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PRODUCTION OF DIRHAMNOSE-LIPID IN
RECOMBINANT NONPATHOGENIC BACTERIUM
PSEUDOMONAS CHLORORAPHIS

BACKGROUND OF THE INVENTION
Field of the Invention
[0001] This mvention relates to the genes encoding enzymes and regulatory proteins involved in
dirhanmose-lipid biosynthesix. This mvention alse relates to a recombinant, nonpathogenic

Psewdonanar chlororaphiz which 1s capable of producing R;L and RoL.

Description of Related Art
[0002] Rhammohipids are a family of thamnose-confaining glyeohipids produced mamly by
bacteria m the Pyewdomonadacear family, especially those belonging to the Psendomonas
genus. The hipid portion of most thammeolipids contamn 3-hydroxyalkanovl-3-hvdroxyalkanoste
{Cx-Cy. where x and v are the carbon chain lengths of the alkanoate) moety, though some
rhamnohipids may contfain only a monomernic 3-hydroxvalkanoate. Furthermore, rhamnobipid
could also be synthesized with either one (RyL} or two {R;L} thamnose molecules. Abdel-
Mawgoud er ¢l., 2010, dpplied Microbiology and Biotechnology, 86:1323-1336, contains a
summary of rhamnolipid varieties synthesized by varions organisms. The structure of an RpL,
i.e., g-L-thamnopyranosyi-(1 —2)-g-L-rhamnopyranosyl-3-hvdroxydecanovyl-3-

hydroxvdecanoate {R2-{Cy0-Cig), as an illustration, follows:
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[0003] Rbanmolipids have many potential uses, most of which are associated with rhanmeolipd s
excellent surface-active properties. See, 2.g., Fatvre andd Rosihio 2010, Expert Opinion on Drug
Delivery, 7:1031-1048; Lourith and Kanlavavattanakul 2009; Nguyen and Sabatini 2011,
International Jowrnal of Cosmetic Science, 31:255-261; and Pinzon ef of. 2009 fn Hayes ef gl

{ed.}, Biobased Swiactants and Detergents: Synthesis, Properties. and Applications, Chapter 4,

pp. 77-105. AOCS Press, Urhang, IL. Rhamnolipids mav also possess valuable biological
activities useful in wound healing {see Stipeevic, er af. 2006, Burns 32:24-34; see also US.
Patent 7,262,171), antibacterial {Sotirova, ef @/. 2008, Curr. Microbicl 56:639-644; Vatsa, ef @l.
2010, i J. Mol Sci 11:5095-5108), and fungicidal {Takemoto, et o/, 2010, Ane J. Enol. Fitic.

51120 - 124; Yoo, ef of. 2005, J. Microbiel. Biotechnol 15:1164-1169) applications.

[0004] A putative metabolic pathway of rhammolipid biosynthesis m P. geryginosa s shown in
Figure 1. The precursor pool for rthamnolipid synthesis is proposed to be the fatty acid de novo
biosynthesis pathway that could provide 3-ketoacyl-acyl carrter-protemn (-ACP) metabolites with
varymg chain length of the acvl group. A B-ketoacyl reductase enzyme (RhIG) coded by the
rhiG gene reduces the keto functional group mto a hvdroxyl group {Campos-Garcia, ef al. 1998,
J. of Bacterivlogy, 180:4442-4451; Maller, et ol 2006. J. of Biological Chemistry 281:18025-
180323 Two molecnles of 3-hydroxyacyl-ACP are then condensed to vield 3-hydroxyalkanoyl-
3-hydroxvalkanoate (3-HHA) by the rthamnosvliransferase A enzyvme (REA) (Déziel, ef ol
2003, Microbialogy 149:2005-2013; Zhu and Rock 2008, 7. ¢f Bacteriology 190:3147-31541. A
rhamnose moiety from an activated sugar precursoer, dTDP-thamnose, is attached to 3-HHA to
form RyL via the enzymatic action of rhamnosvitransferase B (RhiB) {Cabrera-Valladares, er /.
2006. dppl Microbiol. Biotechnol 73:187-194). Finally, biosynthesis of RaL is accomplished
by the transfer of another rhamupose moiety from dTDP-rhanwose to RiL by the action of
rhamnosyltransferase C (RIC) (Cabrera-Valladares., o7 ¢, 2006). Biochemical details of certain
reaction steps in the patbway are still unclear. For example, it ix not clear whether the active
form of 3-HHA 1s aftached to an ACP or not. Furthermore, the chenucal-energy requirement in
terms of high bond-energy molecules (e.g., ATP or dTTP) 18 not understond, leaving unanswered
the question of how the dTDP-rhanmmose molecule used as a substrate by RhiB and RBIC 15

regenerated.
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[0005] Nevertheless, the overall picture of the metabolic pathway has allowed the genetic
manipulation of bacteria to affect rhamnolipid synthesis. Aa early study demonstrated that
several rhamnohipid-nonproducing bacteria {7.e. £. geruginosg PG201, P. fluorescens ATC
15433, P. oleovorans GPol, P. mutida KT2442, Escherichia coli DH3e, and E. coli W2190)
could be genetically engineered to produce rhamuaolipids through the expression of heterologous
rhid and riiB genes from P. aeruginosg (Ochsner, ef gl. 1995, Appl Environ. AMficrobiol
61:3503-3506; Cabrera-Valladares, e7 o/, 2006). Wang, e ol mtegrated P. eeruginosa rhid and
rhiB genes mto the clromosonte of £, celif BL2ZI{DER) and P. qeruginosa PAOI-rhid (Wang, ef
ai. 2007, Biotechnology and Bioengineering 98:842-853). Wlule the rfild-ri/B-complemented
P. geruginosa transformant synthesized the same rhamnolipid mixtore as that found mn the wild-
tvpe P. geruginosa, the E. coli transtormant produced predommantly thammnohipids having Cie-
Cyp {car. 60%) as the hipid component vields. Cha, ef o/ expressed r#4BR7 gene cluster from 2.
aeruginosa EMST m P putida 1067 to show production of rhammolipids without detailing the

compositions of the produets (Cha, ef ¢/ 2008, Bioresonrce Tecimology 99:2192-21993

[0006] P. aeruginasa is the most commonly studied orgamsm for rhamnolipid biosynthesis.
Varions high-vield strams of P. aernginosa have been adopted for large-scale production
{Miiller, ef of. 2011, Applied Microbiology and Riotechinology §89:585-5392). In view of
rthammolipid’s potential applications in food (see U.S. Patent 5,658,793} and medical {Stipeevic,
et al. 2006; see U.S. Patent 7.262,171) areas, a method for producmg R L usmg Pyendomonas
chlovorapitis, a nonpathogenic bactermum was previcusly developed (Guather, er af. 2003, dppi.
Envirvon, Microbiol 71: 2288-2293, U.S. Patent 7,202,063}, Despite thix progress, there ix still a
need to develop a methiod for Ryl in nenpathogenic hacterium. Thix mvention identifies several
genes involved in thanmolipid biosvnthesiz and covers recombinaat nonpatbogenic bacteria
capable of producing R;L in a 10-fold improved yield (in comparizon to the original 7.
cilororaphis stram described m U.S. Patent 7,202 .063) or producing Ral., ax a result of
mtroduction of the appropriate DNA into the bacternup, thereby sipntficantlv lowering the

production cost of R;1 and broadening the application sphere of thamnolipids.

BRIEF SUMMARY OF THE INVENTION

0w
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(00071 It ix an object of thus mvention to have a polypucleotide encoding rhamuosvitransferase
AL It s a further object of this mvention that the polynuclectide has the sequence set forth in
SEQ ID NO: 12, the full length complement of SEQ ID NO: 12, and the reverse complement of
SEQID NGy 12, It s also an object of this mvention that the polvnueleotide bas a sequence that
1s at least 95 %% identical to the sequence m SEQ ID NO: 12, at least 90% 1dentical to the

sequence m SEQ ID NO: 12 and at least 85% identical to the sequence i SEQ ID NO: 12,

[0008] It 1s an object of this inveation to have a polvnuclentide encoding rhanmosyhransferase
A, His a further object of this invention that the polynucleotide sequence encodes the amimno
acid sequence set forth in SEQ ID NO: 11, a sequence that 15 at least 95% 1dentical to the amino
acid sequence set forth in SEQ ID NO: 11, a sequence that 15 at least 9095 identical to the ammo
acid sequence set forth in SEQ ID NO: 11; and a sequence that 15 at least 8§39 1dentical to the

amino acid sequence set forth m SEQ IDNO: 11

[0009] It 1s another object of this mvention to have an expression vecior contaming a
polyvnuclectide that encodes for thamnosvltransferase A, the nucleotide sequence of SEQ ID NO:
12, the full-length complement of SEQ ID NO: 12, the reverse complement of SEQIDNQO: 12,2
sequence that s at least 95395 identical to SEQ ID NO: 12, a sequence that 1s at least 20%
wdentical to SEQ ID NQO: 12, a sequence that is at least 85% identical to SEQ ID NO:12, that
encodes the aminoe acid sequence set forth i SEQ ID NO: 11, a sequence that 1s at least 95%
identical to the amino acud sequence set forth i SEQ ID NO: 11, a sequence that is at least 90%
wlentical fo the amine acid sequence set forth i SEQ ID NO: 11 and a sequence that is at least

&5% udentical to the amino acid sequence set forth o SEQ ID NO: 11,

[0010] It 1s another object of this mvention to have a recombinant cell that contains an
expression vector which contams a polynucleotide that encodes for thamnosvitransferase A, the
nucleotide sequence of SEQ ID NQ: 12, the full-length complement of SEQ ID NO: 12, the
reverse complement of SEQ ID NO: 12, a sequence that 1s at least 95% identical to SEQ ID NO:
12, a sequence that 1 at least 90% identical to SEQ ID NQ: 12, a sequence that ix af least 83%
wentical o SEQ ID NQ:12, that encodes the amino acid sequence set forth s SEQID NQ: 11, 2

sequence that is at least 95% identical to the anuno acid sequence set forth i SEQ IDNO: 11, a
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sequence that ix at least 90% wdentical to the amino acid sequence set forth in SEQ ID NO: 11
and a sequence that ix at least 83% wdentical to the amino acid sequence set forth m SEQ ID NO:

11

(00111 It ix a further object of this invention to bave a polypeptide that i encoded by a
polypucleotide having the sequence of SEQ ID NO: 12, the full-length complement of SEQ ID
NO: 12, the reverse complement of SEQ ID NO: 12, a sequence that is at least 95% identical to
SEQ ID NOv: 12, a sequence that 1s af least 90% identical to SEQ ID NO: 12, and a sequence that
15 at feast §5% identical to SEQ ID NOG: 12,

[0012] It 1s an object of this myvention to have an thamnosvliransferase A polypeptide having the
annno acid sequence set forth 1 SEQ ID NO: 11, an amino acid sequence that is af least 95%
wlentical to SEQ ID NO: 11, an anuno acud sequence that 1s at least 90%5 identical to SEQ ID

NQ: 11, and an apunoe acid sequence that 1s at least 83%5 dentical to SEQ ID NO: 11

[0013] 1t 1s another object of this myvention to have an expression vector contaunng a
polynncleotide that encodes for the anuno acid sequence set forth m SEQ ID NO: 11, an anuno
acid sequence that is af least 95% dentical fo SEQ ID NO: 11, an ammo acid sequence that 1s at
least 90% wdentical fo SEQ ID NO: 11, and an ammno acid sequence that is at least 85% identical

to SEQ IDNO: 1L

[0014] It ix a further object of this invention to bave a recombinant cell containing an expression
vector confaining a polynucieotide that encodex for the anune acid sequence set forth m SEQ ID
NO: 11, an anuno acid sequence that 1s af least 95% identical to SEQ ID NO: 11, an amino acid
sequence that is at least 90% identical to SEQ ID NO: 11, and an amino acid sequence that is at

least 85% wdentical to SEQ IDNO: 11

[0015] It ix an object of thus mvention to bave a polypucleotide encoding rharanosvitransferase
B. It is a further object of this invention that the polynuclectude has the sequence set forth in
SEQ ID NO: 14, the full length complement of SEQ I NO: 14, and the reverse complement of

