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EXECUTIVE SUMMARY

Théfe were two active research periods during the conduction of this
project. The initial period was March to December 1992 and the second period
was July to December 1993. During the first phase, the primary objective of
the project, namely the use of molecular and physiological methods to
identify microorganisms carrying out denitrification and phosphorus
accumulation in wastewater, was fulfilled. During the second period, the
other major objective of the research, to clone the genes for nitrite reductase
and polyphosphate kinase into high level expression vectors was also
fulfilled. We are in possession of the recombinant Escherichia coli strains
haboring the genes for denitrification and phosphorus removal from
wastewater. However, because of time limitations and the break in project
schedule, the third objective of the research, to evaluate the performance of
the recombinant strains in bioreactors simulating the wastewater treatment
process was not conducted to completion. Additional sources of funding to

further the research to include scale-up applications are presently sought.



INTRODUCTION

The disposal and fate of nitrate (NO3) and inorganic phosphorus (P;)
compounds in aquatic systems are important aspects of wastewater treatment
and environmental water resources conservation. When the crucial
processes affecting these nutrients are not controlled, excessive accumulation
leads to eutrophication of creeks, lakes, and estuaries, with significant adverse
ecological consequences (Ramalho, 1983). The removal of nitrate and
phosphorus from wastewaters is expensive and usually conducted by
manipulating aeration or by addition of chemicals such as lime, alum, and
ferric chloride (Ramalho, 1983; Toerien et al., 1990). Because of the expense
and time consuming nature of traditional processes aimed at nitrate and
phosphorus removal, biotechnological alternatives to the chemical methods
have been under constant investigation, and are the subject of the present
research effort.

Many organisms are known to be capable of nitrification and
denitrification, and of phosphorus accumulation from aqueous media. The
process of nitrate removal is tightly linked to the well studied nitrogen cycle
consisting mainly of nitrification and denitrification reactions (Figure 1). The
goal of biotechnological denitrification processes is to manipulate the
direction and dynamics of the nitrogen cycle such that the formation of
gaseous nitrogen compounds is favored. These compounds with sufficient
partial pressures are then released into the atmospheric pool of nitrogenous
compounds, thereby resulting in a lower concentration in the aqueous phase
(i.e. dissimilatory nitrate reduction).

In the case of phosphorus removal from aquatic environments,

biotechnological strategies depend on the ability of certain bacteria including



Figure 1. An example of a three-step process for nitrification and

dissimilatory denitrification in a wastewater treatment process. (After

Ramalho, 1983)
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Escherichia coli to accumulate polyphosphate granules in their cells during
growth under certain nutritional conditions. The physiological functions of
polyphosphate in cells are not completely understood, but there is sufficient
evidence that it may serve as a source of energy because the reaction leading
to its formation is reversible, leading to the production of adenosine
triphosphate (ATP) which supports many biochemical reactions (Kato et al.,
1993). There are many enzymes involved in the accumulation and
degradation of polyphosphate granules, but the one amenable to
biotechnological manipulations is polyphosphate kinase (PPK; see Figure 2),

and is the targeted enzyme in the study reported here.

Figure 2. Process by which phosphorus accumulation might be improved

through genetic engineering of polyphosphate kinase. (From Kato et al., 1993).
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MATERIALS AND METHODS

WASTEWATER SAMPLES

Throughout the project, wastewater samples were obtained from the
Michelson wastewater treatment Plant operated by the Irvine Ranch Water
District (IRWD). Samples weré routinely collected from points representing
the raw sewage inlet, primary and secondary settling outlflows and the treated
effluent (Figure 3). One liter water samples were collected in polystyrene
vessels and immediately placed on ice. Water samples were routinely

analyzed within two hours of collection.

DENITRIFICATION

The first step taken for biotechnological enhancement of denitrification
in wastewater was to determine the population densities of bacteria capable of
carrying out denitrification (phenotypic assay), and of bacteria containing
DNA sequences homologous to the segment cloned from Pseudomonas
stutzeri encoding for nitrite reductase (Smith and Tiedje, 1992). The second
phase involved the cloning of the nitrite reductase gene into a high
expression level plasmid. The resulting recombinant plasmid was then
transformed into E. coli, and the relative expression level of the cloned gene
was checked through protein analysis by performing a denaturing
polyacrlyamide gel electrophoresis (SDS-PAGE). The third planned phase of
the project was comparative performance of the recombinant nitrite
reductase-producing E. coli and and the control of the naturally-occuring
denitrifying bacterial population through manipulation of aeration levels in

bioreactors simulating wastewater treatment processes.



