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ABSTRACT 

The present invention provides an improved expression 
system for the production of recombinant polypeptides 
utilizing auxotrophic selectable markers. In addition, the 
present invention provides improved recombinant protein 
production in host cells through the improved regulation of 
expression. 
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PROTEIN EXPRESSION SYSTEMS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
patent application Ser. No. 60/523,420 ?led Nov. 19, 2003, 
entitled “Improved Pseudomonas Expression Systems With 
Auxotrophic Selection Markers,” and US. Provisional 
patent application 60/537,147 ?led Jan. 16, 2004, and 
entitled “Bacterial Expression Systems With Improved 
Repression.” 

FIELD OF THE INVENTION 

[0002] The present invention provides an improved 
expression system for the production of recombinant 
polypeptides utilizing auxotrophic selectable markers. In 
addition, the present invention provides improved recombi 
nant protein production in host cells through the improved 
regulation of expression. 

BACKGROUND OF THE INVENTION 

[0003] The use of bacterial cells to produce protein based 
therapeutics is increasing in commercial importance. One of 
the goals in developing a bacterial expression system is the 
production of high quality target polypeptides quickly, ef? 
ciently, and abundantly. An ideal host cell for such an 
expression system Would be able to ef?ciently utiliZe a 
carbon source for the production of a target polypeptide, 
quickly groW to high cell densities in a fermentation reac 
tion, express the target polypeptide only When induced, and 
groW on a medium that is devoid of regulatory and envi 
ronmental concerns. 

[0004] There are many hurdles to the creation of a superior 
host cell. First, in order to produce a recombinant polypep 
tide, an expression vector encoding the target protein must 
be inserted into the host cell. Many bacteria are capable of 
reverting back into an untransformed state, Wherein the 
expression vector is eliminated from the host. Such rever 
tants can decrease the fermentation ef?ciency of the pro 
duction of the desired recombinant polypeptide. 

[0005] Expression vectors encoding a target peptide typi 
cally include a selection marker in the vector. Often, the 
selection marker is a gene Whose product is required for 
survival during the fermentation process. Host cells lacking 
the selection marker, such as revertants, are unable to 
survive. The use of selection markers during the fermenta 
tion process is intended to ensure that only bacteria con 
taining the expression vector survive, eliminating competi 
tion betWeen the revertants and transformants and reducing 
the ef?ciency of fermentation. 

[0006] The most commonly used selection markers are 
antibiotic resistance genes. Host cells are groWn in a 
medium supplemented With an antibiotic capable of being 
degraded by the selected antibiotic resistance gene product. 
Cells that do not contain the expression vector With the 
antibiotic resistance gene are killed by the antibiotic. Typical 
antibiotic resistance genes include tetracycline, neomycin, 
kanamycin, and ampicillin. The presence of antibiotic resis 
tance genes in a bacterial host cell, hoWever, presents 
environmental, regulatory, and commercial problems. For 
example, antibiotic resistance gene-containing products 
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(and products produced by the use of antibiotic resistance 
gene) have been identi?ed as potential biosafety risks for 
environmental, human, and animal health. For example, see 
M. Droge et al., HoriZontal Gene Transfer as a Biosafety 
issue: A natural phenomenon of public concern, J. Biotech 
nology. 64(1): 75-90 (17 Sept. 1998); Gallagher, D. M., and 
D. P. Sinn. 1983. Penicillin-induced anaphylaxis in a patient 
under hypotensive anaesthesia. Oral Sarg. Oral Med. Oral 
Pathol. 56:361-364; Jorro, G., C. Morales, J. V. Braso, and 
A. PelaeZ. 1996. Anaphylaxis to erythromycin. Ann.Allergy 
Asthma Immunol. 77:456-458; F. Gebhard & K. Smalla, 
Transformation of Acinetobacter sp. strain BD413 by trans 
genic sugar beet DNA, Appl. & Environ. Microbiol. 
64(4):1550-54 (Apr. 1998); T. Hoffinann et al., Foreign DNA 
sequences are received by a Wild type strain of Aspergillus 
niger after co-culture With transgenic higher plants, Curr. 
Genet. 27(1): 70-76 (Dec. 1994); DK Mercer et al., Fate of 
free DNA and transformation of the oral bacterium Strep 
tococcas gordonoii DL1 by plasmid DNA in human saliva, 
Appl. & Environ. Microbiol. 65(1):6-10 (Jan 1999); R. 
Schubbert et al., Foreign (M13) DNA ingested by mice 
reaches peripheral leukocytes, spleen, and liver via the 
intestinal Wall mucosa and can be covalently linked to 
mouse DNA, PNAS USA 94:961-66 (Feb. 4, 1997); andAA 
Salyers, Gene transfer in the mammalian intestinal tract, 
Curr. Opin. in Biotechnol. 4(3):294-98 (Jun. 1993). 

[0007] As a result of these concerns, many governmental 
food, drug, health, and environmental regulatory agencies, 
as Well as many end users, require that antibiotic resistance 
gene nucleic acid be removed from products or be absent 
from organisms for use in commerce. In addition, evidence 
demonstrating clearance of the selection antibiotics from the 
?nal product must be provided in order to secure regulatory 
clearance. The United Kingdom, Canada, France, the Euro 
pean Community, and the United States have all addressed 
the use of antibiotic resistance genes in foods, animal feeds, 
drugs and drug production, including recombinant drug 
production. Clearance of these agents, and especially dem 
onstrating such clearance, is expensive, time consuming, 
and often only minimally effective. 

[0008] Because of the concerns inherent in the use of 
antibiotic resistance genes for selection in the production of 
recombinant polypeptides, alternative selection methods 
have been examined. 

[0009] Auxotrophic Selection Markers 

[0010] Auxotrophic selection markers have been utiliZed 
as an alternative to antibiotic selection in some systems. For 
example, auxotrophic markers have been Widely utiliZed in 
yeast, due largely to the inef?ciency of antibiotic resistance 
selection markers in these host cells. See, for example, JT 
Pronk, (2002) “Auxotrophic yeast strains in fundamental 
and applied research,” App. & Envirn. Micro. 68(5): 2095 
2100; Boeke et al., (1984) “A positive selection for mutants 
lacking orotodine-5‘-phosphate decarboxylase activity in 
yeast; 5-?uoro-orotic acid resistance,” Mol. Gen. Genet. 
197: 345-346; Botstein & Davis, (1982) “Principles and 
practice of recombinant DNA research With yeast,” p.607 
636, in J N Strathern, E W Jones. And JR Broach (ed.), The 
molecular biology of the yeast Saccharomyces cerevisiae, 
Metabolism and gene expression, Cold Spring Harbor Labo 
ratory Press, Cold Spring Harbor, NY; Cost & Boeke, 
(1996) “A useful colony color phenotype associated With the 



US 2005/0186666 A1 

yeast selectable/counter selectable marker MET15,” Yeast 
12: 939-941. However, yeast expression systems due not 
provide the potential speed and ef?ciency for producing 
target proteins that bacterial systems do. 

[0011] Auxotrophic marker selection in bacteria has also 
previously been described. See, for example, US. Pat. Nos. 
4,920,048, 5,691,185, 6,291,245, 6,413,768, 6,752,994, 
Struhl et al. (1976) PNAS USA 73; 1471-1475;; MacCor 
mick, C. A., et al., (1995) “Construction of a food-grade 
host/vector system for Lactococcus lactis based on the 
lactose operon,”FEMS Microbiol. Lett. 127:105-109; 
Dickely et al. (1995), “Isolation of Lactococcus lactis non 
sense suppressors and construction of a food-grade cloning 
vector,”Mol. Microbiol. 15:839-847; Sorensen et al., (2000) 
“A food-grade cloning system for industrial strains of Lac 
tococcus lactis,” Appl. Environ. Microbiol 66:1253-1258; 
Fiedler & Skerra, (2001) “proBA complementation of an 
auxotrophic E.coli strain improves plasmid stability and 
expression yield during fermenter production of a recombi 
nant antibody fragment,” Gene 274: 111-118. 

[0012] The use of auxotrophic selection markers in the 
previously described commercial scale bacterial fermenta 
tion systems has draWbacks that limit their use. A major 
draWback, as noted in US. Pat. No. 6,413,768, is that 
nutritional auxotrophic selection marker systems generally 
suffer from cross feeding. The term cross feeding refers to 
the ability of a ?rst cell, auxotrophic for a particular metabo 
lite, to survive in the absence of the metabolite by obtaining 
its supply of that metabolite from its environment, and 
typically, from the medium for Which the cell is auxotrophic 
by utiliZing excreted intermediates of the metabolite, the 
metabolite itself, or a prototrophic enabling molecule pro 
duced by a second cell, prototrophic for the metabolite 
absent from the medium. See also G R Barker et al., 
Biochem. J. 157(1):221-27 (1976) (cross feeding of thymine 
in E.coli): TJ Kerr & G J TritZ, J. Bact. 115(3):982-86 (Sep. 
1973) (cross feeding of NAD in E.coli auxotrophic for NAD 
synthesis); G A Sprenger et al., FEMS Microbiol. Lett. 
37(3):299-304 (1986) (selection of nalidixic acid to avoid 
the cross feeding problem). 

[0013] Because cross feeding alloWs revertant bacteria to 
survive, cross feeding decreases the overall capacity of the 
fermentation process to produce the desired product at 
ef?cient and maximiZed levels due to the presence of feWer 
target protein producing host cells. 

[0014] Expression Vector Control 

[0015] Another hurdle to the creation of the ideal host cell 
is the inefficient and loW level production of target polypep 
tides in the fermentation process. Controlling expression of 
the target protein until optimal host cell densities and 
fermentation conditions are reached alloWs for a more 
ef?cient and larger yield of polypeptide. The reasons for this 
are several fold, including a more ef?cient utiliZation of a 
particular carbon source and the reduction of extended 
metabolic stresses on the host cell. 

[0016] In many cases, hoWever, repression of expression 
of the target protein during cell groWth can be imperfect, 
resulting in a signi?cant amount of expression prior to the 
particular induction phase. This “leaky” repression results in 
host cell stress, inef?cient utiliZation of carbon source due to 
metabolic energy being diverted from normal cell groWth to 
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transgene, and a delay in reaching optimal cell density 
induction points, resulting in a more lengthy and costly 
fermentation run, and often, a reduced yield of the target 
protein. 

[0017] Therefore, it is an object of the present invention to 
provide an improved expression system for the production 
of target proteins, Wherein the production is ef?cient, regu 
latable, and performed in a medium that minimiZes of 
regulatory and environmental concerns. 

[0018] It is another object of the present invention to 
provide organisms for use as host cells in an improved 
expression system for the production of target proteins. 

[0019] It is still another object of the present invention to 
provide processes for the improved production of target 
proteins. 

[0020] It is yet another object of the present invention to 
provide novel constructs and nucleic acids for use in an 
improved expression system for the production of target 
proteins. 

SUMMARY OF THE INVENTION 

[0021] It has been discovered that bacterial protein pro 
duction can be improved by selecting as a host cell a 
Pseudomonad organism that is capable of non-antibiotic 
resistant, auxotrophic selection, and/or contains a chromo 
somal insert of a lacI gene or derivative. 