SEQID NG 14, It 1s also an object of this mvention that the polvnucleotide bas a sequence that
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1s at least 95 %% identical to the sequence m SEQ ID NO: 14, at least 90% 1dentical to the

sequence @ SEQ ID NO: 14, and at least 85%5 1dentical to the sequence mn SEQ ID NQ: 14,

[0016] It 1s an obyect of this imveation to have a polvnucleatide encoding rhanwmosyhransferase
B. 1tis a further object of this mvention that the polymucleniide sequence encaides the anuao
acid sequence set forth in SEQ I NO: 13, a sequence that is at least 93% wdentical to the ammo
acid sequence set forth mn SEQ ID NO: 13, a sequence that is at least 90% identical to the anuao
acid sequence set forth in SEQ I NO: 13, and a sequence that is at least 85% identical to the

amino acid sequence set forth m SEQ ID NO»: 13,

[0017] It 1s another object of this mvention to have an expression vecior contaming a
polynuclectide that encodes for thamnosyvliransferase B, the nucleotide sequence of SEQ ID NO:
14, the full-length complement of SEQ ID NO: 14, the reverse complement of SEQ IDNQ: 14, 2
sequence that s at least 95395 identical to SEQ ID NO: 14, a sequence that 1s at least 20%
wdentical to SEQ ID NQO: 14, a sequence that is at least 85% identical to SEQ ID NO:14, that
encodes the aminoe acid sequence set forth in SEQ ID NO: 13, a sequence that 1s at least 95%
wlentical to the amino acid sequence set forth i SEQ ID NO: 13, a sequence that is at least 9%
identical {o the anuno acid sequence set forth in SEQ ID NO: 13, and a sequence that 1s at least

8595 1dentical to the amino acid sequence set forth in SEQ ID NO: 13,

[0018] It 1s another object of this mvention to bave a recombinant cell that contains an
expression vector which contams a polynucleotide that encodes for thamnosvltransferase B, the
nucleotide sequence of SEQ ID NQ: 14, the full-length complement of SEQ ID NO: 14, the
reverse complement of SEQ ID NO: 14, a sequence that 1s at least 95% identical to SEQ ID NO:
14, a sequence that 1 at least 90% identical to SEQ ID NQ: 14, a sequence that ix af least 83%
wentical o SEQ ID NQ: 14, that encodes the amino acid sequence set forth in SEQ ID NQ: 13,2
sequence that is at least 95% identical to the anuno acid sequence set forth i SEQ ID NO: 13, a
sequence that is at least 90% wdentical to the amino acid sequence set forth in SEQ ID NO: 13,
and a sequence that is at least 83% wdentical to the amino acid xequence set forth s SEQ ID NO:

i3.

[
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[0019] It ix a further object of this invention to bave a polypeptide that i encoded by a
polypuclecotide having the sequence of SEQ ID NO: 14, the full-length complement of SEQ ID
NO: 14, the reverse complement of SEQ ID NO: 14, a sequence that is at least 95% identical to
SEQ ID NG 14, a sequence that 1s af least 90% identical to SEQ ID NO: 14, and a sequence that
1s at least 35%; identical to SEQ ID NO: 14

(00201 It ix an object of this invention to have a thanmosyliransferase B polypeptide having the
apune acid seguence set forth i SEQ ID NO: 13, an amine acid sequence that ix at least 93%
wlentical to SEQ ID NO: 13, an amuno acud sequence that 1s at least 90% identical to SEQ ID

NQO: 13, and an apunoe acid sequence that 1s at least 8395 dentical to SEQ ID NO: 13,

[0021] 1t 15 another object of this myvention to have an expression vector contaunng a
polynncleotide that encodes for the anuno acid sequence set forth m SEQ ID NO: 13, an anuno
acid sequence that is af least 95% dentical fo SEQ ID NO: 13, an ammo acid sequence that 1s at
least 90% identical to SEQ ID NO: 13, and an ammo acid sequence that is at least 85% identical

to SEQ ID NO: 13,

(00221 1t 15 a further object of thus mvention to have a recombimant cell containing an expression
vector containmg a polyvaucleotide that encodes for the anino acid sequence set forth m SEQ ID
NQO: 13, ann amino acid sequence that s at least 95% 1dentical to SEQ ID NO: 13, an amino acid
sequence that is at least 90% identical to SEQ ID NO: 13, and an amino acid sequence that is at

least 85% wdentical to SEQ ID NO: 13,

[0023] It ix an object of thus nvention o have a polynucleotide encoding an N-acyl-homoserine
lactone-dependent transcription regulator. If is a further object of this mvention that the
polvmuclentide has the sequence set forth in SEQ ID NO: 16, the full length complement of SEQ
ID N 106, and the reverse complement of SEQ ID NO: 16, It 1s also an object of this mvention
that the polypucleotide has a sequence that ix at least 95 %% identical to the sequence n SEQ ID
NQO: 16, at least 90% identical to the sequence in SEQ ID NO: 16, and at least 85% identical to
the sequence mm SEQ ID NO: 16,
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[0024] It ix an object of tlus invention fo have a polynucleotide encoding N-acvi-homosetine
lactone-dependent transcription regulator. If iv a further object of this nvention that the
polviucleotide sequence encodes the anuno acid sequence set forth m SEQ ID NO: 15, a
sequence that is at least 95% identical to the anuno acid sequence set forth i SEQ ID NO: 15, a
sequence that s at least 90% udentical to the amino acid sequence set forth i SEQ ID NQ: 15,
and a sequence that is at least 83% wdentical to the amino acid xequence set forth s SEQ ID NO:

i

L

[0025] It 1s another object of this mvention to have an expression vecior contaming a
polynuclectide that encodes for N-acvl-homoserine lactone-dependent franscniption regulator,
the nucleotide sequence of SEQ ID NO: 16, the full-length complement of SEQ ID NO: 16, the
reverse complement of SEQ ID NO: 16, 3 sequence that is at least 95% 1dentical to SEQ ID NO:
16, a sequence that is at least 90% identical to SEQ ID NO: 16, a sequence that 15 at least 85%
identical {o SEQ ID NO: 16, that encodes the ammo acid sequence set forth in SEQ ID NO: 15, a
sequence that 1s at least 95% identical to the amino acid sequence set forth m SEQIDNQO: 15, a
sequence that s at least 9095 identical to the ammo acid sequence set forth 1 SEQ ID NO: 15,
and a sequence that is at least §5% 1dentical to the ammo acid sequence set forth i SEQ ID NO:

13

[0026] 1t 1s another object of this mvention to have a recombmant cell that contains an
expression vector which contamns a polviucleotide that encades for N-acvl-homoserine lactone-
dependent transcription regulator, the nuclectide sequence of SEQ ID NO: 16, the full-length
complement of SEQ ID NO: 16, the reverse complement of SEQ ID NQO: 16, a sequence that ix at
least 953% wdentical to SEQ ID NO: 16, a sequence that is at least 90% identical to SEQ ID NO:
16, a sequence that 15 at least §5% wentical to SEQ ID NQ: 16, that encodes the amino acid
sequence set forth in SEQ 1D NO: 15, a sequence that 1x at least 93% dentical to the amino acid
sequence sef forth in SEQ ID NO: 15, a sequence that is at {east 90% identical to the anupo acid
sequence set forth m SEQ ID NO: 15, and a sequence that iz at least 85% wdentical to the amino

acid sequence set forth in SEQ ID NQ: 15,
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(00271 It ix a further object of this invention to bave a polypeptide that i encoded by a
polypuclecotide having the sequence of SEQ ID NO: 16, the full-length complement of SEQ ID
NO: 16, the reverse complement of SEQ ID NO: 16, a sequence that is at least 95% identical to
SEQ ID Ny 16, a sequence that 1s af least 90% identical to SEQ ID NO: 16, and a sequence that
1s at least 35%; identical to SEQ ID NO: 16,

[O028] It ix an object of thus wvention fo have a N-acyl-honwserine lactone-dependent
transeription regulator polvpeptide baving the anuno acid sequence set forth in SEQ ID NO: 15,
an ammo acid sequence that 15 at least 95% identical to SEQ ID NO: 15, an amuno acid sequence
that 1s at least 0% 1dentical to SEQ ID NO» 15, and an anuno acid sequence that is at least 83%%

wlentical to SEQ ID NO: 15,

[0029] It1s another object of this mvention to have an expression vecior contaming a
polyvnncleotide that encodes for the amino acid sequence set forth 1n SEQ ID NO: 15, an amino
acid sequence that 15 at least 95% identical to SEQ ID NO: 15, ann amuno acid sequence that 1s at
least 9095 dentical fo SEQ ID NO: 15, and an amimno acid sequence that 1s at least 8395 identical

to SEQ IDNO: 15

[0030] It s a further object of this invention to have a recombmant cell contammg an expression
vector contamming a polvaucleotide that encodes for the amino acid sequence set forth 1n SEQ ID
NO: 15, an amino acid sequence that is af least 93% identical to SEQ ID NO: 15, an apuno acid
sequence that i3 at least 90% wdentical to SEQ ID NO: 15, and an anune acid sequence that 1s at

feast 83%5 identical to SEQ ID NOv: 15,

[0031] It 1s an obyect of this mveation to have a recombinant cell containing an expression vector
which contams a polynucleotide sequence encoding rhanmosvitransferase C. It is a further
object of this nvention to have a recombinant Pyesdomanas chiorvoraphis contanung an
expression vecior which confams a polynucleotide sequence encoding rhammosyitransferase C,
such that the wild-type P. chiororaphis lacks the gene encoding rhamaosvltransferase € and such

that the recombinant . chloreraphis 1s capable of producing dithammnose-liptd.
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[0032] It ix a further object of this invention to bave a recombinant 2. chiororaphis containng an
expression vector that encodes a rthamnosyltransferase C operably linked to a promoter such that

the recombinant P, cliferoraphis ix capable of producing dihamnose-tipid.

[0033] It ix an object of tlus invention fo have a novel methed of producing duhamnose-lipid by
transfecting Feeudomonas cilororaphis with an expression vector which contains a
polviaucleotide that encodes thanmosyliransferase C fo produce a recombinant P, chilororaphis,
and growing the recombnant £. chloreraphis m appropriate media for the production of

monorhanmose-lipid and dirhamnose-hpid.

[0034] It 1s another object of this mvention to have a novel method of producing dirhamnose-
hipid by growing a recombmant P. cfifororaphis i appropriaie media. It is a further object of
this invention that the recombmant P. ehlororaphis confains an expression vector which contams
a polvmuciectide that encodes thanmosyltransferase C operably linked to a promoter and such

that the media 1s appropriate for the production of monorhamnose-lipid and dirhamnose-hipid.

[0035] It is an object of this mvention to have a recombmant Psendomonas chlororaphis which
contams an expression vector which contains one or more polvnucleotides that encode a
promoter, a polvnucleotide that encodes rhammosyltransferase A, and a polynucleotide that
encodes rhammosvltransferase B. It 15 a further object of this invention that the polynucleotide
encoding rhanmnosyliransferase A and the polvnucleotide encoding rhamnosyliransferase B are

operably linked to one of the promoters m the expression vector.

[0036] It ix another object of this mveation to have a recombinant Psendomonas chiorovaphis
which contams an expression vector which contains one or more polvancieotides that encode a
pronwcter, a polynucleotide that encodes rhamposvltransferase A, and a polynucleotide that
encades thanmmosvitransferase B. It 1s a further object of this mveation that the polvmucleotide
encoding rhammosvifransferase A and the polypucleotide encoding rhamuosyvltransferase B are
operably linked to one of the pronwters in the expression vector and that the promoters are P2

pronuriers.

10
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(00371 It ix further object of thus mvention to have a recombinant Pseudomonas chlorovapiis
which contams ap expression vector which contains one or more polvnucleotides that encode a
pronwter {one of which s a P2 prometer), a polynucleotide that encodes rhammosylfransferase
A, and a polynucleotude that encodes thamnosvifransferase B, Tt 18 a further obyect of thus
mvention that the polvnucleotide encoding rhannosyltransferase A and the polyancieotide
encoding thanmosyliransferase B are contiguous and are operably hinked to the same P2

pronueier.

