@@ 8 gg gaatattgga 360 aat gggcgc

ot congagoa aascbltouy it sPRdoRoPATR ROk uRbOCHheRs HE ghEE
accggct aaceondftibind Ceitidr GAIEK k8 Proberhagbabiaed td) baBatRChlicledd Acidast badan

tact gggcgt aaagcgcatg taggcggtcg gataagtcgg gtgtgaaagc 600
having 16S rtDNA includl%g the nucleotide sequence; and

detecting and measuring the amount of hybridized probe.

40.  The method of claim 39 wherein the medium is selected from the group consisting of

a saltwater aquarium, a freshwater aquarium, wastewater and liquid in an aquaculture facility.

41.  The method of claim 39, wherein the medium includes therein a material selected
from the group consisting of aquarium gravel, filter sponges, filter floss and plastic filter

media.

42.  The method of claim 41 wherein isolating total DNA from the medium comprises
isolating the total DNA from the material.

43, The method of claim 39, wherein providing a detectably labeled probe further
comprises including the detectably labeled probe on a DNA chip.

44.  The method of claim 39, wherein the method incorporates an automated process.

45.  The method of claim 44, wherein the automated process is selected from the group
consisting of DNA microarray, protein microarray, biosensor, bioprobe, capillary

electrophoresis and real time polymerase chain reaction.

46.  The method of claim 39, wherein the presence of hybridized probe is indicative of the
presence of bacteria that oxidize nitrite to nitrate and the amount of hybridized probe is

indicative of the quantity of said bacteria that oxidize nitrite to nitrate in said medium.
47. A DNA chip, comprising:

a solid substrate; and
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ccgggctca acctgggaat tgcatccgat actgtttggc tagagtctgg tagagggagg 660
19aattccc ggtgtagcgg tgaaatgcgt agatatcggg aggaacacca gtggcgaagg 720
ggtctcctg gat caagact gacgctgagg tgcgaaagcg tggggagcaa acaggattag 780
taccctggt agtccacgcc gtaaacgatg aggactagcc gttggattca ttaatgagtc 840
i gt ggcgca gct aacgcgt taagtcctcc gcctggggag tacggccgca aggttaaaac, 900
: aaaggaat it
weﬁgﬂaa%tﬁeggas@mlag GO AAGIBbtId %gh&ﬂ&%1&&qg§%g§£ﬁg go%h

: gaagaacc ttacttgcic ttdacatctc cggaacctta cagagatgtg agg

aggaacugigting gASEQ ITYNO: b, SHEYED NOdgy SEQAD NOt i angtSEQ JanND:1§gohfigiRed 2/ 11
81289- 0312520, ST25.txt taagtcccgc aacgagcgca acccttgccc ctagttacca

gcggt tlwgtbeéw@s@hﬁreﬁe- 1140 igggggactg ccggt gacaa accggaggaa ggtggggatg
acgtcaagtc atcatggccc 1200 :tatgggcag ggctacacac gtgctacaat ggccggtaca

aagggh4 9caAapeposigipaccohiiiiing3ttig axidizingdreefaagd ang@nicoadizigCiactrial t gca
gtctgcaact cgactgcatg 1320 _iagtcggaat, cgctagtaat, cgcggat cag caa-tgccgcg
gt gaaPusyt in Ercipgesimatelyol 3. rghige YsEein dhe ayifidaexidising Bagena cemypaiegchcc

F ooaoriidl AOGF hARTE oS A I SRR I AORAO SRR SRR SR IOTITN 70 o
1 223>3 WaBtefifl 7strhin HGSingDNS rDXR0 includiaf GRhggedtids a@aidnde dgerticilo@CcSBQAD

t gcct aacac atgcaagtcg agcggcagca 60 Icacctctct tcggaaaggt ggctggcgag cgg
cggacd@:yt agb@t@abgtregntma&Sq IDNA ingluding g gucleetiflgpaquanee @1@@99@}49&%3

09238952848 e GRAREES 0 AT kOB AR SR
tcogt 8gOL® MOE4, Qaﬁa%ﬂﬁ'i@l%&&'h%@ﬁ% 168 EDNACREuaRG A CmicRHas 3sfiiendeCidantaal CC tacg
ggaggc agcagt gggg aat attggac 360 at gggcgca agcctgatcc agcaatgccg cgtgggt gaa

gaaggtr SEQ JAoNOG: aadatizoal seaint having clé§gydamchidingaa cygteotidascqusnre
gat gt %e%gc?al Ctgtéhaé Cﬂchée'f?, a bacterial strain having 16S rDNA including a nucleotide

sequence identical to SEQ ID NO:7 and a bacterial strain having 16S rDNA including a
nucleotide sequence identical to SEQ ID NO:8.
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agcc gcggta atacggaggg tgcaagcgtt 540
agg c ggtcgg ataagtcggg tgtgaaagcc 600
ctgtttgtct agagtctggt agagggaggc 660
gat at cggga ggaacaccag tggcgaaggc 720
gcg &/1dagcgt ggggagcaaa caggattaga 780
ggactagccg ttggattcat taatgagtct 840
cct ggggagt acggccgcaa ggttaaaact 900
gt ggagcatg tggtttaatt cgatgcaacg 960

ggaaccttgc agagat gtga gggtgccttc 1020
t gcat ggct

oi.C t cgtgag atgttgggtt 1080
ggtcccgca acgagcgcaa CCClgkgg zégﬁiﬁgg@%gggiga%tcggcc ggggactcta 1140

ggggact gc cggt gacaaa ccggaggat g gt ggggatga cgtcaagtca tcatggccct 1200 3/11
8128e1103 1 2&@art,25nd.xt t at gagcagg gctacacacg tgctacaatg gccggtacaa

agggttgcad“&i@%%gﬁggﬁhnZBo ggagct aat ¢ ccaaaaagcc ggtcccagtc cggattgcag
PhgledgLary M

gaagaagca
at cggaat t
cgggct caa
gaattcccg
gtctcctgg
accctggta
gt ggcgeag
aaaggaat t
gaagaacct

ggaaccgga

ccggct aact
act gggcgt a
cct gggaat t
gt gt agcggt
at caagact g
gt ccacgccg
ctaacgcgtt

gacgggggcc
tacct gct ct

t gacaggt gc

ccgt gccagce
aagcgcat gt
gcat ccgat a
gaaat gcgt a
acgct gaggt
t aaacgat ga
aagt cctccg
cgcacaagcg
t gacatctcc

tct gcaact 1320 agtcggaatc gctagtaatc gcggat cagc aatgccgcgg
t gaatmegt tNiQFP&Q@?‘F&i‘ziH@%Qct&tﬁcéﬁ@%GhSd%Cgﬁ‘o@sqﬁg &t Bt fgderd gcacca
gaagt cggt a sgmet aacctt 1440 cttaggaagg 1450 <210> 3 <211> 1245 <212> DNA