[0022] Speci?cally, it has been discovered that the 
Pseudomonad organism Pseudomonas ?uorescens is par 
ticularly Well suited for this purpose. To this end, it has been 
surprisingly discovered that Pseudomonas ?uorescens does 
not exhibit adverse cross feeding inhibition under aux 
otrophic selection during the high-cell density fermentation 
of recombinant polypeptides. Such a discovery alloWs for 
the use of auxotrophic Pseudomonas ?uorescens as host 
cells in the ef?cient production of high levels of recombinant 
polypeptides, overcoming the draWbacks inherent With the 
use of antibiotic resistance selection markers and the prob 
lems of auxotrophic cross feeding present in other bacterial 
expression systems. 

[0023] It has also been surprisingly discovered that the use 
of a LacI-encoding gene other than as part of a Whole or 
truncated Plac-lacI-lacZYA operon in Pseudomonads sur 
prisingly resulted in substantially improved repression of 
pre-induction recombinant protein expression, higher cell 
densities in commercial-scale fermentation, and higher 
yields of the desired product in comparison With previously 
taught lacI-lacZYA Pseudomonad chromosomal insertion 
(US. Pat. No. 5,169,760). This lacI insertion is as effective 
in repressing Plac-Ptac family promoter-controlled trans 
genes as a multi-copy plasmid encoding a LacI repressor 
protein in Pseudomonas ?uorescens, thereby eliminating the 
need to maintain a separate plasmid encoding a LacI repres 
sor protein in the cell and reducing potential production 
inef?ciencies caused by such maintenance. 

[0024] It has also been discovery that the use of dual lac 
operator sequences provides superior repression of recom 
binant protein expression prior to induction Without a con 
comitant reduction in subsequent induction yields in 
Pseudomonas ?uorescens 
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[0025] Therefore, in one aspect of the present invention, 
Pseudomonad organisms are provided for use as host cells in 
the improved production of proteins. 

[0026] In one embodiment, the Pseudomonad organisms 
have been genetically modi?ed to induce an auxotrophy. In 
a particular embodiment, the Pseudomonad organism is 
Pseudomonas ?uorescens. In one embodiment, the auxotro 
phy is a result of genetic modi?cations to at least one 
nitrogenous base compound biosynthesis gene, or at least 
one amino acid biosynthesis gene. In a further embodiment, 
the genetic modi?cation is to a gene encoding an enZyme 
active in the uracil biosynthetic pathWay, the thymidine 
biosynthetic pathWay, or the proline biosynthetic pathWay. 
In still a further embodiment, the genetic modi?cation is to 
the pyrF gene encoding orotidine-5‘-phosphate decarboxy 
lase, the thyA gene encoding thymidylate synthase, or the 
proC gene encoding A1-pyrroline-5-carboxylate reductase. 

[0027] In another embodiment, the present invention pro 
vides Pseudomonad organisms that have been genetically 
modi?ed to provide at least one copy of a LacI-encoding 
gene inserted into the genome, other than as part of the 
Whole or truncated Plac-lacI-lacZYA operon. In a particular 
embodiment, the Pseudomonad host cell is Pseudomonas 
?uorescens. In one embodiment, the Pseudomonad contains 
a native E. coli lacI gene encoding the LacI repressor protein. 
In another embodiment, the Pseudomonad cell contains the 
lacIQ gene. In still another embodiment, the Pseudomonad 
cell contains the lacIQ1 gene. 

[0028] In another embodiment, a Pseudomonad organism 
is provided comprising a nucleic acid construct containing a 
nucleic acid comprising at least one lacO sequence involved 
in the repression of transgene expression. In a particular 
embodiment, the Pseudomonad host cell is Pseudomonas 
?uorescens. In one embodiment, the nucleic acid construct 
comprises more than one lacO sequence. In another embodi 
ment, the nucleic acid construct comprises at least one, and 
preferably more than one, lacOid sequence. In one embodi 
ment, the nucleic acid construct comprises a lacO sequence, 
or derivative thereof, located 3‘ of a Plac family promoter, 
and a lacO sequence, or derivative thereof, located 5‘ of a 
Plac family promoter. In a particular embodiment, the lacO 
derivative is a lacOid sequence. 

[0029] In a further embodiment, the present invention 
provides Pseudomonad organisms that have been geneti 
cally modi?ed to induce an auxotrophy and further modi?ed 
to contain a chromosomal insertion of a native E.c0li lacI 
gene, lacIQ gene, or lacIQ1 gene other than as part of a Whole 
or truncated Plac-lacI-lacZYA operon. In another embodi 
ment, the Pseudomonad organism is further modi?ed to 
contain a nucleic acid construct comprising at least one lacO 
sequence involved in the repression of transgene expression. 
In a particular embodiment, the Pseudomonad organism is a 
Pseudomonas ?uorescens. 

[0030] In another aspect of the present invention, nucleic 
acid sequences are provided for use in the improved pro 
duction of proteins. 

[0031] In one embodiment, nucleic acid sequences encod 
ing prototrophy-restoring enZymes for use in an auxotrophic 
Pseudomonad host cells are provided. In a particular 
embodiment, nucleic acid sequences encoding nitrogenous 
base compound biosynthesis enZymes puri?ed from the 
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organism Pseudomonas ?uorescens are provided. In one 
embodiment, nucleic acid sequences encoding the pyrF gene 
in Pseudomonas ?uorescens is provided (SEQ. ID Nos 1 
and 3). In another embodiment, a nucleic acid sequence 
encoding the thyA gene in Pseudomonas ?uorescens is 
provided (SEQ. ID. No. 4). In still another embodiment, 
nucleic acid sequences encoding an amino acid biosynthetic 
compound puri?ed from the organism Pseudomonas ?uo 
rescens are provided. In a particular embodiment, a nucleic 
acid sequence encoding the proC gene in Pseudomonas 
?uorescens is provided (SEQ. ID Nos 6 and 8). 
[0032] In another aspect, the present invention produces 
novel amino acid sequences Which are the products of the 
novel nucleic acid expression. 

[0033] In still another aspect of the present invention, 
nucleic acid constructs are provided for use in the improved 
production of peptides. 
[0034] In one embodiment, a nucleic acid construct for use 
in transforming a Pseudomonad host cell comprising a) a 
nucleic acid sequence encoding a recombinant polypeptide, 
and b) a nucleic acid sequence encoding a prototrophy 
enabling enZyme is provided. In another embodiment, the 
nucleic acid construct further comprises c) a Plac-Ptac 
family promoter. In still another embodiment, the nucleic 
acid construct further comprises d) at least one lacO 
sequence, or derivative, 3‘ of a lac or tac family promoter. In 
yet another embodiment, the nucleic acid construct further 
comprises e) at least one lacO sequence, or derivative, 5‘ of 
a lac or tac family promoter. In one embodiment, the 
derivative lacO sequence can be a lacOid sequence. In a 
particular embodiment, the Pseudomonad organism is 
Pseudomonas ?uorescens. 
[0035] In one embodiment of the present invention, 
nucleic acid constructs are provided for use as expression 
vectors in Pseudomonad organisms comprising a) a nucleic 
acid sequence encoding a recombinant polypeptide, b) a 
Plac-Ptac family promoter, c) at least one lacO sequence, or 
derivative, 3‘ of a lac or tac family promoter, d) at least one 
lacO sequence, or derivative, 5‘ of a lac or tac family 
promoter. In one embodiment, the derivative lacO sequence 
can be a lacOid sequence. In one embodiment, the nucleic 
acid construct further comprises e) a prototrophy-enabling 
selection marker for use in an auxotrophic Pseudomonad 
cell. In a particular embodiment, the Pseudomonad organism 
is Pseudomonas ?uorescens. 
[0036] In another aspect of the present invention, modi?ed 
cells are provided for use in the improved production of 
proteins. 
[0037] In one embodiment, an auxotrophic Pseudomonad 
cell is provided that has a nucleic acid construct comprising 
i) a recombinant polypeptide, and ii) a prototrophy-enabling 
nucleic acid. In another embodiment, the nucleic acid con 
struct further comprises iii) a Plac-Ptac family promoter. In 
still another embodiment, the nucleic acid construct further 
comprises iv) more than one lacO sequence. In one embodi 
ment, the Pseudomonad is an auxotrophic Pseudomonas 
?uorescens cell. In a further embodiment, the invention 
further comprises auxotrophic Pseudomonad organisms, 
including Pseudomonas ?uorescens, that have been further 
genetically modi?ed to contain a chromosomal insertion of 
a native E.c0li lacI gene, lacIQ gene, or lacIQ1 gene other 
than as part of a Whole or truncated Plac-lacI-lacZYA 

operon. 



US 2005/0186666 A1 

[0038] In another embodiment, a Pseudomonad cell is 
provided that comprises a lacI transgene, or derivative 
thereof, other than as part of a Whole or truncated Plac-lacI 
lacZYA operon, inserted into the chromosome, and b) a 
nucleic acid construct comprising i) a recombinant polypep 
tide, and ii) a Plac-Ptac family promoter. In still another 
embodiment, the nucleic acid construct further comprises 
iii) at least one lacO sequence, and preferably, more than one 
lacO sequence. In one embodiment, the lacO sequence is a 
lacOid sequence. In one embodiment, the Pseudomonad has 
been further modi?ed to induce auxotrophy. In one embodi 
ment, the Pseudomonad cell is a Pseudomonas ?uorescens. 

[0039] In one aspect of the present invention, processes of 
expressing recombinant polypeptides for use in improved 
protein production are provided. 

[0040] In one embodiment, the process provides expres 
sion of a nucleic acid construct comprising nucleic acids 
encoding a) a recombinant polypeptide, and b) a prototro 
phy-restoring enZyme in a Pseudomonad that is auxotrophic 
for at least one metabolite. In an alternative embodiment, the 
Pseudomonad is auxotrophic for more than one metabolite. 
In one embodiment, the Pseudomonad is a Pseudomonas 
?uorescens cell. In a particular embodiment, a recombinant 
polypeptide is expressed in a Pseudomonad that is aux 
otrophic for a metabolite, or combination of metabolites, 
selected from the group consisting of a nitrogenous base 
compound and an amino acid. In a more particular embodi 
ment, recombinant polypeptides are expressed in a 
Pseudomonad that is auxotrophic for a metabolite selected 
from the group consisting of uracil, proline, and thymidine. 
In another embodiment, the auxotrophy can be generated by 
the knock-out of the host pyrF, proC, or thyA gene, respec 
tively. An alternative embodiment, recombinant polypep 
tides are expressed in an auxotrophic Pseudomonad cell that 
has been genetically modi?ed through the insertion of a 
native E.c0li lacI gene, lacIQ gene, or lacIQ1 gene, other than 
as part of the PlacI-lacI-lacZYA operon, into the host cell’s 
chromosome. In one particular embodiment, the vector 
containing the recombinant polypeptide expressed in the 
auxotroph comprises at least one lacOid operator sequences. 
In one particular embodiment, the vector containing the 
recombinant polypeptide expressed in the auxotrophic host 
cell comprises at least tWo lac operator sequences, or deriva 
tives thereof. In still a further embodiment, the recombinant 
polypeptide is driven by a Plac family promoter. 

[0041] In another embodiment, the process involves the 
use of Pseudomonad host cells that have been genetically 
modi?ed to provide at least one copy of a LacI encoding 
gene inserted into the Pseudomonad host cell’s genome, 
Wherein the lacI encoding gene is other than as part of the 
PlacI-lacI-lacZYA operon. In one embodiment, the gene 
encoding the Lac repressor protein is identical to that of 
native E.c0li lacI gene. In another embodiment, the gene 
encoding the Lac repressor protein is the lacIQ gene. In still 
another embodiment, the gene encoding the Lac repressor 
protein is the lacIQ1 gene. In a particular embodiment, the 
Pseudomonad host cell is Pseudomonas ?uorescens. In 
another embodiment, the Pseudomonad is further geneti 
cally modi?ed to produce an auxotrophic cell. In another 
embodiment, the process produces recombinant polypeptide 
levels of at least about 3 g/L, 4 g/L, 5 g/L 6 g/L, 7 g/L, 8 g/L, 
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9 g/L or at least about 10 g/L. In another embodiment, the 
recombinant polypeptide is expressed in levels of betWeen 3 
g/L and 100 g/L. 