[O038] If 1s an object of this mvention to have a recombmant Psendomonas chloreraphis which
contams an expression vector which contains one or more polvnucleotides that encode a
promoter, a polvnucleotide that encodes rhammosyltransferase A, and a polynucleotide that
encodes rhammosvltransferase B. It 15 a further object of this invention that the polynucleotide
encoding rhammnosyitransferase A is operably hinked to a first promoter m the expression vector,
and the polynucleotide encoding thamnosyliransferase B is operably hinked to a second promoter
in the expwession vector, such that the first promoter and the second promoter can be the same

promoter or different promoters.

[0039] 1t 15 a further object of thus wmvention to have a novel method for producing
monorhammose-lipid by P. clforeraphis by transfecting P. ollororaphis with an expression
vector which contams at least one polynucleotide encoding a promoter, a polynucleotide
encoding rhanmosyliransferase A, and a polynueleotide encoding rhanwosyliransferase B, such
that the polypucleotide eacoding rhamnosylivansferase A and the polvaucleotide encoding
rhamnosyltransferase B are operably linked to at least one propwter contamned within the
gxpression vector {(which generatex a recombinant P. clilororaphis} and growing the recombinant
P chiororaphis m an appropriate media {one appropriate for production of monorhamnose lipiud

by the recombinant £. chilororaphis).

[0040] It ix a further object of this invention to bave a aovel method for producing
monorbavmase-lipid by P. chifororapfiis by transfecting F. chlovoraphis with an expression
vector which contamns at least one polvnucleotide encoding a promoter, a polynuclectide

encoding rhanmosyliransferase A, and a polynueleotide encoding rhanwmosyliransferase B, such
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that the polypucleotide encoding rhamnosyltransferase A and the polvaucleotide encoding
rhamnosyltransferase B are operably linked fo at least one promoter contamed within the
expression vector {(which generates a recombinant P. ciifororaphis} and growng the recombinant
P chiororaphis m an appropriate media {one appropriate for production of monorhamnose lipid

by the recontunant P. chiororaphis) under stirming conditions or non-sturing conditions,

(00411 It i an object of thus mvention to bave a recombinant cell that contains an expression
vector that contains a first promuoter operably linked to a first polynucleotide sequence encoding
rthanmosyliransferase A, and a second promoter operably linked to a second polyancleotide
sequence encoding rhanmosyltransferase C, but the recombinant cell lacks o fimctioning wild-

tvpe rhid.

[0042] It1s an object of this myvention to have a recombmant cell that contams an expression
vector that contams a first promoter operably linked to a first polynucleotide sequence encoding
rhanmosyliransferase A, and a second promoter operably linked to a second polvancleotide
sequence encoding rhanmosyltransferase C, but the recombinant cell lacks 2 finctioning wild-
tvpe rhild. It 15 a further object of this mvention that the first promoter 1s an inducible promoter

and the second promoter 1s a constitufive promoter.

[0043] 1t 15 an object of this mvention to have a recombinant cell that contains an expression
vector that contains a first promaoter operably linked to a first polynucleotide sequence encoding
rhamnosvitransferase A, and a second promoter operably linked to a second polvnuclentide
sequence encoding rhamneosyliransferase C, but the recombinant cell lacks a functioning wild-
tvpe rhid. It 13 a further object of this ipvention that the first promoter and the second promoter
are different inducible promoters and that different compounds control the expression of the first

mducible promuoter and the second mducible promoter.
(00441 It ix an object of thus mvention to bave a recombinant cell that contains a first expression

vector that contains a first promoter operably linked to a first polynucleotide sequence encoding

rhamuosvhiransferase A and a second expression vector that contamns a second promoter operably
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imked to a second polynucleotide sequence encoding rhamnosvitransferase C, but the

recombinant cell lacks a functioning wild-type rfiid.

[6043] It 1s an object of this mveation to have a recombinant cell that contains a first expression
vector that contains a first promoter operably linked to a first polvoucleotide sequence encoding
rhamnosyltransferase A and a second expression vector that contains a second promater operably
imked to a second polynucleotide sequence encoding rhamnosvitransferase C, but the
recombinant cell lacks a functioning wild-type r#i4. It is a further object of this mvention that

the first promoter 13 an imnducible promoter and the second promoter is a constitutive promoter.

[0046] It 1s another object of this mvention to have a recombinant cell that contains a first
expression vector that contains a first promoter operably hnked 1o a first polynucleotide
sequence encoding rhamnosvltransferase A and a second expression vector that contans a
second promoter operably hinked to a second polynncleotide sequence encoding
rhammosyltransferase C, but the recombinant cell lacks a fmctioning wild-type rhi4. Hisa
further object of this mvention that the first promoter and the second promoter are different
mducible promoters and that different compounds control the expression of the first inducible

promoter and the second mducible promoter.

[0047] 1t 15 an object of this mvention to have a recombinant cell that contains an expression
vector that contains a first promaoter operably linked to a first polynucleotide sequence encoding
rhamnosvitransferase B, and a second promoter operably linked to a second polyaucleotide
sequence encoding rhamneosyliransferase C, but the recombinant cell lacks a functioning wild-

type rhiB.

[0048] It ix an object of thus mvention to bave a recombinant cell that contains an expression
vector that contains a first promaoter operably linked to a first polynucleotide sequence encoding
rhamnosvitransferase B, and a second promoter operably linked to a second polyaucleotide
sequence encoding rhamneosyliransferase C, but the recombinant cell lacks a functioning wild-
tvpe #hiB. It 13 a further object of this ipvention that the first promuoter is an inducible promoter

and the second promuoter is a coastitntive promoter.
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[6049] It 1s an object of this mveation to have a recombinant cell that contams an expression
vector that contains a first promoter operably linked to a first polvoucleotide sequence encoding
rhamnosyltransferase B, and a second pronwoter operably hnked to a second polvauncieotide
sequence encoding thamnosyitransferase C, but the recombinant cell lacks a functioning wild-
type rhiB. Tt 18 a further object of this invention that the first promoter and the second promoter
are different mnducible promoters and that different compounds control the expression of the fust

mducible promoter and the second mducible promoter,

[0050] 1t 15 an object of this mvention to have a recombinant cell that contains a first expression
vector that contams a first promoter operably linked o a first polvnucleotide sequence encoding
rhamnosyliransferase B and a second expression vector that contains a second promoter operably
imked to a second polynucleotide sequence encoding rhammosvltransferase €, but the

recombmant cell lacks a functioning wild-type r#/B.

[0051] Tt 15 an object of this mvention to have a recombinant cell that contains a first expression
vector that contams a first promoter operably linked o a first polvnucleotide sequence encoding
rhamnosyliransferase B and a second expression vector that contains a second promoter operably
imked to a second polynucleotide sequence encoding rhammosvltransferase €, but the
recombmant cell lacks a fonctioning wild-type r#/B. 1 1s a further object of this mvention that

the first promoter ix an mducible promoter and the second prometer is a constitutive promoter.

[0032] It is another object of thus mvention to have a recombinant cell that contains a first
expression vector that contains a first promoter operably linked to a first polynucleotide
sequence encoding thammosyliransferase B and a second expression vector that contains a
seconid promoter operablv lmked to a second polynucleotide sequence encoding
rhamnosyltransferase C, but the recombinant cell lacks a functioning wild-type #//8. Itiva
further object of thus wvention that the first promoter and the second promoter are different
mducible promoters and that different compounds control the expression of the first induetble

pronwter and the second mducible promoter.
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[0033] It ix an object of thus mvention to bave a recombinant cell that contains a first expression
vector that contains a first promoter operably linked to both a first polynucleotide sequence
encoding rhammnosvifransferase B and a third polynucieotide sequence encoding
rhamnosyltransfer A, and a second expression vector that contams a second promoter operably
imked to a second polynucleotide sequence encoding rhamnosvitransferase C, but the

recombinant cell lacks a functioning wild-type r#i4 and rhiB.

[0034] It 1s an obyject of this mveation to have a recombinant cell that contams a first expression
vector that contams a first promoter operably linked o both a first polvancleotide sequence
encodmg thamnosylransferase B and a third polynucleotide sequence encoding
rthammosyltranster &, and a second expression vector that contains a second promoter operably
hinked to a second polynucleotide sequence encoding rhammosyhransferase C, but the
recombinant cell lacks a functionmg wild-type vii/d and rHIB. 1t 15 a further object of this
myvention that the first promoter 1s an inducible promoter and the second promoter is a

constitutive promoter.

[O055] It 1s an object of this invention o have a recombmant cell that contains a first expression
vector that contains a first promoter operably linked to both a first polynuclectide sequence
encoding rhammosvitransferase B and a third polynucleotide sequence encoding
rhamnosyltransfer A, and a second expression vector that contains a second promoter operably
inked to a secoad polvancleotide sequence encoding rthanmosyliransferase C, but the
recombinant cell lacks a functionung wild-type rhid and #{B. It 1s a further object of this
ivention that the first promoter and the second promoter are different inducible promoters and
that different compounds control the expression of the first inducible promoter and the second

mducible promoter.

[0036] It 1s an object of this mveation to have a recombinant cell that contaimns an expression
vector that contains a first promoter operably linked to a first polvoucleotide sequence encoding
rhamnosyltransferase A and rhanmesyliransferase B, and a second promoter operably linked to a
seconid polynucleotide sequence encoding rhamnosyvitransterase C, but the recombinant cell

lacks a functioning wild-tvpe rhi4 and #HiB.
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[6037] It 1s an object of this mveation to have a recombinant cell that contams an expression
vector that contains a first promoter operably linked to a first polvoucleotide sequence encoding
rhamnosyltransferase A and rhanmeosyltransferase B, and a second promoter operably linked to a
second polynucleotide sequence encoding rhamnosyltransterase C, but the recombinant cell
lacks a functioning wild-tvpe rhid and #HIB. Tt 15 a further object of this invention that the first

promter is an mnducible promoter and the second promuoter is a constifative promoter.

[O038] It 1s an object of this mvention o have a recombimant cell that contams an expression
vector that contaimns a first promoter operably linked to a first polynucleotide sequence encoding
rthammosyltransferase A and rhammnosyltransferase B, and a second promoter operably hnked to a
second polvnncleotide sequence encoding rhamnosylransferase C, but the recombinant cell
lacks a functioning wild-tvpe rhild and r54/B. Tt 15 a further object of this wvention that the first
promoter and the second promoter are different inducible promoters and that different
compounds control the expression of the first inducible promoter and the second indueible

promoter.

[0059] Itis a further object of this mvention to have a method for controling the ratio of
moenorhammose lipid to dirthammose hipid produced by a recombmant cell. In particular the
recombmant cell contains an expression vector that contams an mducible promoter operably
hinked to a fist polviucleotide encoding thanmosyltransferase A and a constitutive promoter
operably linked to a second polynucleotide encoding rhamnosvitransterase C, but lacks a
functioming wild-type rbld. The method involves culturing the recombinant cell in a media
appropriate for prodoction of rhanmolipids, adding a compound that controls the expression of
the inducible promoter, and removing the compound that controls the expression of the mducible
promater at ap appropriate time such that the production of monorhamuose-lipid decreases or
stops but production of dwhamupose-lipid 13 able to continue. It 1x another object of thix mvention

that the recombinant cell has a functioning wild-type #4i58.

(00601 It ix another object of this mvention fo have a method for controihing the ratio of

monorbanmase lypid to dirthammoese ipid produced by a recombinant cell. In particular the
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recombinant cell containy an expression vector that contains an imnducible promoter operably
finked to a first polvmuclestide encoding rhamnosyltransterase B and a constitutive promoter
operably linked fo a second polynucleotide encoding rharonosvitransterase C, but lacks a
functioming wild-type r#/8. The method involves culturing the recombinant cell in a media
appropriate for production of rhanmolipids, adding a compound that controls the expressioa of
the inducible promoter, and removing the compound that controls the expression of the mducible
promter at ap appropriate time such that the production of monorhamuose-lipid decreases or
stops but production of dwhamupose-lipid 13 able to continue. It 1x another object of thix mvention

that the recombmant cell has a functioning wild-type riild.