<213> unknown

<220> <223> NOB SB7c136 16S r DNA <400> 3 tgatcatggc

tcagéﬁ@@aé”@BETﬂﬁéﬂbc gcgcctaaca catgcaagtc gaacgagaat 60 ccggggcaac
t cootpglag;s29bB@eapAC 999t gaggaa tacatgggta acctgccectt 120 3agaagggaa
t aacerygscpo@lagpiogagec taatacccta tacgctatca tttttacgaa 180 i aagatagga
aagccaagt c._gaggacttgg tactcaagga ggggctcatg tcctatcagc 240 ttgttggtgg
ggtaégﬁbccz accaaggct acgacgggta gctggtctga gaggatgatc 300 igccacactg
gcactggatp3eHESC a3, 13C6t acggg aggcagcagt gaggaatatt 360

210> 1

211> 1495

212> DNA

213> Unknown

220>

223> NOB SB7c32 16S rDNA

400> 1

gatcatggc tcagattgaa cgctggcggc atgcctaaca catgcaagtc gagcggcagce 60

gcgcctttec ttcggaaagg tggctggcga gcggcggacg ggtgagtaac gcgtgggaat 120

taccttcgg tgggggatag cccggggaaa ctcggattaa taccgcatac gcctacgggg 180

aaagcgggce ctctgecttgc aagctcgcac cgatggatga gcccgegtcc gattagctag 240

tggtggggt aatggcctac caaggcgacg atcggtagct ggtctgagag gacgatcagce 300

acactggga ctgagacacg gcccagactc ctacgggagg cagcagtggg gaatattgga 360

aatgggcgc aagcctgatc cagcaatgcc gcgtgggtga agaaggcctg cgggttgtaa 420

gccctttca gtcgggagga aaagcatcgg gttaatacct cggtgtcttg acgttaccgg 480

agaagaagc accggctaac tccgtgccag cagceccgcggt aatacggagg gtgcaagegt 540

aatcggaat tactgggcgt aaagcgcatg taggcggtcg gataagtcgg gtgtgaaagce 600

ccgggctca acctgggaat tgcatccgat actgtttggc tagagtctgg tagagggagg 660

jgaattccc ggtgtagcgg tgaaatgcgt agatatcggg aggaacacca gtggcgaagg 720

jgtctcctg gatcaagact gacgctgagg tgcgaaagcg tggggagcaa acaggattag 780

taccctggt agtccacgcc gtaaacgatg aggactagcc gttggattca ttaatgagtc 840

igtggcgca gctaacgcgt taagtcctcc gcctggggag tacggccgca aggttaaaac, 900

taaaggaat tgacgggggc ccgcacaagc ggtggagcat gtggtttaat tcgatgcaac 960

lgaagaacc ttacctgctc ttgacatctc cggaacctta cagagatgtg agggtgcctt 1020

Jggaaccgg atgacaggtg ctgcatggct gtcgtcagct cgtgtcgtga gatgttgggt 1080



420
480
540
600
660
720
780
840
900
960
1020

ggat gaaggt tttcggattg
t agacggt ac ct caagaaga
wggt ggcgag cgttgttcgg
cttttgggaa atctcccggce
cgggagagga gcgcggaatt.
ccggt ggcga aggcggegcet
caaacaggat tagataccct

acgcaat ggg
: aaacccctt
i gccacggct
itttactggg
: taaccggga
: ccggt gt ag
:t ggaacgt a
| gt agt ccac

cgaaagcctg
t cat gaggaa
aacttcgtgc
cgt aaagagc
aaggt cgaga
cggt gaaat g
cct gacgcetg
gccct aaacg

acgcagcgac gccgcgt ggg
agat aaagt g ggt aaccact
cagcagccgc ggt aat acga
acgt aggcgg ttgggaaagc
ggaact act ¢ agct agagga
cgt agat at ¢ gggaagaagg
aggt gcgaaa gcgt ggggag
atgggtacta agtgtcggcg gtttaccgtc ggtgccgcag
:taacgcagt aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt

j acgggggcc cgcacaagcg gtggagca&ﬁsgg%%aﬁ§ﬂinggﬂ&gcaacg cgaggaacct
&g

- acc qeositgeded C&dag g9
B R R R e A T

i caacyguYPoctascoTigagia @LCagaguay ot @oggaty @agt@a@gagat&atggncgaagzgaléégo
tgccca a taac a a t at gacqt caa tc cat cctttat
0000CTEPAICAE GPGAt ARG A AeRaC Dt Y96 592505t (AH0RTECR CHE HEOM 40 aB0 1260 4/ 11
812899&%%@5&10 cééa?a'iahéé %%&h@@@g@%@%@gﬂ CgQ:t:t@@lﬁH: C@@‘:géag:gggtﬂQgC

aact cgaccc catgaaggtg gaat cgct ag t aat cgcgga t cagcacgcc gcggt gaat a
cgt t dralFggacic cogiadtaet roeupataee Fead@Ce9ee Atoarigaat aficcagancyt dd8@gaagt c

act ggcgc 4 < > < > 1450, < DNA <213>
o koEeaBa LEGAT, (i taglBt b oRarc abitart o€ it ctdntts “aage 0.

