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A. Information relating to the recipient or parental organism from which the
GMO isderived

1) The parental (host) organism is a member of the Pseudomonas fluorescens species
of bacteria. It wasfirst characterised by Shanahan et al. (1992).

2) Its complete name is Pseudomonas fluorescens strain F113. The GMO,
Pseudomonas fluorescens F113lacZY is based on this wildtype. The strain to be used in
the release trial is a spontaneous rifampicin resistant mutant derivative of this GMO.
The GMO, Pseudomonas fluorescens F113rifpch, is derived from the parental
organism P. fluorescens strain F113rif. Pseudomonas fluorescens F113rif is a
spontaneous rifampicin resistant derivative of the wild type organism P. fluorescens
F113 (Brazil et al., 1995).

3) Geographical distribution of the organism.

a) The isolation of P. fluorescens F113 were reported by Shanahan et al. (1992)
whereby the organism was isolated from the root hairs of a sugar beet plant and
characterised as a fluorescent bacteria, Gram-negative, nonfastidious with a motile rod
that is oxidase and catalase positive which indicates that it is a member of the
Pseudomonas species as outlined in Bergey's Manual of Determinative Bacteriology
(Bergey, 1982).

b) The bacterial species P. fluorescens is an ubiquitous organism in Europe, they are
common members of the microflora of soil and water. P. fluorescens F113 was first
isolated from the rhizosphere of a sugar beet plant taken from soils in Counties Cork
and Tipperary, Ireland (Atlantic ecosystem).

The isolation of the strain F113 outside Ireland, including Denmark, has not been
reported. However, P. fluorescens strains equivalent to F113 can certainly be isolated
from plant rhizosphere everywhere, as P. fluorescens is a normal inhabitant of plant
rhizosphere. In fact other P. fluorescens strains with biocontrol abilities have been
isolated in various parts of the world.

c) Close relatives of Pseudomonas fluorescens strain F113 are regularly used in
agriculture worldwide:

P. fluorescens WCS374 has been applied commercially on radish seed as
"BioCoat" (S& G Seeds) to suppress fusarium wilt. At present, this product is not
available because of its relatively high costs of production, appearence of resistant
radish cultivars and because production efficiancy is less than 100%. (Cited from:
Plant microbe Interactions and Biological Control, Eds. G.J.Boland & L. David
Kuykendall, 1998, Marcel Dekker).

P. fluorescens, commercial name: Dagger G (Ecogen Inc., Langhorne, PA) against
Pythium ultimum, Rhizoctonia solanii for cotton seed treatment. (See: ACS
Symposium Series 595, Biorational Pest Control Agents, Formulation and Delivery,
Eds. F.R.Hall and JW.Barry, 1995).

P. fluorescens bv5, commercial name: VICTUS (Sylvan, Kattanning, PA) against
other Pseudomonads (P. tolaasii) in mushrooms. (See: ACS Symposium Series 595,
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Biorational Pest Control Agents, Formulation and Delivery, Eds. F.R.Hal and
JW.Barry, 1995).

P. fluorescens, commercial name: Conqueror (Mauri Foods, Australia), as above
against same Pseudomonad in mushrooms. (See: ACS Symposium Series 595,
Biorational Pest Control Agents, Formulation and Delivery, Eds. F.R.Hal and
JW.Barry, 1995).

The website of the U.S. Department of Agriculture, Beltsville, Biocontrol of Plant
Diseases Laboratory, http://www.barc.usda.gov/psi/bpdl/bpdlprod/bioprod.html_ lists and
describes products based on live microorganisms on the market. Among them we
find 3 products based on P. fluorescens: BlightBan A506, Conquer and Victus, and
two based on Burkholderia cepacia: Intercept and Deny.

Other Pseudomonas-products are presently on the market. Well known is P.
chlororaphis (commercial name: CEDOMON), which is developed by Gerhardson
(Uppsala) and used in Sweden, Norway and Finland, marketed by "BioAgri" and
used on wheat (large areas treated with CEDOMON) (US patent 5,900,236
"Composition and method for controlling plant diseases using Pseudomonas
chlororaphis strain NCIMB 40616).

d) Recently, P. fluorescens F113 has been regularly used and kept in laboratory
experiments in The National Environmental Research Insititute (NERI), Raskilde,
Denmark.

4) Natural habitat of the organism.

a) The microorganism P. fluorescens strain F113 is found in the soil in association
with plant roots. F113 was first isolated from the rhizosphere of sugarbeet plants
(Shanahan et al., 1992)

5) Detection and identification.

a) P. fluorescens F113rif is commonly detected by plating soil/root suspensions on
plates of the minimal sucrose asparagine agar (SA) (sucrose, 20 g L™; asparagine, 2
gL™h KoHPO,, 1. gL purified agar, 15 g L™; with the addition of 2 mM MgSO, after
autoclaving) amended with 50 mg mi™ rifampicin, growing as fluorescent yellow-
green colonies after 24 h when grown at 28 °C and as brown pigmented colonies after
4 days at 28 °C.

b) A PCR based fingerprinting detection system has been designed specifically for the
control strain F113lacZYrif. A non-antibiotic marker cassette, mini-Tn5, was inserted
into the chromosome of P. fluorescens F113 (Fedi et al., 1996) creating a stably
integrated lacZY cassette, with an unaltered effect in ecological fitness. The insertion of
the lacZY genes created an unique junction region on the chromosome of the novel
strain and this region has been exploited to develop a PCR based fingerprinting
detection system. Two primers were designed which will specifically amplify the
unique junction region of the mini Tn5 insertion on the chromosome of the control
strain F113lacZYrif. This detection system will only generate a PCR product when the
DNA of F113lacZY'rif is present in the test samples.

In addition, the presence of the lacZY genes confers the lactose utilisation phenotype to
the strain and therefore the control strain can be detected as blue colonies by culturing
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on minimal medium M9 (Na,HPO,4.7H,0, 12.8 g L™; KH,PO,4, 3gL™; NaCl, 0.5g L™,
agar, 15 g L™; MgSO4, 2 mM, CaCl,, 10 mM) with 0.5 % lactose as a sole carbon
source supplemented with 40 mg/L of 5-bromo-4-chloro-3-indolyl b-D-
galactopyranoside (X-Gal) and 50 mg ml™ rifampicin.

6) Safety classification.

Under the existing Community rules relating to the protection of human health, the
recipient organism is not classified in Denmark or at the EU level.

However, in Germany Pseudomonas fluorescens is classified in risk group 1. This
classification is given with the following remark: “In invidual cases shown or suspected
to be a pathogen, mostly with strongly immune-compromised human; species
identification often not reliable.” (Berufsgenossenschaft der chemischen Industrie.
1997. Sichere Biotechnologie, Eingruppierung biologischer Agenzien: Bakterien.
Merkblatt B 006, 2/97, ZH 1/346. Jedermann-Verlag, Heidelberg).

This means, in Germany Pseudomonas fluorescens is positively classified as Group 1
for enclosed (indoor) use, i.e., considered safe with regards to workers' protection at
their workplace, even in the face of reports on secondary infections of serioudly ill
patients.

In other parts of the world, P. fluorescens has not been considered for inclusion in the
list of classified organisms. According to the information service of the Office of
Biosafety Canada (http://www.hc-sc.gc.calhpb/lcde/biosafty/index.html), which offers
alist of known risk group classifications worldwide, P. fluorescens is not classified in
Canada, by the NIH, by the EU, by the state of Belgium, or in Australia, nor anywhere
else.

7) Pathogenicity.
In addressing the issue of pathogenicity, the topics to be considered are
infection of healthy and of immuno-compromised individuals
toxic effects
carcinogenic effects
alergenic effects
Disease-related bacterial propertiesto be considered include
adherenceto cells
invasion of cells
cell damage
sensitivity to antibiotics
As Pseudomonas fluorescens F113 is a documented biocontrol strain, enhancing plant

health (Carroll et al. 1995; Naseby & Lynch 1999), it is sufficient to consider
pathogenicity to humans and animals.

In the available literature, the species Pseudomonas fluorescens is not considered
pathogenic, or harmful in any other way (including its extracellular products), either
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living or dead. In particular, root colonising Pseudomonas fluorescens is considered
non-pathogenic, non-toxic, non-virulent micro-organism (they are part of the normal
flora of many crop plants). There is aso no evidence for carcinogenic or allergenic
effects.

Pseudomonas fluorescens does not possess any external cell structures facilitating
adherence to cells, nor any properties related to the invasion of cells or cell damage. In
this context, it is important to note the difference between P. fluorescens and
fluorescent pseudomonads. The taxonomic group of fluorescent pseudomonads
includes P. aeruginosa, a Group 2 organism and a known opportunistic pathogen.

The host strain P. fluorescens F113 does not harbour any relevant antibiotic resistances,
while the two GMOs, Pseudomonas fluorescens strains F113rifpcb and F113lacZY'rif,
are resistent to rifampicin, but sensitive to other antibiotics. These resistances were
obtained by spontaneous mutation, with the intention of improving the GMOs
detection in soil.

A search of the available literature addressed the question, whether there was any
recent evidence showing pathogenicity of P. fluorescens either in humans or animals?
In the databases we found two reports:

One was a report on the isolation (among other pseudomonads) from sick chickens
of two haemolytic P. fluorescens strains. One of them was totally non-pathogenic
to chicks while the other caused illness to 30% of them compared to the 100% rate
of severa P. aeruginosa strains (Avian Dis 1993. Jan-Mar;37(1):6-9.
Classification, pathogenicity, and drug susceptibility of haemolytic gram-negative
bacteria isolated from sick or dead chickens. Lin MY, Cheng MC, Huang KJ, Tsai
WC).

In the other study (George SE, Nelson GM, Kohan MJ, Brooks LR, Boyd C. 1999.
Colonization and clearance of environmental microbial agents upon intranasal
exposure of strain C3H/HeJ mice. J Toxicol. Environ. Health-Part A 56(6):419-
431), mice were exposed to laboratory strains of P. fluorescens and B. cepacia .
After intranasal exposure at 10’ cfu per mouse, the lungs were cleared of P.
fluorescens after 1 d, and from the intestines after 3 h, while Burkholderia cepacia
persisted in the lungs for over 14 d. In contrast, pulmonary exposure (i.e., an
intranasal overdose) was fatal a 6.15%10° cfu/mouse for P. fluorescens, and
1.34*10° cfu/mouse for Burkholderia cepacia. The lethal effect was not attributed
to an infection by Pseudomonas, but to a reaction of the mice's tissues to cell
surface factors of the bacterial cells. In other words, the findings do not indicate the
initiation of a disease by the bacteria, but a toxic effect of the extreme dosis
applied. The lethal dosis of P. fluorescens calculates at ca 2.8*10™ cfu/kg,
corresponding to 2*10% cfu/adult human (75 kg), employing a simple conversion
by bodyweight only. The total number of GMO P. fluorescens to be released in the
field trial is 6.3*10™ cfu, the bacteria being mixed in a carrier and covered by soil.
Intranasal exposure of any living organism to P. fluorescens is not planned at any
stage of the release experiment.

Fluorescent pseudomonads have been reported to colonise mucous membranes of
immuno-compromised patients (Niels Hgiby, oral communication). In fact, the
isolation of Pseudomonas species such as fluorescens and putida from the lungs of
cystic fibrosis (CF) patients is not uncommon. However, such colonisations have not
been described as contributing to ill hedth. In the case of P. aeruginosa, an
opportunistic pathogen of the CF lung, the accumulation of mucus in the respiratory

-5-



tract is a direct result of the synthesis of aginates by the bacterium, which significantly
contributes to reduced lung function. Similar correlations with P. fluorescens have not
been established. Furthermore, all human populations including cystic fibrosis patients
are exposed to bacteria such as P. fluorescens in their lives (e.g., when eating uncooked
vegetables). So, the practise of inoculation with P. fluorescens would not be expected
to create a new biohazard.

As demonstrated by temperature-dependent growth curves of Pseudomonas fluorescens
strain F113 (D. Dowling, unpublished information, data upon request from the
notifier), the growth optimum of the host organism is 30C, and the growth rate at 37C
is about %2 of the maximum. This supports that the host organism is not adapted to
growth in the human body. In the future, we may have to subdivide the species P.
fluorescens into two, those that are isolated from plant roots, and those that were
isolated from human and animal tissues. P. fluorescens F113 has been isolated from a
sugarbeet root.

In summary, using present knowledge, the host strain P. fluorescens F113
is not expected to infect healthy individuals

may potentially be found in the lung of immuno-compromised individuals, however
without any known adverse effects

is not expected to have any toxic effects
is not expected to have any carcinogenic effects
is not expected to have any allergenic effects
We conclude that P. fluorescens F113 is not pathogenic to humans, animals or plants.

8)

a) The generation time of Pseudomonas fluorescens in a natural ecosystem is in the
order of hoursto days.

b) The generation time of Pseudomonas fluorescens in the ecosystem where the
release isto take place is expected to be in the order of hoursto days.

c) Pseudomonas fluorescens has an assexual life cycle

d) The factors which affect the reproduction of Pseudomonas fluorescens include
nutrient limitation in the soil, physical-chemical factors (pH, water and temperature)

9) Survivability
a) No structures enhancing survival or dormancy are acknowledged

b) Factors which determine the survivability of Pseudomonas fluorescens include low
pH, predators (protozoa etc.), parasites (virus etc.) and adverse climatic conditions.
Pseudomonas fluorescens can persist at low levels (10° cfu/g) in soils for many years.

10) Dissemination
a) Transport of plant roots and soil by humans, animals or natural forces.



b) Known factors which affect micro-organisms spreading also affect the dissemination
of Pseudomonas fluorescens

11) Neither the parental or recipient organisms has been notified for release in
Denmark.



B1. Information relating to the modification

GMO 1 P.fluorescens F113::lacZYrif

The aim of this genetic modification was the construction of a rhizosphere colonising
bacterium with a non-antibiotic resistance genetic marker.