[0061] It1s a further object of this invention to have a method for controlimg the ratio of
monorhamnose hipid to duwhanmose lipid produced by a recombinant cell. In particular the
recombinant cell contains an expression vector that contains an inducible promoter operably
hinked to a fust polynncleotide encoding thamnosyvitransferase A and rhamnosyltransferase B
and a constitufive promoter operably Imked to a second polvancleotide encodmg
rhamnosyliransferase C, but lacks a functioning wild-type r/i/4 and r4/B. The method mvolves
culturing the recombmant cell m a media appropniate for production of rhamnohpids, adding a
compound that controls the expression of the mnducible promoter, and removmg the compound
that controls the expression of the mducible promoter at an appropriate tune such that the
production of monorhamnose-hpid decreases or stops but production of dirhamnose-hipid 1s able

to contmne.

00621 It 1s a further object of thix nvention to have a method for controlling the ratio of
monorhamnose bipid to dirhamnose lipid produced by a recombinant cell. In particular the
recombinant cell contains a first expression vector that contains an mductble promoter aperably
imked to a first polynucleotide encoding rhamposvitransferase A and a second expression vector
that contains a constifutive promoter operably linked to a second polvancleotide encoding
rhamnosvitransferase €, but lacks a functioning wild-type #/:{4. The method wvolves culturing
the recombinant cell in a media appropriate for production of thamnolipids, adding a compound
that controls the expression of the mducible promwoter, and renwoving the compound that controlx

the expression of the nducible promoter at an appropriate tine such that the production of
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monorhamnose-lipid decreases or stops but production of duhamaose-lipid ts able fo continne. It

ix another object of thix nvention that the recombmant cell bas a functioning wild-type riiB.

[6063] It 1s another object of thus vention to have a method for controlling the ratio of
monorhamnose hipid to dirhamnose lipid produced by a recombinant cell. In particular the
recombinant cell contains a first expression vector that contains an mductble promoter aperably
imked to a first polynucleotide encoding rhamposvitransferase B and a second expression vector
that contains a constifutive promoter operably linked to a second polvancleotide encoding
rthammosyltransferase C, but lacks a functioning wild-type »#I8. The method mvolves culturmg
the recombimant cell 1 a media appropriate for production of rhamnohipids, addmng a compound
that controls the expression of the mducible promoter, and removing the compound that confrols
the expression of the mmducible promoter at an appropriate fime such that the production of
monorhanmose-lipid decreases or stops but production of dirthanmose-hipid is able to continwe. It

is another object of this invention that the recombmant cell has a fonctioning wild-type rhid.

[0064] 1t 15 a further object of this mvention to have a method for controlling the ratio of
monorhammose ipid to dirthammose hipid produced by a recombmant cell. In particular the
recombmant cell contains a first expression vector that contains an mducible promoter operably
imked to a first polynucleotide encoding rhammosyltransferase A and rhamnosyltransferase B
and a second expression vector confaning a constitutive promoter operably hnked to a second
polypucleotide encoding rhamaosyitransferase €, but lacks a functioning wild-type /4 and
#/1iB. The method mvolves culturing the recombinant cell in a media appropriate for production
of thanmelipids, adding a compound that controds the expression of the inducible prompoter, and
removing the compound that controls the expression of the inducible promoter at an appropriate
time such that the production of monorhanmose-hipid decreases or stops but production of

diwhamnose-lipid 1s able to continue,

[0065] It ix a further object of this invention to bave a method for controlling the ratio of
monorbanmase lypd to dirthanmmose hipid produced by a recombinant cell. In particular the
recombinant cell contains an expression vector that contains a first mducible promoter operably

hked to a fivst polvnueleotide encoding thanmosyliraasferase A and a second mducible
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pronwter operably haked to a second polvancieotide encoding rhamnosyltransterase C, but lacks
a fmnctioning wild-tvpe riiid. The method involves cnliuring the recombinant cell i a media
appropriate for production of rhanmolipids, adding a first compound that controls the expression
of the first inducible promoter, adding a second componnd that controls the expression of the
second inducible promoter at a first appropriate time, and removing the first compound that
controls the expression of the first inducible pronwster at a second appropriate time such that the
production of monorhanmmnose-lipid decreases or stops but production of dirhamnose-lipid 1s able
to continue and such that the first appropriate titne and the second appropriate time and either
may precede or be subseguent to each other. It 15 another object of this mvention that the

recombmant cell has a functionmg wild-type r//B.

[0066] 1t 15 a further object of this mvention to have a method for controlling the ratio of
monorhammose ipid to dirthammose hipid produced by a recombmant cell. In particular the
recombmant cell contains an expression vector that contams a first mducible promoter operably
imked to a first polyvnucleotide encoding rhamnosyltransterase B and a second mducible
promoter operably linked fo a second polyvnucleotide encodmg thanmosyltransferase C, but lacks
a functioning wild-tvpe rA{B. The method mvolves culturing the recombinant cell in a media
appropriate for production of rhamnohipids, addmg a frst compound that controls the expression
of the first inducible promoter, adding a second compound that controls the expression of the
second mducible promoter at a first appropriate time, and removing the first compound that
controls the expression of the first inducible pronwster at a second appropriate time such that the
production of monorhanmmnose-lipid decreases or stops but production of dirhamnose-lipid 1s able
to continue and such that the first appropriate titne and the second appropriate time and either
may precede or be subsaqguent to each other. If 1s another object of tlus invention that the

recombinant cell has a functioning wild-type rild.

00671 It 1s a further object of thix nvention to have a method for controlling the ratio of
monorhamnose bipid to dirhamnose lipid produced by a recombinant cell. In particular the
recombinant cell contains an expression vector that contams a first mducible promoter operably
imked to a first polynucleotide encoding rhammposvitransferase A and rhapmosvitransferase B,

and a second inducible promoter operably hinked to a second polvinuclectide encoding
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rhamnosvitransferase €, but lacks a functioning wild-type rii4 and ##/8. The method invalves
culturmg the recombinant cell in a media appropriate for production of rhamnolipids, adding a
fust compound that controls the expression of the first inducible promoter, adding a second
componnd that contros the expression of the second mnducible promwoter af a first appropriate
time, and removing the first compound that controls the expression of the fuwst inducible
promoter at a second appropriate time sueh that the production of monorhamnose-lipid decreases
or stops but production of dirhamnose-lipid is able to continne and such that the first appropriate

time and the second appropriate time and either may precede or be subsequent o each other.

[0068] 1t 15 a further object of this mvention to have a method for controlling the ratio of
monorhammose ipid to dirthammose hipid produced by a recombmant cell. In particular the
recombmant cell contains a first expression vector that contains a first inducible promoter
operably linked to a first polynucleotide encoding rhamnosyltransferase A and a second
expression vector that contains a second mducible promoter operably linked to a second
polynncleotide encoding rhammosvltransferase C, but lacks a fonctionmg wild-tvpe r/i/4. The
method wvolves culfuring the recombinant cell in a media appropriate for production of
rhammolhipids, adding to the media a first componnd that controls the expression of the first
mducible promoter, adding a second compound that controls the expression of the second
mducible promoter to the media at a fust appropriate time, and removing the first compound that
controls the expression of the fust mducible promoter from the media at second appropriate tune
such that the first appropriate tune is independent of and may precede or be subsequent to the
seconid appropriate time. It 15 another object of this mavention that the recombmant cell has a

functioming wild-type riiB.

[0069] It 1s a further object of thix nvention to have a method for controlling the ratio of
monorhamnose bipid to dirhamnose lipid produced by a recombinant cell. In particular the
recombinant cell contains a first expression vector that contains a first inducible promoter
operably linked to a first polynucleotide encoding rhamnosyltransferase B and a second
expression vector that contains a second mductble promoter operably linked to a second
polvnuelentide encoding thanmosyltransferase C, but lacks a functioning wild-type ri/B. The

methed mvolves culturing the recombinant cell ux a media appropriate for production of
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rhamnohipids, adding to the media a first compound that controls the expression of the furst
mducible promoter, adding a second compound that controls the expression of the second
mducible promoter o the media at a fivst appropriate titpe, and removing the first compound that
controls the expression of the first inducible promwter from the media at second appropriate fime
such that the first appropriate ine 1s independent of and may precede or be subsequent to the
second appropriate tune. It is another object of this avention that the recombmant cell has a
functioning wild-fype riild.

[0070] It s a further object of this invention to have a method for controlimg the ratio of
monorhamnose hipid to duwhanmose lipid produced by a recombinant cell. In particular the
recombinant cell contains a first expression vector that contams a first mduacible promoter
operably linked to a first polynuclectide encoding both rthamnosvliransferase A and
rthammosyliransferase B, and a second expression vector that contains a second mducible
promoter operably linked fo a second polyvnucleotide encodmg thanmosyltransferase C, but lacks
a functioning wild-type rhi4 and r5/B. The method involves culfuring the recombinant cell in a
media appropriate for production of thanmohipids, adding to the media a first compounnd that
contfrols the expression of the first inducible promoter, adding a second compound that controls
the expression of the second inducible promoter fo the media at a first appropriate tune, and
removing the first compound that controls the expression of the first inducible promoter from the
media at second appropriate time such that the first appropniate time s independent of and may

precede or be subsequent to the second appropriate time.

[0071] It 1s an object of this mveation to have a recombinant Psendomonas chiororaphis
contauung an expression vector which contains a pronoter operably hinked to a polvnueleotide
that encodes an N-acyl-homoserine lactone dependent franscription regulator from £,
chororaphiis subsp. qurecfaciens, such that the recombinant P. chlororapiiis produces
monorbanmaose-lipid under stirring conditions. It 15 a further object of this nvention that the

recombinant P, chilororaphis contains functioning rhild and rhiB.

(00721 It ix an object of this mvention to bave a recombmant Pseudomionas chilororaphis

containing an expression vector which contains a promeoter operably linked to a polynucieotide
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that encodes an N-acyl-homoserine lactone dependent tramscription regulator from P,
chororaphis subsp. aureofuciens and contains a promoter operably linked to a polynucleotide
encoding rhamnosyvltransferase C, such that the recombinant . chiororaphis produces
monorbanmaose-lipid and dirhamnose-lipid nnder stirring conditions. It ix a further object of this

mvention that the recombmant P. chilororaphis contains fuactioning ##/4 and rhiB.

(00731 It ix an object of this mvention to bave a recombmant Pseudomionas chileroraphis
containing a first exprassion vector which contains a promoter operably linked to a
polynncleotide that encodes an N-acvl-homoserine lactone dependent transcription regulator
from P. chororaplds subsp. aureofaciens and contains a second expression vector which contains
a promoter operably hnked to a polvancleotide encoding rthamnosyvltransferase C, such that the
recombmant P. chlororaphis produces monorhammnose-lipid and dirhamnose-lipid under stirring
conditions. I 1s a further obyect of this invention that the recombmant P. chlororapfis contams

functionmg rhld and #H/B.

[0074] A method for producing monorhamnose-lipid under stuning conditions comprising
culturing a recombnant Psendomonas chlororapiis m appropriate media under stirmg
conditions. The recombinant P. e#lororaphis contains an expression vector wiich contams a
promoter operably linked to a polynucleotide that encodes an N-acvi-homosenne lacione
dependent transcription regulator from P. chororaphis subsp. awreofaciens, and contams

functiomng rhid and #HiR.

(00731 A method for producing monorhamnose-lipid and dirhanmose-bipid under stirring
conditions comprising culturing a recombinant Pseudomonas chlovoraphis in appropriate media
under stirring conditions. The recombinant £, chlororapiiisc contains an expression veetor which
contaus a promoter operably linked to a polvinucleotide that encodes an N-acyl-homoserine
lactone dependent transcription regulator from 2. chororaphis subsp. gureofaciens and a
promwcter operably hinked to polypucleotide encoding rhamnosvitransferase €, and contams

functiomng rhid and #HiR.
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[0076] A method for producing monorhamnose-lipid and dirhaionose-hipid under stirring
conditions comprising culturing a recombinant Prendomoenas chlororaphis m appropriate media
mder stirring conditions. The recombinant P clilororaphis contains a first expression vector
which contains a promoter operably liuiked to a polynucleotide that encodes an N-acyl-
honoserine lactone dependent transeription regulator from £. chororaphis subsp. anreofociens, a
second expression vector which contains a promeoter operably linked to polvnucleotide encodmng

rhamnosvitransferase €, and functioning rhl4 and #4iB.

BRIEYF BESCRIPTION OF THE FIGURES

[0077] Figure 1 1s the putative metabolic pathway of rhammnolipid biosynthesis.