Figure 3. Sampling points in the Michelson wastewater treatment Plant.
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PHOSPHORUS REMOVAL -

The design of experiments aimed at biotechnological enhancement of
phosphorﬁs removal from wastewater was similar to those for
denitrification. An initial assessment of phenotype (ability of wastewater
bacteria to accumulate polyphosphate granules) through staining techniques
and microscopy was conducted. The phenotype assay was followed by a
genotype assay where wastewater bacteria containing DNA sequences
homologous to the cloned fragment from E. coli encoding for polyphosphate
kinase were detected through colony hybridization. The second phase of
work regarding biotechnological phosphorus removal was the cloning of the
E. coli polyphosphate gene (ppk) into a high level expression plamid for
increased production of the crucial enzyme. Finally, the efficiency of
phosphorus removal was to be compared between the recombinant strain
containing the high level expression ppk-plasmid and the natural induction

of polyphosphate accumulating potential of wastewater bacteria.

NEW METHOD DEVELOPMENT FOR MOLECULAR MICROBIAL ECOLOGY

In order to facilitate quantitative analysis of gene expression and
consequential enzyme production in natural microbial communities, a
method was developed for electrophoretic resolution of proteins extracted
directly from natural or assembled microbial communities. The results of
the method development and preliminary applications to monitoring
polyphosphate kinase production was the first published article derived |

directly from the project (see appended manuscript).



RESULTS AND DISCUSSION

Tables 1 through 5 summarize the data on selected bacterial population
densities in the wastewater samples investigated during this project. By
comparing data on phenotypes with the data on DNA hybridization, the results
indicate the possibility of increasing the expression of latent genetic potential.
For example, in the primary effluent, 32% of the heterotrophic bacterial
population contained DNA sequences homologous to the nitrite reductase gene,
whereas only 15% of the bacteria in the same sample showed phenotypic
ability to convert nitrate directly to gaseous products (Tables 2 and 3).

However, in the case of phosphorus accumulation the data indicate that
there is significant diversity in the genetic potential responsible for the function
of polyphosphate kinase in the wastewater microbial community. This is
because, for example, 43.5% of total heterotrophic bacteria were able to
accumulate phosphate granules according to the microscopic assay (Table 4),
whereas only 1% of the bacteria in the same sample contained DNA sequences
homologous the the E. coli polyphosphate kinase gene (Table 5).

These are important results because they indicate that the
biotechnological strategy of choice for ehancing denitrification might be genetic
induction of the latent genetic potential by means of aerobic-anaerobic system
manipulation (e.g. with E. coli membranes) or with certain amino acids. That
strategy will likely not work for phosphorus removal because the prototype
genetic system does not account for the majority of phosphorus accumulating
bacteria in the wastewater samples analyzed. Therefore, installing bioreactors
containing genetically-engineered high expression leve E. coli strains containing

the polyphosphate kinase gene might be a better strategy. We subsequently
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decided to explore both strategies for denitrification and the reactor strategy

for phosphorus removal.

TABLE 1. Aerobic heterotrophic bacterial population densities in
IRWD Michelson Plant wastewater.

Wastewater Sample Colony forming units (CFU) per ml

Raw influent 3.1 +/-2.0x 105
Primary effluent 2.6 +/- 1.2 x 105
Secondary effluent 9.6 +/-3.2x 104
Treated effluent less than one

TABLE 2. Population densities of bacteria exhibiting denitrification
phenotype in IRWD Michelson Plant wastewater.

Wastewater sample CFU/ml Proportion of total (%)
Raw influent \ 2.8 +/-1.4x 104 9.0

Primary effluent 3.9 +/-23x 104 15.0

Secondary effluent 29+/-1.1x103 3.0

Treated effluent not detected




TABLE 3. Population densities of bacteria containing DNA sequences
homologous to E. coli nitrite reductase gene in the IRWD Michelson

Plant wastewater.

Wastewater sample CFU/ml Proportion of total (%)

Raw influent 1.6 +/- 0.8 x 104 37.0
Primary effluent 4.4 +/-2.1x 104 32.0
Secondary effluent 0 21+/12x104 19.0
Treated effluent not detected

TABLE 4. Population densities of bacteria exhibiting phenotypic
polyphosphate accumulation in the TRWD Michelson Plant

wastewater.

Wastewater sample CFU/ml Proportion of total (%)
Raw influent 4.1 +/-2.3x 104 13.2

Primary effluent 2.4 +/-1.4x 104 9.2

Secondary effluent 4.2 +/-1.1x 104 43.8

Treated effluent not detected
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TABLE 5. Population densities of bacteria containing DNA sequences
homologous to the E. coli polyphosphate kinase (ppk) in the IRWD
Michelson Plant wastewater.