A transposable (based on Tn5) vector was used to insert the lacZY genetic marker
genes into the host bacterium. The construction of this vector and its insert (pUTlacZY)
and its use to construct the GMO is described by Fedi et al. (1996) The pUT vectors
were developed by Herrero et al. 1990; De Lorenzo et al. 1990.

These vectors can be used to transfer inserts to the chromosomes of most Gram
negative eubacteria by a ssimple conjugation procedure. The vector component of
pUTlacZY does not contribute to any phenotype in the final construct , indeed the only
Remaining portions present in GMO are the 19bp inverted repeats from Tnb.

There are no known pathogenicity determinants encoded by any of the vectors used. No
vector sequences are present in this GMO.

The plasmid replicon / delivery system and the Tn5 transposase are lost during
construction and are not present in the GMO (Herrero et al. 1990) seefig 2

The genetic marker or insert is derived as a 6 Kbp DNA fragment from plasmid
pGD926 (Ditta et al. 1985) containing the lac ZY genes from Escherichia coli K12. (
see Fedi et al. 1996) and DNA accession no.PID:g146576.

These genes alow the GMO to utilise lactose as a sole carbon and energy source (see
Fig 1&2 and HTML documents below) by virtue of encoding a b-galactosidase and a
lactose permease absent in the host strain. The insert is located on the chromosome of
the GMO and is expressed constitutively from a native promoter.

Fig1l Genetic map of lac operon
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Fig 2 Genetic organisation of lacZY insert and delivery vector (from
Fedi et al. (1996).
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It is important to note that only the insert (i.e.LacZY) is present in the GMO.

The genetic insert does not code for factors related to human, animal or plant disease,
such as

adherenceto cells
invasion of cells

cell damage

sensitivity to antibiotics

alergens

For further technical details, please refer to Annex B1.



B2. Information relating to the modification

GMO 2 P.fluorescens F113rifpch

The aim of this genetic modification was the construction of a rhizosphere colonising
bacterium with the ability to metabolise biphenyl and PCBs

A transposable (based on Tn5) vector was used to insert the bph operon from LB400
into the host bacterium. The construction of this vector pUTPtt" (Herrero et al. 1990)
and its insert (pDDPCB) and its use to construct the GMO is described by Dowling et
al. 1993 and Brazil et al. 1985. The pUT vectors were developed by Herrero et al.
1990; De Lorenzo et al. 1990.

These vectors can be used to transfer inserts to the chromosomes of most Gram
negative eubacteria by a ssimple conjugation procedure. The vector component of
pDDPCB does contribute a Biaaphos (herbicide) resistant phenotype in the final
construct. Under natural conditions, most bacteria, including the wildtype strain, can
become resistant to Bialaphos spontaneously at a high frequency (10°3-10%). Bialaphos
herbicide resistance in this construct was derived from Streptomyces hygroscopicus.
(DNA Sequence accession no. X05822) (Thompson et al. 1987).

There are no known pathogenicity determinants encoded by any of the vectors used.
Apart from the herbicide resistance gene, no vector sequences are present in this GMO.

The plasmid replicon / delivery system and the Tn5 transposase are lost during
construction and are not present in the GMO (Herrero et al. 1990) (see Fig. 2).

The bph operon or insert consists of a 13.5 Kbp DNA fragment from plasmid pDD530
containing the bph operon from B.cepacia LB400. ( Dowling et al. 1993) this insert
DNA is derived from 2 sources;

1) 12.5 Kbp fragment from B.cepacia LB400
(DNA accession no. X76500, X66122, M86348) Refs. (Erickson and Mondelo, 1992;
Dowling et al. 1993; Hofer et al. 1993; Hofer et al. 1994 )

2) 1 Kbp fragment from intermediate vector RK2 (Pansegrau et al. 1994) (DNA
accession no L27758) an artefact of the cloning/recombination process. (No detectable
phenotype)

The function of the insert in the GMO alows the host to utilise biphenyl as a sole
carbon and energy source and co-metabolise PCBs (see Fig. 1 and Table 1).

The insert is stably located in the chromosome of the host organism and contains 2
regions of unknown function;

1) OrfO - function is unknown but thought to be involved in bph operon regulation

2) 1kbp fragment from broad host range plasmid RK2 (an artefact of the intermediate
cloning process) has unknown phenotype.
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Fig 1. Biochemical pathway for biphenyl/PCB metabolism
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The genes and their products involved in each pathway step are described below in
Table 1. Substrates and intermediates are as follows,

1) biphenyl;

2) biphenyl-2,3-dihydro-2,3-diol; 3) biphenyl-2,3-diol; 4) 2-hydroxy-6-

ox0-6-phenylhexa-2,4-dienoic acid; 5a) 2-hydroxypenta-2,4-dienoic acid' 5b) benzoic
acid; 6) 4-hydroxy-2-oxovaeric acid; 7a) acetaldehyde; 7b) pyruvic acid; 8) Acetyl

Co-A.

Table 1 Pathway genes, products and function (from Kimura et al. 1997)
Pathway step (Figl) Gene Product Length
orfO Putative transcriptional | 245aa
regulator
A bphA, Terminal dioxygenase | 459aa
large subunit
A bphA, Terminal dioxygenase
small subunit
A BphAg ferredoxin 109aa
A BphA, Ferredoxin dioxygenase | 408aa
B bphB Dihydrodiol 277aa
dehydrogenase

-11-




bphC 2,3-dihydroxybiphenyl | 298aa
dioxygenase

bphD 2-hydroxy-6-0x0-6- 286aa
phenylhexa-2,4-dienoic
acid hydrolase

bphK Gluthathione S 203aa
transferase

bphH 2-hydroxy-penta- 2,4- 260aa
dienoate hydratase

bphJ Aldehyde 304aa
dehydrogenase

bphl 4-hydroxy-2- 346aa

oxovaerate aldolase

Fig 2 Genetic organisation of insert and delivery vector (from Dowling et al. 1993)
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The bph genes are thought to, in terms of bacterial evolution, be derived from other
genes, whose gene product has a related environmental function. They are related to
genes involved in the breakdown of other aromatics such as toluene, benzene and
napthalene. The function of one gene of the bph operon, bphK may have a "protection”
role. Biphenyl is a natural compound found in plants and soil and it is thought that the
bph genes have evolved to allow bacteria to utilise this substrate. The ability of some
bph alleles to co-metabolise PCBs is fortunate and due to relaxed substrate specificity
of some enzymes in the pathway.

The genetic insert does not code for factors related to human, animal or plant disease,
such as

adherenceto cells

invasion of cells

cell damage

sensitivity to antibiotics

alergens

For further technical details, please refer to Annex B2.
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C1. Information on the Organism(s) from which theinsert isderived (Donor)

GMO 1 P.fluorescens F113::lacZYrif

The insert is ultimately derived from the bacterium Escherichia coli K12, a model
laboratory strain. This particular laboratory strain is not pathogenic and should be
considered a Group 1 organism.

The donor strain species, E. coali, is classified under the existing Community rules
relating to the protection of human health, in Denmark and at the EU level, as a Group
2 organism, “except for strains not causing disease”.

In Germany, the species E. coli is classified in risk group 2. (Berufsgenossenschaft der
chemischen Industrie. 1997. Sichere Biotechnologie, Eingruppierung biologischer
Agenzien: Bakterien. Merkblatt B 006, 2/97, ZH 1/346. Jedermann-Verlag,
Heidelberg).

According to the information service of the Office of Biosafety Canada
(http://www.hc-sc.gc.calhpb/l cde/biosafty/index.html), the pathogenic strains of E. coli
are aso classified as Group 2 organisms in Canada, by the NIH, by the state of
Belgium, and in Australia However, the NIH classifies strain K12 as a Group 1
organism.

In a Danish review (Christiansen et al. 1991. Eksempler pa risikoanayse af
vagtsmikroorganismer. Miljgprojekt nr. 183, Miljastyrelsen, Kgbenhavn.) it is
suggested to classify Escherichia coli strain K12 as a Group 1 organism.

Both donor and recipient organism can exchange genetic information under |aboratory
conditions.

The insert does not contain any factors related to pathogenicity.
The insert does not contain any factors that cause the GMO to have surface properties,

including colonising ability of living or dead surfaces, that are different from the
wildtype organism.
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C2. Information on the Organism(s) from which theinsert isderived (Donor)

GMO 2 P.fluorescens F113rifpch

The insert is ultimately derived from the bacterium Burkholderia (formerly
Pseudomonas) cepacia (formerly strain) LB400, a common soil microorganism. See
(http://www.ncbi.nlm.nih.gov/htbin-post/Taxonomy/wgetorg?d=36873) and  the
extensive bibliography on strain LB400 in Part 2 of the References section, in
particular Bopp (1986).

It is not known if this strain is pathogenic. The genus Burkholderia does contain
members that are pathogenic to plants and susceptible humans. However the insert (bph
operon) does not contain any genes involved in pathogenesis.

The donor strain species, B. cepacia, is not classified under the existing Community
rules relating to the protection of human health, neither in Denmark nor at the EU level.

In Germany B. cepacia is classified in risk group 2. (Berufsgenossenschaft der
chemischen Industrie. 1997. Sichere Biotechnologie, Eingruppierung biologischer
Agenzien: Bakterien. Merkblatt B 006, 2/97, ZH 1/346. Jedermann-Verlag,
Heidelberg).

In other parts of the world, B. cepacia has not been considered for inclusion in the list
of classified organisms. According to the information service of the Office of Biosafety
Canada (http://www.hc-sc.gc.ca/hpb/Icdc/biosafty/index.html), B. cepacia is not
classified in Canada, by the NIH, by the EU, by the state of Belgium, or in Australia.

The insert does not contain any factors that cause the GMO to have surface properties,
including colonising ability of living or dead surfaces, that are different from the
wildtype organism.

Both donor and recipient organism can exchange genetic information under |aboratory
conditions.

-15-



D1. Information relating to the genetically modified or ganism:
GMO 1 P.fluorescens F113::lacZYrif

1) Genetic traits and phenotypic characteristics of the GMO:

a) Isthe GMO different from the recipient as far as survivability is concerned?
Conclusive results demonstrated by Fedi et al. (1996) have shown that the survivability
of the GMO Pseudomonas fluorescens F113lacZY is the same as the wild type.

b) Is the GMO in any way different from the recipient as far as mode and/or rate of
reproduction is concerned?

Conclusive results demonstrated by Fedi et al. (1996) have shown that the mode and/or
rate of reproduction of the GMO Pseudomonas fluorescens F113lacZY is the same as
the wild type.

c) Is the GMO in any way different from the recipient as far as dissemination is
concerned?

Differences in the dissemination between the wild type and the GMO have not been
observed (Sheehan & O’ Gara, unpublished).

2) Genetic stability of the GMO:

In numerous lab-based experiments, including specific studies to address stability, the
insert has not shown any evidence of genetic instability (Corich et al., 1994; Fedi et al.,
1995; Fedi et al., 1996). The genetic insert is located in the chromosome in one copy
per genome.

3) Possible pathogenicity of the GMO:

Not known, but unlikely. There is no evidence that the GMO shows plant or animal
pathogenicity. Indeed, indigenous fluorescent Pseudomonads are present in high
numbers on the roots and surrounding soil of all plants investigated, including
vegetable crops.

4) Description of identification and detection methods:

a) Technlques used to detect the GMO in the environment
Viable plate counting using selective media SA + Rif
Strain F113lacZYrif can be detected as blue colonies when plated on selective
media SA containing rifampicin (50 mg/l) and X-Gal (40 mg/L).
In addition, a titration plate-based most probable number (MPN) system was
developed to recover and estimate the introduced P. fluorescens F113 which
harbour the lacZY genes from the plant rhizosphere (Fedi et al., 1995).

b) Technlqu&s used to identify the GMO:
Physiological analysis of key phenotypic properties, e.g., biocontrol activity
DAPG and HCN production, and growth on lactose
Metabolic profiling using BIOLOG
RAPD analysis using previously evaluated primers and conditions
rRNA subunit sequence analysis
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D2. Information relating to the genetically modified or ganism:

GMO 2 P. fluorescens F113rifpch

Genetic traits and phenotypic characteristics

Apart from the fact that the GMO can now grow on biphenyl as a sole carbon and
energy source and metabolise certain PCBs, the GMO behaves in a similar manner to
the original recipient for all parameters examined. Published data indicate that the
strain is no more competitive than the wildtype in non-sterile soil microcosms.(Ramos
et al. 1994; Brazil et al. 1995). The mode and rate of reproduction are similar to the
parent (recipient). ( Ramos et al. 1994; Brazil et al. 1995). Likewise dissemination of
GMO is expected to be no different than recipient. In numerous lab-based experiments
including specific studies to address genetic stability of the GMO, the insert has not
shown any evidence of genetic instability. (Ramos et al. 1994; Brazil et al. 1995:
D.N.Dowling unpublished observations). The genetic insert is located in the
chromosome in one copy per genome.

There is no evidence that the GMO shows plant or animal pathogenicity. Indeed,
indigenous fluorescent Pseudomonads are present in high numbers on the roots and
surrounding soil of al plants investigated.

The GMO can be detected in the environment by the following methods

1) Viable plate counting using selective media

SA + Rif and colorimetric spray test of viable plate counts

(sensitive to ~10% culturable cells/g soil or root)

2) Detection of presence of the bphC gene by direct amplification using specific
primers from soil extracted DNA.

Techniques used to identify the GMO
1) Physiological analysis of key phenotypic properties
E.g. Biocontrol activity DAPG and HCN production
Growth on biphenyl
2) Metabolic profiling using BIOLOG
3) RAPD analysis using previously evaluated primers and conditions
4) rRNA subunit sequence analysis
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D3. Information relating to the two genetically modified organisms:

GMO 1 P.fluorescensF113::lacZYrif and GMO 2 P. fluorescens F113rifpcb

Notifier's assessment of the two GMOs' classification under the existing Community
rules relating to the protection of human health:

The recipient organism is classified as Group 1 (see discussion in section A). It does
not possess pathogenic or otherwise harmful properties. Episodes of secondary
infection in immuno-deficient patients have not given evidence for illness caused by P.
fluorescens, and none of the bacterial properties of P. fluorescens suggests that their
might be.