[0078] Figure 2 13 the gene locus of P. chiororaphis NRRL B-30761 showmg the relative
posttions of amphicons A, B, C, and D. In Figure 2, aenB 15 a {37 -partial) aconitate hyvdratase
gene; rhidp; 1s thammosyltransterase A (where Pcli = P. chivororaphis); riiBpy 15
rhamnosyliransferase B: rhiRp,; 15 N-acyi-homoserine lactone-dependent franscription regulator;

and RBS is nibosomal-binding-sife.

[0079] Figure 3 13 a hqmud chromatography mass spectroscopy {LC-MS) spectrum of sihica

column-purified RyL from the conirol stram P. chlororaphis [pBS29-P2-g/p] (1op) and RoL from
P chiororaphis [pBS29-P2-r#/Cp,. ] {bottom). Letters A-F refer to the compositions of the allovd
chains: A=C8/C10, B=CI0/C18, C=C10/C12:1, D=CIO/CI12:0, E=CI2: 1/C12:0, F=C12:0:/C12:0.

[0080] Figure 4A v a HPLC chromatogram of crude rhamnohipids produced by P. clilororaphis
NRRL B-30761 under non-stirring conditions. Figwre 4B 1s a HPLC chromatogram of crude
rhamunohpids produced by P. chiororaphis [pBS29-P2-rii4 B} clone 1 under non-sturing
condttions. Figare 4C is a HPLC chromatogram of crmde thamnoliptds produced by R

I

cilororaphis {pBS29-P2-#/1l4 B] clone 2 under non-stirring condifions.

[0081] Figure 3 shows integrated areas of rthanmolipid peaks of P. chlororaphis NRRL B-30761

and its pBS29-P2-rfi4 B recombinant straias {clones 1 and 2} cultwed under non-stirring
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conditions. Monorbamnohipids (Rhi-C10-C12:1 and Rhi-C10-C12) eluted at retention times of

about 36.5 and 37.& nun, respectively.

[0082] Figwre 6 shows the production of monorhamnolipids by P. chiororaphis [pBS29-P2-

riid B] recombinant strain nnder static growth and at 200 rpm rotary shaking.

DETAILED DESCRIPTION OF THE INVENTION

[O083] A “protemn” or “polypeptide™ 1s a cham of ammo acids arranged in a specific order
deternuned by the codmg sequence m a polynucleotide encoding the protein or polvpeptide.

Each protein or polvpeptide has a unigue function.

[0084] The expression “heterologous nucleic acid sequence”, “heterologous polvnucleotide™ or
“heterologous gene™ as used herein, refers to a gene or polynuclectide or nueleic acid sequence
that 18 not m its natural environment {m other words, has been alfered by the hand of man). In an
exemplary embodiment, a heterologous polynuecleotide 1s a polynucleotide from one species that
13 mtroduced info another species. In another exemplary embodiment, a heterologous
polyvnuclectide can be a nucleic acid sequence jomed fo a regulatory element{s) .g., a promoter,
that 1s not found naturally associaied with the polyancleotide. Heterologous genes, heterologous
polynuclectides, hetferologous nucleic acid sequences are typically produced using recombinant

DNA techniques.

[0083] The terms “ixolated”, “purified”, or “biologically pure™ as used herem, refer to material
that 1s substantially or gssentially free from components that normally accompany the material i
its pative state, In an exemplary embodunent, purity and homogeneity are deteranned using
analytical chemistry techiniques such as polyacryvlanude gel electrophoresis or high performance
fipud chromatography. A nucleic acid that 1s the predominant species present in a preparation is
substantially purified. In an exemplary embodunent, the term “purified” denotes that a nucleic
acid or protem gives rise to essentially one band in an electrophoretic gel. Typically, isolated

nucleic ackds or proteins have a level of purity expressed as a range. The lower end of the range
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of purity for the component is about 60%, about 70% or about 8(3% and the upper end of the

range of puriy is about 7(%, about 8%, abms 90% or more than about 90%.

[0086] The tern: “nucleic acid”™ ax nsed hevewn, refers to a polvmer of ribonuclentides or
deoxvribomuclentides. Typically, “nucleic acid” polymers occur n esther single- or double-
stranded form, but are also known to form structures comprising three or more strands. The term
“mucleic acud” mcludes naturally occurring nucleie acid polymers as well as mucleie acids
conprising known nucleotide analogs or medified backbone restdues or inkages, which are
synthetic, naturally ocecurring, and non-naturally cccvrnng, which have similar binding
properties as the reference nucleic acid, and which are metabolized in a manner similar to the
reference nucleotides. Examplary analogs include, withont hmitation, phosphorothioates,
phosphoranndates, methyl phosphonates, clural-methyvl phosphonates, 2-O-methyl
ribonuncleotides, peptide-nucleic acids (PNAs). ©“ DNAY, “RNA", “polynucleotides™,
“polynucleotide sequence”, “ohigonucleotide™, “mucleotide”, “mucleic acid”, “nucleic acid
molecnle”, “nucleic acid sequence”™, “nucleic acid fragment”, and “isolated nucleic acid

fragment” are used interchangeably herein.

[0087] Unless otherwise mdicated, a particular nuclere acid sequence also imphieitly
encompasses conservatively modified vananis thereof (e g., degeneraie codon substifutions) and
complementary sequences, as well as the sequence exphlicitly indicated. Specifically, degenerate
codon substitutions nway be achieved by generating sequences m which the third posttion of one
or more selected {or all} codons is substifuted with mixed-base and/or deoxvinosine residues {see
e.g., Batzer er &f. 199}, Nucleic Acid Res. 19:5081; Ohtsuka ef @f. 1985, 7. Biol Chem.

260:2605-2608; and Rossohini ef gl 1994, Mol Cell Probes 8:91-58).

[0038] In addition to the degenerate nature of the nucleotide codons which encode amino acids,
alterations m a polynuclectide that result in the production of a chemically equivalent amino acid
at a given site, but do not affect the functional propertiex of the encoded polypeptide, are well
kmown in the art, Thus, a codon for the anuno acid alanme, a hvdrophobie ammo acid, may be
substituted by a codon encoding another less bydrophobic residue, such as glycine, or a more

hvdrophobic residue, such as valine, leucine, or isoleucine. Smilarly, changes which result in
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substitution of one negatively charged residue for another, such as aspartic acid for ghatamie
acid, or one positively charged residue for another, such as lysine for arginine or histidine, can

also be expected fo produce a functionally equivalent protein or polypeptide.

[0039] The term "label” as used herein, refers to a composition detectable by spectroscopic,
photochemical, biochemical, itnmunochemical, or chenueal means. Exemplary labels include
P, fluorescent dyes, eleciron-dense reagents, enzvmes {2.¢., as commonly used s an ELISA),
biotin, digoxigenin, or baptens and protems for which antisera or monoclonal antibodies are

available.

[0090] As used herem a nucleic acid “probe”, ohgonucleotide “probe™, or sunply a “probe”
refers 1o a nucleic acid capable of binding fo a target nucleic acid of complementary sequence
throngh one or more types of chemical bonds, usually through complementary base pairing,
usnally through hydrogen bond formation. As used herein, a probe may mchude natural (f.e., A,
G, C, or T} or modified bases {(e.g., 7-deazaguanosine, mosme, efc.}. In addition, the bases i a
probe miay be jomned by a hnkage other than a phosphodiester bond, so long as it does not
mterfere with hybridization. Thus, for example, probes may be peptide nucleic acids m which the
constitiient bases are jomned by peptide bonds rather than phosphodiester limkages. It will be
understood by one of skall i the art that probes may bind farget sequences lacking complete
complementarity with the probe sequence depending upon the stringency of the hybnidization
condttions. In one exemplary embodiment, probes are directly labeled as with ixotopes,
chromophores, luniphores, chromogens ete. In other exemplary embodiments probes are
mdirectly labeled e g, with biotin to which a streptavidin complex may later bind. By assaving
for the presence or absence of the probe, one can detect the presence or absence of the select

SEquence or BXI{)‘SG‘(}HQBCE.

[0091] Thus, the term “probe™ as used herein refers to a probe that 1s bound, either covalently,
through a linker or a chemical bond, or noncovalently, through tome, van der Waals,
electrostatic, or hydrogen bonds to a label such that the presence of the probe may be detected by

detecting the presence of the label bound to the probe.
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[0092] The term “primer” as used herein, vefers to short nucleic acids, typically a DNA
ohigonucieotide of at least about 15 nuclectides 1n leagth. In an exemplary embodiment, primiers
are annealed 1o a complementary target DNA strand by muclere acid hybridization to form a
hybrid between the primer and the target DNA strand. Asnealed pruners are then extended
along the target DNA strand by a DNA polvinerase enzvme, Primer pairs can be used for
amplification of a nucleic acid sequence, 2.g., by the polymerase chain reaction {(PCR) or other

nucietc-actd amplification niethods known i the art.

[0093] PCR primer pams are typically derived from a known sequence, for example, by using

1991, Whitehead

computer programs intended for that purpose such as Primer (Version 0.5
Instiiute for Biomedical Research, Cambridge, Mass.). One of ordmary skall m the art will
appreciate that the specificity of a particular probe or priuner mereases with its length. Thus, for
example, a primer comprising 20 consecutive nucleotides of a promoter complex sequence will
anneal 1o a related target sequence with a higher specificity than a corresponding primer of only
15 nucleotides. Thus, m an exemplary emibodiment, greater specificity of a nucleic acid primer
or probe 1s attamed with probes and primers selected to comprise 20, 25, 30, 35, 40, 50 or more

consecutive nucleotides of a selected sequence.

[0094] Nucleic acid probes and primers are readily prepared based on the nucleic acid sequences
disclosed herein. Methods for preparing and nsing probes and proners and for labeling and
gmidance m the choice of labels appropriate for various purposes are discussed, e.g., i Sambrook
et al., Moelecuiar Cloning, 4 Laboratory Mamial 20d ed. 1989, Cold Spring Harbor Laboratory;
and Current Profocols in Molecular Biology, Ausubel er o, eds., 1994, John Wiley & Sons}.
The term “recombinant™ when used with reference, 2.g., 1o a cell, or nucleic acid, protein, or
vector, indicatex that the cell, organism, nucleic acid, protein or vector, has been muodified by the
miroduction of a heterologous nucleic acid or protem or the alteration of a native nuclewe acid or
protein, or that the cell 15 derived from a cell so modified. Thus, for example, reconmbunant cells
express genes that are not found within the native {(non-recombinant or wild-type} form of the
cell or express native genes that are otherwise abnormally expressed, over expressed, under

expressed or not expressed at all.
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[0095] The teros “transgenic”, “ransformed”, “transtormation”, “transformed™ and
“transfection” are sinular in meanimng o “recombinant”. “Transformation”, “transgenic”, and
“transfection”™ refers to the transfer of a polvmuclentide nfo the genome of a host organism or
mnto a cell. Such a transfer of polynucleotides can result i genetically stable mherttance of the
polvnuelentides or in the polynucleotides remaming extra-clyomeosomally (vot mtegrated into the
chromasome of the cell). Genetically stable inheritance mayv potentially require the transgenic
orgamsm or cell 1o be subject for a period of tine to one or more comditions which require the
transeription of some or all of transferred polynucleotide in order for the transgenic organism or
cell fo hive andfor grow. Polynucleotides that are transformed mtfo a cell but are not mfegrated
mto the host’s chromosome remain as an expression vector within the cell. One may need to
grow the cell under certam conditions m order for the expression vector {o remam i the cell or
the cell’s progeny. Further, for expression to occur the organism or cell may need fo be kept
under cerfain conditions. Host organisms or cells confaining the recombinant polyancleotide can
be referred to as “transgenic” or “transtformed” organisms or cells or sunply as “transformants™,

as well as recombmant organisms or cells.

[0096] A method of selecting an 1solated polynucleotide that affects the level of expression of a
polyvpeptide m a virus or in a host cell {eukarvotic, such as plant, veast, fungi, or algae;
prokaryotic, such as bacteria) may mchude the steps of: constructing an 1solated polynuclectide
of the present invention; mtroducing the isolated polynucleotide mto a host cell; measuring the
level of a polypeptide in the host cell contaung the 1solated polynucleotide; and comparing the
level of a polvpeptide in the host cell containmg the izolated polvmucleotide with the level of a

polypeptide m a host cell that does not contamn the 1solated polynucleotide.