cgCct gUERYsats yagdgracty Catunpagt Yggaragsgaaiggdiyaas cCggygcaac t qggsagt aa

agt ggcaaac gggt gaggaa cacatgggta acctgccctt 120 |jagaagggaa taacccgccg

aaagg gc,taatacccta tacgctatca tttttacgaa 180 taagatagga aagccaagtc
gagga 014qtct caagga ggggctcatg tcctatcagc 240
212> DNA
213> Unknown
%%g; NOB SB7c¢l1ll 16S rDNA
400> 2
Jatcatggct cagattgaac gctggcggca tgcctaacac atgcaagtcg agcggcagca 60
jcacctctct tcggaaaggt ggctggcgag cggcggacgg gtgagtaacg cgtgggaatc 120
-accttcggt gggggatagc ccggggaaac tcggattaat accgcatacg cctacggggg 180
.aagcgggec tctgcttgeca agectcgcacc gatggatgag cccgcgaccg attagctagt 240
ggtggggta acggcctacc aaggcgacga tcggtagctg gtctgagagg acgatcagcec. 300
cactgggac tgagacacgg cccagactcc tacgggaggc agcagtgggg aatattggac 360
atgggcgca agcctgatcc agcaatgccg cgtgggtgaa gaaggcctgce gggttgtaaa 420
ccctttcag ccgggaggaa aagcatcggg ttaatacctc gatgtgttga cgttaccgge 480
gaagaagca ccggctaact ccgtgccagc agccgcggta atacggaggg tgcaagegtt 540
atcggaatt actgggcgta aagcgcatgt aggcggtcgg ataagtcggg tgtgaaagec 600
cgggctcaa cctgggaatt gcatccgata ctgtttgtct agagtctggt agagggaggc' 660
gaattcccg gtgtagcggt gaaatgcgta gatatcggga ggaacaccag tggcgaaggc 720
gtctcctgg atcaagactg acgctgaggt gcgaaagcgt ggggagcaaa caggattaga 780
accctggta gtccacgccg taaacgatga ggactagccg ttggattcat taatgagtct 840
gtggcgcag ctaacgcgtt aagtcctccg cctggggagt acggccgcaa ggttaaaact 900
aaaggaatt gacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgatgcaacg 960
gaagaacct tacctgctct tgacatctcc ggaaccttgc agagatgtga gggtgccttc 1020
ggaaccgga tgacaggtgc tgcatggctg tcgtcagctc gtgtcgtgag atgttgggtt 1080
ggtcccgca acgagcgcaa cccttgccce tagttaccag cggttcggcc ggggactcta 1140
jgggactgc cggtgacaaa ccggaggatg gtggggatga cgtcaagtca tcatggccct 1200



:tgttgotgg
t gccacact g
j cgcaat ggg
» aaacccctt
t gccacggct
itttactggg
: taaccggga
: ccggt gt ag
: t ggaacgt a
i gtagtccac
: t aacgcagt

ggt aacggcc
gcact gagat
cgaaagcctg
t cat gaggaa
aacttcgtgc
cgt aaagagc
aaggt cgaga
cggt gaaat g
cctgacgctg
gccct aaacg
aagt accccg

t accaaggct acgacgggta
acgggccaga
acgcagcgac
agat aaagt g
cagcagccgce
acgt aggcgg
ggaact act c
cgtagatatc

cctggggag

ct cct acggg
gccgegt ggg
ggt aaccact
ggt aghfpcga
tt gggaaagc
agct agagga
gggaagaagg
aggtgcgaaa gcgtggggag
al 990t acly3 g1 G 4res [HACCyt C

acggccgcada ggt

gctggt ctga
aggcagcagt
ggat gaaggt
t agacggt ac
aggtggcgag
cttttgggaa
cgggagagga
ccggt ggcga
caaacaggat

gaaact

aggc

gotg
caaa

gaggat gat c
gaggaat at t
cttcggattg
ct caagaaga
cgttgttcgg
at ct cccggce
gcgcggaat t

ggcgct

t agat accct

ccgcag
ggaat t

I acyaaggedtagg ereacEagdg Hod tbgatigd gt gy taaatagggorregs aRe gt §aygJaaeed

gcccaggtt

,agct &&gg@ta@gﬁ FEARIAFICE A9
aacga
gccca

gt sigiaes

36

ggacat gctc gtggtacgaa cct gaaaggt

GRGHFC CORGESH g©
AR CRanead ot

aggacct cg aaaggggagc,
g@‘@%ag‘jﬁ ARG to¢aagt cc]géo
e a&%g@gﬁ%ﬂ?gaﬁg‘?o

at ggc at gc

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

gggctlgraascaacgiqycyomaaal @aonpuits gagepgti gaagedgute gratagg3ygadaa01260
at ct caaaa aaccggcctc agttcagatt
at cgctt38992389 cgcggat cagcacgccg cggt gaatac gttcccggge cttgt
81289-0312520. ST25. t xt ccgcccgtca caccacgaaa gtcagctgta ccagaagtca

ct ggac2ao=ma3cct gcaaggg 1440 agggcaggtg 1450

ggggt ct gca actcgacccc atgaa

acda30

<210> 5 <211> 1473

1320
1380 5/11

<212> DNA

<213=<2dhkndfdMd <220> <223> NOB R21c76 16S rDNA <400> 5 gaacgaacgc

t ggc

ggcaaa

<220>
<223> NOB

<400> 3
tgatcatggc

ccggggeaac
jagaagggaa
1aagatagga
ttgttggtag
1gccacactg
jcgcaatggg
zaaacccctt
igccacggct
rtttactggg
:taaccggga
:ccggtgtag
:tggaacgta
Jgtagtccac
:taacgcagt
jacgggggcc
‘acccaggtt
.gagctcagg
Icaacgagcg
‘tgcccagga

ggggctaca

SB7c136 165 rDNA

tcagaacgaa
tcggtagtaa
taacccgecg
aagccaagtc
ggtaacggcc
gcactgagat
cgaaagcctg
tcatgaggaa
aacttcgtgc
cgtaaagagc
aaggtcgaga
cggtgaaatg
cctgacgctg
gccctaaacg
aagtaccccg
cgcacaagceg
ggacatgctc
tgctgcatgg
taaccecctgt
taacggggag
cacgtgctac

cgctggeggc
agtggcaaac
aaaggtgagc
gaggacttgg
taccaaggct
acgggccaga
acgcagcgac
agataaagtg
cagcagccgce
acgtaggcgg
ggaactactc
cgtagatatc
aggtgcgaaa
atgggtacta
cctggggagt
gtggagcatg
gtggtacgaa
ctgtcgtcag
cttcagttgc
gaaggtgggg
aatgaccggt