Therefore, the recipient organism can be considered safe with respect to human, animal
and plant health.

While the donor species are classified in Group 2 (although Group 1 is appropriate for
at least one of the two specific strains used; see sections C1 and C2), the donated
materials do not contain pathogenic or otherwise harmful properties (see discussion in
sections B1 and B2).

The vectors used do not contain pathogenic or otherwise harmful properties, nor
environmentally harmful properties. There are no known pathogenicity determinants
encoded by any of the vectors used. Also -- apart from the herbicide resistance gene in
the case of F113rifpcb -- no functional vector sequences are present in the GMOs. It is
to be noted that no antibiotic resistance determinants were used in the construction of
these GMOs.

The GMOs are not expected to cause diseases or illnesses in humans, animals or plants.

Therefore, the two GMOs had been classified by the notifiers as Group 1
organisms.

Re-evauation at the time of release notification:

The GMOs have been used regularly for several years in severa European laboraties
under Class 1 conditions, without any evidence of adverse effects on humans or plants.
No new evidence suggests that the classification should be changed.
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E. Information relating to therelease

1) The general purpose of the release is to document the safety of GMO
bioremediation strains based on Pseudomonas fluorescens strain F113. The
technological perspective is the development of genetically modified microbial
technology addressing the problem of contaminated soil.

The specific purpose of the release is to answer the following research questions:

- WIill the bacteria delivery system function physiologically (compatibility of plant
plus bacterium in contaminated soil), ie., will the genetically modified bacteria
inoculum colonise the plant root and survive in contaminated soil under field
conditions?

Will the biological system function physiologicaly, ie, will bph genes give a
survival advantage in contaminated soil under field conditions?

Does the genetically modified system perform better than existing non-genetically
modified inocula under field conditions (comparison of LB400's and F113pcb’s
functional traits for survival and bioremediation)?

2) The site of the release is different from the natural habitat where the recipient
organism is regularly used or found. The natural habitat of strain F113 is (non-
contaminated) agricultural soil, in particular plant root surfaces within such soil. The
difference at the release site is the contamination of the soil with PCBs. The effect of
the contamination on the genetically modified strains survival is the research topic of
the release.

Soil analyses, performed in 1999, identified the top 50-cm layer of the release site to be
contaminated with 1.4 mg/kg total PCBs (analysis report in Appendix E).

3) Release site and surrounding area:

a) The geographical location of the release is the topsoil of a corner (Danish GIS
gridline reference 565995; 6217373) of a scrapmetal recycling yard (Fig. 1) owned by
Uniscrap A/S Genvindingsindustri, Kathale 36, DK-6200 Aabenraa.
The release site’ s address is:

Uniscap A/S

Beringve 45

DK-8464 Hasselager

The administrative region is Aarhus Amt, Denmark.

b) The size of the release site is 81 m?. The wider release area is 4000 m?, which is
the size of the part of the scrapmetal yard that has been planted with willow in
the spring of 1999 (Fig. 1).

¢) There are no internationally recognized biotopes or protected areas in the proximity.
The distances, as the crow flies, to the nearest internationally recognized biotopes (as
proposed by Denmark on its list of 194 "EF-habitatomrader”) are 14 km (Mossg,
WSW), 25 km (Tved Kaa, ENE), 27 km (Sydlige Helgenaes, E), and 28 km (Silkeborg
Skove, W).
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Information on other protected areas ("Paragraf 3 omrader”) , including water
reservoirs, within 6 km of the release site is presented in Appendix E (distances
between release site and these protected are presented in the form of two maps and a
table).

d) The surrounding area consists to the East and North of commercial buildings,
driveways and barren soil used for scrap storage (contaminated with up to 7600 mg/kg
total hydrocarbons and 1100 mg/kg total cyanide, potentialy contaminated with PCBs,
analysis report in Appendix E), and to the South and West of uncultivated grass, bush
and single tree vegetation (no history of contamination).

The release site can be regarded as a contained site in relation to surface migrating
animals, asit will be surrounded by a fence.

4) Method and amount of release:

a) Number of genetically modified bacteria to be released:

Pants to be used:
Willow and alfalfa. All inoculation will be performed on cuttings or seeds.

Willow cuttings: 10™ cells/ willow plant, 2 plants/ .
450 kg soil / m? at 30 cm top layer thickness = 0.5*10° cells/ g soil.
30 m* with willow = 60 plants = 6* 10" cells

Alfalfaseeds: 10° cells/ alfalfa seed, 1000 seeds/ nv.
450 kg soil / m? at 30 cm top layer thickness = 2.5*10° cdls/ g soil.
30 n? with alfalfa= 30000 seeds = 0.3* 10! cdlls.

Total: 6.3*10™ genetically modified bacteria cells to be released, half of them strain
F113:lacZY'rif, and the other half strain F113rifpch.

b) Thereleaseis to be performed within one day during daylight.

In preparation of the release, plants and seeds will be inoculated with the appropriate
GMO bacteria at the laboratory of NERI, Roskilde. On the day of the release,
inoculated materials will be packaged in suitable materials and transported to the
release site by car.

c) To minimize spread of the GMOs, the genetically modified bacteria cells will be
immobilised in a seed pelleting carrier and coated around the cuttings or seeds prior to
the release (this procedure is to be performed in a closed GMO laboratory at NERI,
Roskilde). The release operation will involve removing the coated seeds or cuttings
from packages, sticking them into the soil and covering with soil. Contact of bacteria
with the air will be minimum. Bacteria will not intentionally be spread on the soil
surface. No aerosols will be formed at the site.
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F. Interactions of the GM Oswith the environment and potential impact on the
environment.

The genetically modified microorganisms proposed to be released are derivatives of
Pseudomonas fluorescens F113 and should behave identically to the non-modified
parental strain in relation to its interactions with other organisms. Strain F113 was
isolated from the sugar beet rhizosphere because of its potential use as a biocontrol
agent and can interact with other organisms because of its ability to colonize the plant
rhizosphere.

These traits have been extensively studied in vitro, in microcosm models and in a
previous deliberate release (O’ Gara et al. 1994; Dowling et al. 1995; Corich et al.
1995).

Experiments have demonstrated that F113 can colonize the rhizosphere of virtually any
plant: published research has shown colonization of the sugarbeet (Carroll et al. 1995),
pea (Naseby and Lynch, 1999) and tomato (Chin-A-Woeng et al., 1997) rhizosphere.
Unpublished results show equivalent colonization of the afalfa (Dowling and Rivilla,
unpublished, Appendix D) and willow (Appendix D) rhizosphere.

The F113 production of HCN can affect plant respiration. Experiments performed in
gnotobiotic systems with afalfa (no soil, only 2 bacterial strains, Rhizobium sp. and
strain F113) have shown that plants inoculated with F113 are significantly smaller than
non inoculated plants (Rivilla unpublished). However in soil microcosms similar
experiments do not show this deletereous effect (Dowling, unpublished). It is likely
that soil autochthonous microorganisms compete with F113 limiting its population and
therefore its effects in the plant. For this reason it is highly unlikely that in a deliberate
release in natural soil, F113 derivatives should negatively affect plants.

Experiments have been also performed to test the effect of F113 and derivatives on
plant microsymbionts that indirectly may affect plant growth. F113 did not show any
effect on the Snorhizobium meliloti-alfalfa symbiosis (Rivilla, unpublished). Nodule
numbers, plant nitrogen contents and rhizobial root colonization were unaffected in co-
inoculated plants. Similarly, no adverse effects were observed on the micorrhizal
symbiosis Glomus mosseae-tomato when inoculated with F113 and derivatives,
including a DAPG overproducer strain (Barea et al. 1998).

F113 derivatives might adversely affect soil microorganisms. As reported above no
such effects have been observed on beneficial microsymbionts. Furthermore, yeast and
funga colony forming units were not significantly affected by F113 and derivatives in
a Pea rhizosphere microcosm at any soil pH studied (Naseby and Lynch, 1999).
Similarly, no effect has been detected in bacterial colony forming units in the alfafa
rhizosphere (Dowling, unpublished). These results contrast with the biocontrol effect
that F113 exerts on plant pathogenic fungi (Carroll et al., 1995; Dunne et al., 1995) and
bacteria (Cronin et al., 1997).

Other possible interaction of F113 derivatives with soil microorganisms is lateral DNA

transfer. Insertion of LacZY and bph genes into F113 has been performed by
transposition, generating stable insertions that do not contain the transposase gene (Fedi
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et al., 1996; Brazil et al., 1996). However lateral in vitro transfer of the LacZY genes
has been shown at a 10°- 10 frequency, while experiments in microcosms showed no
transfer (Fedi et al., 1996), indicating that DNA transfer in a natural soil does not
occur, or occurs at a very low frequency.

The reports cited above indicate that although F113 might affect some species of
microorganisms it would not have an effect on the overall soil microflora and it would
not affect key species important because of its beneficia effectsin soil. The experience
generated by previous deliberate release together with laboratory experiments suggest
that interactions of the genetically modified derivative of strain F113 with other
organisms are not different from the wildtype strain F113.

Specia considerations for the contaminated soil environment at the release site:

Strain F113pcb produces chlorobenzoates (CBs) from PCBs. The CBs are terminal
metabolites in this genetically modified strain. As F113pcb will predominantly grow on
the root surfaces of experimental plants, the primary ecological interaction of the CBs
is expected to be with these plants at the contaminated release site, and with the
contaminated soil around the plant roots at the release site. Metabolites cannot be
produced outside the release area, as those soils are not contaminated, i.e., do not
provide a substrate for the production of CBs, which excludes unintended effects
outside the release area.  Recent results (Lagergren 1999) suggest that plants readily
take up CBs, tolerating surprisingly high concentrations. As CBs enter the plants
metabolism, they act as herbicides at high concentrations. Based on the relatively low
PCB concentrations at the release site, rootzone CB concentrations can be expected to
be severa orders of magnitude lower than in the study cited, i.e., no deleterious effects
on plant growth are to be expected. However, it is reasonable to expect that the CBs
produced will be removed from the soil environment through plant uptake.

Conclusion: Unintended ecosystem effects are not to be expected from a bacterium
modified to degrade the soil pollutant PCBs. At the contaminated site the metabolites
formed will not be released to non-contaminated soil layers or groundwater.

Suggested monitoring: Soil porewater analyses at and below rootzones (at and below
PCB-contaminated soil layers) in order to confirm the absence of water-soluble CBs.

Regarding strain F113rifpch:

This GMO has not been released in the past. However, published data show that the
strain displayed the same kinetics of colonisation of roots and the numbers of bacteria
colonised the roots as the wildtype. In addition, it was observed that the colonisation
competence in nonsterile soil microcosms of the GMO strain and the wild type are
equally competitive in the rhizosphere of sugarbeet (Brazil et al. 1995).

Regarding strain F113::lacZY'rif

Further details on experiences made during 2 deliberate releases of strain F113lacZY
are cited in Appendix F. The only difference between the previously released strain,
and the strain F113::lacZY'rif of this application, is a Rifampicin resistance achieved by
spontaneous mutation.
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G. Information relating to monitoring
1) Method for monitoring the GMOs

Sail, root and leaf samples will be taken periodically and analysed. Viable bacterial
cellswill be counted by selective plating on agar media.

Media formulation (SA medium):

Sucrose (Saccharose) 20 g/L
Asparagine 29/L
Rifampicin 50 mg/L
X-Gdl 40 mg/L

Alternative media formulation:
Lactose as a sole source of organic C, for F113:lacZYrif. The expression of LacY (lactose
permease) effects a phenotype that is capable of growing (selectively) on lactose plates.

Spray test:
2,3-dihydroxy-biphenyl 0.1% wt/val., spray with atomiser

Detection and quantification: Low iron SA rif Xgal plates will be used to distinguish
between natural soil microflora and the two released strains:

a. non-fluorescent colonies + spray test positive = rifampicin resistant PCB-
degraders, e.g. Burkholderia cepacia LB400

b. fluorescent colonies + spray test positive = P. fluorescens F113rifpcb

c. blue colonies = P. fluorescens F113::lacZY rif

Alternatively, an MPN method (Fedi et al. 1996) targeting the phenotypic expression of
the lacZY genes can be employed to quantify strain F113::lacZY .

Additional PCR-based detection system (lacZY & EcoR1 restriction):

Sail, root and leaf sampling will be performed at the release site and its surroundings.
Total DNA will be extracted. DNA samples will be processed by PCR, targetting
specific regions of the donated genes. Specific DNA probes will be used to visuaize
PCR products derived from the donated genes.

2) Methods for monitoring ecosystem effects

Unintended ecosystem effects are not to be expected outside the release area. Potential
effects are limited to the presence of the soil contaminant type, PCBs. Soil porewater
analyses at and below PCB-contaminated soil layers (at 20, 50 and 100 cm depth) will
be performed confirming the absence of water-soluble CBs.

3) Methods for detecting transfer of the donated genetic material from the GMO to
other organisms

Organisms considered: Other bacteria.

Sail, root and leaf sampling will be performed at the release site and its surroundings.
From these samples, bacterial colonies will be grown on nutrient media. Colonies will
be blotted and lysed. Specific DNA probes will be used to visualize DNA derived from
the donated genes. Donated DNA detected in colonies that do not fulfil the
regquirements under 1la.-1c. will be considered recipient organisms of tranfered DNA.
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4) Spatia extent of the monitoring area
500 min all directions
5) Duration of the monitoring

During the experiment (1 to 2 seasons) plus 5 years thereafter. To be extended
according to environmental needs.

6) Frequency of the monitoring

1 x per month, during the first 6 months.