Wastewater sample CFU/ml Proportion of total (%)
Raw influent 9.3 +-3.3x103 3.0

Primary effluent 2.6 +/-1.4x103 1.0

Secondary effluent 9.6 +/- 2.7 x 102 1.0

Treated effluent not detected

Figure 4 shows the data for in situ induction of the denitrification
potential for natural wastewater bacteria. The data showed a significant
enhancement of denitrification in the wastewater achieved through the
addition of E. coli membranes (Oxyrase®) . Simple prevention of oxygen
diffusion into the batch reactors by sealing was not enough to account for any
signigficant removal of nitrate beyound the levels achieved in constantly
aerated reactors.

Figure 5 shows the data from experiments conducted to detect the
increase in the production of specific protein molecules, presumable enzyme
important in phosphate accumulation, in wastewater bacteria, compared to an
induced strain of Acinetobacter calcoaceticus, a noted accumulator of phosphate

in many sewage treatment operations. Again the data suggest a highly diverse



genetic system for phosphate accumulation in the particular wastewater

investigated.

GENETIC CLONING

Similar molecular cloning process was undertaken for introducing the
polyphosphate kinase (ppk) and the nitrite reductase (nir) genes into a high
expression level plasmid vector. Therefore the process will be described in
genral terms. The ppk gene was obtained from professor Kornberg’s
laboratory at Stanford University, and it was supplied as plasmid pBC29
(Figure 6). The hyper-expression plasmid vector used was pET-15b (Figure 7).
The scheme for integrating ppk with pET-15b is illustrated in the flow diagram
in Figure 8. Generally, this procedure leads to a 30 - 40% increase in specific
enzyme production. The exact level, with IPTG induction can be determined by
performing a polyacrylamide gel electrophoresis, as shown in Figure 9. At
present we have generated two independent recombinant E. coli strains
containing the ppk gene and the nir gene respectively. We were able to
conduct only preliminary experiments on the maintenance of these strains in
fermentors by the end of the project. One of the outstanding goals is to
incorporate the two genes into one strain of E. coli. Presumably, this will
improve the efficiency of biotechnological enhancement of wastewater

treatment with recombinant organisms.
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Figure 4.
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Figure 5. Polypeptides extracted from induced A. calcoaceticus and wastewater bacteria for
phosphorus removal. Lanes 1 and 2; influent;3 and 4, primary effluent; 1 and 3: induced; 2
and 4:uninduced. compared to lane M,
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Figure 6. Plasmid pBC29 containing ppk from Kornberg laboratory at
Stanford.
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Figure 7. Cloning vector pET-15b
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Figure 8. Construction of recombinant plasmid containing ppk.
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Figure 9. Picture of SDS-PAGE gel showing increased level of enzyme
production by strain containing recombinant plasmid pED15-5 induced with

IPTG.
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APPENDIX
(attached)

DNA sequences desribing the polyphosphate kinase gene and the nitrite

reductase gene used.

Publication from the study. In addition to the published article, we are
preparing another manuscript describing the cloning work. Presentatins were
also made to the 1992 and 1993 Annual Meetings of the American Society for

Microbiology.



@ BECKMAN CENTER

Stanford University Medical Center
Stanford, California 94305-5307
(415) 723 616!

FAX (415) 723 6783

Department of Biochemistry
School of Medicine

January 16, 1892

Dr. Oladele Ogunseitan

Enviromental Microbiology and

Genetics Laboratory

Enviromental Analysis and Design Program
in Social Ecology ‘
University of California

Irvine, Ca 92717

Dear Dr. Oladele Ogunseitan:

Thank you for your letter of December 14, 1991. We are sending you
the clone pBC29 and the DNA sequence of the ppk gene. In pBC29, a 3-kb
Bgll-Kpnl fragment encoding the ppk gene is inserted into Smal-Kpnl sites
of the vector pUC18. The 3-kb fragment can be isolated by digesting pBC29

with Kpnl-BamH! or Kpnl-Hindlil. The plasmid DNA (10 ug, also indicated on
the tube) was ethanol precipitated and dried; add an appropriate amount of
TE buffer before your use.

We have not yet published the cloning of the ppk gene, nor its DNA
sequence. We understand that you will limit the use of the sequence data
and the plasmid for identifying other polyphosphate solubilizing bacteria in
activated sludge. We would appreciate receiving your reprints related to
polyphosphate metabolism.