[0097] An “expression cassette” as used herem, refers to a nucleic acid construct, typically
generated recombmantly or synthetically, which comprtses a sertes of specified nucleic acid

elements that pernut transcription of a particular nucleic acid m a host cell

[0098] Tvpically, an “expression casseffe” 13 part of an “expression vector”. An expression
vector or simply a “vector”, as used herem, refers to nucleic acid capable of replicating in a

selected host cell or organism.  An expression vector can replicate as an autonomous structure, or
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alternatively can integrate mnto the host cell chromosomes or the nucleic acids of an organelle,
and thus replicate along with the bost cell genome. Thus, an expression vector are
polvnuclentides capable of replicating mn a selected host cell, organelle, or organism, e.g., a
plasoud, virus, artificial clromosome, nucleic acid fragment, and for which certamn genes on the
expression vecior are transcribed and translated into a polypeptide or protein withun the cell,
organelle or organisny; or any suiiable construct known in the art, which comprises an

“expressiofn cassette”.

[0099] The term “capable of hybridizing under stringent hybridization conditions™ as used
heremn, refers to annealing a first nueleic acid to a second nucleie acid under strmgent
hybrnidization conditions {defined below). In an exemplary embodiment, the first nucleic acid s a
test sample, and the second nuclere acid 15 the sense or antisense strand of a nucleic acid of
mterest. Hybridization of the fust and second nucleic acids 1s conducied nader standard stringent
conditions, e.g., high temperature and/or low salt content, which tend to distavor hybridization of

dissimilar nucleotide sequences.

[00100] Any expression vector contaumng the polvnucleotides described herein operably
hinked to a promoter is also covered by thus mvention. A polynuclectide sequence 1s operably
Imked to an expression controf sequence(s} {e.g.. a promoter and, optionally, an enhancer) when
the expression control sequence controls and regulates the transeription and franslation of that
polypucleotide sequence. An expression vecior is a replicon, such as plasnud, phage or cosnud,
and which contains the desired polynucleotide sequence operably linked to the expression
control sequence{s). The promoter nway be, or ix wdentical to, a viral, phage, bacterial, yeast,
msect, plant, or mammalian promoter. Simularly, the enbancer may be the sequences of an

enhancer from virus, phage, bacteria, yeast, insects, plants, or manunals.

[00101] The term “operably linked” refers to the assoctation of two or more nucleic acid
fragments on a simgle polynucleotide so that the function of one is affected by the other. For
exaniple, a promoter 18 operably hinked with a coding sequence so that the promoter is capable of
affecting the expresston of that coding sequence {i.e., that the coding sequence ix under the

transcriptional control of the promeoter). Codmg sequences can be operably linded to regnlatory
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sequences i sense or antisense onentation. When a promoter 13 operably linked fo a
polypuclecotide sequence encoding a protein or polypeptide, the polvnuclentide sequence should
have an appropriate start signal {e.g.. ATG) mn front of the polynucleotide sequence to be
expressed. Further, the sequences should be in the correct reading franme to pernut transcripiion
of the polyaucleotide sequence nnder the control of the expression control sequence and,
translation of the deswed polypeptide or protein encoded by the polvmucleotide sequence. If a
gene or polynucleotide sequence that one desires to mnsert nto an expression vector does not
contamn an appropriate start signal, such a start signal can be mserted 1 front of the gene or
polynncleotide sequence. In addition. a promoter can be operably linked to a RNA gene

encodmg a functional RNA.

[00102] The following terms are used to describe the sequence relationships between fwo
or more micleic acids or pobucleotides: “reference sequence”, “comparison wmdow”,
“sequence identity”, “percentage of sequence identity”, and “snbstantial identiiy”. A reference
sequence 15 a defined sequence used as a basss for a sequence comparison; a reference sequence

may be a subset of a larger sequence, or gene sequence given m a sequence listing.

(00103} The terms “identical” or percent “identity”, m the confext of two or more nucleic
acids or polypeptide sequences, refer to two or miore sequences or subsegquences that are the
same or have a specified percentage of anuno acid residues or nmucleotides that are the same {e.g.,
&5% wdentity, 90% wdentity, 99%, or 100% identity), when compared and aligned for maxunum
correspoadence over a compartson window, or designated region as measured using a sequence

comparison algorithm or by maoual alignment and visual mspection.

[00104] The phrase “substantially wdentical ”, 1n the context of two nucleic acids or
polvpeptides, refers to two or more sequences or subsequences that have at least about 85%,
identity, at least about 86%0, 87%, 88%, 89%, 90%, 91%, 92%, 9384, 94%;, 95%, 26%, 97%,
98%%, 99%, or 1009 nucleotide or amino acid residue dentity, when compared and aligned for
maxunum correspondence, as measurad using a sequence comparison algorithm or by visual
mspection. In an exemplary embodiment, the substantial identity exists over a region of the

sequences that is at least about 30 residues i length. In another exemplary embodiment, the
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substantial identity exists over a region of the sequences that is at least about 100 residues in
fength. In still another exemplary emibodiment, the substantial identity exists over a region of the
sequences that is at least about 150 residues or more, in length. In one exenmplary embodiment,
the sequences are substantially identical over the entire lenpth of nucleic acid or protein

Iequence,

[00105] For sequence comparizon, typically one sequence acts ax a reference sequence, to
which test sequences are compared. When using a sequence comparison algorithm, test and
reference sequences are entered mto a computer, subsequence coordinates are designated, if
necessary, and sequence algorithm program parameters arve designated. Default program
parameters can be used, or alternative parameters can be designated. The sequence comparison
algorithim then calculates the percent sequence identities for the test sequences relafive to the

reference sequence, based on the program parameters.

[o0106] A “comparison window”, as used herein, melndes reference to a segment of any
one of the number of contiguous positions selected from the group consisting of from about 20 to
abont 600, usually about 50 fo about 200, more usually about 100 to about 150 in which a
sequence may be compared {o a reference sequence of the same snmber of contignons posihions
after the two sequences are optimally aligned. Methods of alignment of sequences for
comparison are well-known in the art. Optimal abhpnment of sequences for comparison can be
conducted, e.g., by the local homology algorithm of Smith & Waterman, ddv. Appl Mearh, 2:482
{1981}, by the homeology alignment algorithun of Needleman & Wunsch, J. Mol Biol 48:443
{1970}, by the search for sinularity method of Pearson & Lipman, Proc. Na#l. dcad. Sci. US4
35:2444 {1988), by conynterized nuplementations of these algontbms (GAP, BESTFIT,
FASTA, and TFASTA i the Wisconsuin Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, WI}, or by manual alignment and visual inspection {see, e.g., Current

Protocols in Melecular Biology (Ausubel e &/, eds. 1995 supplement}).

[00107] An exemplary algorithm for sequence comparison 13 PILEUP. PILEUP creates a
owiltiple sequence alignment from a group of related sequences using progressive, pairwise

alignunents to show relationship and percent sequence identity. It alxe plots a tree or dendogram
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showing the clustering relationships uxed to create the alignment, PILEUP uses a sunplification
of the progressive aligninent method of Feng & Doolittle. J. Afol Evol 35:351-360 {1987}, The
method used is smular to the method described by Higgins & Sharp, C4BI08 5:151-153 (1989},
The program can align up to 300 sequences, each of a maxunum length of 5,000 nucleotides or
amino acids. The mwltiple alignment procedure begins with the pairwise aligninent of the two
most similar sequences, producing a cluster of two aligned sequences, This cluster i then
aligned to the next most related sequence or cluster of aligned sequences. Two clusters of
sequences are aligned by a sumple extension of the panwise alignment of two mdividual
sequences. The fmal alignment 15 achieved by a series of progressive, panrwise alignments. The
program is run by designating specific sequences and their ammo acid or nucleotide coordinates
for regions of sequence comparison and by designating the program parameters. Using PILEUP,
a reference sequence s compared to other test sequences to determine the percent sequence
wlentity relationship usmg the following parameters: default gap weight (3.00), defanlt gap
length weight (0.10}, and weighted end gaps. PILEUP can be obtamed from the GCG sequence

analysis software package, e.g., version 7.0 (Devercaux ef o/, 1984, Nue. doids Res. 12:387-305.

[00108] Another example of algorithm that is smtable for determining percent sequence
identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described
mn Altschul ef ¢f., Nuc. Acids Res. 25:3389-3402 (1977) and Alischul er &d.. J. Mol Biol.
215:403-410 {1990}, respectively. Software for performing BLAST analyses is publicly available
through the National Center for Biotechnology Information (hitp://www ncbindm. b gov’y. This
algorithm nvolves first identifving high scoring sequence pawrs {HSPs} by wdentifying short
words of length W in the query sequence, which etther match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a database sequence. T 1s
referred to ax the neighborhood word scove threshold {(Altschul ef ¢, 199G}, These mtial
neighborhood word bits act as seeds for mnifiating searches to find longer HSPs containing them.
The word hits are extended 1 both directions along each sequence for as far as the cumulative
alignment scorg can be mereased. Cumulative scores are calculated nsing, for mucleotide
sequences, the parameters M (reward score for a pair of matching residues; always »0) and N
{penalty score for mismatching residues; always <0}, For anuno acid sequences, a scoring matrix

15 used to caleulate the cumulative score. Extension of the word hits in each direction are halted
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when: the conmlative alignment score falls off by the guantity X from its praximnm aclueved
valne; the cumulative score goes 1o zero or below, due to the accumulation of one or muore
negative-scoriag residue alippments; or the end of esther sequence is reached. The BLAST
algorithm parameters W, T, and X determine the sepsitivity and speed of the alignment. The
BLASTN program (for nucleotide seguences) nses as defanlts a wordlength (W)Y of 11, an
expectation {E} or 183, M=3, N4 and a comparisen of both strands. For anuno acid sequences, the
BLASTP program uses as defaulis a wordlength of 3, and expectation {E} of 10, and the
BLOSUMS2 scoring matrix (see Henikoff & Henikott, 1989, Proc. Narl dcad. Sci. US4
89:10915) alignments (B} of 50, expectation {E) of 10, M=5, N=4, and a comparison of both

strands.

[00109] The BLAST algorithm also performs a statistical analysis of the simidarity
between two sequences {see, e.g., Karhn and Altschul, 1993, Proc. Natl. dcad Sci. USA

3 3873-5787). One measure of suulanity provided by the BLAST algorithm 15 the smallest stun
probabibity (PIN)), which provides an indication of the probability by which a match between
two nucleotide or amino acid sequences would occur by chance. For example, a nueleic acid 15
considered similar to a reference sequence if the smallest sum probability i a comparison of the
test nuclerc acid to the reference nucleic acid is less than about 0.2, more preferably less than

abont 0.01, and most preferably less than about (.001.

[00110] An indication that two nucleic acid sequences or polypeptides are substantially
wlentical ix that the polypeptide encoded by the first nucleic acid 18 Imowmnologically eross
reactive with the antibodies raised agamnst the polvpeptide encoded by the xecond nucleic acid, as
described below. Thus, a polyvpeptide 1s typically substantially identical to a second polypeptide,
for example, where the two peptides differ only by conservative substitutions. Ancther mdication
that two nucleic acid sequences are substantially wlentical is that the two molecules or then
contplements hybridize to each other under stringent conditions. as described below. Yet another
mdication that two nucleic acid sequences are substantially identical ix that the same primers can

be used to amplify the sequence.
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[00111] The phrase “selectively hybridizes to™ or “specifically hvbridizes to" refers to the
binding, duplexing, or hybnidizing of a molecule only to a particular nuclentide sequence under
sfringent hvbridization conditions when that sequence is present in a complex puxture {e.g., fotal
cellular or library DNA or RNA). In general, two nucleie acud sequences are said to be
“substantially identical” when the two molecules or their complements selectively or specifically

hvbridize to each other under stvingent conditions,

[00112] The phrase “stringent hvbridization conditions™ refers to conditions under which a
probe will hybridize fo ifs target subsequence, typically m a complex mixture of nucleie acid, but
to no other sequences. Stringent conditions are sequence-dependent and will be different in
different circumstances. Longer sequences hybridize specifically af higher temperatures. An
extensive guide to the hybnidization of nucleic acids 1s found mn Tissen, Techniques
Biochemistry and Molecular Biology-Hybnidization with Nucleic Probes, "Overview of
principles of hivybridization and the strategy of nueleic acid assays” {1993). Generally, sinngent
conditions are selected 1o be about 5-10°C lower than the thermal melting point {Ty,) for the
specific sequence at a defined 1one strength pH. The Ty, 1s the temperature {under defined omic
strength, pH, and nucleic concentration) af which 50% of the probes complementary to the farget
hivbridize {0 the target sequence at equilibrinm {as the targef sequences are present i excess, at
T 50% of the probes are occupied at equilibrnun). Stningent condifions will be those m which
the salt concentration s less than about 1.0 M sodmum ton, typically about 0.01 to 1.0 M sodmm
ion concentration {or other salts) at pH 7.0 to £.3 and the temperature is at least about 30°C for
short probes {e.g., 10 to 50 nucleotides) and at least about 60°C for long probes {e.g., greater than
50 nucleotides). Stringent conditions may also be achieved with the addition of destahilizing
agents such as formamude. For hugh stringency hybridization, a positive signal ix at least two
times background, preferably 10 times background hvbridization. Exemplary high stringency or
sfringent hvbridization conditions include: 50% formamide, 3xSSC and 1% SDS mcubated at
42°C or 5xSSC and 1% SDS incubated at 65 °C, with a wash in 0.2xSSC aad 0.1% SDS at 65°C.