gcgcctaaca
gggtgaggaa
taatacccta
tactcaagga
acgacgggta
ctcctacggg
gccgegtggg
ggtaaccact
ggtaatacga
ttgggaaagc
agctagagga
gggaagaagg
gcgtggggag
agtgtcggcg
acggccgcaa
tggtttaatt
cctgaaaggg
ctcgtgecegt
catcgggtca
atgacgtcaa

acagagggtt

catgcaagtc
tacatgggta
tacgctatca
ggggctcatg
gctggtctga
aggcagcagt
ggatgaaggt
tagacggtac
wggtggcgag
cttttgggaa
cgggagagga
ccggtggcega
caaacaggat
gtttaccgtc
ggttgaaact
cgacgcaacg
tgaggacctc
gaggtgttgg
tgccgagcac
gtcagcatgg

gcaatcccgc

gaacgagaat

acctgccctt
tttttacgaa
tcctatcage

gaggatgatc

gaggaatatt’

tttcggattg
ctcaagaaga
cgttgttcgg

atctcccggc

gcgcggaatt,

aggcggcegcet
tagataccct
ggtgccgcag
caaaggaatt

cgaggaacct

gaaaggggag

gttaagtccc
tctgaagaga
cctttatgec

aagggggagc

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260

q§i8§93 ﬁé@ﬁcacat gcaagt cgaa cgagaatccg gggcaacccg 60 gt agt aaagt
0
gg tgdggaat gc atgggcaacc tgcccttgag aagggaataa 120



180
240
300
360
420
480
540
600
660
720

taccctatac

t caaggaggg
acgggt agct
ct acgggagg
gcgt ggggga
aaccacttag
aatacgaagg

cccgccgaaa
cttggtcgag
aacggcct ac
ct gagat acg
aagcct gacg
t gaggaaaga
ttcgtgccag cagccgceggat
i aagagcacg taggcggttg
tt cgagaggt actattcagc

gctatcttct tttcggaaaa
gctcatgtcc tatcagcttg
ggt ct gagag gat gat cagc
cagcagt gag gaat attgcg
tgaaggtttt cggattgtaa
acggt acct ¢ aagaagaagc
t ggcaagcgt tgttcggatt
ggaaagcctc ttgggaaatc tcccggctta
t agaggacgg gagaggagcg cggaattccc ggt gt agcgg
ctctg gaacgt acct
780

t gaaat gcgt agat at cggg aagaaggc, %8 t

ok sage R R gty
taagsga Qaggggggggggtéggggc tg cgt'cgg cgcaé%?éag%Ega ﬁggg 840
acccgartdgcyay Jagt@eggy arggeRgot gtogegadtaaegaggasyd gact@rgggccagso 900

i caagcggt agcat gt tttaattcga cgcaacgcga agaaccttac ccaggtt a 960
at gcgﬁgqq‘g:%gg%%éé%‘gééggﬁe?&%wtt% a@@%ﬁﬁ&tgagcwggg%eg@gatg@@@ ggtige0 1020

gat aggaaag
tt ggt ggggt
cacact ggca
caat gggcga
acccctttca
cacggct aac

t act gggcgt
accgggaaag

ggt gggct aa
gact cggcac

caaggct acg
ggccagactc
cagcgacgcc
t aaagt gggt

:gca g tcgtcagctc gtgccgtgag gtgttgggtt aagtcccgca acgagcgyagg 1080
1 ccc ctt cagttgccat cgggtcatgc cgagcactct gaagagactg cccaggataa 1140
gggga aa ggtggggatg acgt caagtc agcatggcct ttatgcctgg ggctacacac 1200
jtgcf2 cggtaca gagggttgca atcccgcaag ggggagccaa tctcaaaaaa 1260
cggq§tg§gngfgagattgg ggt ct gcaac tcgaccccat gaaggtggaa tcgctagtaa 1320
 cgcgpadcaugimmgccgcg gt gaatacgt tcccgggcect tgtacacacc gcccgtcaca 1380
: cacgaaagt cagctgtacc agaagtcact ggcgccaacc cgcaaggggg gcaggtgccc 1440 6/11
812892 SZOffg%E' t %g gtatggt tggtaattgg ggtgaagtcg taa 1473 <210> 6
<2115 = cﬁﬁ 3> unknown <220> <223> NOB R21c28 16S rDNA <400>
6 <400> 4 |
tgatcatggc tcagaacgaa cgctggcggc gcgcctaaca catgcaagtc gaacgagaat. 60
zcggggcaac tcggtagtaa agtggcaaac gggtgaggaa cacatgggta acctgccctt 120
jagaagggaa taacccgccg aaaggtgagc taatacccta tacgctatca tttttacgaa 180
laagatagga aagccaagtc gaggacttgg tactcaagga ggggctcatg tcctatcagc 240
:tgttggtgg ggtaacggcc taccaaggct acgacgggta gctggtctga gaggatgatc 300
igccacactg gcactgagat acgggccaga ctcctacggg aggcagcagt gaggaatatt 360
Jjcgcaatggg cgaaagcctg acgcagcgac gccgcgtggg ggatgaaggt cttcggattg 420
‘aaacccctt tcatgaggaa agataaagtg ggtaaccact tagacggtac ctcaagaaga 480
igccacggct aacttcgtgce cagcagecgc ggtaatacga aggtggcgag cgttgttcgg 540
\tttactggg cgtaaagagc acgtaggcgg ttgggaaagc cttttgggaa atctcccggce 600
:taaccggga aaggtcgaga ggaactactc agctagagga cgggagagga gcgcggaatt 660
‘ccggtgtag cggtgaaatg cgtagatatc gggaagaagg ccggtggcga aggcggcget 720
‘tggaacgta cctgacgctg aggtgcgaaa gcgtggggag caaacaggat tagataccct 780
Igtagtccac gccctaaacg atgggtacta agtgtcggcg gtttaccgte ggtgccgcag 840
‘taacgcagt aagtaccccg cctggggagt acggccgcaa ggttgaaact caaaggaatt 900
lacgggggcc cgcacaagcg gtggagcatg tggtttaatt cgacgcaacg cgaagaacct 960
gcccaggtt ggacatgctc gtggtacgaa cctgaaaggt gaggacctcg aaaggggagc 1020
agctcaggt gctgcatggc tgtcgtcagc tcgtgccgtg aggtgttggg ttaagtcccg 1080
aacgagcgt aacccctgtc ttcagttgec atcgggtcat gccgagcact ctgaagagac 1140
gcccaggat aacggggagg aaggtgggga tgacgtcaag tcagcatggc ctttatgcct 1200
gggctacac acgtgctaca atgaccggta cagagggttg caatcccgca agggggagcc 1260
atctcaaaa aaccggcctc agttcagatt ggggtctgca actcgacccc atgaaggtgg 1320
atcgctagt aatcgcggat cagcacgccg cggtgaatac gttcccggge cttgtacaca 1380