1 x every 3 months during the period month 7—18 post release.
2 X per year thereafter.
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H. Information on post-release and waste treatment

1) Post-release treatment of the site

None.

2) Post-release treatment of the GMOs

None.

3) Waste: type, amount and treatment

Waste: Packaging of materials used on the day of the release; afew kg.
Samples taken during monitoring, 10—100 kg per sampling, see part G.6 for
monitoring schedule.

Treatment:  All waste will be collected in plastic bags and transported by car to the

laboratory at NERI, Roskilde, which is approved for work with GMOs. Ultimately,
everything will be destroyed by autoclaving.
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|. Information on emergency response plans

1) Methods and procedures for controlling GMOs in case of unexpected spread
Spraying of vegetation with Roundup, thereby eliminationg the host plants for the
derivatives of strain F113. In addition, strain F113 is Roundup-sensitive (D. Dowling,
unpublished), i.e,, survival of F113 derivatives will be reduced.

2) Methods for decontamination of the areas affected

Removal of soil and plants followed by incineration: Plant tops will be harvested, plant

main roots with surrounding soil (hot spots of bacterial inoculation) will be dug out,
everything transfered into plastic sacks and treated as hospital waste.

3) Methods for disposal or sanitation of plants, animals, soils etc. that were exposed
during or after the spread
Autoclaving, incineration.
4) Plans for protecting human health and the environment in case of the occurence of

an undesirable effect

See above 1) — 3).
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Appendix B1
Technical detailsrelating to the lac genesinserted in P. fluorescens F113lacZY.

Strain F113::lacZYrif: Details on gene products and DNA sequence.
Note that only lacZ and lacY are present in the GMO.

LOCUs ECOLAC 7477 bp DNA BCT 05- MAY- 1993
DEFINITION E.coli lactose operon with lacl, lacZ, lacY and | acA genes.

ACCESSI ON  J01636 J01637 K01483 K01793

NI D 9146575

KEYWORDS acetyl transferase; beta-D gal actosi dase; gal act osi dase; | ac operon;

lac repressor protein; |acA gene; lacl gene; lacY gene; |acZ gene;
| act ose pernease; nutagenesis; palindrome; pronoter region;
t hi ogal act osi de acetyl transferase.
SOURCE Escherichia coli DNA; nRNA; clone | anbda-h80dl ac DNA; clone puk217;
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Eubacteria; Proteobacteria; gamm subdivision; Enterobacteriaceae;
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Far abaugh, P. J
Sequence of the |ac
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Mller,J. H
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, Coul ondre, C. and Farabaugh, P.J

Correl ation of nonsense sites in the lacl gene with specific codo
in the nucl eoti de sequence
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of interaction of Escherichia coli RNA pol ynerase
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FEBS Lett.
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ashvilli,R S. and M rzabekov, A

Betz,J.L. and Sadler,J.R
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di mer | actose operator derived fromone strand of the cloned

40- base pair operator
Gene 13, 1-
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Sadl er,J. R and Teckl enburg, M
Cloning and characterization of the natural |actose operator
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and the | ac pronoter

J. Biol. Chem 257, 11740-11746 (1982)

83007251

25 (sites)

Klein,R D. and Wlls, R D

Ef fects of nei ghboring DNA honopol yners on the biochenical and
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85280412

33 (sites)
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86079527

34 (sites)
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36 (sites)
Mal amy, M H., Rahaim P.T., Hoffman, C.S., Baghdoyan, D., O Connor, M B
and Mller,J.F
A frameshift nutation at the junction of an ISl insertion within
lacZ restores beta-gal actosi dase activity via formation of an
active lacZ-1S1 fusion protein
J. Mbl. Biol. 181, 551-555 (1985)
85210885
37 (bases 5646 to 7477)
Hedi ger, M A, Johnson,D.F., Nierlich,D.P. and Zabin,|
DNA sequence of the | actose operon: The | acA gene and the
transcriptional term nation region
Proc. Natl. Acad. Sci. U S. A 82, 6414-6418 (1985)
86016712
[3] sites; UV5 nRNA transcripts and operator nmutants. [(in)
Sund, H. and Bl auer, G (eds.);Protein-Ligand Interactions
193-207; Wal ter de] sites; operator nutational analysis. [7]
sites; S1 and mung bean nucl ease action on operator DNA [9]
sites; class |, Il and Ill pronbter nutant analysis. [13] sites
lacl nmutant anal ysis.
[16] sites; Tn5, Tn9 and Tnl0 insertion sites in lac region. [14]
sites; lacl pronoter nutation UJ177
[18] sites; palindrom c dinmer operator;
[19] sites; natural operator sequence
[20] sites; operator mutational analysis.
[21] sites; lacl-Q deletion
[17] sites; RNA polynerase W5 pronmoter interaction. [22] sites
lacY nutational analysis.
[24] sites; lacl-pronpted transcription termnation. [25] sites
wt and UV5 pronpter sequence studies. [23] sites; UV5 pronoter
nut ati onal anal ysi s.
[30] sites; perfectly synmetric operator sequence. [29] sites
lacl nRNA termination site
[27] sites; distanycin and actinomycin binding to promoter. [31]
sites; lacl deletion studies
[35] sites; promoter nutational studies
[33] sites; DNAase | studies with pronpter sequence. [34] sites
ri bosomal binding and translation initiation for lacZ [36] sites
insertion sequence ISl integration in lacZ;. [32] sites; DNAase
studies with pronoter
[1] first reports a 27 bp operator(sites 1240-1266) with tw-fold
symmetries; the operator has al so been defined to be bases
1246- 1266 or bases 1239-1273 [8]. [(in) Kjeldgaard, N.C. and Maal oe
O (eds); Control of ribosone synthesis: 138-143;A] explores the
ability of lac
repressor protein to affect methylation of operator DNA. [8]
argues that DNA on both sides of the 21 bp operator (bases
1246-1266) affects repressor binding but that the sequences of this
DNA are probably not critical. [5] gives a |arger sequence known as
the pronoter-operator region for the wild-type, whereas [2] and
[26] give portions of this region for the nutant strain UW5. Wthin
the pronoter region, bases 1162-1199 are identified as the
catabolite gene activator protein binding site (cap) and bases
1200- 1245 are the RNA polynerase interaction site. [10] reports a
sequence for the 5 end of the lacl (repressor) gene and di scusses
restart in nutant strains. [11] presents a sequence for the |lac
pronoter region and identifies an |-Q nutati on which enhances |ac
transcription approxinately ten-fold. [12] gives a conplete
sequence
for lacl which agrees with the known | ac repressor sequence. [26]
exam nes the pronoter-operator region in the W5 strain (lacl09)
and studies 23 nutant derivatives of this sequence. This sequence
agrees with known protein sequences for the lacZ, lacY and | acA
enzymes. [15] notes that the fMet codon is not present
for lacA and suggests that the 'ttg' codon (5727-5729), which
i medi atel y precedes the mature N-ternminal asparagi ne codon, is the
start codon. The cds for lacZ, lacY and | acA are included on a
single mRNA transcript.
Conpl ete source information
Escherichia coli DNA [1],[(in) Kjeldgaard, N.C. and Mal oe, O (eds)
Control of ribosone synthesis: 138-143;A],[8],[12],[26]; nRNA [2],
[5],[10]; clone
| ambda- h80dl ac DNA [11],[15]; clone puk217 [28]; pgn8 [37].

Location/ Qualifiers

1..7477

/ or gani sm=" Escherichia coli’

/ db_xref ="t axon: 562"
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mut ati on

MRNA

gene

CDS

m sc_si gna
variation
nmut ation
nmut ation
nmut ation
variation
nmut ation

m sc_si gna
MRNA

nmut ati on

vari ation

gene

CDS

gene

CDS

16

/note="c in wild-type; t in 'up' pronoter nutant I-Q [11]"
51..1230

/I note="lacl (repressor) nmRNA; preferred in vivo 3' end
[12],[29]"

79..1161

/ gene="Il acl "

79..1161

/ gene="Il acl "

/I note="lac repressor protein (gtg start codon)"

/ codon_start=1

/transl _tabl e=11

/ db_xref ="PI D:. g146576"

/transl ati on=" MKPVTLYDVAEYAGVSYQTVSRVVNQASHVSAKTREKVEAAMAE
LNY! PNRVAQQLAGKQSLLI GVATSSLALHAPSQ VAAI KSRADQL GASVVWSMWERS
GVEACKAAVHNLLAQRVSGLI | NYPLDDQDAI AVEAACTNVPALFLDVSDQTPI NSI |
FSHEDGTRLGVEHLVAL GHQQl ALLAGPLSSVSARLRLAGAHKYLTRNQ QPI AEREG
DWSAMSGFQQTMOMLNEG VPTAM. VANDQVAL GAMRAI TESGLRVGADI SVWGYDDT
EDSSCYI PPSTTI KQDFRLLGQTSVDRLL QL SQGQAVKGNQL L PVSLVKRKTTLAPNT
QTASPRAL ADSL MQLARQVSRLEESGQ'

1162..1199

/I note="cap protein binding site"

1183..1186

/note="ttag in wild-type; aatt in strain UV5 [26]"

1209.. 1211

/note="gct in wild-type; gt in mutant 1305 [5]"

1212

/note="t in wild-type; a in nutant 1241 [5]"

1230

/note="c in wild-type; a in nutant p-r-la [5]"

1237..1238

/note="gt in wild-type; aa in strain U5 [26]"

1242..1245

/note="gtgg in wild-type; ttca in synthetic operator [8]"
1246..1266

/I note="lac repressor protein binding site"

1246. . >4358

/note="lacZ nRNA [2],[5]"

1267..1268

/note="tc in wild-type; tg in synthetic operator [8]"
1282..1291

/ note="ctatgaccat in wld-type; gatccggcca in strain U5
[26]"

1284. . 4358

/ gene="1| aczZ"

1284. . 4358

/ gene="| aczZ"

/ not e="bet a- d- gal act osi dase"

/ codon_start=1

/transl _tabl e=11

/ db_xr ef =" PI D: g146577"

/transl ati on="MI'M TDSLAVVLQRRDVWENPGVTQLNRLAAHPPFASWRNSEEAR
TDRPSQQL RSLNGEVVRFAWFPAPEAVPESW.ECDL PEADTVVVPSNWQVHGYDAPI YT
NVTYPI TVNPPFVPTENPTGCYSL TFNVDESW.QEGQTRI | FDGVYNSAFHL WCNGRW/
GYGQDSRLPSEFDL SAFL RAGENRL AVWL RASDGSYL EDQDMARMSG FRDVSLLHK
PTTQ SDFHVATRFNDDFSRAVL EAEVOVCGEL RDYLRVTVSLWGETQVASGTAPFG
CEl | DERGGYADRVTLRLNVENPKLWSAEI PNL YRAVVELHTADGTLI EAEACDVGFR
EVRI ENGLLLLNGKPLLI RGVNRHEHHPL HGCQVIVDEQT WQDI LL MKQNNFNAVRCSH
YPNHPLWYTLCDRYGL YVVDEANI ETHGWPMNRL TDDPRW. PAMSERVTRWQRDRN
HPSVI | WEL GNESGHGANHDAL YRW KSVDPSRPVQYEGGGADTTATDI | CPMYARVD
EDQPFPAVPKWSEI KKWLSLPGETRPLI LCEYAHAMGNSL GGFAKYWQAFRQYPRL QGG
FVWADW/DQSL 1 KYDENGNPWSAY GGDFGDTPNDRQFCVNGL VFADRT PHPAL TEAKHQ
QQFFQFRLSGQT| EVTSEYLFRHSDNEL L HWWAL DGKPL ASGEVPL DVAPQGKQLI E
LPEL PQPESAGQLW. TVRVVQPNATAWSEAGHI SAWVQOWRLAENL SVTLPAASHAI PH
LTTSEMDFCI EL GNKRWOFNRQSGFL SQWA GDKKQL L TPLRDQFTRAPLDNDI GVSE
ATRI DPNAWERWKAAGHYQAEAAL L QCTADTLADAVLI TTAHAWQHQGKTLFI SRKT
YRI DGSGQVAI TVDVEVASDTPHPARI GLNCQLAQVAERVNW.GL GPQENYPDRLTAA
CFDRWDL PL SDMYTPYVFPSENGL RCGTREL NYGPHQWRGDFQFNI SRYSQQQLVETS
HRHLLHAEEGTW.NI DGFHMAE GGDDSWSPSVSAEFQL SAGRYHYQL VWCQK"

4410. .5663

/ gene="Il acY"

4410. .5663

/ gene="Il acY"

/ not e="I| act ose pernmease"

/ codon_start=1

/transl _tabl e=11

/ db_xref="PI D. g146578"
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gene

CDS

BASE COUNT
ORIG N

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821

/transl ati on=" MYYLKNTNFWVMFGLFFFFYFFI MGAYFPFFPI W.HDI NHI SKSD
TG | FAAI SLFSLLFQPLFGLLSDKLGLRKYLLW | TGMLVMFAPFFI FI FGPLLQYN
| LVGSI VGE YLGFCFNAGAPAVEAFI EKVSRRSNFEFGRARMFGCVGWAL CASI VA

MFTI NNQFVFWLGSGCAL I LAVLL FFAKTDAPSSATVANAVGANHSAFSLKLALELFR
QPKLWELSLYVI GVSCTYDVFDQQFANFFTSFFATGEQGTRVFGYVTTMGELLNASI M
FFAPLI | NRI GGKNALLLAGTI MSVRI | GSSFATSALEWVI LKTLHWFEVPFLLVGCF
KYI TSQFEVRFSATI YLVCFCFFKQLAM FMSVLAGNMYESI GFQGAYLVLGLVALGF
TLI SVFTLSGPGPLSLLRRQVNEVA"
5727..6338

/ gene="I| acA"
5727..6338

/ gene="I| acA"
/ not e="t hi ogal act osi de acetyltransferase (ttg start
codon) "