BRIEF DESCRIPTION OF THE FIGURES 

[0042] FIG. 1 represents a comparison of the performance 
of R ?uorescens dual-plasmid expression systems using a 
pyrF marker (A and El) against the performance of R 
?uorescens dual-plasmid expression systems using only 
antibiotic resistance markers All data shoWn are aver 
ages of 9-multiple, representative 20-L fermentations, With 
IPTG being added to induce target enZyme expression 
during mid-exponential phase. The upper set of three curves 
presents relative cell density data, Which is read With refer 
ence to the left vertical axis. The loWer set of three curves 
presents relative enZyme activity data for the target enZyme 
produced in the corresponding fermentations, and is read 
With reference to the right vertical axis. §—R ?uorescens 
containing pMYC plasmid having a tac promoter-controlled 
target enZyme expression cassette and a tetracycline resis 
tance marker gene and containing a pCN plasmid having a 
lacI repressor expression cassette and a kanamycin resis 
tance marker gene. Variance bars shoWn are for these data 
points (n=4), and represent the normal variance typically 
observed for this expression system among different fer 
mentation runs. A—R ?uorescens strain With inactivated 
genomic pyrF containing pMYC plasmid having a tac 
promoter-controlled target enZyme expression cassette and a 
pyrF auxotrophic marker gene and containing pCN plasmid 
having a lacI repressor expression cassette and a kanamycin 
resistance marker gene. |:|—R ?uorescens strain With inac 
tivated genomic pyrF and proC containing pMYC plasmid 
having a tac promoter-controlled target enZyme expression 
cassette and a pyrF auxotrophic marker gene and containing 
pCN plasmid having a lacI repressor expression cassette and 
a proC auxotrophic marker gene. 

[0043] FIG. 2 represents a map of the plasmid 
pDOW1249-2. 

[0044] FIG. 3 represents a map of the plasmid 
pDOW1269-2. 

[0045] FIG. 4 represents a schematic of lac operator 
constructs. LacZ represents the positions of the native E. coli 
lacO sequences. tac DC239, DC240 represents the position 
of the native E. coli lac operator on a construct comprising a 
tac promoter and a nitrilase encoding nucleic acid. Opt lacO 
DC281 represents the position of the lacOid operator 
sequence on a construct comprising a tac promoter and a 
nitrilase encoding nucleic acid. Dual lacO DC262 represents 
the position of a lacOid operator sequence 5‘, and Wild type 
lac operator sequence 3‘ of a tac promoter on a construct 
further comprising a nitrilase encoding nucleic acid. 

[0046] FIG. 5 represents a Western Blot analysis (UnBlot) 
of LacI protein accumulation in the lacI integrant strains 
groWn in a shake ?ask gene expression medium. Broth 
samples Were normaliZed to OD6OO, combined With LDS 
NuPAGE sample buffer (Invitrogen), SOmM DTT and 
heated at 95° C. for 40 min, then centrifuged brie?y. 
Aliquots of 20 uL Were loaded on a 10%, 1 mm NuPAGE 
Bis-Tris gel run in MOPS With antioxidant in the inner 
chamber. Detection of the LacI protein Was accomplished 
With an in-gel hybridiZation method (“UnBlot”, Pierce), 
using a polyclonal rabbit antibody to LacI (Stratagene cat. 
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no. 217449-51) at 1:1000 and the secondary antibody, 
Stabilized Goat Anti-rabbit Horseradish Peroxidase Conju 
gated Antibody (Pierce) at 1:500. The horseradish peroxi 
dase Was visualized With UnBlot Stable Peroxide and 
UnBlot Luminol Enhancer as according to the UnBlot kit. 

[0047] FIG. 6 represents the composite of nitrilase accu 
mulation pro?les of DC 140, DC239 and DC240. Data Were 
compiled from DC140 (n=5), DC239 (n=5) and DC240 
(n=4) runs. Dc140 is represented by I. DC239 is repre 
sented by III. DC240 is represented by III. Fermentation runs 
Were performed over a 48 hour period. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] In one embodiment, the Pseudomonad organisms 
have been genetically modi?ed to induce an auxotrophy. In 
a particular embodiment, the Pseudomonad organism is 
Pseudomonas ?uorescens. In one embodiment, the auxotro 
phy is a result of genetic modi?cations to at least one 
nitrogenous base compound biosynthesis gene, or at least 
one amino acid biosynthesis gene. In a further embodiment, 
the genetic modi?cation is to a gene encoding an enZyme 
active in the uracil biosynthetic pathWay, the thymidine 
biosynthetic pathWay, or the proline biosynthetic pathWay. 
In still a further embodiment, the genetic modi?cation is to 
the pyrF gene encoding orotidine-5‘-phosphate decarboxy 
lase, the thyA gene encoding thymidilate synthase, or the 
proC gene encoding A1-pyrroline-5-carboxylate reductase. 

[0049] In another embodiment, the present invention pro 
vides Pseudomonad organisms that have been genetically 
modi?ed to provide at least one copy of a LacI-encoding 
gene inserted into the genome, other than as part of the 
PlacI-lacI-lacZYA operon. In a particular embodiment, the 
Pseudomonad host cell is Pseudomonas ?uorescens. In one 
embodiment, the Pseudomonad contains a native E.c0li lacI 
gene encoding the LacI repressor protein.. In another 
embodiment, the Pseudomonad cell contains the lacIQ gene. 
In still another embodiment, the Pseudomonad cell contains 
the lacIQ1 gene. 

[0050] In another embodiment, a Pseudomonad organism 
is provided comprising a nucleic acid construct containing a 
nucleic acid comprising at least one lacO sequence involved 
in the repression of transgene expression. In a particular 
embodiment, the Pseudomonad host cell is Pseudomonad 
?uorescens. In one embodiment, the nucleic acid construct 
comprises more than one lacO sequence. In another embodi 
ment, the nucleic acid construct comprises at least one, and 
preferably more than one, lacOid sequence. In one embodi 
ment, the nucleic acid construct comprises a lacO sequence, 
or derivative thereof, located 3‘ of a Plac family promoter, 
and a lacO sequence, or derivative thereof, located 5‘ of a 
Plac family promoter. In a particular embodiment, the lacO 
derivative is a lacOid sequence. 

[0051] In a further embodiment, the present invention 
provides Pseudomonad organisms that have been geneti 
cally modi?ed to induce an auxotrophy and further modi?ed 
to contain a chromosomal insertion of a native E.c0li lacI 
gene, lacI Q gene, or lacIQl gene other than as part of a 
Whole or truncated Plac-lacI-lacZYA operon. In another 
embodiment, the Pseudomonad organism is further modi?ed 
to contain a nucleic acid construct comprising at least one 
lacO sequence involved in the repression of transgene 
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expression. In a particular embodiment, the Pseudomonad 
organism is a Pseudomonas ?uorescens. 

[0052] The host cell provided by the present invention for 
use in an expression system producing recombinant 
polypeptides can be selected from the “Pseudomonads and 
closely related bacteria” or from a Subgroup thereof, as 
de?ned beloW. In one embodiment, the host cell is selected 
from the genus Pseudomonas. In a particular embodiment, 
the particular species of Pseudomonas is R ?uorescens. In a 
particular embodiment, the host cell is Pseudomonas ?uo 
rescens biotype A or biovar I. 

[0053] De?nitions 

[0054] The term “isolated” refers to nucleic acid, protein, 
or peptide that is substantially or essentially free from other 
material components, for example, Which can be cellular 
components. 

[0055] The term “fragment” means a portion or partial 
sequence of a nucleotide, protein, or peptide sequence. 

[0056] As used herein, the term “percent total cell protein” 
means the amount of protein or peptide in the host cell as a 
percentage of aggregate cellular protein. 

[0057] The term “operably attached,” as used herein, 
refers to any con?guration in Which the transcriptional and 
any translational regulatory elements are covalently attached 
to the encoding sequence in such disposition(s), relative to 
the coding sequence, that in and by action of the host cell, 
the regulatory elements can direct the expression of the 
coding sequence. 

[0058] The term “auxotrophic,” as used herein, refers to a 
cell Which has been modi?ed to eliminate or reduce its 
ability to produce a speci?c substance required for groWth 
and metabolism. 

[0059] As used herein, the term “percent total cell protein” 
means a measure of the fraction of total cell protein that 
represents the relative amount of a given protein expressed 
by the cell. 

[0060] The term “prototrophy,” as used herein, refers to a 
cell that is capable of producing a speci?c substance 
required for groWth and metabolism. 

[0061] As used herein, the term “homologous” or means 
either i) a protein or peptide that has an amino acid sequence 
that is substantially similar (i.e., at least 70, 75, 80, 85, 90, 
95, or 98%) to the sequence of a given original protein or 
peptide and that retains a desired function of the original 
protein or peptide or ii) a nucleic acid that has a sequence 
that is substantially similar (i.e., at least 70, 75, 80, 5, 90, 95, 
or 98%) to the sequence of a given nucleic acid and that 
retains a desired function of the original nucleic acid 
sequence. In all of the embodiments of this invention and 
disclosure, any disclosed protein, peptide or nucleic acid can 
be substituted With a homologous or substantially homolo 
gous protein, peptide or nucleic acid that retains a desired 
function. In all of the embodiments of this invention and 
disclosure, When any nucleic acid is disclosed, it should be 
assumed that the invention also includes all nucleic acids 
that hybridiZe to the disclosed nucleic acid. 

[0062] In one non-limiting embodiment, the non-identical 
amino acid sequence of the homologous polypeptide can be 
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amino acids that are members of any one of the 15 conser 
vative or semi-conservative groups shown in Table 1. 

TABLE 1 

SIMILAR AMINO ACID SUBSTITUTION GROUPS 

Semi-Conservative 
Conservative Groups (8) Groups (7) 
Arg, Lys Arg, Lys, His 
Asp, Glu Asn, Asp, Glu, Gln 
Asn, Gln 
Ile, Leu, Val Ile, Leu, Val, Met, Phe 
Ala, Gly Ala, Gly, Pro, Ser, Thr 
Ser, Thr Ser, Thr, Tyr 
Phe, Tyr Phe, Trp, Tyr 
Cys (non-cystine), Ser Cys (non-Cystine), 

Ser, Thr 

[0063] Amino acid sequences provided herein are repre 
sented by the following abbreviations: 

A Ala alanine 
P Pro proline 
B aspartate or asparagine 
Q Gln glutarnine 
C Cys cysteine 
R Arg arginine 
D Asp aspartate 
S Ser serine 
E Glu glutamate 
T Thr threonine 
F Phe phenylalanine 
G Gly glycine 
V Val valine 
H His histidine 
W Trp tryptophan 
I Ile isoleucine 
Y Tyr tyrosine 
Z glutamate or glutarnine 
K Lys lysine 
L Leu leucine 
M Met methionine 
N Asn asparagine 

[0064] I. Selection of Pseudomonads and Related Bacteria 
as Host Cells 

[0065] The present invention provides the use of 
Pseudomonads and related bacteria as host cells in the 
improved production of proteins. 