itcctggcetc
39caacct gg
i t ggaat aac
| aaggaaagt
- ggtggggta
t cact ggcac
t at gggcgaa
:ccctttcag
t cggct aact
i ctgggcgta
:gggaatagt

chcacct

' ccad§ed

agaacgaacg
t agt aaagt g
ct at cgaaag
cgt at cgagg
acggcct acc
t gagat acgg
agcct gacgc
gaggaaagat
t cgt gccagce
aagagcgcgt
cgagggt aac

ctgcggcgeg
gcgaacgggt
at gggct aat
at acggcegt t
aaggcaacga
gccagact cc
agcgacgccg
aaggcaggtt
agccgeggt a

cct aacacat
gaggaat aca
accat at acg

caaggagggg
cgggvagcet g
t acgggaggc

cgt gggggat
act gcct gga

at acgaaggt

gcaagt cgaa
t gggt aacct
cttcctgatt
ct cat ggcct
gt ct gagagg
agcagt gagg
gaaggttttc
cggt acctcc

ggcgagcgtt

aggcgat t agy g f3geiochri ghqgaat ct
tgcttagcta gagggcggga gaggagt gcg
. gt agrggtgytaaatagcaigaga YradgaygdaacG@aggoygtggurgaagytgcapgggt ctigga

cgagaat ccg
gccct t gaga
cgaggat t gg
at cagct t gt
at gat cagcc
aat att gcgc
ggat t gt aaa
agaagaagcc
gttcggattt
ccggct t aac
gaattcccgg

ga cgct gaggcg cgaaagcgtg gggagcaaac aggatt agat accctg%éga.
399%8acgat ggg cactaagt gt cggcggttta ccgecggtgec cgcagcet

60

120
180
240
300
360
420
480
540
600
660
720

780

840
900

|cagtaagtg ccccgect gg ggagtacggc cgcaaggttg aaact caaag gaattgacgg
ggccodes dagcggt gga gcatgtggtt taattcgacg caacgcgaag aaccttaccc

ggt t a tl4éhagt agt aagaacct ga aagggggat g agcccgcaag ggcagcttge
1

960

1020
1080
1140
1200

caggt tgtc gtcagctcgt gccgtgaggt gttggttaag tcccgcaacg
gcgt aaCCTc ctgtcitcag ttgccatcgg gtcatgccgg gcactctgga gagactgccc
ggat ag@e@gyg ggaggaaggt ggggatgacg tcaagtcagc atggccttta tgcctggggc
acacad@ﬁg aoacRAC fadsegPNacaaag ggttgcaatc ccgcaagggt gagctaatct 1260
aaaaa s%ctcagttc ggat cgcagt ctgcaactcg actgcgtgaa gctggaatcg 1320

tagt t CCQgCcgrl380
0t oo ch s E g A I I aTaY Qe TR C e a0 1440
t acc grgghadagy PacyIR Y cigggraitga at:.gggma?ct Tyadcttgd@ 32geG1r520. 5128. t xt

7 <2:l'cccgccgaaa gg%gggctggv%accéaiiac gé&a%w{kct %%Ekggaaaa gataggaaag

<210>

180
cttggtcgag gactcggcac tcaaggaggg gctcatgtcc tatcagcttg ttggtggggt 240
aacggcctac caaggctacg acgggtagct ggtctgagag gatgatcagc cacactggca 300
ctgagatacg ggccagactc ctacgggagg cagcagtgag gaatattgcg caatgggcga 360
aagcctgacg cagcgacgcc gcgtggggga tgaaggtttt cggattgtaa acccctttca. 420
tgaggaaaga taaagtgggt aaccacttag écggtacctc aagaagaagc cacggctaac 480
ttcgtgccag cagccgcggt aatacgaagg tggcaagcgt tgttcggatt tactgggegt 540
jaagagcacg taggcggttg ggaaagcctc ttgggaaatc tcccggctta accgggaaag 600
ttcgagaggt actattcagc tagaggacgg gagaggagcg cggaattccc ggtgtagegg 660
tgaaatgcgt agatatcggg aagaaggccg gtggcgaagg cggcgctctg gaacgtacct 720
jacgctgagg tgcgaaagcg tggggagcaa acaggattag ataccctggt agtccacgcc' 780
“taaacgatg ggtactaagt gtcggcggtt taccgtcggt gccgcagcta acgcagtaag 840
taccccgect ggggagtacg gccgcaaggt tgaaactcaa aggaattgac gggggcccgce 900
1caagcggtg gagcatgtgg tttaattcga cgcaacgcga agaaccttac ccaggttgga 960
tatgctcgtg gtacgaacct gaaagggtga ggaccttgaa agaggagcga gctcaggtge 1020
:gcatggctg tcgtcagctc gtgccgtgag gtgttgggtt aagtcccgca acgagcgtaa’ 1080
iccctgtctt cagttgecat cgggtcatgc cgagcactct gaagagactg cccaggataa 1140
zggggaggaa ggtggggatg acgtcaagtc agcatggcct ttatgcctgg ggctacacac 1200
jtgctacaat gaccggtaca gagggttgca atcccgcaag ggggagccaa tctcaaaaaa 1260
:cggcctcag ttcagattgg ggtctgcaac tcgaccccat gaaggtggaa tcgctagtaa 1320
:cgcggatca gcacgccgeg gtgaatacgt tcccgggcct tgtacacacc gcccgtcaca 1380
:cacgaaagt cagctgtacc agaagtcact ggcgccaacc cgcaaggggg gcaggtgccc 1440