Sincerely yours,

%Miv%ﬁ’;ﬂ%
Masahj ki a
e
Elliott Crooke

cc: Arthur Kornberg



Nucleotide sequence of the 2.8-kb region of ppk. The nucleotide sequence of the noncoding strand

of the ppk gene is given from 5' to 3, starting at nt-187 and terminating at 2250. The transcription
start sites are marked by asterics; the putativefp_romoters (P1 and P2) are boxed; a possible Shine-
Delgamo sequence for translation initiation is marked by a wavy line. The predicted amino acid
sequence is also shown. Analyzed internal peptide sequences were in agreement with the deduced

amino acid sequence, and are underlined.
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GCTGOOGACGAGT AR TACCCCCGTAA T TAARGOGOCAGCTCTGOCGCTGROGTTTTTCAATTCACT TG TARA

purN P,-35

Py-10 P,-35 P,-10

GIGGTAATGGGTCAGGAAARGCT ATACATOCAAAAAGAGC TCAGTTGGTTATCG TTCAATGAACGCG TGO T TCAGGAAGCGGCGGACAAA
MetGlyGLlnGluLysieuTyr [leGlulysGluLeuSerTrpLeuSerPheAsnGluArgValleuGlnG LuAl aAl aAspLys

TCTAACCOGCTGATTGARAGGATGCGT TTCC TGGOGATC TATTCCAAT AMCC TTGATGAG TTCTATAAAGTCCGC T TCGC TGANC TGARG
SerhsnProleul leGluArgMetArgPheleuGly IleTyrSerAsnAsnLeuRspGluPheTyrLysValArgPheAlaGluleulys

OGACGCATCATTATTAGCGAAGAACAAGGCTCCARC TCTCATTCOCGCCAT T TACTGGGCAARA T TCAG TCCCOGE TCC TGAARGCCGAT
ArgArgllellelleSerGluGluGlnGlySerAsnSerHisSerArgHisleuleuGlyLyslleGlnSerArgValleuLysAlaAsp

CAGGRATTCGALGACCTCTACARC GAGCTAT TGC TGRAGATQRCGCGCAAOCACATC T TOCTGATTAA TGAACGCCAGCTCTCCGTCAAT
GlnGluPheAspGlyLeuTyrAsnGluleuleuleuGluMetAlaArghsnGLlnI lePheleul leAsnGluArgGlnLeuServalisn

CAACAAAACTGGCTGCGTCAT TAT T T TAAGCAGTATC TGCGTCACGCACAT TACGCOGATT TTAA TCAATOC TGACACTGACT TAGTGCAG
GlnGlnAsnTrpleuArgHisTyrPhelysGlnTyrLeuArgGlnHisIleThrProl leLeul leAsnProAspThrAspleuvalGln
L}

TTCCTGAAAGATGAT TACACCTATC TEGC GG TGGAAA T TATCOG TGACGAT ACCATCCGTTACGCGC TGCTGGAGATCCCATCAGATAAR
PheLeulysAspAspTyrThrTyrLeuAlaValGlul lelleArgGlyAspThr I leArgTyralaleuleuGlul 1eProSerAsplys

GTGCCGROGCTT TG TGAAT T TACOGCCAGAAGCGOOGCG TOGACGCAAGCOGATGATTC TTC TGGATAACATTICTGOGTTACTGCOC TTGAT
ValProArgPheValAsnlLeuProP roGluAlaP roArgArgArglysfroMet [leLeuleuAspAsnlleleuArgTy rCysLeudsp

GATATTITCAAAGGCTTCTITGATTATGARCGCGCTGAATGCCTAT TCAATGARGATGACCCGUGATGCCGAATACGATTTAG TGCATGAG
Aspl lePheLysGlyPhePheAspTyrAspAlaleuAsnAlaTyr SerMet LysMet ThrArgAspAlaGluTyrAspLeuValHisGlu

ATGGAAGCCAGCCTGATGGAGTTGATGTC TTCCAGTC TCARGCAGCGT T TAM TACTGAGCCOGTGCGTTTTGT TTATCAGCGCGATATG
MetGluAlaSerLeuMetGluleuMet SerSerSerleulysGlnArgLleuThrAlaGluProValArgPheVal TyrGlnArgAspiet

CCCAATGOGCTGGTTGAAGTGTTACGOGRARARC TGACTATTTOOCGC TACGAC TOCATCG TOCOGGUGG TCGTTATCATAATTTTAAA
ProAsnAlaleuValGluvaileuArgGluLysLeuThrIleSerArgTyrAspSerlleValProGl yGlyArgTyrHisAsnPheLys

GACTTTATTAATTTCCCCAATGTCOGRCAAAGCCAATCTGGTGAACAAACCACTGCOGCG T TTACGCCATAT TTGG TTTGATARAGCCCAG
AspPnelleAsnPheProhsnValGlylysAlaAsnieuvalAsnlysProleuProArglevArgHis[leTrpPheAsplysAlaGln