[0066] Auxotrophic Selection Efficiency 

[0067] It has been discovered that Pseudomonads have the 
ability to utiliZe auxotrophic selection markers for the main 
tenance of protein expressing plasmids without the draw 
backs typically associated with other systems, such as plas 
mid instability and cross-feeding. 

[0068] Auxotrophic markers, in other host cell systems, 
are not always sufficient to maintain plasmids in every cell, 
especially during fermentations where loss of the plasmid 
may give plasmid-less cells a selective advantage, resulting 
in the accumulation of a large fraction of nonproductive 
cells, reducing product formation. Such revertant strains are 
especially troublesome if they have the ability to cross-feed 
the auxotrophic metabolite from prototrophic enabled bac 
teria. For example, use of the trp operon on a plasmid in an 
E.coli tryptophan auxotroph was not sufficient to prevent a 
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large proportion of plasmid-less cells from accumulating, 
until combined with the valS gene (encoding valyl t-RNA 
synthetase) in a valSts host ( Skogman, S. G.; Nilsson, J., 
Temperature-dependent retention of a tryptophan-operon 
bearing plasmid in Escherichia coli. Gene 1984, 31, (1-3), 
117-22.) Presumably, the cells containing the trp operon on 
a plasmid secreted enough tryptophan or related molecules 
to allow growth of plasmid-less cells. Likewise, using the 
LEU2 gene on a xylitol-reductase production plasmid in 
leu2 mutant yeast resulted in plasmid loss; up to 80% of a 
fed-batch culture was made up of cells without a production 
plasmid, because leucine was secreted by plasmid-contain 
ing cells into the broth (Meinander, N. Q.; Hahn-Haegerdal, 
B., Fed-batch xylitol production with two recombinant Sac 
charomyces cerevisiae strains expressing XYL1 at different 
levels, using glucose as a cosubstrate: a comparison of 
production parameters and strain stability. Biotechnology 
and Bioengineering 1997, 54, (4), 391-399). 
[0069] It has been discovered that Pseudomonas ?uore 
scens (Pf) does not exhibit the inherent problems associated 
with cross-feeding observed in other host cell systems, for 
example, E. coli and yeast. While not wanting to be bound by 
any particular theory, it is thought that auxotrophic 
Pseudomonas ?uorescens is a particularly suitable organism 
for use as a host cell because of the observed inability of a 
Pf auxotrophic cell to out compete a auxotrophic cell 
containing a prototrophic-enabling plasmid on a supple 
mented medium that contains the auxotrophic metabolite, 
indicating an innate dif?culty of an Pf auxotroph to import 
the required metabolite. Because of this, Pf auxotrophic cells 
that lose the selection marker plasmid do not gain a selective 
advantage over Pf auxotrophic cells containing the selection 
marker, even in the presence of a supplemental metabolite, 
greatly reducing any potential effects of cross-feeding. 
Because of the reduced effects of cross-feeding, production 
yields of the recombinant polypeptide in a fermentation run 
are not reduced due to the presence of non-recombinant 
polypeptide producing cells. 

[0070] LacI Insert 

[0071] It has been discovered that Pseudomonads are able 
to use a single-copy lacI transgene, other than as part of a 
whole or truncated Plac-lacI-lacZYA operon, chromosomal 
insert to effectively repress protein expression until induc 
tion. 

[0072] Transcription initiation from regulated promoters 
by RNA polymerase is activated or deactivated by the 
binding or releasing of a regulatory protein. Thus, regulated 
promoters include those that participate in negative control 
(i.e. repressible promoters), wherein the gene encoding the 
target polypeptide of interest is expressed only when the 
promoter is free of the regulator protein (i.e. a “repressor” 
protein), and those that participate in positive control, 
wherein the gene is expressed only when the promoter is 
bound by the regulator protein (i.e. an “activator” protein). 

[0073] One of the most common classes of repressible 
promoters used in bacterial expression systems is the family 
of Plac-based promoters. The family of Plac-based promot 
ers originates with the native E. coli lactose operon, referred 
to as the “lac” operon, also symboliZed as “lacZYA,” the 
expression of which is regulated by the expression product 
of the lacI gene. The native E. coli structure of the operon is 
“PlacI-lacI-PlacZ-lacZYA,” wherein the native E.coli Plac 
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promoter is represented by “PlacZ” (also called “Plac 
ZY ”). “PlacI” represents the native promoter for the lacI 
gene, and “lacI” represents the gene encoding the lac repres 
sor, ie the LacI protein. “lacZYA” represents the operon 
encoding the lactose utiliZation pathWay. 

[0074] The LacI-regulated promoters include, among oth 
ers, the native E.c0li lactose operon promoter (“Plac”). In 
addition, improved mutants have also been discovered, as 
have intra promoter hybrids of Plac, such as the “Ptac” 
promoter, “Ptrc” promoter, and the “PtacII” promoters. The 
Ptac promoter in E.coli, for example, is 3-fold stronger than 
the Plac promoter When fully derepressed. Therefore, it is 
frequently used for promoting high level regulated gene 
expression in E.coli. HoWever, While the Plac promoter is 
1,000-fold repressed by LacI, While the Ptac promoter is 
only 50-fold repressed under similar conditions (LanZer, M. 
& H. Bujard. 1988. Proc. Natl. Acad. Sci. USA. 8518973). 
Repression of the E. coli Ptac promoter or other lac related 
promoters, depends upon the concentration of the repressor, 
LacI. (De Boer, et al., 1983. Proc. Natl. Acad. Sci. USA. 
78121-25). As set forth above, release from repression can 
occur through the addition of an inducer Which reduces the 
af?nity of the repressor for its speci?c DNA binding site, in 
this case, the lac operator (lacO). Alternatively, a reduction 
in the concentration of the repressor relative to the molar 
concentration of speci?c DNA binding sites on the plasmid 
can also derepress the promoter. If the lacI gene is located 
on a high copy number cloning plasmid, then a large amount 
of inducer is required to initiate expression because of the 
large amount of repressor produced in such a system. 

[0075] In commercial production systems, the lac repres 
sor is typically encoded by a gene Whose expression is 
constitutive, i.e. non-regulated, thus providing an intracel 
lular environment in Which the desired transgene, encoding 
the desired target protein, is repressed until a desired host 
cell biomass or cell density is achieved. At that time, a 
quantity of a small molecule knoWn as an inducer Whose 
presence is effective to dissociate the repressor from the 
transgene, is added to the cell culture and taken up by the 
host cell, thereby permitting transcription of the transgene. 
In the case of lac repressor proteins, the inducer can be 
lactose or a non-metaboliZed, gratuitous inducer such as 
isopropyl-beta-D-thio-galactoside (“IPTG”). The selected 
point in time at Which the inducer is to be added is referred 
to as the “induction phase.” 

[0076] A variety of lac repressor genes have been identi 
?ed as useful for the repression of Plac family promoters 
present on recombinant polypeptide expression vectors. 
These include the native E.c0li lacI gene and/or by variants 
thereof, including the lacIQ and lacIQ1 genes that encode the 
same LacI protein, but at a higher expression level. For 
example, the lacIQ mutation is a single CG to TA change at 
-35 of the promoter region of lacI (Calos, M. 1978. Nature 
2741762) Which causes a 10-fold increase in LacI expression 
in E. coli (Mueller-Hill, B., et al. 1968. Proc. Natl. Acad. Sci. 
USA. 5911259). Wild-type E.c0li cells have a concentration 
of LacI of 10-8 M or about 10 molecules per cell, With 99% 
of the protein present as a tetramer (Fickert, R. & B. 
Mueller-Hill 1992. J. Mol. Biol. 226159). Cells containing 
the lacIQ mutation contain about 100 molecules per cell or 
10'7 M LacI. As a result, a number of bacterial expression 
systems have been developed in Which Plac family promoter 
controlled transgenes, resident in plasmids, are maintained 
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in host cells expressing LacI proteins at different levels, 
thereby repressing the desired transgene until a chosen 
“induction phase” of cell groWth. 

[0077] In many cases, hoWever, repression of expression 
of the target protein during cell groWth can be imperfect, 
resulting in a signi?cant amount of expression prior to the 
particular induction phase. This “leaky” repression results in 
host cell stress, inef?cient utiliZation of carbon source due to 
metabolic energy being diverted from normal cell groWth to 
transgene, and a delay in reaching optimal cell density 
induction points, resulting in a more lengthy and costly 
fermentation run, and often, a reduced yield of the target 
protein. 

[0078] One common strategy for improving repression of 
Plac-family promoter-driven transgenes has been to place a 
lacI or a lacIQ gene on the plasmid bearing the Plac-family 
promoter-driven target gene (eg see MJR Stark in Gene 
511255-67 (1987) and E Amann et al. in Gene1301-15 
(1988)). HoWever, this often results in overproduction of the 
Lac repressor protein, Which then requires use of an even 
higher inducer concentration to restore induction levels of 
the transgene to overcome the decrease in recombinant 
protein production. Moreover, the use of a second plasmid 
containing the lad gene, separate from the plasmid contain 
ing the Plac-family promoter-driven target gene, requires the 
use of tWo different selection marker genes in order to 
maintain both plasmids in the expression host cell: one 
selection marker gene for each of the tWo different plasmids. 
The presence of the second selection marker gene, ie the 
selection marker gene for the second plasmid, in turn 
requires the use of either: 1) a separate antibiotic in the case 
of an antibiotic-resistance selection marker gene, Which is 
costly and disadvantageous from a health/safety regulatory 
perspective; or 2) a separate metabolic de?ciency in the host 
cell genome, in the case of an auxotrophic selection marker 
gene, Which requires the additional Work of mutating the 
host cell. 

[0079] It has surprisingly been discovered that a lacI 
insertion, other than as part of a Whole or truncated Plac 
lacI-lacZYA operon, is as effective in repressing Plac-Ptac 
family promoter-controlled transgenes as a multi-copy plas 
mid encoding a LacI repressor protein in Pseudomonas 
?uorescens. This surprising discovery eliminates the need to 
maintain a separate plasmid encoding a LacI repressor 
protein in the cell, or eliminates the need to de?ne an 
additional auxotrophic selection marker, and further reduces 
the potential production inefficiencies caused by such main 
tenance of a lacI containing plasmid. 

[0080] In a previous attempt to regulate transgene expres 
sion in Pseudomonas, an E.c0li PlacI-lacI-lacZYA operon 
that has been deleted of the lacZ promoter region, but that 
retains the constitutive PlacI promoter, Was chromosomally 
inserted (See US. Pat. No. 5,169,760). The deletion alloWs 
for constitutive expression of the gene products of the lac 
operon. HoWever, the inserted operon contains the E.c0li 
lacy gene, Which encodes for the lactose transporter protein 
lactose permease. Lactose permease is capable of transport 
ing lactose, or similar derivatives, into the host cell from the 
medium. The presence of lactose permease may lead to 
increased importation of lactose-like contaminants from the 
medium, ultimately resulting in derepression of the Plac 
family promoter prior to induction. Furthermore, expression 
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of the lac operon lacZ, lacY, and lacA gene products may 
result in the inefficient dedication of carbon utilization 
resources to these products, resulting in increased metabolic 
stress on the cells, and delaying the establishment of a high 
cell density for induction. In addition, the larger lacI-lacZYA 
fusion operon may produce increased message instability 
compared to a lad insert alone in a host cell. 