<223> NOB 87c10 165 rDNA <400> 7 catggctcag aacgaacgct gcggcgcgcc

t aacacat gc aagtcgaacg agaatccggg 60 gcaactcggt agtaaagtgg cgaacgggtg
aggaat acat gggtaacctg cccttgaaag 120 tggaataacc tatcgaaaga tgggctaata
ccatatacgc ttcctagttt gcggattagg 180 aaggaaagtc gtatcgagga tacggtgttc

aaggaggggc tcatggccta tcagcttgtt 240 6/fggt ggggt aa t ggcctacca aggcaacgac
gggt agct gg tct gagagga tgatcagcca 300 cactggcact gagatacggg ccagactcct
acgggaggca gcagtgagga atattgcgca 360 atgggcgaaa gcctgacgca gcgacgccgce
gggggggat g aaggttttcg gattgtaaac 420 ‘ccctttcagg agggaagaaa aagcgggt aa
ccgcccggac ggtacctcca gaagaagcca 480 cggctaactt cgtgccagca gccgcggtaa

ggcggttagg

t agf7gagcet a
at at cgggaa

tacgaaggt g gcgagcgttg ttcggatt tgarpeth316EHHIFYE aa@gagegegt a
t aaggsdehtgdtt egpagetgg CapgahgerRct®0 cgggaat ggt cgaggggaac
gagggcggga gaggagt gcg gaattcccgg 660 tgtagcggtg aaat gcgtag

gaaggcc gtsggcgaaggcg gcactctgga 720 acgcacctga cgctgaggcg cgaaagcgtg
gggaé%é%acbﬁ@gattagat accctggtag 780 tccacgccct aaacgat ggg cact aagt gt
cggc t apMaC Ot cggt gc cgcagct aac 840 gcagtaagtg ccccgecct gg ggagt acggce
cgcaappst qurkaeniri caaag gaatt gacgg 900 gggcccgcac aagcggtgga gcatgtggtt

aaccttaccc 960 aggttggaca tgcaagtagt aagaacctga

taattcgacg caacgcgaag

aaggggéfg C a 1020 ggtgctgcat ggctgtcgtc agctcgtgcec
gt gag §t?“gbg?ﬁ%ggggsccgcaacgag 1080 cgtaacccct gtcttcagtt gccatcgggt
cat geq@ygce act ct ggaga gactgcccag. 1140 gataacgggg aggaaggt gg ggat gacgtc
aagt ebgargoctygegdacgaagy ceigyggoitda cdtEagacg@regocdaaacgrgngbomyy gt #0aaaggg
ttgcaatccc qtaa ctaatctca 126 aaaaac c.Cctcagttcag attggggtct
R e R g RO bt S
t acgitdaatagoetitdcghaag ad wjghet£ng a%ih}gtatdj&ﬁ&@@ﬁgﬁ:ta@g’ﬁbﬁﬁ@‘gt gti@ocagaag
ttgctggcgc taacccgtaa ggaggcaggt gcccaaggta tggttggtaa ttggggtgaa

gt cq#2BagaRAgt4 ogtategage racggqsr 1&@%995‘229253"9&!%\993‘/@13“892'8@1:0312%80. ST25. t xt

adglat gct ca

:ggtggggta acggcctacc aaggcaacga cgggtagctg gtctgagagg atgatcagcc 300
lcactggcac tgagatacgg gccagactcc tacgggaggc agcagtgagg aatattgcgc 360
latgggcgaa agcctgacgc agcgacgccg cgtgggggat gaaggttttc ggattgtaaa 420
:ccctttcag gaggaaagat aaggcaggtt actgcctgga cggtacctcc agaagaagcc 480
icggctaact tcgtgccagc agccgcggta atacgaaggt ggcgagcgtt gttcggattt 540
lctgggcgta aagagcgcgt aggcggttag gtaagcctct tgtggaatct ccggcettaac 600
‘gggaatagt cgagggtaac tgcttagcta gagggcggga gaggagtgcg gaattcccgg 660
'gtagcggtg aaatgcgtag atatcgggaa gaaggccggt ggcgaaggcg geactctgga 720
\cgcacctga cgctgaggcg cgaaagcgtg gggagcaaac aggattagat accctggtag. 780
ccacgccct aaacgatggg cactaagtgt cggcggttta ccgccggtgc cgcagctaac 840
lcagtaagtg ccccgcctgg ggagtacggc cgcaaggttg aaactcaaag gaattgacgg 900
:\ggcccgecac aagcggtgga gcatgtggtt taattcgacg caacgcgaag aaccttaccc 960
ggttggaca tgcaagtagt aagaacctga aagggggatg agcccgcaag ggcagcttgc 1020
caggtgctg catggctgtc gtcagctcgt gccgtgaggt gttggttaag tcccgcaacg 1080
gcgtaacce ctgtcttcag ttgccatcgg gtcatgccgg gcactctgga gagactgccc' 1140
ggataacgg ggaggaaggt ggggatgacg tcaagtcagc atggccttta tgcctggggc 1200
acacacgtg ctacaatgac cggtacaaag ggttgcaatc ccgcaagggt gagctaatct 1260
aaaaaacca gtctcagttc ggatcgcagt ctgcaactcg actgcgtgaa gctggaatcg 1320
tagtaatcg gagatcagca cgctccgatg aatacgttcc cgggecttgt acacaccgcc 1380
gtcacacca tgggagtcgg ctgctccaga agtagttatc ttaacccgca aggagggagg 1440
taccaagga tcggtcggtg actggggtga agt 1473



<213> unknown <220>

aacgct ggcg gcgcevvct aa
aaagt ggcga acgggt gagg
cgaaagat gg gct aat acca
t cgaggat ac ggtgttcaag
cctaccaagg caacgacggg
at acgggcca gact cctacg
t gacgcagcg acgccgcegtg
gaagaaaaag cgggtaaccg
gccagcaacc gcggt aat ac

gcacahagac yaat t aggt aa
ggggagelac 15gmgct agaa
t acatdaat abitaaaaagaa

<223> NOB 67c7 165 rDNA <400> 8 tttgatcatg gctcagaacg
cacat gcaag tcgaacgaga 60 atccggggca actcggt agt

aat acat ggg taacctgccc 120 ttgaaagtgg aat aacct at
tatacgcttc ctagtttgcg 180 gattaggaag gaaagtcgta
gaggggctca tggcatiatca 240 gcttgttggt ggggtaatgg
tagct ggt ct gagaggatga 300 tcagccacac tggcactgag
ggaggcagca gtgaggaata 360 ttgcgcaatg ggcgaaagcc
ggggat gaag gttttcggat 420 tgtaaacccc tttcaggagg
cccggacgat acctccagaa 480 gaagccacag ctaacttcgt