TTOCGCAATGGTT TTGATGCCAT TCGC GAACGCGATG TG TTGCTC TATTATCL TTATCACACCTTTGAG AT S TGCTGGANCTGITG G T
PheArgAsnGlyPheAspAlal leArgGluArghspValLeuleuTy rTyrProTyrHi sThrPheGLlulisVal LeuGiuleuleuira

CAGGCTTCGTTCGACCCGAGCGTACTGGCGAT TAAAATTAACAT TTACCGCGTOGOGNAAGATTCAOGCATCATCGAC TCGATGATCY (NG
GlnAlaserPheRspProServValleuAlalleLysIleAsnIleTyrArgValAlalysAspSerArgllellefspSerMettletlis

GCCGCACATRACGGTAAGARAGTCACCGTGGTGGTTGAGT TACAGCCGCG T TTCGACGRAGAAGCCAACATTCACTGSGCGAAGCGCCTS
AlaRlaHisAsnGlyLysLysValThrValValValGluLeuGlnAlaArgPheAspGluGluAlaAsnlleHisTrpAlaLysArgleu

ACCGAAGCAGGOGTGCACGTTATC TTC TC TUGOGGGGCTGAARA T TCACGOCAAAC TG TICC TGAT TTCACG TAAAGAAAACGGTGAA
ThrGluAlaGlyValHisValllePheSerAlaProGlyleuLysIleHisAlaLysleuPheleulleSerArglysGluAsnGlyGlu

GTGGTGCGTTATGCACACATCGEGACCGAGAACT TTAACGAAARAACCGCGCGTCTTTATACTGAC TATTCG TTGCTGACCGCCGATGEG
ValValArgTyrAlaiisIleGlyThrGlyAsnPheAsnGluLysThrAlaArgLeuTyrThrAspTyrSer LeuleuThrAlaAsphla

CGCATCACCAROGAAG TACGOCGOGTAT TTAACT TT AT TGAAAACCCAT ACCGTCOGGTGACATTTGATTATTTRAATGGTATCGCCGCAA
ArglleThrAsnGluValArgArgvalPheAsnPheIleGluAsnProTyrArgProvalThrPheAspTyrleuMetValSerProGln

AACTCCCGOUROCTAT TG TATGAAATGG TGGACCOCGAGATCGCCAACGOGCAGCAAGGGCTGCOCAGTGGTATCACCCTGARGCTAAAT
AsnSerArghrgleuleuTyrGluMet ValAspArgGlulleAl aAsnAlaGlnGlnGlyleuProserGlylleThrleulysleulsn

AACCTTGTCRATAAAGGCCTGGTTGATCGTCTGTATGCGGCC TCCAGC TCCGGCGTACCOGT TAATC TGCTGG T TCGCGGAATGTGTTCG
AsnleuValAspLysGlyLeuvalAspArgleuTyrAlaAlaSerSerSerGlyValProvalAsnleuleuvalArgGlytetCysSer

CTGATCCCCAATCTGGAAGGCATTAGOGACAACA TTCG TGCCATCAG TAT TG T TGACCG T TACC TTGAACATGACCGGGTTTATATTTTT
LeulleProAsnLeuGluGlylleSerAspAsn] leArgAlalleSer!levalAspArgTyrleuGlutishRspArgvalTyrllePhe

GARAATGGCGECGATAAAAAGGTCT. pbcmmocccccmmmmmamnnmAmmG
GluhsnGlyGlyAspLysLysValTyrLeuSerSerAlaAspTrpMet ThrArgAsnlleAspTyrArglleGluvalAlaThrProleu

CTCGATCCGCGCCTGAAGCAGCOGGG TAC TGGACATCATCGACATAT TG T TCAGCGATACGG TCAAAGCACGTTATATCGATAAAGAACTC
LevAspProArgleulysGlnArgvalleuAspel lel leAsplleLeuPheSerAspThrvalLysAlaArgTyrIleAspLysGluleu

AGTAATCGCTACGTTCOCCGCGGCAATCGOCGCAAAG TACGGOCGCAGT TGGCGATT TATGACTACATCAAATCAC TUGAACAACCTGAA
SerAsnArgTyrValProArgGlyAsnArgArglysValArgAlaGlnieuAlalleTyrAspTycllelysSerleuGluGlnProGlu