[0081] It has been surprisingly discovered that the use of 
a LacI-encoding gene other than as part of a Whole or 
truncated PlacI-lacI-lacZYA operon in Pseudomonads sur 
prisingly resulted in substantially improved repression of 
pre-induction recombinant protein expression, higher cell 
densities in commercial-scale fermentation, and higher 
yields of the desired product in comparison With previously 
taught lacI-lacZYA Pseudomonad chromosomal insertion 
(US. Pat. No. 5,169,760). 

[0082] Additional attempts to utiliZe derivative lacI genes, 
such as lacIQ and lacIQ1> Which are expressed at greater 
levels than lacI due to promoter modi?cations, have also 
been described. C G Glascock & M J Weickert describe 
E.c0li strains in Which a separate LacI protein-encoding 
gene Was present in the chromosome of the host cell in an 
attempt to assess the level of control of a plasmid-borne 
Ptac-driven target gene. See C G Glascock & M J Weickert, 
“Using chromosomal lacIQ1 to control expression of genes 
on high-copy number plasmids in Escherichia coli,” Gene 
223(1-2):221-31(1998); See also WO 97/04110. Among the 
LacI protein-encoding genes tested Were lacI, lacIQ, and 
laclQl. The results obtained for the lad gene and the lacIQ 
gene demonstrated inferior levels of repression of the Ptac 
driven target gene When present on a high-copy number 
plasmid, resulting in substantial levels of pre-induction 
target gene expression. Only the high expressing lacIQ1 gene 
provided suf?cient repression in that system. 

[0083] Such a strategy, hoWever, has the potential to 
increase costs by increasing the amount of inducer required 
to suf?ciently derepress the promoter at induction, and 
decreasing yields due to the inability of the inducer to 
sufficiently bind all of the constitutively expressed repressor 
protein. 

[0084] Comparatively, it has surprisingly been discovered 
that a single-copy lacI chromosomal insert Was sufficient to 
repress Plac-Ptac family promoter driven transgene expres 
sion. Such a discovery alloWs potential cost saving measures 
on the amount of inducer used, and provides additional 
?exibility in the development of Pseudomonas ?uorescens 
as a host cell in the improved production of proteins. 

[0085] Pseudomonas Organisms 

[0086] Pseudomonads and closely related bacteria, as used 
herein, is co-extensive With the group de?ned herein as 
“Gram(—) Proteobacteria Subgroup 1.”“Gram(—) Proteobac 
teria Subgroup 1” is more speci?cally de?ned as the group 
of Proteobacteria belonging to the families and/or genera 
described as falling Within that taxonomic “Part” named 
“Gram-Negative Aerobic Rods and Cocci” by R. E. Bucha 
nan and N. E. Gibbons (eds.), Bergey’s Manual of Deter 
minative Bacteriology, pp. 217-289 (8th ed., 1974) (The 
Williams & Wilkins Co., Baltimore, Md., USA) (hereinafter 
“Bergey (1974)”). Table 4 presents the families and genera 
of organisms listed in this taxonomic “Part.” 

Aug. 25, 2005 

TABLE 1 

FAMILIES AND GENERA LISTED IN THE PART, “GRAM 
NEGATIVE AEROBIC RODS AND COCCI” (IN BERGEY (1974)) 

Gluconobacter 
Pseudomonas 
X anthomonas 
Zoogloea 
Azomonas 
Azotobacter 
Beij'erinckia 
Derxia 
A grobacterium 
Rhizobium 
Methylococcus 
Methylomonas 
Halobacterium 
Halococcus 
Acetobacter 
Alcali genes 
Bordetella 
Bmcella 
F rancisella 
T hermus 

Family I. Pseudomonadaceae 

Family II. Azotobacteraceae 

Family III. Rhizobiaceae 

Family IV. Methylomonadaceae 

Family V. Halobacteriaceae 

Other Genera 

[0087] “Gram(—) Proteobacteria Subgroup 1”contains all 
Proteobacteria classi?ed there under, as Well as all Proteo 
bacteria that Would be classi?ed according to the criteria 
used in forming that taxonomic “Part.” As a result, “Gram(—) 
Proteobacteria Subgroup 1” excludes, e.g.: all Gram-posi 
tive bacteria; those Gram-negative bacteria, such as the 
Enterobacteriaceae, Which fall under others of the 19 “Parts” 
of this Bergey (1974) taxonomy; the entire “Family V. 
Halobacteriaceae” of this Bergey (1974) “Part,” Which fam 
ily has since been recogniZed as being a non-bacterial family 
of Archaea; and the genus, Thermus, listed Within this 
Bergey (1974) “Part,” Which genus Which has since been 
recogniZed as being a non-Proteobacterial genus of bacteria. 
“Gram(—) Proteobacteria Subgroup 1” further includes those 
Proteobacteria belonging to (and previously called species 
of) the genera and families de?ned in this Bergey (1974) 
“Part,” and Which have since been given other Proteobac 
terial taxonomic names. In some cases, these re-namings 
resulted in the creation of entirely neW Proteobacterial 
genera. For example, the genera Acidovorax, Brevuna'imo 
nus, Burkhola'eria, Hydrogenophaga, Oceanimonas, Ralsto 
nia, and Stenotrophomonas, Were created by regrouping 
organisms belonging to (and previously called species of) 
the genus Pseudomonas as de?ned in Bergey (1974). Like 
Wise, e.g., the genus Sphingomonas (and the genus Blasto 
monas, derived therefrom) Was created by regrouping organ 
isms belonging to (and previously called species of) the 
genus Xanthomonas as de?ned in Bergey (1974). Similarly, 
e.g., the genus Acidomonas Was created by regrouping 
organisms belonging to (and previously called species of) 
the genus Acetobacter as de?ned in Bergey (1974). Such 
subsequently reassigned species are also included Within 
“Gram(—) Proteobacteria Subgroup 1” as de?ned herein. 

[0088] In other cases, Proteobacterial species falling 
Within the genera and families de?ned in this Bergey (1974) 
“Part” Were simply reclassi?ed under other, existing genera 
of Proteobacteria. For example, in the case of the genus 
Pseudomonas, Pseudomonas enalia (ATCC 14393), 
Pseudomonas nigrifaciens (ATCC 19375), and Pseudomo 
nas putrefaciens (ATCC 8071) have since been reclassi?ed 
respectively as Alteromonas haloplanktis, Alteromonas 
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nigrifaciens, and Alteromonas putrefaciens. Similarly, e.g., 
Pseudomonas acidovorans (ATCC 15668) and Pseudomo 
nas testosteroni (ATCC 11996) have since been reclassi?ed 
as Comamonas acidovorans and Comamonas testosteroni, 
respectively; and Pseudomonas nigrzfaciens (ATCC 19375) 
and Pseudomonas piscicia'a (ATCC 15057) have since been 
reclassi?ed respectively as Pseudoalteromonas nigrzfaciens 
and Pseudoalteromonas piscicia'a. Such subsequently reas 
signed Proteobacterial species are also included Within 
“Gram(—) Proteobacteria Subgroup 1” as de?ned herein. 
“Gram(—) Proteobacteria Subgroup 1” also includes Proteo 
bacterial species that have since been discovered, or that 
have since been reclassi?ed as belonging, Within the Pro 
teobacterial families and/or genera of this Bergey (1974) 
“Part.” In regard to Proteobacterial families, “Gram(—) Pro 
teobacteria Subgroup 1” also includes Proteobacteria clas 
si?ed as belonging to any of the families: Pseudomona 
daceae, AZotobacteraceae (noW often called by the 
synonym, the “AZotobacter group” of Pseudomonadaceae), 
RhiZobiaceae, and Methylomonadaceae (noW often called 
by the synonym, “Methylococcaceae”). Consequently, in 
addition to those genera otherWise described herein, further 
Proteobacterial genera falling Within “Gram(—) Proteobac 
teria Subgroup 1” include: 1) AZotobacter group bacteria of 
the genus Azorhizophilus; 2) Pseudomonadaceae family 
bacteria of the genera Cellvibrio, Oligella, and Terea'ini 
bacter; 3) RhiZobiaceae family bacteria of the genera Che 
latobacter; Ensifer; Liberibacter (also called “Candidatus 
Liberibacter”), and Sinorhizobium; and 4) Methylococ 
caceae family bacteria of the genera Methylobacter; Methy 
locala'um, Methylomicrobium, Methylosarcina, and Methy 
losphaera. 

[0089] In one embodiment, the host cell is selected from 
“Gram(—) Proteobacteria Subgroup 1,”as de?ned above. 

[0090] In another embodiment, the host cell is selected 
from “Gram(—) Proteobacteria Subgroup 2.”“Gram(—) Pro 
teobacteria Subgroup 2” is de?ned as the group of Proteo 
bacteria of the folloWing genera (With the total numbers of 
catalog-listed, publicly-available, deposited strains thereof 
indicated in parenthesis, all deposited at ATCC, eXcept as 
otherWise indicated): Acidomonas (2); Acetobacter (93); 
Gluconobacter (37); Brevundimonas (23); Beijerinckia (13); 
Derxia (2); Brucella (4);Agr0bacterium (79); Chelatobacter 
(2); Ensifer (3); Rhizobium (144); Sinorhizobium (24); Blas 
tomonas (1); Sphingomonas (27); Alcaligenes (88); Borde 
tella (43); Burkholderia (73); Ralstonia (33); Acidovorax 
(20); Hydrogenophaga (9); Zoogloea (9); Methylobacter 
(2); Methylocala'um (1 at NCIMB); Methylococcus (2); 
Methylomicrobium (2); Methylomonas (9); Methylosarcina 
(1); Methylosphaera; Azomonas (9); Azorhizophilus (5); 
Azotobacter (64); Cellvibrio (3); Oligella (5); Pseudomonas 
(1139); Francisella (4); Xanthomonas (229); Stenotroph 
omonas (50); and Oceanimonas 

[0091] Exemplary host cell species of “Gram(—) Proteo 
bacteria Subgroup 2” include, but are not limited to the 
folloWing bacteria (With the ATCC or other deposit numbers 
of exemplary strain(s) thereof shoWn in parenthesis): Aci 
domonas methanolica (ATCC 43581); Acetobacter aceti 
(ATCC 15973); Gluconobacter oxya'ans (ATCC 19357); 
Brevundimonas diminuta (ATCC 11568); Bejerinckia indica 
(ATCC 9039 and ATCC 19361); Derxia gummosa (ATCC 
15994); Brucella melitensis (ATCC 23456), Brucella abor 
tus (ATCC 23448); Agrobacterium tumefaciens (ATCC 
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23308), Agrobacterium radiobacter (AT CC 19358), Agro 
bacterium rhizogenes (ATCC 11325); Chelatobacter heintzii 
(ATCC 29600); Ensifer adhaerens (ATCC 33212); Rhizo 
bium leguminosarum (AT CC 10004); Sinorhizobium frea'ii 
(ATCC 35423); Blastomonas natatoria (ATCC 35951); Sph 
ingomonas paucimobilis (ATCC 29837); Alcaligenes faeca 
lis (ATCC 8750); Bordetella pertussis (ATCC 9797); 
Burkholderia cepacia (ATCC 25416); Ralstonia pickettii 
(ATCC 27511); Acidovoraxfacilis (ATCC 11228); Hydro 
genophaga ?ava (ATCC 33667); Zoogloea ramigera (ATCC 
19544); Methylobacter luteus (ATCC 49878); Methylocal 
dum gracile (NCIMB 11912); Methylococcus capsulatus 
(ATCC 19069); Methylomicrobium agile (ATCC 35068); 
Methylomonas methanica (AT CC 35067); Methylosarcina 
?brata (ATCC 700909); Methylosphaera hansonii (ACAM 
549); Azomonas agilis (ATCC 7494); Azorhizophilus 
paspali (ATCC 23833); Azotobacter chroococcum (ATCC 
9043); Cellvibrio mixtus (UQM 2601); Oligella urethralis 
(ATCC 17960); Pseudomonas aeruginosa (ATCC 10145), 
Pseudomonas ?uorescens (ATCC 35858); Francisella tula 
rensis (ATCC 6223); Stenotrophomonas maltophilia (ATCC 
13637); Xanthomonas campestris (ATCC 33913); and Oce 
animonas doudoro?ii (AT CC 27123). 
[0092] In another embodiment, the host cell is selected 
from “Gram(—) Proteobacteria Subgroup 3.”“Gram(—) Pro 
teobacteria Subgroup 3” is de?ned as the group of Proteo 
bacteria of the folloWing genera: Brevuna'imonas; Agrobac 
terium; Rhizobium; Sinorhizobium; Blastomonas; 
Sphingomonas ; Alcaligenes; Burkhola'eria; Ralstonia; Aci 
dovorax; Hydrogenophaga; Methylobacter; Methylocal 
dum; Methylococcus; Methylomicrobium; Methylomonas; 
Methylosarcina; Methylosphaera; Azomonas; Azorhizophi 
lus;Az0t0bacter; Cellvibrio; Oligella; Pseudomonas; Tere 
dinibacter; Francisella; Stenotrophomonas; Xanthomonas; 
and Oceanimonas. 