/ codon_start=1
/transl _tabl e=11

/ db_xr ef =" PI D: g551814"
/transl ati on=" MNMPMIERI RAGKL FTDMCEGL PEKRL RGKTL MYEFNHSHPSEV
EKRESLI KEMFATVGENAWEPPVYFSYGSNI HI GRNFYANFNLTI VDDYTVTI GDNV
LI APNVTLSVTCGHPVHHEL RKNGEMYSFPI TI GNNVW GSHVVI NPGVTI GDNSVI GA
GSI VTKDI PPNVWAAGVPCRVI REI NDRDKHYYFKDYKVESSV"

1739 a
Hi ndl |
gacaccat cg
caatt caggg
gtctcttatc
cgggaaaaag
caact ggcgg
gcgecegt cge
gtggt gt cga
ctcgcgcaac
gct gt ggaag
cccat caaca
gtcgcattgg
cgtctgegtc
gaacgggaag
gagggcat cg
cgcgccatta
gat accgaag
ctgct ggggce
ggcaat cagc
caaaccgcct
cgact ggaaa
accccaggct
acaatttcac
aacgtcgtga
ctttcgccag
gcagcct gaa
gctggct gga
tgcacggtta
cgtttgttcc
gctggct aca
t gt ggt gcaa
acct gagcgc
gt gacggcag
tctcgttgcet
atgatgattt
act acct acg
cgcctttcgg
gt ct gaacgt
t ggt t gaact
t ccgcgaggt
gaggcgttaa
tggt gcagga
at ccgaacca
aagccaat at
ggct accggc
gt gt gat cat
at cgct ggat
acaccacggc
tcccggcet gt

1991 c

aat ggcgcaa
t ggt gaat gt
agaccgtttc
t ggaagcgge
gcaaacagt ¢
aaat t gt cgc
t ggt agaacg
gcgt cagt gg
ctgcctgeac
gtattatttt
gt caccagca
tggct ggct g
gcgact ggag
ttcccact gc
ccgagt ccgg
acagctcatg
aaaccagcgt
tgttgccegt
ct ccecegege
gcgggeagt g
ttacacttta
acaggaaaca
ct gggaaaac
ct ggcgt aat
t ggcgaat gg
gtgcgatctt
cgat gcgecc
cacggagaat
ggaaggccag
cgggcgct gg
atttttacgc
ttatctggaa
gcat aaaccg
cagccgcgcet
ggt aacagt t
cggt gaaat t
cgaaaacccg
gcacaccgcc
gcggatt gaa
ccgt cacgag
tatcctgctg
t ccget gt gg
t gaaacccac
gat gagcgaa
ctggtcgctg
caaatctgtc
caccgat at t
gccgaaat gg

2004 ¢
site [Nature 274, 762-765 (1978)].

1743 t

aacctttcgc
gaaaccagt a
ccgegtgot g
gat ggcggag
gttgctgatt
ggcgat t aaa
aagcggegtc
gctgat catt
taatgttccg
ct cccat gaa
aat cgcgcet g
gcat aaat at
tgccat gt cc
gat gct ggt t
gct gcgegt t
ttatatcccg
ggaccgcettg
ctcactggtg
gt t ggccgat
agcgcaacgc
tgcttccgge
gct at gacca
cctggegtta
agcgaagagg
cgctttgect
cct gaggccg
at ct acacca
ccgacgggtt
acgcgaatta
gt cggtt acg
gccggagaaa
gat caggat a
act acacaaa
gt act ggagg
tctttatgge
at cgat gagc
aaact gt gga
gacggcacgc
aat ggt ct gc
catcatcctc
at gaagcaga
t acacgct gt
ggcat ggt gc
cgcgt aacgc
gggaat gaat
gatccttccc
atttgcccga
t ccat caaaa
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ggt at ggcat
acgttatacg
aaccaggcca
ctgaattaca
ggcgttgcca
tctcgcgeceg
gaagcct gt a
aact at ccgc
gcgttatttc
gacggt acgc
ttagcgggece
ct cact cgca
ggttttcaac
gccaacgatc
ggtgcggat a
ccgt caacca
ct gcaact ct
aaaagaaaaa
tcatt aat gc
aattaatgtg
tcgtatgttg
tgattacgga
cccaacttaa
cccgcaccga
ggtttccgge
at act gt cgt
acgt aacct a
gttactcgct
tttttgatgg
gccaggacag
accgcct cge
t gt ggcggat
tcagcgattt
ct gaagttca
agggt gaaac
gtggtggtta
gcgccgaaat
t gat t gaagc
tgctgctgaa
tgcat ggt ca
acaactttaa
gcgaccgct a
caat gaat cg
gaat ggt gca
caggccacgg
gcccggt gca
t gt acgcgeg
aatggctttc

gat agcgccc
at gt cgcaga
gccacgtttc
ttcccaaccg
cct ccagt ct
at caact ggg
aagcggceggt
t ggat gacca
ttgatgtctc
gact gggcgt
cattaagttc
at caaattca
aaaccat gca
agat ggcgct
t ct cggt agt
ccat caaaca
ct cagggcca
ccaccct ggc
agct ggcacg
agtt agct ca
tgtggaattg
ttcact ggcc
tcgecttgea
tcgececttce
accagaagcg
cgtcccctca
tcccattacg
cacattt aat
cgttaactcg
tcgtttgecg
ggt gat ggt g
gagcggcat t
ccatgttgcc
gat gt gcggc
gcaggt cgcec
tgccgat cge
cccgaatctc
agaagcct gc
cggcaagccg
ggt cat ggat
cgcegtgege
cggcct gt at
t ct gaccgat
gcgcgat cgt
cgct aat cac
gt at gaaggc
cgt ggat gaa
gct acct gga

ggaagagagt
gt at gccggt
t gcgaaaacg
cgt ggcacaa
ggccct gcac
tgccagegtg
gcacaat ctt
ggat gccat t
t gaccagaca
ggagcatctg
t gt ct cggeg
gccgat ageg
aat gct gaat
gggcgcaatg
gggat acgac
ggattttcgc
ggcggt gaag
gcccaat acg
acaggtttcc
ct cattaggc
t gagcggat a
gtcgttttac
gcacat cccc
caacagttgc
gt gccggaaa
aact ggcaga
gt caat ccgc
gt t gat gaaa
gcgtttcatc
tctgaatttg
ctgcgttgga
ttccgt gacg
actcgcttta
gagttgcgtg
agcggcaccg
gt cacact ac
t at cgt gcgg
gat gt cggtt
ttgctgattc
gagcagacga
tgttcgcatt
gt ggt ggat g
gat ccgegct
aat cacccga
gacgcgct gt
ggcggagecg
gaccagccct
gagacgcgcc



2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901

cgct gat cct
act ggcaggc
at cagt cgct
tt ggcgat ac
cgccgceat cc
ccgggcaaac
t gcact ggat
tcgct ccaca
ggcaactctg
ggcacat cag
ccgegt ccca
gt aat aagcg
at aaaaaaca
acat t ggcgt
cggcgggceca
at gcggt get
gccggaaaac
t ggcgagcga
cagagcgggt
ccgectgttt
cgagcgaaaa
gcggcgact t
at cgccat ct
ggat t ggt gg
gt cgct acca
tgccegtatt
tgttcggttt
cgat tt ggct
ctatttctct
ggct gcgcaa
ttatttttat
gtatttatct
aagt cagccg
gggeget gt g
ggctgggcetc
cgcectcttce
agct ggcact
gcgtttcectg
ttgctaccgg
ttaacgcctc
ccct get get
cagcgct gga
tgggct get t
tggtctgttt
at at gt at ga
gcttcacctt
gt caggt gaa
caacat at ca
gcaagct at t
t aat gt at ga
aagaaat gt t
acggttccaa
at gact acac
ttacgggaca
taacgattgg
t cggggat aa
t cgt ggcgge
attatttcaa
ctgcgctt at
gcgcaggaac
gcaaaacgca
at caggt aat
at gat aaaac
gagt gat cga
accat cgccc
agtt gt aaca
ggcat cagca
tactgcgcge

tt gcgaat ac
gtttcgtcag
gatt aaat at
gccgaacgat
agcgct gacg
cat cgaagt g
ggt ggcget g
aggt aaacag
gct cacagt a
cgcct ggcag
cgccatcccg
ttggcaattt
act gct gacg
aagt gaagcg
ttaccaggcc
gat t acgacc
ctaccggat t
tacaccgcat
aaact ggctc
t gaccgct gg
cggt ctgcgce
ccagt t caac
gctgcacgeg
cgacgact cc
ttaccagttg
t cgcgt aagg
attctttttc
acat gacatc
gttctcgcta
atacctgctg
cttcgggcca
aggcttttgt
t cgcagt aat
tgcctcgatt
t ggct gt gca
tgccacggtt
ggaactgttc
cacct acgat
t gaacagggt
gattatgttc
ggct ggcact
agtggttatt
taaatatatt
ctgcttcttt
aagcat cggt
aatttccgtg
t gaagt cgct
t aacggagt g
taccgatatg
gtttaatcac
tgccacggt a
catccatata
ggt aacaat ¢
ccct gtacac
caat aacgtc
ttctgttatt
tggcgttcct
agat t at aaa
caggcct aca
aagcgt cgca
gggt t at gat
t gccgcet gat
cgattccctg
gcgccageag
acaat accgg
ccagcgccag
aagct cct gc
t ggcaccaat

gcccacgcga
tatccccgtt
gat gaaaacg
cgccagttct
gaagcaaaac
accagcgaat
gat ggt aagc
tt gatt gaac
cgcgt agt gc
cagt ggcgtc
cat ct gacca
aaccgccagt
ccgcet gegeg
acccgcattg
gaagcagcgt
gct cacgegt
gat ggt agt g
ccggegegga
ggat t agggc
gat ct gccat
tgcgggacgce
at cagccgct
gaagaaggca
t ggagccegt
gtctggtgtc
aaatccatta
ttttactttt
aaccat at ca
ttattccaac
tggattatta
ct gtt acaat
tttaacgccg
ttcgaatttg
gt cggcat ca
ctcatcctcg
gccaat gcgg
agacagccaa
gtttttgacc
acgcgggt at
tttgcgccac
attatgtctg
ct gaaaacgc
accagccagt
aagcaact gg
ttccagggcg
ttcacgctta
t aagcaat ca
at cgcat t ga
t gcgaaggct
t cgcat ccat
ggggaaaacg
ggccgcaat t
ggt gat aacg
cat gaat t ga
t ggat cggaa
ggcgegggt a
tgtcgggtta
gt t gaat cgt
agttcagcga
t cat gcct ct
cat cagccca
act acgcagc
cat aaacgcc
caaacagagc
caattgcatc
cat t aacagt
ggcttgceca
ct caat at ag
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t gggt aacag
tacagggcgg
gcaacccgtg
gt at gaacgg
accagcagca
acctgttccg
cgct ggcaag
t gcct gaact
aaccgaacgc
t ggcggaaaa
ccagcgaaat
caggctttct
at cagttcac
accct aacgc
tgttgcagtg
ggcagcat ca
gt caaat ggc
ttggcct gaa
cgcaagaaaa
t gt cagacat
gcgaat t gaa
acagt caaca
cat ggct gaa
cagt at cggc
aaaaat aat a
tgtactattt
ttat cat ggg
gcaaaagt ga
cgctgtttgg
ccggcat gt t
acaacatttt
gt gcgccagce
gt cgcgegeg
tgttcaccat
ccgttttact
t aggt gccaa
aact gt ggtt
aacagtttgc
tt ggct acgt
tgatcattaa
tacgtatt at
tgcatat gtt
tt gaagt gcg
cgatgatttt
cttatctggt
gcggeecegg
at gt cggat g
acat gccaat
t accggaaaa
cagaagttga
cct gggt aga
tttatgcaaa
tactgattgce
gaaaaaacgg
gt cat gt ggt
gt at cgt cac
tt cgcgaaat
cagt t t aaat
tctacattag
tt gacccaca
acgacgcaca
acgccagaaa
accagcttgc
ggaaacgcgc
ggcagccaga
ttgcgccgat
agcgt cat ca
aaagcgggt a

tcttggeggt
cttcgtctgg
gt cggcettac
tctggtcttt
gtttttccag
t cat agcgat
cggt gaagt g
accgcagccg
gaccgcat gg
cctcagtgtg
ggatttttgc
ttcacagat g
ccgt gcaccg
ct gggt cgaa
cacggcagat
ggggaaaacc
gattaccgtt
ctgccagcet g
ct at cccgac
gt at accccg
ttatggccca
gcaactgat g
t at cgacggt
ggaat t ccag
at aaccgggc
aaaaaacaca
agcctacttc
tacgggt att
tctgetttct
agtgat gttt
agt aggat cg
agt agaggca
gatgtttggc
caat aat cag
ctttttcgee
ccattcggca
tttgtcactg
taatttcttt
aacgacaat g
t cgcat cggt
t ggct cat cg
t gaagt accg
tttttcageg
tatgtctgta
gctgggtctg
cccgetttec
cggcgegacg
gaccgaaaga
aagactt cgt
aaaaagagaa
accgectgtc
tttcaattta
acccaacgtt
cgagat gt ac
tattaatcca
aaaagacat t
aaacgaccgg
t at aaaaat t
ccgcat ccgg
gct gcggaaa
gcgcat gaaa
accacggggc
cagcaat agc
cgcccagacc
t aaagccgca
cct gat ggcg
at gccagt aa
accaggcaat

ttcgct aaat
gact gggt gg
ggcggt gatt
gccgaccgcea
ttccgtttat
aacgagct cc
cctctggatg
gagagcgccg
t cagaagccg
acgct ccccg
at cgagct gg
t ggat t ggcg
ct ggat aacg
cgct ggaagg
acacttgctg
ttatttatca
gat gt t gaag
gcgeaggt ag
cgccttactg
tacgtcttcc
caccagt ggc
gaaaccagcc
ttccatatgg
ct gagcgecg
aggccatgtc
aacttttgga
ccgtttttce
atttttgccg
gacaaact cg
gcgeegt tct
attgttggtg
tttattgaga
t gt gt t ggct
tttogttttct
aaaacggat g
tttagcctta
tatgttattg
acttcgttct
ggcgaat t ac
gggaaaaacg
ttcgccacct
ttcctgetgg
acgatttatc
ct ggcgggea
gt ggcget gg
ctgctgegtce
cttatccgac
at aagagcag
gggaaaacgt
agcctgatta
tatttctctt
accattgtcg
actctttccg
tcttttccga
ggcgt cacca
ccaccaaacg
gat aagcact
gcct gat acg
cat gaacaaa
acgt act ggt
t gcccagt cc
aagcccggeg
cggttgcaca
t aacccacac
gaaccccacc
agccat agca
ggaaccgct g

caggct ggcg
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6961
7021
7081
7141
7201
7261
7321
7381
7441

taaccgcegt
acgcgaaccg
caccaggcaa
tttcgctatg
gagccgegga
ccgaagcat ¢
cagcagcgca
act gat ggcg
cagcccgecc

t aat cagacc
gagt ggt t gt
agagcgcaac
tt gaact aac
ccacagcccc
accgcct gaa
ctttgcgggt
acact gcgac
at ggt aacca

gaagt aaaca
tgtcttgtgg
aacggcaggc
cagggcgtta
at caccagt g
t gat gccgat
aaagct cacg
gttcgct gac
ccggcagagc