However, other bigh stringency hybridization conditions known in the art can be used.

[00113] Nucleie acids that do not bybridize to each other under stringent conditions are

still substantially identical if the polvpeptides that they encode are substantially 1dentical. This
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situation can occur, for example, when a copyv of a nucleic acid 1s created using the maximmm
codon degeperacy permitied by the genetic code. In such cases, the nucleic acids tvpically
hybridize under moderately stringent hybridization condstions. Exemplary “moderately stringent
hybridization conditions” melude bybridization in a buffer of 40% formanude, I M Na(l, 1%
SDS at 37°C, and a wash in 1xSSC at 45°C. A positive hybridization is at least twice
background. Those of ordinary skall will readily recognize that alternative hybridization and

wash conditions can be utihized to provide conditions of sunilar stringeney.

[ooti4] This mvention utilizes routine techmaques m the field of molecular biology. Basic
texts disclosing the general methods of use 1 this invention inchade Sambrook ef o/, Molecular
Cloning--A Laboratory Manual {2nd Ed.), Vol. 1-3, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., 1989; Kriegler, Gene Transtfer and Expression: A Laboratory Manual {1990); and
Current Protocols m Molecular Biology (Ausubel ef o/, eds., 1994). 1inless otherwise noted,
technical terns are used accordmg to conventional usage. Definttions of common terms
molecnlar biclogy maybe found in e g, Benjamin Lewin, Genes IX, published by Oxford
University Press, 2007 (ISBN 0763740632} Krebs, o7 /. (eds.), The Encyclopedia of Molecnlar
Biology, published by Blackwell Science Ltd., 1994 {ISBN 0-632-02182-9); and Robert A.

Mevers {ed.), Molecular Biology and Biotechnology: a Comprehensive Desk Reference,

published by VCH Publishers, Inc., 1995 (ISBN 1-56081-369-8).

[00115] For nucletc acids, sizes are given i either kilobases {kb) or base pairs {bp).
Estimatex are tvpically derived from agarose or acrylamide gel electrophoresis, from sequenced
nucleic acids, or from published DNA sequences. For protems, sizes are given in kilodaltons
{kDa} or anuno acid residue numbers. Proteins sizes are estimated from gel electrophoresis, from

sequenced proteins, from derived amino acid sequences, or from published protein sequences.

[00116] Oligonuclentides and polynucleotides that are not conunercially available can be
chemically synthesized e.g., according to the solid phase phosphoramdite triester method first
dexcribed by Beaucage and Caruthers, Tetrabedron Leifs. 22:1859-1862 {1981), or using an
automated synthesizer, as described in Van Devanter ef g/, Nucleic Acids Res, 12:6159-6168

{1984). Other methods for svnthesizing ohigonuclentides and polynucieotides are known in the
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art, Purification of oligonucleotides is by etther native acrvianude gel electrophoresix or by

anmon-exchange HPLC as described 1 Pearson & Reamter, J Chrom. 255:137-149 {(1983).

[00117] The sequence of the cloned genes and synthetic oligonucleotides can be verified
after cloming using, e.g., the chain termination method for sequencing double-stranded ternplates
of Wallace er al., Gene 16:21-26 {1981}, Using of machines for sequencing DNA or RNA i3
known in the art field.

[o011g] A “cell” mncludes prokarvotic cells, eukaryotic cells, viruses, fungi, and other
stmilar organisms. Bacleria are an example of prokarvotic cells. Plants, algae, mammals, birds,

fish, reptides, amphibians are examples of eukarvotic organisms that have cells.

[oo119] Twrning now to the mvention described herem, genes encoding
rhamnosyliransferase A and rhamnosylransferase B (r%14 and 1/¢/B, respectively) present m
Pseydontanas chlororaphis NRRL B-30761 are 1solated and sequenced. In addition, the gene
encodmg N-acyl-homoserme lactone-dependent franscription regulator (rAIR) 1s also wolated and
sequenced. I is discovered that 2. chlororaphis NRRL B-30761 lacks the gene encoding
rhamnosyvliransferase C which could possibly explamn why 2. chlororapfis NRRL B-30761 does
not produce dithamnose-hipid. The gene for rhammnosyltransferase C {rA{C) 15 1solated from
another bacteria, 1s sequenced, and 1s placed m an expression vector which 1s subsequently
transfected mto P. chlororapiis NRRL B-30761. The recombinant P. chlororaphis NRRL B-

30761 1s then able to produce dihamnose-hipid.
Example 1 Cloning and charactenization of rild, #//B, and riR

[00120] Psendononar chlororaphis NRRL B-30761 1s a non-pathogenic organism that

-

produces monorhamnolipids (R L3 (118, Patent 7,202, 063). Genetic characterization of this
sirain 1s undertaken to facilifate metabolic engmeering effort to mmprove its rhamnohipid
biosynthesis potential both m terms of product yield and structural vanety. The genes
responsible for RyL synthesis, rthamnosyltransterase A and B (rh4 and r/i/B, respectively} are
cloned and characierized using a PCR approach described previously {Solaiman 2000,

Biotechnol. Lett, 22:789-794; Solaiman, e al. 2008, J. of Industrial Microbiology and
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Biotechnoiogy 33:111-120). Prior to nutiating clonmng of riild and ri/B, sequence alignment

analysis is performed on the reported sequences of #/1id and rtiB of Burkholderia psendomaliei
KO6243 (g1 33721039, Bwrkholderia mallei ATCC 23344 (g1 537153870), Pseudomonas
aeruginosa PAQL (g1 153595198), F. geruginosa PAQ1T (g1 9949611) and P. geruginesa DSM
2659 {g1 452502}, From the highly conserved regions identified in the aligned sequences, a set
of degenerative PCR primers {Al, A2, A3 and A4; Table 1} ix generated to perform nested PCR

amplification.

Table 1

Primer Sequence {(5° — 37}

Al GTSAACGGUGUGMTGGCGAC (SEQ IDNO: 1)

A2 GCRTTGTCGAACTGRTCGTG {SEQ ID NQ: 2)

A3 ACSAAGGACGACGAGGTGGA (SEQ ID NO: 3)

Ad KGUTGSGSCGGUGCGAACCA {SEQ ID NO: 4)

[ooi21] Primers Al and A2 are used m the first-ronnd PCR usmg Tag DNA polvymerase

{New England Biolabs, Ipswich, MA}) per suppher’s mstruchions with the following thermal-
cvehng program: 94°C, 5 munntes; 42°C, 1 mmute; 72°C, 2 nunutes; then 30 oyeles of {94°C, 40
seconds; 55°C, 40 seconds; 72°C, 1 nmunute]; and finally 72°C, 7 nunutes. The resultant reaction
product mixture is used as templates for the ensnmng nested PCR using primers A3 and A4 and

performed under the same conditions as described.

[ooi22 The PCR amphification generated amphicon A which 1s 1.33-kb and spans the 3°-
end of thammosyltransterase A (-#ldp.;) and the 57-end of rhamnosyliransferase B (rhiBp.)

genes of 2. chiororaphis. See Figure 2. The nucleotide sequence of amplicon A 1 determined
on Applied Biosystems 3730 DNA Analvzer (Life Technologies Corp., Carlsbad, CA) using
manufacturer’s mstructions. Two sels of target-specific primers are generated based on the
sequence of amplicon A, These target-specific primers are used to amplify the flanking genonuc
sequences by a chromosomal gene walking approach using Seegene’s DNA Walking Speedup

Kit (Rockville, MD) per manufacturer’s mstructions. One set of the target-specific primers,
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TSP-B1 {'-CCAGGUGCAAACGACATCAL-3 (SEQ ID NO: 5} and TSP-B2 {5'-
CCCAGGACACGGAAACCAAG-3 {SEQ ID NQ: 6)), are used to obtain amplicon B which is
1.1 kb long (zee Figure 2}. Amplicon B 1s sequenced on Apphied Biosvstems 3730 DNA
Analyzer (Life Technologies Corp., Carlsbad, CA) using manufacturer’s mstructions to obtamn s
nucleotide sequence. Another set of target-specific pramers, TSP-C1 (57-
GGCGCTTGCCATTGACTCTG-3" (SEQ ID NO: 733 and TSP-C2 (57
CAACGCACTACGCCACAAAC-3" {SEQ ID NQ: 8)), are used to obtain amplicon € which ix
0.7 kb long {see Figure 2. Amplicon € 15 also sequenced on Applied Biosystems 3730 DNA
Analyzer {Life Technologies Corp., Carlsbad, CA) using manufacturer’s mstractions. A third set
of target-specific primers, TSP-D1 (5 -CTGGACGATGCGATCACAACG-3’ {SEQ ID NG: 9))
and TSP-D2 {(3°- CTGCGACGCTGCCTCTTGTGAA-Y (SEQ ID NO: 10}) are designed based
on the sequence of amphicon C and are used to generate amphicon D {1.02 kb) which 1s also
sequenced on Applied Biosystems 3730 DNA Analyzer (Life Technologies Corp., Carlsbad, CA}
using manufactorer’s mstructions. The sequences of ampheons A, B, € and D are assembled
mto a contigunous 3,900 bp-long sequence {GenBank accession number IN415770). Fowr
potential gene sequences are identified through an open-reading-frame search using PC-based
Clone Manager 9 (Scientific and Educational Software, Cary, NC). Based on sintlarity analyses
of these DNA sequences nsing BLAST, the contiguous sequence is annotated with a parfial {i.e.,
C-terminal portion) acomitate hydratase gene {zcnB), and the complete #fildpy, (894 bps, SEQ ID
NQO: 12), vAiBp; (1,272 bps, SEQ ID NO: 14), and r#/Rp. {726 bps, SEQ ID NO: 16) {see

Figwre 2}.

[00123] A comparison of the structural featwres of the gene-products of riildp., (ie.,
RhlApy), #iiBpy (2., RbiBpw). and rtiRps (i 2., RilRpa) 18 performed with proteins haviag
some sequence homology and that are published in GenBank. BLASTP analvsis reveals that the
putative amino-acid sequence of RblApy, (297 residues, SEQ ID NO: 11) 15 only 63%5 identical
{in a 278 amino acid highly conserved segment) to s closest-matched RblAp,, sequence of P.
aeruginosa {(GenBank Accesion No. AAGO6867}, The hughly conserved 278 aming acid region
contains an alpha/beta-hydrolase domain likely to be mportant for enzyvine activity. The C-
termuns (17 anuno acids) of RhdApy, Iacks appreciable sinularity to RbiAp,. C-ternunus, and the

BLASTP analvsis fails to identifv a sequence having high simularity. RhA catalvzes the
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reaction of two molecules of 3-hydroxyacvi-acyl carrier protein (ACP) to form 3-
hydroxvalkanoyl-3-hvdroxyalkanoate (Zhu and Rock, 2008. J. of Bacreriology 190:3147-3154)
that 1s then mcorporated into thanmolipid. RIA thus catalvzes the first committed step of
rhamnohipid biosvnthesis (Déziel, ef af. 2003 Microbiclogy 149:2003-2013; Van Genmp, ef &l

2009, dcra Parhelogica, Microbiologica, et Immunologica Scandinavica 117:537-3463.