[0093] In another embodiment, the host cell is selected 
from “Gram(—) Proteobacteria Subgroup 4.”“Gram(—) Pro 
teobacteria Subgroup 4” is de?ned as the group of Proteo 
bacteria of the folloWing genera: Brevuna'imonas; Blasto 
monas; Sphingomonas; Burkhola'eria; Ralstonia; 
Acidovorax; Hydrogenophaga; Methylobacter; M ethylocal 
dum; Methylococcus; Methylomicrobium; Methylomonas; 
Methylosarcina; Methylosphaera; Azomonas; Azorhizophi 
lus;Az0t0bacter; Cellvibrio; Oligella; Pseudomonas; Tere 
dinibacter; Francisella; Stenotrophomonas; Xanthomonas; 
and Oceanimonas. 

[0094] In an embodiment, the host cell is selected from 
“Gram(—) Proteobacteria Subgroup 5 .”“Gram(—) Proteobac 
teria Subgroup 5” is de?ned as the group of Proteobacteria 
of the folloWing genera: Methylobacter; Methylocala'um; 
Methylococcus; Methylomicrobium; Methylomonas; Methy 
losarcina; Methylosphaera; Azomonas; Azorhizophilus; 
Azotobacter; Cellvibrio; Oligella; Pseudomonas; Terea'ini 
bacter; F rancisella; Stenotrophomonas; Xanthomonas; and 
Oceanimonas. 

[0095] The host cell can be selected from “Gram(—) Pro 
teobacteria Subgroup 6.”“Gram(—) Proteobacteria Subgroup 
6” is de?ned as the group of Proteobacteria of the folloWing 
genera: Brevuna'imonas; Blastomonas; Sphingomonas; 
Burkhola'eria; Ralstonia; Acidovorax; Hydrogenophaga; 
Azomonas; Azorhizophilus; Azotobacter; Cellvibrio; Oli 
gella; Pseudomonas; T eredinibacter; Stenotrophomonas; 
Xanthomonas; and Oceanimonas. 
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[0096] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 7.”“Grarn(—) Proteobacteria Subgroup 
7” is de?ned as the group of Proteobacteria of the following 
genera: Azomonas; Azorhizophilus; Azotobacter; 
Cellvibrio; Oligella; Pseudomonas; Teredinibacter; 
Stenotrophomonas; Xanthomonas; and Oceanimonas. 

[0097] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 8.”“Grarn(—) Proteobacteria Subgroup 
8” is de?ned as the group of Proteobacteria of the following 
genera: Brevuna'imonas; Blastomonas; Sphingomonas; 
Burkhola'eria; Ralstonia; Acidovorax; Hydrogenophaga; 
Pseudomonas; Stenotrophomonas; Xanthomonas; and Oce 
animonas. 

[0098] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 9.”“Grarn(—) Proteobacteria Subgroup 
9” is de?ned as the group of Proteobacteria of the folloWing 
genera: Brevuna'imonas; Burkhola'eria; Ralstonia; Acidovo 
rax; Hydrogenophaga; Pseudomonas; Stenotrophomonas; 
and Oceanimonas. 

[0099] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 10.”“Grarn(—) Proteobacteria Sub 
group 10” is de?ned as the group of Proteobacteria of the 
folloWing genera: Burkhola'eria; Ralstonia; Pseudomonas; 
Stenotrophomonas; and Xanthomonas. 

[0100] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 11.”“Grarn(—) Proteobacteria Sub 
group 11” is de?ned as the group of Proteobacteria of the 
genera: Pseudomonas; Stenotrophomonas; and Xanthomo 
nas. 

[0101] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 12.”“Grarn(—) Proteobacteria Sub 
group 12” is de?ned as the group of Proteobacteria of the 
folloWing genera: Burkhola'eria; Ralstonia; Pseudomonas. 

[0102] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 13.”“Grarn(—) Proteobacteria Sub 
group 13” is de?ned as the group of Proteobacteria of the 
folloWing genera: Burkhola'eria; Ralstonia; Pseudomonas; 
and Xanthomonas. 

[0103] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 14.”“Grarn(—) Proteobacteria Sub 
group 14” is de?ned as the group of Proteobacteria of the 
folloWing genera: Pseudomonas and Xanthomonas. 

[0104] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 15 .”“Grarn(—) Proteobacteria Sub 
group 15” is de?ned as the group of Proteobacteria of the 
genus Pseudomonas. 

[0105] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 16. ”“Grarn(—) Proteobacteria Sub 
group 16” is de?ned as the group of Proteobacteria of the 
folloWing Pseudornonas species (With the ATCC or other 
deposit numbers of exemplary strain(s) shoWn in parenthe 
sis): Pseudomonas abietaniphila (ATCC 700689); 
Pseudomonas aeruginosa (AT CC 10145); Pseudomonas 
alcaligenes (ATCC 14909); Pseudomonas anguilliseptica 
(AT CC 33660); Pseudomonas citronellolis (ATCC 13674); 
Pseudomonas?avescens (ATCC 51555); Pseudomonas men 
docina (ATCC 25411); Pseudomonas nitrorea'ucens (AT CC 
33634); Pseudomonas oleovorans (ATCC 8062); 
Pseudomonas pseudoalcaligenes (ATCC 17440); 
Pseudomonas resinovorans (ATCC 14235); Pseudomonas 
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straminea (ATCC 33636); Pseudomonas agarici (ATCC 
25941); Pseudomonas alcaliphila; Pseudomonas algino 
vora; Pseudomonas andersonii; Pseudomonas asplenii 
(ATCC 23835); Pseudomonas azelaica (ATCC 27162); 
Pseudomonas beijerinckii (ATCC 19372); Pseudomonas 
borealis; Pseudomonas boreopolis (ATCC 33662); 
Pseudomonas brassicacearum; Pseudomonas butanovora 
(ATCC 43655); Pseudomonas cellulosa (ATCC 55703); 
Pseudomonas aurantiaca (ATCC 33663); Pseudomonas 
chlororaphis (ATCC 9446, ATCC 13985, ATCC 17418, 
ATCC 17461); Pseudomonas fragi (ATCC 4973); 
Pseudomonas lundensis (ATCC 49968); Pseudomonas 
taetrolens (ATCC 4683); Pseudomonas cissicola (ATCC 
33616); Pseudomonas coronafaciens; Pseudomonas diter 
peniphila; Pseudomonas elongata (ATCC 10144); 
Pseudomonas ?ectens (ATCC 12775); Pseudomonas azoto 
formans; Pseudomonas brenneri; Pseudomonas cedrella; 
Pseudomonas corrugata (ATCC 29736); Pseudomonas 
extremorientalis; Pseudomonas ?uorescens (ATCC 35858); 
Pseudomonas gessara'ii; Pseudomonas libanensis; 
Pseudomonas mana'elii (ATCC 700871); Pseudomonas 
marginalis (ATCC 10844); Pseudomonas migulae; 
Pseudomonas mucia'olens (ATCC 4685); Pseudomonas ori 
entalis; Pseudomonas rhodesiae; Pseudomonas synxantha 
(ATCC 9890); Pseudomonas tolaasii (AT CC 33618); 
Pseudomonas veronii (ATCC 700474); Pseudomonas fred 
eriksbergensis; Pseudomonas geniculata (ATCC 19374); 
Pseudomonas gingeri; Pseudomonas graminis; Pseudomo 
nas grimontii; Pseudomonas halodenitri?cans; Pseudomo 
nas halophila; Pseudomonas hibiscicola (ATCC 19867); 
Pseudomonas huttiensis (ATCC 14670); Pseudomonas 
hydrogenovora; Pseudomonas jessenii (AT CC 700870); 
Pseudomonas kilonensis; Pseudomonas lanceolata (ATCC 
14669); Pseudomonas lini; Pseudomonas marginata (ATCC 
25417); Pseudomonas mephitica (AT CC 33665); 
Pseudomonas denitri?cans (ATCC 19244); Pseudomonas 
pertucinogena (ATCC 190); Pseudomonaspictorum (ATCC 
23328); Pseudomonas psychrophila; Pseudomonas fulva 
(ATCC 31418); Pseudomonas monteilii (ATCC 700476); 
Pseudomonas mosselii; Pseudomonas oryzihabitans (ATCC 
43272); Pseudomonas plecoglossicida (ATCC 700383); 
Pseudomonas putida (ATCC 12633); Pseudomonas reac 
tans; Pseudomonas spinosa (ATCC 14606); Pseudomonas 
balearica; Pseudomonas luteola (ATCC 43273); Pseudomo 
nas stutzeri (ATCC 17588); Pseudomonas amyga'ali (ATCC 
33614); Pseudomonas avellanae (ATCC 700331); 
Pseudomonas caricapapayae (ATCC 33615); Pseudomonas 
cichorii (ATCC 10857); Pseudomonas fcuserectae (ATCC 
35104); Pseudomonas fuscovaginae; Pseudomonas meliae 
(ATCC 33050); Pseudomonas syringae (ATCC 19310); 
Pseudomonas viridi?ava (ATCC 13223); Pseudomonas 
thermocarboxydovorans (AT CC 35961); Pseudomonas 
thermotolerans; Pseudomonas thivervalensis; Pseudomo 
nas vancouverensis (ATCC 700688); Pseudomonas Wiscon 
sinensis; and Pseudomonas xiamenensis. 

[0106] The host cell can be selected from “Grarn(—) Pro 
teobacteria Subgroup 17.”“Grarn(—) Proteobacteria Sub 
group 17” is de?ned as the group of Proteobacteria knoWn 
in the art as the “?uorescent Pseudornonads” including those 
belonging, e.g., to the folloWing Pseudomonas species: 
Pseudomonas azotoformans; Pseudomonas brenneri; 
Pseudomonas cedrella; Pseudomonas corrugata; 
Pseudomonas extremorientalis; Pseudomonas ?uorescens; 
Pseudomonas gessara'ii; Pseudomonas libanensis; 
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Pseudomonas mana'elii; Pseudomonas marginalis; 
Pseudomonas migulae; Pseudomonas mucidolens; 
Pseudomonas orientalis; Pseudomonas rhodesiae; 
Pseudomonas synxantha; Pseudomonas 
Pseudomonas veronii. 