Gect ot o Ba oAb RE0GCT naccoy gantogt coa

gcctcttgty gaat ggt cga
aacaggagaa aagtacgaaa 660 ttcccaatat aacaat aaaa
gaaggcggca 720 ctctggaacg-

ggccggt ggc cacct gacgc
‘t gagg@ddya Vak¥Ht gggg agcaaacagg attagatacc 780 ctggtagtcc acgccctaaa
cgat tcggtgccgc 840 agctaacgca

qgggac taagtgtcgg cggtttaccg gt aagt gccc

cgchggggaNggqggg@cg@;ag.gttgaaa ct caaaggaa 900 ttgacggggg cccgcacaag

cggtggagca tgtggtttaa ttcgacgcaa cgcgaagaac 960 cttacccagg ttggacatgc
caaggagc 1020 ttgctcaggt

aagt 7aacct gaaag gggat gagcc gct gcat agc
t gt cg‘ta(t,&%%c?% gﬁaﬁgéﬁf%tagggﬁgfgﬂg t@?&%@ﬂft%c 3agt§eRACIc é%?f?é&@%‘{?t aa®Bcct gt c
99€§E%Qa§gékﬁééktgtgfﬁ¥%

ttcagihgéig ?‘E CHY8L &Gt ggegﬂag?a&} ag ageggggagyg
aaggtgggga fgacgtcaag tcagcatggc cfttatgcci 1200 “ggggcfacac acgtgctaca
at gacdggartaacadagoghaagac sa9astagtan cagtytaragcrtarzadettapeggathizgga add8bggcect ¢

caocatgatsers Sttt J4da) Fo LB EEC ROPAIRcdrir el BARERIY, 22ub0coaan
gt cagpitgigytas agoedtadcx aggapchaa g@gc@@mgactbﬁéﬂggagggmbg@c cagggt at gg

ttggtaattg gggtgaagtc gtaacaag gt 1490 <210> 9 <211> 17 <212> DNA
cactggcact gagatacggg ccagactClt acgggaggca gcagtgagga atattgcgca 360

atgggcgaaa
ccctttcagg
cggctaactt
ctgggcgtaa
cgggaatggt
tgtagcggtg
acgcacctga
tccacgecect
gcagtaagtg
gggcccgceac
aggttggaca
ggtgctgcat
cgtaacccct
gataacgggg
cacacgtgct
aaaaaccggc
agtaatcggg
tcacagcacg
gcccaaggta
<210> 8

<211>
<212> DNA

1490

gcctgacgea
agggaagaaa
cgtgccagcea
agagcgcgta
cgaggggaac
aaatgcgtag
cgctgaggceg
aaacgatggg
ccccgectgg
aagcggtgga
tgcaagtagt
ggctgtegte
gtcttcagtt
aggaaggtgg
acaatgaccg
ctcagttcag
gatcagcacg
aaagtcagct

tggttggtaa

gcgacgccge
aagcgggtaa
gccgeggtaa
ggcggttagg
tacttagcta
atatcgggaa
cgaaagcgtg
cactaagtgt
ggagtacggc
gcatgtggtt
aagaacctga
agctcgtgcec
gccatcgggt
ggatgacgtc
gtacaaaggg
attggggtct
ccgcggtgaa
gtaccagaag

ttggggtgaa

gggggggatg
ccgcccggac

tacgaaggtg
taagcctctt
gagggcggga
gaaggccggt
gggagcaaac
cggcggttta
cgcaaggttg
taattcgacg
aaggggatga
gtgaggtott
catgccgggc
aagtcagcat
ttgcaatccc
gcaactcgac
tacgttcccg
ttgctggcege

gtcgtaacaa

aaggttttcg
ggtacctcca
gcgagcgttg
gtgaaagctc
gaggagtgcg
ggcgaaggcg
aggattagat
ccgtcggtge
aaactcaaag
caacgcgaag
gcccgcaagg
gggttaagtc
actctggaga
ggcctttatg
gtaaggggga
cccatgaagg
ggccttgtac

taacccgtaa

gattgtaaac

gaagaagcca

ttcggattta
ccggcttaac
gaattcccgg
gcactctgga
accctggtag

cgcagctaac

gaattgacgg
aaccttaccc
agcttgctca

ccgcaacgag

gactgcccag

cctggggcta
gctaatctca
tggaatcgct
atattgtccg

ggaggcaggt

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1480



<220> 9/11 81289-0312520.ST25.txt ¢223> PCR Pri ner c400>
c210> 10 c211> 19 c212> DNA ¢c213> Artificial