TPA

180

270

360

as0

240

630

720

810

900

990

1080

1170

12611

150

1440

1530

1620

1Mo

1800

1890

1980

2070

2160

2250

2253
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Drat 2674 1
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Sspl 2501
Xmnl 2294
Scal 2177
——— Ay
Pvul| 2065
"#~Avall 2059
2000 '
puci1s
Fsp! 1919 2685 bp
Avall 1837
Bgll 1813
Cirig) 1779
E -l kmo = Lac Y

Bylt 245
Fsp! 256

Nde! 183
Nar| 235

Pvul 278
Pw il 306 -

factOPZ

AwN1 1217
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Pvuelt 628

Hind 1t 399

S BspM 1 413
\\ EcoAi 450
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misc_feature

rmisc reature

misc_feature

miocc _fwature

BASE COUNT

ORIGIN

AAGCTTGATT
AGCAGCGCAG
CACYGHRICCTC
CATCANGUGEE
COGGGAACTG
ACATCCATGA
CTCGGCATGG
GCCAACARZA
ACGGGRCAAGA
GGCACCCTGA
GGCATGGTCA
ATCCAGCACA
AACCTGATCG
TTCGCCATCA
ATCCTCGATA
ACACCGTCGO
GTCGCGACCG
GAAGACAAGT
GAGACTCTCG
CACCLUGAK,
ARCGTGAAGG
ACCACCACCA
TACTTCATGG
GGTAAGCTGG
CACCCGCAGT
ATCTCCACGC

543 &

2029..2382

PN
/

(2

/note="Cpen reading frame with homology to
taetraheme which has heen shown to be down&tream of
the nitrite reductase gene in Pacudomonas stutzeri

(2)"

/eitation=(2)’

2194..2208

/notez"Heme ¢ binding

2284..3308

/note="Heme c¢ binding

2377 ..2382
/note="Cla

782 ¢

ACGGTCARCT
GCCGTACTCG
CCCGCGACAC
GTTCGCAAGA
CCACATCGCC
GTACCATTGG
CGGTCGCCCA
TCTACTTCRA
ACCTCGAACC
AGCTGGGCAC
ACTACGACGA
COCCCGACAT
TTCCGGTGGA
CCCTGCGTGA
CCGGCTACGC
CCHGATAGCT
TTCGCCTOGG
ACCTGATCIG
AACCGATGAA
CHLGECETEEC
AGACCGGGCA
TCGARTCCGS
TCGCCGCCAR
CAGCTCTGAT
TCaccccocT

CTTCGGATGA

I site"

674 ¢

CCCGCTIGAA
GGCTCGCTGA
GACGTCACOT
GGCCCACCTA
GTAACTAGCA
TAARCCTGTG
TGCOGCOGUA
andnwncaﬂc
GCACTGGGRA
CAAGCGCCTG
CATCCTGACC
TCCCCCAGAG
ACGCCGAAGA
CGOGCAGCTC
GGTGCACATC
GACCACCATC
TCCGATCCGC
TOGCACCTAC
AGTCOTCTEC
GTCCATCGTC
GATCATGCTG
CAAGTTCCTA

-CGCCTCCAAC

CGATACCGCG
ATCCTCCACC
ATCCAAGTAC

377 t

ATGGCACCTT
GCTTTCGTTT
TCAGGRGETC
GGATGCAML
GGAGCCGCCC
ATCGGCCTGT
CCBUACATUA
GGCTGTCACG
AAGACCGAAG
GARGAACATCA
GCCGAAGANA
TTCTCTCTGEC
CAGATGAACA
TGGRACGGTG
TCCCGTCIQRT
ATCGACATGT
TCOGTOGACG
TGGCCGCCAC
ACCCGCGECC
GCCTCGCACR
GTCGACTACA
CACGACGGCG
ARGGCTGCGC
AAGATCCGCA
GGCCACCTCE

GCCAAGTACA

CTCGRAEGCCG
CTGCATAGAA
GCCOAAAGAR
CGCGCACARG
CAAGCGCTCC
TCGCCGGCAT
CUGUGGARR
STGTTCTGCG
ACGGCAAGAA
TTGCCTTOGG
TCAACCTGAT
ACGACATGAAR
AGGTCAACCT
ATACCCACGA
CCGCCTCOGG
COTATCCQCN
TCTCTAAGTT
AGTACTCGAT
AGACCGTCGA
TCAAGCCGGA
CCGACATCAA
GCTGGGATGC
CTGCAGTCGA
CCCAGACGCG
GCGACGACCT