[0107] The host cell can be selected from “Gram(—) Pro 
teobacteria Subgroup 18.”“Gram(—) Proteobacteria Sub 
group 18” is de?ned as the group of all subspecies, varieties, 
strains, and other sub-special units of the species Pseudomo 
nas ?uorescens, including those belonging, e.g., to the 
folloWing (With the AT CC or other deposit numbers of 
eXemplary strain(s) shoWn in parenthesis): Pseudomonas 
?uorescens biotype A, also called biovar 1 or biovar I 
(AT CC 13525); Pseudomonas ?uorescens biotype B, also 
called biovar 2 or biovar II (ATCC 17816); Pseudomonas 
?uorescens biotype C, also called biovar 3 or biovar III 
(AT CC 17400); Pseudomonas ?uorescens biotype F, also 
called biovar 4 or biovar IV (ATCC 12983); Pseudomonas 
?uorescens biotype G, also called biovar 5 or biovar V 
(AT CC 17518); Pseudomonas ?uorescens biovar VI; 
Pseudomonas ?uorescens Pf0-1; Pseudomonas ?uorescens 
Pf-5 (ATCC BAA-477); Pseudomonas ?uorescens SBW25; 
and Pseudomonas ?uorescens subsp. cellulosa (NCIMB 
10462). 
[0108] The host cell can be selected from “Gram(—) Pro 
teobacteria Subgroup 19.”“Gram(—) Proteobacteria Sub 
group 19” is de?ned as the group of all strains of Pseudomo 
nas ?uorescens biotype A. A particularly particular strain of 
this biotype isR ?uorescens strain MB101 (see US. Pat. No. 
5,169,760 to Wilcox), and derivatives thereof. 

[0109] In one embodiment, the host cell is any of the 
Proteobacteria of the order Pseudomonadales. In a particular 
embodiment, the host cell is any of the Proteobacteria of the 
family Pseudomonadaceae. 

[0110] In a particular embodiment, the host cell is selected 
from “Gram(—) Proteobacteria Subgroup 1. ” In a particular 
embodiment, the host cell is selected from “Gram(—) Pro 
teobacteria Subgroup 2. ” In a particular embodiment, the 
host cell is selected from “Gram(—) Proteobacteria Subgroup 
3. ” In a particular embodiment, the host cell is selected from 
“Gram(—) Proteobacteria Subgroup 5. ” In a particular 
embodiment, the host cell is selected from “Gram(—) Pro 
teobacteria Subgroup 7. ” In a particular embodiment, the 
host cell is selected from “Gram(—) Proteobacteria Subgroup 
12. ” In a particular embodiment, the host cell is selected 
from “Gram(—) Proteobacteria Subgroup 15. ” In a particular 
embodiment, the host cell is selected from “Gram(—) Pro 
teobacteria Subgroup 17. ” In a particular embodiment, the 
host cell is selected from “Gram(—) Proteobacteria Subgroup 
18. ” In a particular embodiment, the host cell is selected 
from “Gram(—) Proteobacteria Subgroup 19. ” 

tolaasii; and 

[0111] AdditionalR ?uorescens strains that can be used in 
the present invention include Pseudomonas ?uorescens 
Migula and Pseudomonas?uorescens Loitokitok, having the 
folloWing ATCC designations: [NCIB 8286]; NRRL 
B-1244; NCIB 8865 strain COI; NCIB 8866 strain CO2; 
1291 [ATCC 17458; IFO 15837; NCIB 8917; LA; NRRL 
B-1864; pyrrolidine; PW2 [ICMP 3966; NCPPB 967; NRRL 
B-899]; 13475; NCTC 10038; NRRL B-1603 [6; IFO 
15840]; 52-1C; CCEB 488-A [BU 140]; CCEB 553 [IEM 
15/47]; IAM 1008 [AHH-27]; IAM 1055 [AHH-23]; 1 [IFO 
15842]; 12 [ATCC 25323; NIH 11; den Dooren de Jong 
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216]; 18 [IFO 15833; WRRL P7]; 93 [TR-10]; 108[52-22; 
IFO 15832]; 143 [IFO 15836; PL]; 149 [24040; IFO 
15838]; 182 [IFO 3081; P] 73]; 184 [IFO 15830]; 185[W2 
B1]; 186 [IFO 15829; P] 79]; 187 [NCPPB 263]; 188 
[NCPPB 316]; 189 [PJ227; 1208]; 191 [IFO 15834; P] 236; 
22/1]; 194 [Klinge R-60; P] 253]; 196 [P] 288]; 197 [P] 
290]; 198[PJ 302]; 201 [P] 368]; 202 [P] 372]; 203 [P] 376]; 
204 [IFO 15835; P] 682]; 205[PJ686]; 206 [P] 692]; 207 [P] 
693]; 208 [P] 722]; 212 [P] 832]; 215 [P] 849]; 216 [PJ885]; 
267 [B-9]; 271 [B-1612]; 401 [C71A; IFO 15831; P] 187]; 
NRRL B-3178 [4; IFO 15841]; KY8521; 3081; 30-21; [IFO 
3081]; N; PYR; PW; D946-B83 [BU 2183; FERM-P 3328]; 
P-2563 [FERM-P 2894; IFO 13658]; IAM-1126 [43F]; M-l; 
A506 [A506]; A505[A5-05-1 ]; A526 [A526]; B69; 72; 
NRRL B4290; PMW6 [NCIB 11615]; sc 12936; A1 [IFO 
15839]; F 1847 [CDC-EB]; F 1848 [CDC 93]; NCIB 10586; 
P17; F-12; AmMS 257; PRA25; 6133D02; 6519E01; Ni; 
sc15208; BNL-WVC; NCTC 2583 [NCIB 8194]; H13; 
1013 [ATCC 11251; CCEB 295]; IFO 3903; 1062; Or Pf-S. 

II. AuXotrophic Selection Markers 

[0112] The present invention provides Pseudomonads and 
related cells that have been genetically modi?ed to induce 
auXotrophy for at least one metabolite. The genetic modi? 
cation can be to a gene or genes encoding an enZyme that is 
operative in a metabolic pathWay, such as an anabolic 
biosynthetic pathWay or catabolic utiliZation pathWay. Pref 
erably, the host cell has all operative genes encoding a given 
biocatalytic activity deleted or inactivated in order to ensure 
removal of the biocatalytic activity. In a particular embodi 
ment, the Pseudomonad is a Pseudomonas ?uorescens cell. 

[0113] One or more than one metabolic activity may be 
selected for knock-out or replacement. In the case of native 
auXotrophy(ies), additional metabolic knockouts or replace 
ments can be provided. Where multiple activities are 
selected, the auXotrophy-restoring selection markers can be 
of a biosynthetic-type (anabolic), of a utiliZation-type (cata 
bolic), or may be chosen from both types. For eXample, one 
or more than one activity in a given biosynthetic pathWay for 
the selected compound may be knocked-out; or more than 
one activity, each from different biosynthetic pathWays, may 
be knocked-out. The corresponding activity or activities are 
then provided by at least one recombinant vector Which, 
upon transformation into the cell, restores prototrophy to the 
cell. 

[0114] Compounds and molecules Whose biosynthesis or 
utiliZation can be targeted to produce auXotrophic host cells 
include: lipids, including, for eXample, fatty acids; mono 
and disaccharides and substituted derivatives thereof, 
including, for eXample, glucose, fructose, sucrose, glucose 
6-phosphate, and glucuronic acid, as Well as Entner-Dou 
doroff and Pentose Phosphate pathWay intermediates and 
products; nucleosides, nucleotides, dinucleotides, including, 
for eXample, ATP, dCTP, FMN, FAD, NAD, NADP, nitrog 
enous bases, including, for eXample, pyridines, purines, 
pyrimidines, pterins, and hydro-, dehydro-, and/or substi 
tuted nitrogenous base derivatives, such as cofactors, for 
eXample, biotin, cobamamide, ribo?avine, thiamine; organic 
acids and glycolysis and citric acid cycle intermediates and 
products, including, for eXample, hydroXyacids and amino 
acids; storage carbohydrates and storage poly(hydroXyal 
kanoate) polymers, including, for eXample, cellulose, starch, 
amylose, amylopectin, glycogen, poly-hydroXybutyrate, and 
polylactate. 
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[0115] In one embodiment, the biocatalytic activity(ies) 
knocked out to produce the auxotrophic host cell is selected 
from the group consisting of: the lipids; the nucleosides, 
nucleotides, dinucleotides, nitrogenous bases, and nitrog 
enous base derivatives; and the organic acids and glycolysis 
and citric acid cycle intermediates and products. Preferably, 
the biocatalytic activity(ies) knocked out is selected from the 
group consisting of: the nucleosides, nucleotides, dinucle 
otides, nitrogenous bases, and nitrogenous base derivatives; 
and the organic acids and glycolysis and citric acid cycle 
intermediates and products. More preferably, the biocata 
lytic activity(ies) knocked out is selected from the group 
consisting of: the pyrimidine nucleosides, nucleotides, 
dinucleotides, nitrogenous bases, and nitrogenous base 
derivatives; and the amino acids. 

[0116] A given transgenic host cell may use one or more 
than one selection marker or selection marker system. For 
example, one or more biosynthesis selection marker(s) or 
selection marker system(s) according to the present inven 
tion may be used together With each other, and/or may be 
used in combination With a utiliZation-type selection marker 
or selection marker system according to the present inven 
tion. In any one of these prototrophy-enabling embodiments, 
the host cell may also contain one or more non-auxotrophic 
selection marker(s) or selection marker system(s). Examples 
of non-auxotrophic selection marker(s) and system(s) 
include, for example: toxin-resistance marker genes such as 
antibiotic-resistance genes that encode an enZymatic activity 
that degrades an antibiotic; toxin-resistant marker genes, 
such as, for example, imidaZolinone-resistant mutants of 
acetolactate synthase (“ALS;” EC 2.2.1.6) in Which muta 
tion(s) are expressed that make the enZyme insensitive to 
toxin-inhibition exhibited by versions of the enZyme that do 
not contain such mutation(s). The compound(s) may exert 
this effect directly; or the compound(s) may exert this effect 
indirectly, for example, as a result of metabolic action of the 
cell that converts the compound(s) into toxin form or as a 
result of combination of the compound(s) With at least one 
further compound(s). 

[0117] Bacterial-host-operative genes encoding such 
marker enZymes can be obtained from the bacterial host cell 
strain chosen for construction of the knock-out cell, from 
other bacteria, or from other organisms, and may be used in 
native form or modi?ed (e.g., mutated or sequence recom 
bined) form. For example, a DNA coding sequence for an 
enZyme exhibiting the knocked out biocatalytic activity may 
be obtained from one or more organisms and then opera 
tively attached to DNA regulatory elements operative Within 
the host cell. In speci?c, all of the chosen host’s intracellular 
genes that encode a selected enZymatic activity are knocked 
out; the bacterial knock-out host is then transformed With a 
vector containing at least one operative copy of a native or 
non-native gene encoding an enZyme exhibiting the activity 
lost by the bacterial knockout. 