=47 -

cccagcegt cc
gaagaggcga
agcgccacca
t ggcggcacce
gcgt gcget g
ccccacccca
cat caat gca
at gct gat ga
ggt cgac

acgcgcgggg
cct cgeggge
ggcgagt gt t
aagcccaccg
ct gaaaccgc
ccaagcagt g
ccgacggcaa
agccagcttc

agt gaat acc
gctttgecac
t gat accagg
ccgceccat ca
cgtttaatca
cgct gct aag
t cagcaacag
cggccagegce



Appendix B2

Technical information relating to the bph genesinserted in P. fluorescens
F113rifpch:

More details on protein and DNA sequences

LOCUS PSEBPHA 5700 bp DNA BCT 18- JUL- 1997
DEFI NI TION  Pseudononas sp. LB400 bi phenyl di oxygenase (bphA), bipheny
di oxygenase (bphE), bi phenyl dioxygenase (bphF) and bi pheny
di oxygenase (bphGs, conplete cds, and di hydrodi ol dehydrogenase
(bphB), partial cds.
ACCESSI ON  MB6348

NI D 9349602
KEYWORDS .
SOURCE Bur khol deria sp. LB400

ORGANI SM  Bur khol deri a sp. LB400
Eubacteria; Proteobacteria; beta subdivision; Burkhol deri a.
REFERENCE 1 (bases 1 to 5700)
AUTHORS Eri ckson, B.D. and Mondell o, F. J.
TI TLE Nucl eoti de sequencing and transcriptional mappi ng of genes
encodi ng

bi phenyl di oxygenase, a nulticonponent PCB-degradi ng enzyne in
pseudononas strain LB400
JOURNAL J. Bacteriol. 174, 2903-2912 (1992)
MEDLI NE 92234948
REFERENCE 2 (bases 1 to 5700)
AUTHORS Eri ckson, B. D.
JOURNAL Unpubl i shed (1993)
FEATURES Location/ Qualifiers
sour ce 1..5700
/ or gani sn¥"Bur khol deri a sp. LB400"
/ strai n="LB400"
/db_xref ="t axon: 36873"
MRNA 523..>5700
/note="alternate transcription site"
/ evi dence=experi ment a
CDS 611..1348
/ not e=" CRF 0"
/codon_start=1
/transl _tabl e=11
/ db_xref="PI D: g151083"

/transl ati on=" MNARTPNSL TMSCDKSFADASPVPI ANVRSLI EATFQRLRADI V
EGRLAAGSRLAI EDLKSRYEVSGGTVREAL SLLVANNL VQTQAQRGFHVT PMVBL DDIVR
DLAATRI ALECEAL RQSVLNGDAEVEARVVSSYHRL SLL DERTVRDPVHL FNQAEQAN
RDFHEAL| SACSSAWTQRFLSI LYLQVERYRRL TAMHNRPARNVHEEHL AL RDSALAR
DAERCTELLRVHI ESSI SWRQFG.LR!
MRNA 1370..>5700

/note="alternate transcription site"
/ evi dence=experi ment a

gene 1439. . 2818

/ gene="bphA"
CDS 1439. . 2818

/ gene="bphA"

/ st andard_nanme="iron sul fur protein"

/note="l arge subunit of the term nal di oxygenase
conmponent "

/codon_start=1

/transl _tabl e=11

/ product =" bi phenyl di oxygenase"

/db_xref="PI D. g151084"

/transl ati on=" M5SAI KEVQGAPVKW/TNW PEAI RGLVDQEKGLLDPRI YADQS

LYELELERVFGRSW.LL GHESHVPETGDFLATYMGEDPVWMWRQKDKSI KVFLNQCRH
-48-



RGVRI CRSDAGNAKAFTCSYHGWAYDI AGKL VNVPFEKEAFCDKKEGDCGFDKAEWEP
LQARVATYKG.VFANVDVQAPDL ET YL GCDARPYMDVM.DRTPAGT VAl GGMKW/I PC
NWKFAAEQFCSDMYHAGT TTHLSG LAG PPEMDLSQAQ PTKGNQFRAAWGGHGSGW
YVDEPGSLLAVMGPKVT QYW EGPAAEL AEQRL GHT GVPVRRWGHMT T FPTCSFLP
TENNI R WHPRGPNEI EVWAFTLVDADAPAEI KEEYRRHNI RNFSAGGVFECDDGENW

VEI QKGLRGYKAKSQPL NAQMGL GRSQT GHPDFPGNVGYVYAEEAARGWHHWWRMVS

EPSWATLKP"
gene 2936. . 3502

/ gene="bphE"
CDS 2936. . 3502

/ gene="bphE"

/ st andard_nane="iron sul fur protein"

/note="smal | subunit of the term nal di oxygenase
conmponent "

/codon_start=1

/transl _tabl e=11

/ product =" bi phenyl di oxygenase"

/ db_xref="PI D: g151085"

/ transl ati on=" MITNPSPHFFKTFEWPSKAAGLEL QNEI EQFYYREAQLLDHRAYE
AWFAL L DKDI HYFMPLRTNRM REGEL EYSGDQDLAHFDETHETMYGRI RKVTSDVGW

AENPPSRTRHLVSNVI VKETATPDTFEVNSAFI LYRNRLERQVDI FAGERRDVLRRAD
NNLGFSI AKRTI LLDASTLL SNNL SMFF"
CDS 3540. . 3959
/note="iron sul fur protein; ORF 1"
/codon_start=1
/transl _tabl e=11
/ db_xref="PI D: g151086"

/transl ati on="MKNARLFLI Al GVFYI | NLI GTLPFSTLGLFCRMYPGVELHVGA

Pl FTLLQDAVAWGL QL GAl GAVALWGARDPGRYRAVI PWI ATEVWDGLVDFYS| VW
SHEALWFGLVTLVI HVLW GANGLHAWRALASKSLRTL"

gene 4034. . 4363

/ gene="bphF"
CDS 4034. . 4363

/ gene="bphF"

/ st andard_nanme="iron sul fur protein"

/I note="ferredoxi n conponent of biphenyl dioxygenase"
/codon_start=1

/transl _tabl e=11

/ product =" bi phenyl di oxygenase"

/ db_xr ef =" Pl D: g349603"

/transl ati on=" MKFTRVCDRRDVPECGEALKVESGGTSVAI FNVDCGELFATCDRCT

HGEDWEL SDGGYL ECDVVECSLHMEKFCVRTGKVKSPPPCEALKI FPI Rl EDNDVLVDF

EAGYLAP"
gene 4360. . 5586

/ gene="bphG'
CDS 4360. . 5586

/ gene="bphG'

/ st andard_nanme="iron sul fur protein"

/ not e="reduct ase conponent of biphenyl dioxygenase"
/codon_start=1

/transl _tabl e=11

/ product =" bi phenyl di oxygenase"

/db_xref="PI D. g349604"

/transl ati on="M DTI Al | GAGLAGSTAARAL RAQGYECRI HLLCGDESHQAYDRT
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TLSKTVLAGEQPEPPAI LDSAWASAHVDVQL GRRVSCLDLANRQ QFESGAPLAYDR

LLLATGARARRVAI RGGDLAG HTLRDLADSQAL RQALQPGSLVI VGGEGELI GCEVAT

TARKLSVHVTI LEAGDEL L VRVL GHRTGAWCRAEL ERMGVRVERNAQAARFEGQGVR

AVI CADGRRVPADWVLVS| GAEPADELARAAG ACARGVLVDATGATSCPEVFAAGDY

AAVWPL RQGGQRSL ETYLNSQVEAE! AASAM. SQPVPAPQVPTSWIE! AGHRI QI GDA

EGPGElI VWVRGDAQSGQP! VLLRLLDGCVEAATAI NATREFSVATRLVGTRVSVSAEQL

gene

CDSs

BASE COUNT
ORIG N

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521

1107 a

gaat t ccgcg
cacgtgcatg
cctt ggacgc
ccgcgcaaag
tt aggat cat
aagtcgtgtc
tgccgaggt g
act ggccgag
ttcact cagg
ct at cgaagc
gagaaat gca
t gcggat gcg
gcggt t gcgg
agat ct caag
ggt ggccaat
t ct ggat gac
ccaaagtgtg
gctctcgetce
gcaagccaac
gcggttcctg
caaccggcct
gcgt gat gcc
ggttcggcaa
ggaagaggt t
gagt t cagca
ggaggcgat ¢
cgat cagagt
t gggcacgag
tccggt ggtt
gcaccgcggc
ct at cacggc
agcettttge
ccaggcacgc
agacct ggag
gccggecggg
gtttgccgece
cggcatcctg
gggcaat cag
gggct cactc
tgccgaget t
ccagcacat g
ct ggcacccg
cgccccggeg

QDVGSNLRDLL
5633..5700

KAKPN'

/ gene="bphB"

5633..>5700

/ gene="bphB"

/ note="anmi no term nus of the dihyrodiol

/ codon_st ar
/transl _tab

t=1
| e=11

/ prooduct =" di hydr odi ol dehydr ogenase"”
/db_xref="PI D: g151089"
/transl ati on=" MKLKGEAVLI TGGASGLGRAL VX"

1678 c

aagaacacca
cgcccgecca
gccgecageg
ccgcaact gg
ccaaaacgat
aagttccacc
cacgacagcg
ggcat cgcag
tatggatgtc
ct gat t cagt
at gaat gcga
tcgccggt gc
gcggacat cg
tcgecgetatg
aacct ggt gc
atgcgtgatc
ct gaat ggcg
ct cgacgagc
cgcgactttc
tctat cct gt
gccagaaacg
gagcgctgta
ttcggtttgt
ggtatttttt
at caaagaag
cgggggt t gg
ctttatgagc
agt cat gt gc
at ggt gcgac
at gcgt at ct
t gggcct acg
gacaagaaag
gt ggcaacct
acct acct cg
act gt ggcca
gagcagt t ct
gcgggceattc
ttccgggcecg
ctggcggt ga
gcggaacagc
acgatcttcc
cgt ggt ccca
gagat caagg

1801 g

gttggcegt g
gcgt gt ccac
ccttgegtct
act ggct cag
ot gggagegg
t gt acct gat
acgaat ct gt
cgat ggacac
gaat gt cgat
ccgcgcet gaa
gaact ccaaa
ccat cgcgaa
t ggaggggcy
aggt t agcgg
agacacaggc
t ggccgecac
acgccgaat g
gcacgat gcg
acgaagccct
attt gcaaat
t gcacgagga
ctgagttgtt
t gcggt gacg
ccgecct gee
t gcagggagc
t cgat cagga
tggagcttga
ct gaaaccgg
agaaagacaa
gccgct cgga
acat cgccgg
aaggcgact g
acaagggcct
gt gacgcccg
t cggcggeat
gcagt gacat
cgccggaaat
cttggggcgg
t gggccccaa
gcct ggggea
cgacctgttc
at gaaat cga
aagaat at cg
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1114 t

cggcgt ggece
gat ct gcggc
tgcttcaccce
cgcccgat ca
ct gaaacccg
cctggatttg
gcat gccgtg
caaacccgt a
aat aat at ca
at gt ggggaa
cagcct cacc
cgt gcgcagce
act cgct get
cgggaccgt g
ccagcgt gga
gcggat cgeg
ggaggcgegg
cgat ccggt t
gat ct cagcc
ggagcgct ac
gcat ct ggcg
gcggat gcat
ccaacat cgc
aagggcattt
ccct gt gaag
aaaagggct g
gcgggttttt
ggacttcctg
gagcat caag
cgccggcaac
caagctggtg
cggctttgac
ggtctttgec
cccctatatg
gcagaagt gg
gt accacgcc
ggacctctcc
gcacggct cg
ggt cacccag
caccggcat g
attcctgccc
ggt gt gggec
ccggcacaac

gccgcacct t
t ggacgggct
at cgggt gag
cggt cgagca
t cagggat cg
tacagccgca
cat ct ggt gc
ct aagacct t
acat t at gac
attttctgta
at gggaggcg
ct gat t gagg
ggct ccagac
cgggaggegce
tttcatgtga
cttgagt gcg
gttgtcagtt
cacttgttca
tgttcatccg
cgccgat t ga
cttcgtgaca
at t gagt cat
aggtatcttt
caacggagac
tgggttacca
cttgatccac
ggtcgetct t
gccacttaca
gtgttcctga
gccaaggct t
aacgt gccgt
aaggccgaat
aact gggat ¢
gacgt cat gc
gt gat tccgt
ggcaccacga
caggcgcaga
ggctggt at g
tact ggaccg
ccggttcgac
accttcaaca
ttcaccct gg
at ccgcaact