AGGAGCACAA

P . a2

TGCACCCELC
CCCTCGCCCG
TCTTRACTGS
AAGAAAGCAC
AAAAGGAGAG
GTCGAATCTG
ANMAGARICC
CAAGGGLCGCC
ANTCGAAGGC
TACCGAAGGC
GGCGCGCTAT
QCACARCTGG
CGAGAACGTG
GATCTGGAMG
CCGTATGTCT
NCCEACCACT
CAAGGGCTAC
CATGCGACGGC
TGGCGACTAC
GTGGATGGTG
GAACCTCAAG
CTCCCATCGC
TACCAAGACC
CAACTTCGTG
QOTOTCCRTC

CTGGAAGGTG



FP.a3

)

LQOCuUs NIrauothl. 2382 bp DNA 21-0CT-1991
DEFINITION Pseudononas stutzeri JM 300 Nitrite Reductaaa.
KEYWORDS Nitrite Roductase; nitrite reductase.
SOURCE Pgeuaomonas sturzerl, 2.4 K§ Cla I Eragment.
ORGANISM Pseudomonas stutzeri
REFERENCE 1 (baves 1 Lo 2382)
AUTHORS Smith,C.B. and Tiedje,J.M.
TITLE Ioolntion and Characterization of a Nitrite Redirtanme fene
and its Use as a Proke for Denitrifying Bacteria
JOURNAL  Appliad and Fnviremmental Microbiology, 58 (1), 376-3184 (1642)
STANDARD full- automatic :
REFERENCE P (bagses 1 Ly 2382)
AUTHORS  Jungst.A., Wakabayashi,S., Matsubara,H. and Zumft,W.G.
TITLE The nirSTBM region ¢oding for cytachrome cdl-depedent .
nitrite respiration of Pseudomonas mtutzerl conaists of a
cluster of mono-, di-~, and tetraheme proteins
JOURNAL FEBS Letters 279 (2), 205-209 (1391)
COMMENT
Data kindly submitted in computer rcadable form by:
Michnel MGL LaMontagne
Biology, Marlic Piruyramn
Borton University
DUMP/MDL
weods Hole Ma., 02543
USA
Phone: 508-548-3705 X 516‘_
Fax: 508-548-7295
11} Author requested hold until 11-SEP-1991
corresponding Author for Reference #1:
Geoffrey GBS Smith Phd
Biology
New Mexjco State University
Las Cruces New Moxico 88003
Phone: 5Ub-bdb-3blL :
Corresponding Author for Reference #2:
FEATURES ' Localion/Qualilicia
promoter 1..306
RD3 294..299
/note=*Shine-Dalgarnc segquence"
RES 307..3200
/note=*initiation codon”
promotar jein(s5..9, 14..18)
/note="fnr box"
/eitatiens[1] :
promoter join{173..177, 182..186)
/eitations[1]
/note="fnr box"
sig_peptide 307..384
cDs 38y, . 19062
/product="Nitrite Reductase"
mat_pept ide 33%..15%59
/product="nitrite reductasae"
misc_feature 445..459
/function=“Henae c binding msite"
RBO 20158,.2019
/nete="Shine-Calgarne seguence*
RBE 2029

/note=*initiation codon®



PSENITRED 1872 bp ds-DNA BCT 21-MAY-1991
Pseudomonas aeruginosa gene for nitrite reductase (EC 1.6.6.4)

X16452

LOCUS
"DEFINITION
ACCESSION

KEYWORDS
SOURCE

ORGANISM

REFERENCE

AUTHORS

TITLE

JOURNAL
STANDARD

COMMENT
FEATURES
mMRNA

CDS

BASE COQUNT

ORIGIN
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
501
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861

nitrite reductase (NAD(P)H).
Pseudomonas aeruginosa DNA.

Pseudomonas aeruginosa

Prokaryota; Bacteria; Gracilicutes; Scotobacteria;
Pseudomonadaceae.

1 (bases 1 to 1872)
Silvestrini,M.C., Galeotti,C.L., Gervais,M., Schinina,E., Barra,D.,

Bossa,F. and Brunori,M.

Nitrite reductase from Pseudomonas aeruginosa: sequence of the gene

and the protein

FEBS Lett.
full automatic
From EMBL 26

GAATTCCCGG
GGGCTCCTGA
TCGCTGACGC
CAATACCAGG
CCCGACATGA
GGTTGCCACG
CAGCAACGCG
CCGAACTGGG
ATCCAGCACA
AAGGTGCTGG
AACCTGTTCT
AAAAAGATCG
TCCGGCCGCT
GCCAAGGAGC
AGCTCCAAGT
CAGTTCGCGA
ATGACCGTAG
CACGAGCACC
TACAAGGATA
GGCGGCTGGG
GCCGTGATCG
CACCCGGGGC
CACCTGGGCG
GCCTGGAAGA
CATCCGAAGT
CAGAGCGTCG
GCCGAATGGG
CGCGGCGATG
GTGGTGGACG
CCGACCGGTA
GGGCACGCCC
CGCTGCTCGC

402 A

254,

33-38 (1989)

entry PANITRED;

Location/Qualifiers

<l1l..1872

dated 27-MAR-1991.