[0118] Bacterial and other genes encoding such enZymes 
can be selected and obtained through various resources 
available to one of ordinary skill in the art. These include the 
nucleotide sequences of enZyme coding sequences and spe 
cies-operative DNA regulatory elements. Useful on-line 
InterNet resources include, e.g.,: (1) the ExPASy proteomics 
facility (see the ENZYME and BIOCHEMICAL PATH 
WAYS MAPS features) of the SWiss Institute of Bioinfor 
matics (Baatiment Ecole de Pharmacie, Room 3041; Uni 
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versitéde Lausanne; 1015 Lausanne-Dorigny; SWitZerland) 
available at, e.g., http://us.expasy.org/; and (2) the GenBank 
facility and other EntreZ resources (see the PUBMED, 
PROTEIN, NUCLEOTIDE, STRUCTURE, GENOME, et 
al. features) offered by the National Center for Biotechnol 
ogy Information (NCBI, National Library of Medicine, 
National Institutes of Health, US. Dept. of Health & Human 
Services; Building 38A; Bethesda, Md., USA) and available 
at http://WWW.ncbi.nlm.nih.gov/entreZ/guery.fcgi. 

[0119] The selected coding sequence may be modi?ed by 
altering the genetic code thereof to match that employed by 
the bacterial host cell, and the codon sequence thereof may 
be enhanced to better approximate that employed by the 
host. Genetic code selection and codon frequency enhance 
ment may be performed according to any of the various 
methods knoWn to one of ordinary skill in the art, e.g., 
oligonucleotide-directed mutagenesis. Useful on-line Inter 
Net resources to assist in this process include, e.g.: (1) the 
Codon Usage Database of the KaZusa DNA Research Insti 
tute (2-6-7 KaZusa-kamatari, KisaraZu, Chiba 292-0818 
Japan) and available at http://WWW.kaZusa.or.jp/codon/; and 
(2) the Genetic Codes tables available from the NCBI 
Taxonomy database at http://WWW.ncbi.nlm.nih.gov/Tax 
onomy/Utils/Wprintgc.cgi?mode=c. For example, 
Pseudomonas species are reported as utiliZing Genetic Code 
Translation Table 11 of the NCBI Taxonomy site, and at the 
KaZusa site as exhibiting the codon usage frequency of the 
table shoWn at http://WWW.kaZusa.or.jp/codon/cgibin/. 

[0120] In a particular embodiment, Pseudomonas ?uore 
scens can be used as the host cell. In one embodiment, 
Pseudomonas ?uorescens provides at least one auxotrophic 
selection marker gene. In an alternative embodiment, 
Pseudomonas ?uorescens provides all auxotrophic selection 
marker genes. In a particular embodiment, Pseudomonas 
?uorescens can both be the host cell and provide at least one, 
and preferably all, auxotrophic selection marker genes. 

[0121] Biosynthetic Nucleoside and Nitrogenous Base 
Selection Markers 

[0122] In one embodiment, a biosynthetic enZyme 
involved in anabolic metabolism can be chosen as the 
auxotrophic selection marker. In particular, the biosynthetic 
enZyme can be selected from those involved in biosynthesis 
of the nucleosides, nucleotides, dinucleotides, nitrogenous 
bases, and nitrogenous base derivatives. 

[0123] In a particular embodiment at least one purine-type 
biosynthetic enZyme can be chosen as an auxotrophic selec 
tion marker. Such purine biosynthetic enZymes include, for 
example, adenine phosphoribosyltransferases, adenylosuc 
cinate lyases, adenylosuccinate synthases, GMP synthases, 
IMP cyclohydrolases, IMP dehydrogenases, phosphoribosy 
lamine-glycine ligases, phosphoribosyl-aminoimidaZolecar 
boxamide formyltransferases, phosphoribosylaminoimida 
Zole carboxylases, phosphoribosyl 
aminoimidaZolesuccinocarboxamide synthases, phosphori 
bosyl-formylglycinamidine cyclo ligases, phosphoribosyl 
formylglycinamidine synthases, phosphoribosyl-glycina 
mide formyltransferases, ribose-phosphate 
diphosphokinases, and ribose-5-phosphate-ammonia 
ligases. 

[0124] In another particular embodiment, a pyrimidine 
type biosynthetic enZyme can be chosen as an auxotrophic 
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selection marker. Such pyrimidine-type biosynthetic include 
enzymes involved in biosynthesis of UMP, such as carbam 
ate kinase (EC 2.7.2.2), carbamoyl-phosphate synthase (EC 
6.3.5.5), aspartate carbamoyltransferase (EC 2.1.3.2), dihy 
droorotase (EC 3.5 .2.3), dihydroorotate dehydrogenase (EC 
1.3.3.1), orotate phosphoribosyltransferase (“OPRT;” EC 
2.4.2.10), and orotidine-5‘-phosphate decarboxylase 
(“ODCase;” EC 4.1.1.23). 
[0125] Examples of genes encoding pyrimidine-type bio 
synthetic enZymes are Well knoWn. In the case of bacterial 
synthesis of UMP, examples of useful genes include: arcC 
genes, encoding carbamate kinases; carA and carB genes, 
collectively encoding carbamoyl-phosphate synthases; pyrB 
genes, encoding aspartate carbamoytransferases; pyrC 
genes, encoding dihydroorotases; pyrD genes, singly or 
collectively encoding dihydroorotate dehydrogenases; pyrE 
genes encoding orotate phosphoribosyltransferases; and 
pyrF genes, encoding orotidine-5‘-phosphate decarboxy 
lases. 

[0126] In a particular embodiment, an expression system 
according to the present invention Will utiliZe a pyrF aux 
otrophic selection marker gene. pyrF genes encode ODCase, 
an enZyme required for the bacterial pyrimidine nucleotide 
biosynthesis pathWay, by Which the cell performs de novo 
synthesis of pyrimidine nucleotides proper (UTP, CTP), as 
Well as pyrimidine deoxynucleotides (dTTP, dCTP). The 
pathWay’s initial reactants are ATP, an amino group source 
(i.e. ammonium ion or L-glutamine), and a carboxyl group 
source (i.e. carbon dioxide or bicarbonate ion); the path 
Way’s ultimate product is dTTP, With dCTP, UTP, and CTP 
also being formed in the process. Speci?cally, the bacterial 
de novo pyrimidine nucleotide biosynthesis pathWay begins 
With the formation of carbamoyl phosphate. Carbamoyl 
phosphate is synthesiZed either: (a) by action of carbamate 
kinase (EC 2.7.2.2), encoded by the arcC gene; or, more 
commonly, (b) by action of the glutamine-hydrolyZing, 
carbamoyl-phosphate synthase (EC 6.3.5.5), Whose small 
and large subunits are encoded by the carA and carB genes, 
respectively. Carbamoyl phosphate is then converted to UDP 
by the folloWing six-step route: 1) conversion of carbamoyl 
phosphate to N-carbamoyl-L-aspartate, by aspartate car 
bamoyltransferase (EC 2.1.3.2), encoded by pyrB; then 2) 
conversion thereof to (S)-dihydroorotate, by dihydroorotase 
(EC 3.5.2.3), encoded by pyrC; then 3) conversion thereof to 
orotate, by dihydroorotate dehydrogenase (EC 1.3.3.1), 
encoded by pyrD gene(s); then 4) conversion thereof to 
orotidine-5‘-monophosphate (“OMP”), by orotate phospho 
ribosyltransferase (“OPRT;” EC 2.4.2.10), encoded by pyrE; 
and then 5) conversion thereof to uridine-5‘-monophosphate 
(“UMP”), by orotidine-5‘-phosphate decarboxylase 
(“ODCase;” EC 4.1.1.23), encoded by pyrF. The UMP is 
then utiliZed by a variety of pathWays for synthesis of 
pyrimidine nucleotides (UTP, CTP, dTTP, dCTP), nucleic 
acids, nucleoproteins, and other cellular metabolites. 

[0127] In bacteria in Which one or more of the carA, carB, 
or pyrB-pyrE genes has become inactivated or lost, or 
mutated to encode a non-functional enZyme, the cell can still 
thrive if uracil is added to the medium, provided that the cell 
contains a functioning uracil salvage pathWay. Most bacteria 
contain a native uracil salvage pathWay, including the 
Pseudomonads and related species. In a uracil salvage 
pathWay, the cell imports and converts exogenous uracil into 
UMP, to synthesiZe the required pyrimidine nucleotides. In 
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this, uracil is reacted With 5-phosphoribosyl-1-pyrophos 
phate to form UMP, by the action of either uracil phospho 
ribosyltransferase (EC 2.4.2.9), encoded by the upp gene, or 
by the bifunctional, pyrimidine operon regulatory protein 
(“pyrR bifunctional protein”), encoded by pyrR. The result 
ing UMP is then converted to UDP, and then the subsequent 
pyrimidine nucleotides, as described above. 

[0128] Consequently, a pyrF(-) Pseudomonad or related 
cell can be maintained on uracil-containing medium. After a 
pyrF gene-containing DNA construct is transfected into the 
pyrF(-) cell and expressed to form a functioning ODCase 
enZyme, the resulting combined pyrF(+) plasmid-host cell 
system can be maintained in a medium lacking uracil. 

[0129] The coding sequence of the pyrF gene for use in a 
Pseudomonad or related host cell can be provided by any 
gene encoding an orotidine-5‘-phosphate decarboxylase 
enZyme (“ODCase”), provided that the coding sequence can 
be transcribed, translated, and otherWise processed by the 
selected Pseudomonad or related host cell to form a func 
tioning ODCase. The pyrF coding sequence may be a native 
sequence, or it may be an engineered sequence resulting 
from, for example, application of one or more sequence 
altering, sequence-combining, and/or sequence-generating 
techniques knoWn in the art. Before use as part of a pyrF 
selection marker gene, the selected coding sequence may 
?rst be improved or optimiZed in accordance With the 
genetic code and/or the codon usage frequency of a selected 
Pseudomonad or related host cell. Expressible coding 
sequences Will be operatively attached to a transcription 
promoter capable of functioning in the chosen host cell, as 
Well as all other required transcription and translation regu 
latory elements. Anative coding sequence for a pyrF gene as 
described above may be obtained from a bacterium or from 
any other organism, provided that it meets the above 
described requirements. 

[0130] In one embodiment, the pyrF coding sequence is 
isolated from the Pseudomonad or related host cell in Which 
it is intended to be used as a selection marker. The entire 
pyrF gene (including the coding sequence and surrounding 
regulatory regions) can be isolated there from. In a particular 
embodiment, a bacterium providing the pyrF gene or coding 
sequence Will be selected from the group consisting of a 
member of the order Pseudomonadales, a member of the 
suborder Pseudomonadineae, a member of the family 
Pseudomonadaceae, a member of the tribe Pseudomon 
adeae, a member of the genus Pseudomonas, and a member 
of the Pseudomonas ?uorescens species group (i.e. the 
“?uorescent pseudomonads”). In a particular embodiment, 
the bacterium Will belong to the species, Pseudomonas 
?uorescens. 
[0131] In a particular embodiment, the pyrF gene contains 
the nucleic acid sequence of SEQ ID NO. 1 (Table 2), or a 
variant thereof. Alternatively, the ODCase encoded by the 
pyrF gene contains the amino acid sequence of SEQ ID NO. 
2 (Table 3), a variant thereof, or a variant having a codon 
sequence redundant thereWith, in accordance With the 
genetic code used by a given host cell according to the 
present invention. 

[0132] Alternatively, the pyrF gene contains a nucleic acid 
sequence encoding an ODCase enZyme selected from the 
group consisting of a nucleic acid sequence at least 70%, 
75%, 80%, 85%, 88%, 90%, and 95% homologous to SEQ 
















































































