<213> Artificial
9 Itttgatcct ggctcag 17

<220>

c220> 223> PCR Primer ¢400> 10 3gttaccttg ttacgactt 19 ¢210> 11 c211> 17
c212> DNA ¢213> Artificial c220> <223> PCR Prinmer <400> 11 :ctacgggag
gcagcag 17 <210> 12 <211> 18 <212> A <213> Artificial <220> <223> PCR
Primer <400> 12 gwattaccgc ggckgctg 18 <210> 13
213> Unknown 81289-0312520.5T25.txt
<220>
<223> NOB B7c7 16S rDNA
<400> 8
tttgatcatg gctcagaacg aacgctggcg gcgcvvctaa cacatgcaag tcgaacgaga 60
atccggggca actcggtagt aaagtggcga acgggtgagg aatacatggg taacctgccc 120
ttgaaagtgg aataacctat cgaaagatgg gctaatacca tatacgcttc ctagtttgcg 180
gattaggaag gaaagtcgta tcgaggatac ggtgttcaag gaggggctca tggcctatca' 240
gcttgttggt ggggtaatgg cctaccaagg caacgacggg tagctggtct gagaggatga 300
tcagccacac tggcactgag atacgggcca gactcctacg ggaggcagca gtgaggaata 360
ttgcgcaatg ggcgaaagcc tgacgcagcg acgccgcgtg ggggatgaag gttttcggat 420
tgtaaacccc tttcaggagg gaagaaaaag cgggtaaccg cccggacgat acctccagaa 480
gaagccacag ctaacttcgt gccagcaacc gcggtaatac aagggtagcg aacgttgttc 540
aaatttacta ggcgtaaaga gcacatagac aattaggtaa gcctcttgtg aaagctcccg 600
gcttaaccgg gaatggtcga ggggaactac ttagctagaa aacaggagaa aagtacgaaa 660
ttcccaatat aacaataaaa tacataaata tcaaaaagaa ggccggtgge gaaggcggea 720
ctctggaacg cacctgacgc tgaggcgcga aagcgtgggg agcaaacagg attagatacc 780
ctggtagtcc acgccctaaa cgatgggcac taagtgtcgg cggtttaccg tcggtgccge 840
agctaacgca gtaagtgccc cgcctgggga gtacggccgc aaggttgaaa ctcaaaggaa 900
ttgacggggg cccgcacaag cggtggagca tgtggtttaa ttcgacgcaa cgcgaagaac 960
cttacccagg ttggacatgc aagtagtaag aacctgaaag gggatgagcc cgcaaggagc 1020
ttgctcaggt gctgcatagc tgtcgtcaac tcgtgccata aagtgttggg ttaagtccca 1080
caacaagcgt aacccctgtc ttcagttgcc atcgggtcat gccgggcact ctggagagac 1140
tgcccaggat aacggggagg aaggtgggga tgacgtcaag tcagcatgge ctttatgect 1200
ggggctacac acgtgctaca atgaccggta caaagggttg caatcccgta agggggagct 1260
aatctcaaaa aaccggcctc agttcagatt ggggtctgca actcgacccc atgaaggtgg 1320
aatcgctagt aatcgcggat cagcacgccg cggtgaatac gttcccgggc cttgtacaca 1380
ccgcccgtca caccacgaaa gtcagctgta ccagaagtcg ctggcgctaa cccgtaagga 1440
ggcaggtgcc caaggtatgg ttggtaattg gggtgaagtc gtaacaaggt 1490
<210> 9
<211> 17
<212> DNA
<213> Artificial



<211> 22 <212> DNA <213> Artificial <220> <223> PCR Priner <400> 13
caccgggaat tccgcgctcc tc 22 <210> 14 <211> 20 <212> DNA <213> Artificial
<220> <223> oligonucl eotide Probe <400> 14 10/11 81289-0312520. ST25.1t xt
gttgccececgg attctcgttc 20 <210> 15 <211> 22 <212> DNA <213> Artifici al
<220> <223> oligonucl eotide Probe <4Qp> 15 caccgggaat tccgcgctcc tc 22
<210> 16 <211> 22 <212> DNA <213> Artificial <220> <223> oligonucleotide
Probe <400> 16

81289-0312520.5T25.txt
223> PCR Primer

400> 9
jtttgatcct ggctcag 17

210> 10

211> 19

2212> DNA

2213> Artificial

220> i
223> PCR Primer

<400> 10
jgttaccttg ttacgactt 19

z210> 11

211> 17

z212> DNA

213> Artificial

2220>
<223> PCR Primer

<400> 11
—ctacgggag gcagcag 17

<210> 12

<211> 18

<212> DNA

<213> Artificial

<220> ,
<223> PCR Primer

<400> 12
gwattaccgc ggckgetg 18

<210> 13

<211> 22

<212> DNA

<213> Artificial

<220>
<223> PCR Primer

<400> 13 :
caccgggaat tccgcgectce tc 22

<210> 14
<211> 20
<212> DNA
<213> Artificial

<220>
<223> Oligonucleotide Probe

<400> 14



caccgggaat tccgcactcc tc 22 <210> 17 <211> 18 <212> DNA <213> Artificial
<220> <223> oligonucl eotide Probe <400> 17 gctgcctccc gtaggagt 18 <210>
18 <211> 21 <212> DNA <213> Artificial <220> <223> oligonucl eotide Probe
<400> 18 ctcgccagcc acctttccga a 21 <210> 19 <211> 17 <212> DNA <213>
Artificial <220> <223> PCR Prinmer <#W00> 19 tccggggcaa ccyggta 17 11111
81289-0312520.5T25. txt 210> 20 : 211> 16 :212> DNA :213> Artificial :220>

81289-0312520.5T25.txt
gttgccecgg attctegttc 20

<210> 15

<211> 22

<212> DNA |
<213> Artificial

<220> )
<223> o0ligonucleotide Probe

<400> 15
caccgggaat tccgcgctce tc 22

<210> 16

<211> 22

<212> DNA

<213> Artificial

<220>
<223> oOligonucleotide Probe

<400> 16
caccgggaat tccgcactcc tc 22

<210> 17

<211> 18

<212> DNA

<213> Artificial

<220>
<223> oOligonucleotide Probe

<400> 17
gctgcctccc gtaggagt 18

<210> 18

<211> 21

<212> DNA

<213> Artificial

<220>
<223> o0ligonucleotide Probe

<400> 18
ctcgccagece acctttccga a 21

<210> 19

<211> 17

<212> DNA

<213> Artificial

<220>
<223> PCR Primer

<400> 19
tccggggcaa ccyggta 17



223> PCR Primer :400> 20 :cnctcctttc aggttc 16 :210> 21 :211> 21 :212> DNA
Artificial -213> :220> :223> PCR Priner :400> 21 :tcggaaagg tggctggcga g
21 :210> 22 :211> 20 :212> DNA :213> Artificial :220> :223> PCR Pri ner
: 400> 22 ttctctgyaa ggttccggag 20
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210> 20
211> 16
212> DNA
213> Artificial

220> )
223> PCR Primer

400> 20
:cmecctttc aggttc 16

210> 21

211> 21

212> DNA

213> Artificial

220> .
223> PCR Primer

400> 21
:tcggaaagg tggctggcga g 21

210> 22

211> 20

212> DNA

213> Artificial

220>
223> PCR Primer

400> 22
ttctctgyaa ggttccggag 20