/gene="nitrit reductase gene"
- Jevidence=EXPERIMENTAL

82..1788

/EC_number="1.6.6.4"
/product="nitrite reductase (NAD(P)H)"
/gene="nitrit reductase gene"
Jjcodon start=1

651 C

GAGTTCCCGA
GGAGATAGAC
TGCTGGGCCT
GTGCCGCTTC
GTGAAAGCGA
GCGTCCTGCG
GCCAGCAATA
GCAGCTCCGG
CCCCGCCGCA
TGAAGCCGGA
CGGTGACCCT
TCAAGGTCAT
ACCTGCTGGT
CGACCAAGGT
TCAAGGGCTA
TCATGGACGG
ACACCCAGAC
CCGAGTTCAT
TCGACAACCT
ACAGCAGCCA
ACTCCAAGGA
GTGGCGCCAA
ACGGCAGCAT
AAGTCGCCGA
CCTCGCACCT
CGGTGTTCGA
CCGATCTCGG
AAGTCTGGTT
ACAAGACCCT
AGTTCAACGT
CGCACGCTCC
ca

555 G

CGCAGCCACC
CATGCCATTT
GGCCACCGCT
CGCCGTCGAT
GTTCAACGAG
CAAGGGCGCC
CCTGGAAGCG
CGAGCTGAGC
ACCGCCGGAG
GGACCGGCCG
GCGCGACGCC
CGATACCGGC
GATCGGCCGC
CGCCGAGATC
CGAGGACCGC
CGAGACCCTG
CTACCACCCG
CGTCAACGTG
CACCGTCACC
CCGCTACTTC
CCGTCGCCTG
CTTCGTGCAT
CTCGCTGATC
ACTACAGGGC
CTACGTCGAC
CCTGAAGAAC
CGAAGGCGCC
CTCGGTGTGG
GAAGCTCAAG
CTACAACACC
CCCCTACGAG

264 T

CCCAAAACAC
GGCAAGCCAC
CACGCCAAGG
CCCGCTCACG
GCCAAGCAGA
ACCGGCAAGC
CTGATCACCT
AAGGAACAGA
TGGGGCATGC
AAGAAACAGC
GGGCAGATCG
TATGCCGTGC
GACGCGCGGA
AAGATCGGCA
TACACCATCG
GAACCGAAGC
GAACCGCGCG
AAGGAGACCG
AGCATCGGTG
ATGACCGCCG
TCGGCCCTGG
CCCAAGTACG
GGCACCGATC
CAGGGCGGCG
ACCACCTTCA
CTCGACGCCA
AAGCGGGTGG
AACGGCAAGA
GCCGTGGTCA
CAGCACGACG
GAACCGTGAT

TGCTAAGGGA
TGGTGGGCAC
ACGACATGAA
TGGTGCGCAC
TCTACTTCCA
CGCTGACCCC
ACGGCACCCC
TCACCCTGAT
CGGAGATGCG
TCAACGACCT
CCCTGGTCGA
ATATCTCGCG
TCGACATGAT
TCGAGGCGCG
CCGGCGCCTA
AGATCGTCTC
TGGCGGCGAT
GCAAGGTCCT
CGGCGCCGTT
CCAACAACTC
TCGACGTCGG
GCCCGGTGTG
CGAAGAACCA
GCTCGCTGTT
ACCCCGACGC
AGTACCAGGT
TGCAGCCCGA
ACGACAGCTC
AGGACCCGCG
TGTACTGAGA
GAAACCGTAC

GCGCCTCGCA
CTTGCTCGCC
AGCCGCCGAG
CAACGGCGCT
ACGCTGCGCC
GGACATCACC
GCTGGGCATG
GGCCAAGTAC
CGAATCGTGG
CGACCTGCCC
CGGCGACAGC
GATGTCCGCT
CGACCTGTGG
CTCGGTGGAA
CTGGCCGCCG
CACCCGCGGC
CATCGCCTCC
GCTGGTCAAC
CCTCCACGAC
CAACAAGGTT
CAAGACCCCG
GAGCACCAGC
TCCGCAGTAC
CATCAAGACC
CAGGATCAGC
GCTGCCGATC
GTACAACAAG
CGCGCTGGTG
GCTGATCACC
CCCGCGTGCG
GCACTGCTTT
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