dehydr ogenase"

cgt cccageg
cat ggcct gc
t gt gccaaaa
act gccggat
cccgaaccgc
agat cgt ggg
ggcgcaccgc
tcctagggtt
gagccacttg
at gaccaggt
acaagtcatt
cgacgtttca
tcgccattga
tttccctget
ccecccatgtce
aagcgct gcg
cgt at caccg
at cagt ggga
cct ggaccca
cggcgat gca
gcgegcet cge
caatttcggt
tttgtgtgat
gt t aaat cat
at t ggacgcc
gcat ctacgc
ggctgtt act
t gggcgaaga
accagt gccg
t cacct gcag
t cgagaagga
ggggcecget
t gcaggcgcc
t ggat cgcac
gcaact ggaa
cgcacctgtc
tacccaccaa
t cgacgagcc
agggt ccggc
gcat ggt cgg
acat ccggat
t cgat gccga
t ct ccgcagg
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2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641

cggegtgttt
gt acaaggcc
t caccct gat
gt at caccac
aagacgcaat
gt gcagacgg
aaat ccat cc
gtt gcagaac
ct acgaggcc
caat cgcat g
cgat gaaacc
ggcggagaac
ggccacgccg
gcgccaggtc
ccttggtttc
caacct gagc
t gaaaaat gc
gcacgcttcc
acgt gggt gc
t gggcgcecat
ttattccagt
t gt ggagcca
ttggct gggg
ttactcttca
t acaagaagc
agccct gaag
gttcgcaaca
t gaaggt gac
ggt caaat ca
tgacgtgctg
at cggcgecg
gggcgceat cc
aagacggt gc
gcat cggccc
cgccagattc
ggcgegegeg
cgagacct cg
at cgt cggeg
cat gt cacga
ggggcat ggt
gccgegegcet
gt gcccgecg
gccgct ggeca
ccagaggt gt
t cgct ggaga
agt cagcccg
at ccagat ga
agcggecagce
at caat gcca
t ccgccgage
aatt gat gcg
gaaaggt gaa

gagcaggacg
aagagccagc
tttcctggca
t ggat gcgca
cgtt agat ct
cgcgccgagg
ccgcattttt
gagat cgagc
tggtttgecc
at ccgggagg
cat gaaacca
ccgecttcecc
gataccttcg
gacat cttcg
agcat cgcca
atgttcttct
aagactgttt
cttcagcacg
gccgattttc
cggggecgt c
ggt cat cgca
cgaagccttg
cctgecat gcc
gccaccaaca
gt t at gaaat
gt cgaaagt g
caggaccgct
gt ggt ggaat
ccgccgecct
gt cgacttcg
gcctggecgg
acct gct cgg
t ggcgggega
at gt ggat gt
agtttgaatc
cccggcegceat
ccgacagcca
gaggcct gat
ttctggaagc
gt cgggccga
t cgaaggcca
atgtggt ctt
t cgcct gege
t cgccgeegg
cctacct gaa
t gccggegec
tt ggcgat gc
caat cgt gt t
ccagggaat t
aact gcagga
cat gaccggc
gcggt act ga

at ggcgagaa
cgct caat gc
acgt cggcta
t gat gt ccga
gt caaccgga
ttccgtccce
t caaaacat t
agttctacta
t gct ggacaa
gcgagct gga
t gt acgggceg
gcacgcgcca
aggtcaattc
cgggcgaacg
agcgcaccat
agcccagcac
ttgatcgcca
ttgggctt gt
accct gct gc
getttgtggg
acggaagt gg
tggt t cggge
t ggcgt gcce
gtgactgttc
tt accagagt
gaggcacctc
gcacccacgg
gct cact gca
gt gaggcact
aagccgggt a
ttcgacggct
ggat gagt cg
gcagcccgag
ccagct cggg
gggcgececg
ggcgat t cgg
ggcget gegg
cggt t gcgag
cggcgacgag
act ggaacgc
ggggcaggt g
ggt cagcat t
gcgeggegt g
t gacgt cgcc
cagccagat g
ccaggt gccg
cgaagggccc
gct caggct g
ttctgtggeg
cgt cgget cg
gaat cgettt
tcacgggggg

-51-

ct gggt ggag
ccagat gggc
cgt ct acgcece
gcccagcet gg
agaat t caac
tgatatttac
t gaat ggcca
ccgcgaageg
agat at ccac
at attccggc
cat ccgcaag
cctggtctcc
cgcattcatc
ccgggacgt g
cctgctcgac
gct gaaccgg
tcggegtcett
tt ggcaggat
aggat gcct g
gcgeccgega
t cgat ggcct
ttgtcacgcet
t ggcgt cgaa
gccccaggeg
ttgtgatcga
cgtcgcgat't
cgact ggt cc
cat ggggaag
gaagat attt
tct ggcgeca
gcgegegceac
cat caggcct
ccgect gcaa
cgacgggt ga
ct ggcct acg
ggt ggcgacc
caggcgct gc
gt ggcgacca
ttgctggtge
at gggt gt cc
cgcgecegt ga
ggcgccgage
ct ggt cgacg
gcct ggeegce
gaggccgaaa
acct cgt gga
ggcgagat cg
ctt gat ggct
acccgact gg
aacct gcggg
aacaat aaag
cgcct ccgga

at ccagaagg
ct gggt cggt
gaagaagcgg
gccacgct ca
at ggt gggct
tt ggagat aa
agcaaggcgg
cagttgcttg
tacttcatgc
gaccaggat t
gt gacct cgg
aacgt cat cg
ct gt accgca
ct gcgeegeg
gccagt acct
cct caat gag
ctacatcatc
gt at ccaggc
ggcggt ggt ¢
t ccgggecgt
ctgggatttt
ggt gat ccat
at cgct gagg
atttaaccct
agagat gt gc
tt caat gt gg
ctgtccgatg
ttttgcgttc
ccgat ccgca
t gat cgacac
t gcgcgecca
at gaccggac
tcct ggacag
gttgcct gga
accggct get
t ggcaggcat
aaccgggcca
ccgeccgcaa
gcgt get ggg
gcgt ggageg
tct gcgecga
cggcggacga
ccaccggcgce
t gcgt caagg
t cgcggecag
cggagat t gc
t cgt acgcgg
gcgt cgaggce
t cggcacccg
atttactcaa
gggat t ggaa
ttagggcgcg

ggct acgt gg
cgcagaccgg
cgcggggt at
agccctgatc
ggacgt gcat
ctgttatgac
ctggccttga
accaccgggc
cgct gcgeac
tagcccattt
acgt gggct g
t caaggagac
at cggct t ga
ccgacaacaa
t gct gt cgaa
gat gct gcca
aacctcattg
gt agaact gc
ggt ct ccagt
t at cgggecg
tacagcat cg
gt gct gt gga
acactttgaa
tttaact aat
ccgaaggcga
at ggcgagct
gcggct at ct
gcacgggcaa
t cgaagacaa
cat cgccatc
gggat acgag
cacgct gt cc
cgcct ggt ac
t ct ggccaac
gct ggccacc
ccataccttg
gt cgctggtc
gctgagtgtc
t caccggacc
caat gcacag
cgggcgeegg
gct ggcecgt
cacct cgt gt
gggccagegce
cgccatgttg
aggccaccgc
cgacgcccag
cgcgacggeg
ggtttctgtt
agccaaaccg
aaat gaaact
cgctcgt gga



LOCUS PSPBPH 1963 bp DNA BCT 02- MAY- 1994
DEFI NI TION  Pseudononas sp. genes bphB and bphC
ACCESSI ON  X66122

NI D 9397882
KEYWORDS bi phenyl degradation protein; bphB gene; bphC gene.
SOURCE Pseudononas sp.

ORGANI SM  Pseudononas sp.
Eubacteri a; Proteobacteria.
REFERENCE 1 (bases 1 to 1963)
AUTHORS  Hofer,B
TI TLE Di rect Subm ssion
JOURNAL Submi tted (01-JUN-1992) B. Hofer, G B.F., Bereich M krobiologie,
Mascher oder Wg 1, 3300 Braunschwei g, FRG
REFERENCE 2 (bases 1 to 1963)
AUTHORS Hofer,B., Eltis,L.D., Dowing,D.N. and Tinmmis, K N
TI TLE Cenetic anal ysis of a Pseudononas | ocus encodi ng a pathway for
bi phenyl / pol ychl ori nat ed bi phenyl degradati on
JOURNAL  Gene 130 (1), 47-55 (1993)
MEDLI NE 93345822

COMVENT See al so X66123 & MB6348
FEATURES Location/Qualifiers
source 1..1963

/ or gani sn¥" Pseudononas sp."

/ strai n="LB400"

/ db_xref ="t axon: 306"
/clone="E.coli SMLO (pDD5301)"

gene 127..960

/ gene="BphB"
CDS 127..960

/ gene="BphB"

/codon_start=1

/transl _tabl e=11

/ evi dence=experi ment a

/ pr oduct =" Bi phenyl - 2, 3-di hydro- 2, 3-di ol dehydr ogenase"
/ db_xr ef =" Pl D: g397883"

[ db_xr ef =" SW SS- PROT: P47227"

/transl ati on=" MKLKGEAVLI TGGASGLGRAL VDRFVAEGAKVAVL DKSAERLAE
LETDHGCDNVLG VGDVRSL EDQKQAASRCVARFCGKI DTLI PNAG WDYSTALVDLPEE
SLDAAFDEVFHI NVKGYI HAVKACL PALVASRGN\VI FTI SNAGFYPNGGGPLYTAAKH
Al VGLVRELAFELAPYVRVNGVGSGE NSDLRGPSSLGMVGSKAI STVPLADMLKSVLP

| GRVPEVEEYTGAYVFFATRGDAAPAT GAL LNYDGGL GVRGFFSGAGGNDLLEQLNI H

P
gene 982..1878

/ gene="BphC"
CDS 982..1878

/ gene="BphC"

/codon_start=1
/transl _tabl e=11
/ evi dence=experi ment a
/ product =" Bi phenyl -2, 3-di ol -1, 2 di oxygenase"
/ db_xref="PI D: g397884"
[ db_xr ef =" SW SS- PROT: P47228"
/transl ati on=" M5l RSLGYMEFAVSDVAAWRSFL TQKLGLVEAGT TDNGDLFRI D
SRAVRI AVQQGEVDDLAFAGYEVADAAGLAQVADKLKQAG AVTTGDASLARRRGVTG
LI TFADPFGLPLEI YYGASEVFEKPFLPGAAVSGFL TGEQGEL GHFVRCVPDSDKAL AF
YTDVLGFQLSDVI DVKMGPDVTVPAYFLHCNERHHTLAI AAFPLPKRI HHFMLEVASL

DDVGFAFDRVDADGLI TSTLGRHTNDHWSFYASTPSGVEVEYGASARTVDRSVWWYR
HDSPSMAGHKSVRDKAAARNKA"
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BASE COUNT
ORIG N
1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
11

387 a

ccegggtttce
t caaagccaa
ggaaaaat ga
cgcgeget cg
gcagagcgcc
gat gt gcgtt
aaaat cgaca
ct gcccgaag
tatatccatg
ttcacgat ct
aagcacgcca
gt caacggcg
at gggcagca
att ggt cgca
ggcgat gcgg
ggattcttct
gcat cgacga
agcgacgt ag
acgaccgaca
cagggcgagg
gcgeagat gg
tt ggccagge
ttggaaattt
gt gt cggot t
t cggacaagg
gacat gaaaa
caccacaccc
gaagt cgcct
at cacct cca
ccgt ccggag
gt ggt gaggc
gcgcgcaaca
ct acagccct

555 ¢

tgtttccgee
accgaat t ga
aact gaaagg
tggaccgat t
tt gcagagct
cact ggaaga
ccttgattcc
agagcct cga
cagt gaaggc
ccaat gcggg
t cgt gggcct

tggggt cggg
aggcgatttc

t gcccgaggt
cgcct gcgac
cgggt gccgg
aggagacagt
ct gcttggeg
acggcgacct
tt gacgat ct
ct gacaagct
gccgeggggt
act at ggcgc
t cct gaccgg
cgct ggegt t
t ggggccgga
tggcaat t gc
cgct cgat ga
cgctggggcg
t agaggt cga
acgacagt cc
aagcat gaac

ggt gcct get

616 g

gagcaact gc
t gcgcat gac
t gaagcggt a
cgt ggccgaa
ggaaaccgat
ccagaaacag
caat gcaggc
tgccgegttc
ctgcect geeg
cttctatccc
ggt gcgt gaa
cggcat caat
gaccgt accg
cgaagagt ac
cggggecttg
aggt aat gac
aat gagcat c
ttcgtttctg
gttccgeatc
ggcctttgec
caaacaggcc
gaccggattg
cagcgaggt g
cgagcaaggg
ttataccgac
cgt gacggtt
ggcattcccg
cgtcggettt
ccacaccaat
gtatggctgg
gagcat gt gg
aacaacct ga
ccct gt cacc
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405 t

aggacgt cgg
cggcgaat cg
ct gat cacgg
ggcgccaaag
cat ggcgaca
gct gccagcec
at ct gggat t
gat gaggt ct
gccct ggt cg
aat ggcggcg
ctggcgttcg
agcgat ct ga
ct ggccgaca
accggggcct
ct gaact acg
ttgct cgaac
agaagtttgg
acgcagaaac
gat t cgagag
ggct acgagg
ggt at cgcag
atcacctttg
tt cgaaaaac
ct ggggcat t
gt gct cggct
cct gcgt act
ct gccaaaac
gcatttgatc
gaccacat gg
agt gcccgta
ggccacaagt
at agcacggg
gcacattgca

ct cgaacct g
ctttaacaat
ggggcgect ¢
t ggcggt get
acgt gct cgg
gct gcgt ggc
act cgacggc
ttcacatcaa
ccagccgt gg
gccetcttta
agct ggcgece
gaggtccttc
tgctgaagtc
atgtgttttt
acggt ggct t
agct gaat at
gat acat ggg
t gggct t gat
cct ggcggat
t ggccgat gc
t caccaccgg
ccgacccgt t
cgttcctgec
tcgtgegetg
tccagttgtc
tcctgcactg
gcattcatca
gggt t gacgc
tgtcgttcta
ccgt t gaccg
ct gt gcgcga
aat ccct gca
ttg

cgggatttac
aaaggggat t
cggat t aggg
cgacaagt cg
cat cgt cggc
caggt t cggg
cttggtcgac
t gt caagggt
caacgtgatc
caccgcagcc
at acgt gcgc
ct cgct ggga
ggt gct gecg
tgccacccga
gggegt t cgt
ccatccct aa
gtttgecggtc
ggaagcgggce
cgccgttcag
ggcagggct g
cgat gcct ca
t ggcct geeg
t ggt gcggcec
cgttccggat
t gacgt cat c
caacgaacgc
cttcatgctc
ggacggcttg
t gcct cgacc
ctcctgggtt
caaagcagct
tgaaacttta



Appendix D -- (Unpublished information):
Technical details on the survival of the genetically modified organisms.

Pseudomonas fluorescens strains F113::lacZY, F113rifpcb and F113pcblac3.1 were
evaluated in terms of risk assessment, using plant-soil microcosm models.

F113::lacZY in contaminated soil from the release site:

Strain F113::lacZY was inoculated on willow cuttings, and the survival of the strain in
the rhizosphere was followed over 2, 4 and 6 weeks in a contaminated and a non-
contaminated soil. Parallel to this, two paralel sets of cuttings inoculated with the
strain were treated with the herbicide round up. After the partia decay of the roots
(three weeks after treatment), the number of culturable cells of F113::lacZY was
measured in one set of the willows. In the other set, new cuttings were planted in the
soil to see whether the strain was able to recolonise the roots of the plants (over three
weeks of growth).

The results of the experiment indicate that the PCB contamination did influence the
colonisation and survival of F113 in the rhizosphere of the plants. The colonisation of
the strain in the contaminated soil was less than the colonisation in the non-
contaminated soil (Fig. 1). Furthermore, there was a tendency for a better survival of
the strain in the non-contaminated soil than in the contaminated soil after the round up
treatment (Fig. 2). The recolonisation of the willow plants seemed to be the same in the
two soils.

In the experiment, there were unfortunately some methodological problems, resulting
in an overestimation of the cell density of P. fluorescens in the experimental soil. The
reporter gene LacZY aone was found to be insufficient in facilitating a selective
detection method, as a high number of the indiginous soil bacteria were able to
metabolise the substrate X-gal (athough this caused blue colouring of colonies at a
distinctly lower intensity). This was probably due to other metabolising enzymes with a
lower affinity for X-ga. Future work will, therefore, rely on a rifampicin-resistant
mutant of F113::lacZY for reducing fal se positive background counts.

LacZ + "Total population”, rhizasnhere

—&—"LacZ",
H I
1.0E+10 asselager
S 1,0E+08 T + "LaCZ”,
e Hojbakke
> 1,0E+06 -
©
‘5” 1,0E+04 ~ - - & - -"Total
LL population”,
O 1,0E+02 - Hasselager
1,0E+00 T T -- & --"Total
2weeks 4weeks 6 weeks population”,
Hgjbakke
weeks

Figure 1. Survival of the strain F113::lacZY (abbreviated "lacZ”) in a contaminated (Hasselager) and a
non-contaminated (Hgjbakkegaard) soil after two, four and six weeks of incubation. Furthermore, the
total population of fluorescent pseudomonads (SA medium) are shown. It can be seen that the survival of
the strain is reduced by the contamination in the soil.
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Survival and recolonisation of F113lacZY
in the rhisosphere.
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Figure 2: Survival and recolonisation of F113::lacZY in the rhizosphere of willow in a contaminated
(Hasselager) and a non-contaminated (Hgjbakkegaard) soil. The data show the cell density of strain
F113::lacZY after two weeks of incubation, after partial decay of the roots (because of round up
treatment), and the recolonisation of a new willow planted in the round up treated rhizosphere. The
results indicate that the strain is able to survive better in the non-contaminated soil than in the
contaminated soil. There seems to be no difference in the recolonisation of the willow hereafter.

Nevertheless, even when including false positive counts, which (as backgound counts
revealed) were only significant after 4 and 6 weeks, the data support an overall
decreasing tendency of strain F113::lacZY’s bacterial density in the experimental
systems. When the initial inoculation was performed a ca 1*10® per system
(corresponding to 1*10° per g of soil), bacteria counts remained approximately
constant or decreased over the first 4 weeks, whereas al final levels (after 6 weeks or
after replanting with willow) were 2 to 3 orders of magnitude lower than initially
inocul ated.

F113pchlac3.1 in soil piked with 4-PCB:

Strain F113pcblac3.1 was evaluated for the ability to survive in the rhizosphere of
willow and in bulk soil.

Cuttings of willow were inoculated with the strain at 8*10° cells/cutting (= 8*10°
cells/microcosm system, corresponding to 0.84*10° per g of soil). The inoculated
cuttings were planted in a natural soil spiked with 4-PCB (200mg/kg). In the treatments
for evaluating the survival of the strain in bulk soil without willow, 9*10° cells (=
9*10° cells/microcosm system, corresponding to 0.95¥10° per g of soil) were mixed
into the soil. Every 14th day, over a period of 113 days, a triplicate of willows were
extracted for the number of F113 in the systems. The results are shown in the following
figure.
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Survival of strain F113pcblac3.1 in bulk soil and
in willow rhizosphere.
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Fig. 3: Surviva of F113pchlac3.1 (in the graph labelled F113pcblacZ) in soil microcosms with and
without willow.

In both systems the number of bacteria decreased during the first 5 weeks after
inoculation by more than 1 order of magnitude with willow, and by more than 2 orders
of magnitude without willow. Hereafter, the number of bacteria seems to decrease at a
slow rate during the remaining time of the experiment. For the systems consisting of
willow-inoculated bacteria, the final level was about 3*10° bacteria per system
(corresponding to 3*10° per g of sail). For the systems without the willow, the number
is about 2* 10" bacteria per system (corresponding to 0.2* 10° per g of soil).

The experiment indicates, that the survival of Pseudomonas fluorescens F113pcblac3.1
in soil is good. The strain has an initial adaptation period for establishment, during
which they rapidly decreases in number. Hereafter, the bacteria are present at an almost
constant number in the systems. It is also indicated that the survival of the strain is
enhanced about 10 times by the presence of willow.

F113rifpcb in alfalfa microcosms:

Strain F113rifpch was evaluated for the ability to survive in the rhizosphere of alfalfa
and in bulk soil.

Alfafa seeds were inoculated with the strain a 1*10° cells/seed (= 7*10°
cells/microcosm system, corresponding to 3*10° per g of soil). The inoculated seeds
were planted in a natural soil not spiked with PCB. Every 7th day, over a period of 4
weeks, a triplicate of afalfa plants were extracted for the number of F113 on the root
system and in the surrounding bulk soil. The Total Viable Count (TVC) of bacteriawas
also enumerated. The results are shown in the following figure.
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Fig. 4: Colonisation of afafarhizosphere by Pseudomonas fluorescens F113rifpch: Alginate
encapsulated and inoculated afalfa seeds in non-sterile soil microcosms. CFU, colony forming units;
TVC, total viable count. (D. Dowling, unpublished data).

It can be seen, that the number of inoculated bacteria decreased during the 4 weeks of
incubation by almost 1 order of magnitude in the root zone, and by more than 2 orders
of magnitude in bulk soil. The experiment indicates, that the survival of Pseudomonas
fluorescens F113rif pcb in soil is good, but limited. It is also indicated that the survival
of the strain, after inoclation on seeds, is confined to the root zone, as its numbers in
bulk soil rapidly decrease during the first two weeks after inoculation, reaching a
constant plateau between 10" and 10? per g soil during these two two weeks.

Conclusions:

Modified strains of Pseudomonas fluorescens F113 survive well in soil, i.e., their
number of colony-forming units decreases only slowly. However their surviva is
not enhanced by the genetic modifications.

Thereis no indication of growth of any of the strains exceeding the originaly
inoculated bacterial numbers.

Plant removal reduces the strains' survival in soil.
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Appendix E.

Results of soil analyses of the release site.

Analytical results: See table in the analysis report reproduced on the following page.

Sample codes. See text of the analysis report reproduced on the following page, and
the map insert on it.
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DMU

Ulrich Karlson

HYGIEJNELABORATORIET a.s]|

S ok

Tonder den 31. maj 1999

1. szt analyser i forbindelse med pileoprensning i Hasselager.

Den 30.04.99 blev det forste sat prover udtaget, samtidig med at pilebeplantningen blev

tilendebragt.

Proveudtagning fandt sted som skitseret i forslag til analyseprogram med folgende @ndringer:

1. oprindelige provesteder 43 og 45 er sldet sammen i stedet for 42 og 43. Mellem 42 og 43 var der
oprindelig en kerevej, siledes at 43 og 45 mere udger et sammenhzangende omrdde end 42 og

43.

2. der analyseres for olickomponenter ved hj. al GC-FID, som ensket af Arhus Amt.

Nedenfor er der givet en oversigt over de fundne resultater:

Parameter GP/A GP/B 1-42 2-43/45 3-44

tot. Kulbrinter i mg/kg torstof 3.400 3.100 3.200 7.600 3.600
Benzen -7 0,54 0,26 <0,1 0,24 0,18
Toluen - < 0 <0,1 <0,1 0,66 0,18
m+p Xylen -- <0,l < 0,1 <0,1 1,6 0,10
o Xylen - 0,17 0,25 0,11 0,41 0,27
Ethylbenzen - <0,l <0,l <0,1 0,51 <0,1
tog. Cyanid i mg/kg vadvegt 480 1.100 45
PCB 28 =" 0,20 0,17
PCB 52 -- 0,26 0,21
| PCB 101 - 0,25 0,17
PCB 118 -"- 0,16 0,099
PCB 138 0,28 0,20
PCB 153 -~ 0,19 0,14
PCB 180 -7- 0,086 0,073
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Two maps (see next 2 pages) showing therelease sitein relation to areas protected
according to “ Paragraf 3 Naturbeskyttelseslov”.
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List of areas, protected according to “ Paragraf 3 Naturbeskyttelsesiov”, in 0 to 6000 m distance from the release site. Sum of areain m?.

Note that the number of areas cannot be summed up across the whole list, as areas falling into more than one distance zone are counted more than

once.
ZONE O 0 1000 1000 2000 2000 3000 3000 4000 4000 5000 5000
-1000m -1000m -2000m -2000m -3000m -3000m -4000m -4000m -5000m -5000m -6000m -6000m

COUNT SUM COUNT SUM COUNT SUM COUNT SUM COUNT SUM COUNT SUM
AREA AREA AREA AREA AREA AREA
Overdrev 3 90274 7 161112 4 30298 8 164801 17 415348
Fersk eng 8 182967 17 370067 15 234977 19 521943 42 1157859 27 746714
Mose og keer 7 24523 14 130902 20 197261 28 345633 32 530098
Sg 4 4104 23 45413 45 108721 67 18711765 75 7594593 74 8973449
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Appendix F.

Oplysninger leveret af Holger Pedersen, M ST, landbrugs- og bioteknologikontor
baser et pa den oficielle rapport fra de kompetente myndigheder i Italien, af
for sggsudsaninger ne af Pseudomonas fluorescens F113 lacZY i 1994 og 1995.

Konklusioner

Der er ingen resultater angdende effektiviteten af P.fluorescens F113 lacZY som
biologisk bekaampelsesmiddel af damping-off, da der de to forsggsar ikke blev
observeret symptomer pa sygdommen.

Innokulering med P.fluorescens F113 lacZY havde ingen negativ effekt pa nodulering
pa soyargdder. | 1994 var der en gget nodulering ved innokulering med béde
P.fluorescens F113 lacZY og B. japonicum i forhold til de andre behandlinger. Dette
blev dog ikke bekradtet i 1995.

| en rotation mellem kulturer innokuleret med forskellige GMM viser der sig ingen
effekter pa hverken P.fluorescens F113 lacZY, jordens mikroorganismer eller det
innoculum der blev udsat aret faor.

Alle de agronomiske parametre, der blev malt (spiringsprocent, nodul eringskapacitet,
udbytte, protein i banner, olie i benner, biomasse af de grenne dele, kvad stofindhold),
var sammenlignelige ved behandling med P.fluorescens F113 lacZY og ved kontroller.

P.fluorescens F113 lacZY viste sig som en god kolonisator af jord og rhizosfaae, med
relativt forhgjede densiteter i dyrkningsperioden og derefter faldende densiteter i tiden
efter. Et ar efter udsagningen var densiteten 2 logaritmer mindre end ved slutningen af
soyaens vakstperiode (120 dage). Ved 515 dage var densiteten under
detektionsgraansen.

Der er ikke indikationer pa andringer i mikroflora/faunai jorden.

(I forsaget fra 1994 havde P.fluorescens F113 lacZY naesten fuldsteandig udkonkurreret
den naturlige population af P.fluorescens efter 120 dage, hvorimod P.fluorescens F113
lacZY i 1995 forsgget kun udgjorde 11% af den samlede P.fluorescens population.
Dette kunne tildels skyldes et skraftigt regnskyl lige efter saning i 1995. Mamngden af
P.fluorescens F113 lacZY blev ikke malt efter 120 dage i 1994, som det var tilfaddet i
1995.)