(001241 Nt wishing to be bouad to any particular theory, the dissinularity of the anuno
acid sequence of RhlApy, to the corresponding eazyme in P. geruginosa could explain the
observation that P, chlororaphis syathesizes thamnolipid having mostly 3-hydroxydodecanovl-
3-hydroxydecanocate {C»-Cie) (30%) or 3-hydroxvdodecenovi-3-hydroxvdodecanoate {Ci21-Cup)
{40%) as its hpad component {(Gunther, ef o/, 2005), m contrast to the major thamnolipids of P.
geraginosa containg primardy 3-hvdroxydecanovi-3-hydroxydecanocate {Cy-Cig) (Zhu and
Rock, 2008: Abdel-Mawgoud, or /. 2010). This hvpothesis provides support to an earlier
hivpothesis that the type of faity acids mcorporated mto thamnobipid is dictated m part by the
spectficity of RhlA | and not by the relative abundance of the fatly acid precursors {Cabrera-

Valladares, er al. 2006).

[00125] RhiB enzyme catalyzes the transfer of the first L-thamnose moiety from dTDP-L-
rhanmose onto the dimeric hvdroxyiatty acid entity of thammnobipid (Cabrera-Valladares, ef al.
2006). A BLASTP analysis of RhiBpg, (423 anuno acid; SEQ ID NO: 13} mdicates that RhiBpey
has 63% identical (74% positives) amino acid residues to those of its closest-matched
counterpart, RhiBpg (426 avune acid) of P aerginosa {GenBank Accesion No.

YP 0013470321}, The entire length of RbiBpy has a conserved protein doinam that belongs to
the GTB-tvpe superfanuly of glycosyltransferases (Marchler-Bauer, er af. 2011, Nucieic dcids
Res. 39:D225-D229% These glvcosyltransferases ave typically characterized by two structurally
conserved (but aot necessarily anune acid sequence bomologous) domains separately located at
the N- and C-termuni of the protein, with the cleft region between the two domams contaming the
catalvtic site. Again, not wishing to be bownd to any particular hypothesis, the degree of
sequence dissimilarity between RhiBp,, and RhiBp, may partially account for thewr respective

reactivity toward Cia-Cio/Ci2-1-Cip and Cip-Cip 1n the Ry L synthesis step of the pathway.
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[00126] RUR 1s an N-acvl-homoszerine lactone-dependent transcription regulator protemn
that controls the transcription of #/il4 and IR genes via the v/ quornme-sensing circutry {Chen,
ef al. 2004, Biotechnology Progress, 2001325-1331; Dekumpe and Déziel 2009. Microbiology
155:712-723). Sequence comparison of RhlRpy (241 anuno acid, SEQ ID NO: 15) and #ts
closest homuologue RhiRpy, o of P. chilororaphis subsp. aureofaciens {241 anuno acid; GenBank
Accession No. AAK73190) by BLASTP demonstrates ondv 66% identical amino acid over the
entire length of the protein. Not wishing to be bound by one particular hyvpothesis, this structural
diversity may well translate into functional difference that leads to the observation that
rhammolipid 15 only syathesized by P. cilororaphizs NRRL B -30761 grown ander non-stirring

conditions.
Example 2 Absence of mHiC n P. chlororapiiis

(00127 It 15 hypothesized that the lack of RoL m £, chlororaphis NRRL B-30761 15
caused by the abseace of ##C coding for the enzyme that catalyzes the addition of rthanmnose
motety oate RiL {Cabrera-Valladares, er @f. 2006). Using PCR, the presence of #4/C m stram P,
chiororaphis NRRL B-30761 ix examined. Degenerate, nested PCR primers {17 -round forward
primer CL13-131-C8 (SEQ ID NO: 17) and reverse pruner CL13-131-D36 {SEQ ID NO»: 18),
2™ round {i.e., nested) forward primer CL13-131-C3 {SEQ ID N 19} and reverse printer
CL13-131-D34 (SEQ ID NQ: 20)) are designed based on alignment analysis of known ##/C
genes m GenBank, and iested on P. aerugivose PAOT (provided by Dr. P. Castric, Duquesne
University, Pitisburgh, PA} and PG201 strams. PCR 1s performed using Tag DNA polymerase
{New England Biolabs, Ipswich, MA) with the following thermal-cvching program: 94°C. 5
mianutes; 42°C, | nunute; 72°C, 2 minutes; then 30 cyeles of [94°C, 40 seconds; 55°C, 40
seconds; 72°C, 1 munute]; and finally 72°C, 7 nunutes. When usmg the two sets of primers, a
promianent amphicon af the expected size of 0.4-kb 1s observed i an agrose gel. The 0.4-kb DNA
fragment 1s 1solated by agarose-gel elution using a Rapid Gel Extraction System (Marhigen
Biosciences, iamsville, MD}. It is then blunt-end higated into a Imearnized pT7Blue-3 vecior
using a Perfectly Blunt Clonng Kit (Novagen, Madison, W1} according 1o the manufacturer’s
mstructions. The recombmant DNA 15 transfected mto competent £, cofi DHSo (Invitrogen,
Carlsbhad, CA) using mannfacturer’s mstructions followed by isolation of the amiplicon by nsing

GenElute Plasnud Prep Kit {Sigma-Aldrich, St. Lows, MOj) accordmg to manufacturer’s
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mstructions and sequencing of the amplicon on Applied Biosystems 3730 DNA Analyzer {Life
Technologies Corp., Carlsbad, CA) using manufacturer’s mstructions. Nucleotide sequencing
definitively confums that a piece of #i/C gene was amplified using the nested PCR protocol.
When the same aested PCR protocol 1s applied to the genonue DNA of P. cifororaphis NRRL
B-30761 using the same four nested primers, the specific amplified DNA fragment of the
anticipated size of G.4-kb ix not obtamned. Nevertheless, nonspecific baads i the region of 0.4 kb
are excised, and thewr nucleotide sequences are deternuned after snbcloning them wto £.coli
using pT7Blue-3 vector according to the manufacturer’s mstructions. None of these subceloned
amplicons (13 randomly chosen cloned amplicons ranging m size from 0.4- to .6-kb) contain
nucleotide sequences over their entire length that matched »%#/C on BLAST analyses. These
resulis suggest that the lack of RyL synthesis by P. cfforeraplis NRRL B-30761 1s hikely caused
by the absence of ¥4/ or a gene even shghtly homologous to the sequences of ##/C found

R;L-producmg organisms such as P. aeruginosa.

Example 3 Construction of recombinant P. chlororaphis expressing a heterologons

rthanmosyltransterase C

[00128] A goal of generating a genetically engineer nonpathogenic . chloverapiis NRRL
B-30761 which 1s capable of producing Ro1L. is undertaken by first transfecting and then
expressmg P. geruginosa vhlC m P chlororaphis. Such a transgenic bactermum wonld be
valuable for use i the production of R;L mtended for food and medical applications that are
seqsitive to the potential occurrence of even a trace amount of pathogenic sabstance{s} u the
product. Using the nested PCR procedure described above m Example 2, r#iCp,. 11 2.
ageraginosae PAQ1L 1s amplified. In the first-ronnd PCR, primers CL-14-134UUP (SEQ ID NO: 21
and CL-14-134DOWN {(SEQ ID NO: 22} which are designed based on the #4/C and flanking
sequences of P, qeruginose PAO!T genomes {GenelD): 8776635) are nsed. In the second-round,
primers RTII-UP (SEQ ID NO: 23) and RTH-DOWN (SEQ ID NO: 24) {see, Ralum, of o/, 2001.
Molecular Microbiology 40:708-718) are used but with BasnHI sife built into the 5 -ternunus of
RTH-UP mstead of EcoR], and HindIll sate m RTII-DOWN instead of BamHI. This nested PCR
procedure results m the isolation of a 1.2-kb amphicon maiching the expected size of the 2.
aeruginosa ridC. Ths amplicon 1s blant-ended using Perfectly Blunt clonmg kit {Novagen,

Billerica, MA) per manufacturer’s mstructions. This 1.2-kb amplicon 1s sphiced mto the blunt-
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end Sspl site of a previously described expresston vector pBS29-P2-gfp containiag a P. syringae
P2 promoter (Solaunan and Swingle, 2010, New Biotechnology 27:1-9) which is
dephasphorylated using calf utestinal alkaline phosphatase eazyme (Invitrogen, Carlsbad, CA)
per manufacturer's structions. The P2 promoter is a constitutive promoter from £ syringae
and is active in P. chiororaphis. Two reconibinant plasnuds, pBS29-P2-#iiUp,, {in wlich the
#R{C 15 aligned with the promoter P2} and pBS29-P2-10v-r#/Cp,, (it which the orientation of
##iC 1s opposite to promoter P2), are first constructed and transfected in competent £, cofi DHS3a
{Invitrogen, Carlsbad, CA). The £ coli are grown and undergo a plasmid mwmiprep to isolate the
pBS29 vector using the Zyppy Plasmid Miniprep Kit {Zymo Research, Irvime, CA}, and the
pertinent nucleotide sequences {especially #H¥Cp,.} are venfied by sequence determination using
Apphied Biosystems 3730 DNA Analyzer (Life Technologies, Carlsbad, CA)Y. The nucleotide
sequence of rfi/Cp,, 1s m SEQ ID NO: 25 and the ammo acid sequence of RhiCp,,. 15 in SEQ ID
NO: 26 {GenelID): 8§77665). The recombinant plasmmds and the vector (f.e., pBS29-P2-¢fp as
negative control} are then individually electroporated mnto 2. chlororaphis NRRL B-30761 using
a previously described protocol (Soliaman, 1998, Biotechnol. Technigue 12:829-832) 1o obtamnn 3
transformant strains separately contammg the vector, the pBS29-P2-1#/Cp,,, and pBS29-P2-mv-

e
Pl pgg.

[00129] It 1s noted that mstead of using pBS29-P2, one could use any expression vector
contanung an mducible or constitniive promoter that 1s achive m Pyendomonas spp. and which
replicates in Pseudomonas spp. Further, the use of tetracvcline resistance and kapamvomn
resistance genes within pBS29-P2 or any other expression vector is not necessary because other
selection marker genes are known i the art field and could be used. In addition, one could
delete gfp from pBS29-P2 and still have an acceptable plasnud to use for expression of r5IC.
Alternatively, #RIC could be stably integrated mto the genome of the Pyendomonas spp. using
honologous recombination. See, e.g., Casey, af «f. 1991 Appl. Environ. Micrebiol. 37{8)2677-

2682, and Ravata, et al. 1998 J. Bacteriol. 180(17): 4360-4369,

Example 4 Production and characterization of Ryl from F. chlororaphis [pBS29-P2-r#tlCr,.).
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[00130] The next step 15 to test the ability of . chiororaphis [pBS29-P2-rhiCp,. to
biosynthesize RoL in defined mediun. Cultures of P chlororaphis [pBS29-P2-riiCp,,] or the
control strain harboring plasmid [pBS29-P2-gfp} are grown m six I-L Erlenmever flasks each
contaming 200 mlL of a Mineral Salts Medmm (MSM) contaiming 2% glucose and 33 pg/mi.
kanamycin. {See {Gunther, er ai. 2005 and U5, Patent 7 202,063.} Culbtures are grown i a
refrigerator-mcubator at 23°C without shakimg. At day 7, the culnres from all six flasks for each
orgamsm are pooled and lyophbilized until dry. The weight of the dry cultizre 1s recorded as the
cell-dry-weight vield. The entive dried material (15-20 g, see Table 1) is successively extracted
twice with 1530 and 75 mL, respectively, of an ethanol/chloroform {1:2 v/v) mixhwe. The extract
is filtered through Whatman No. 2 paper. The solvent of the clarified exiract 1s removed by
evaporation usig a Buchi Rotovapor R-124 {Brinkmann Instruments; Westbwry, NY) unti a
syrapy material remained in the round-bottom flask. The flask s placed in a desiecator under
vacuum for further drving. The weight of the drv svrupy material is recorded as crude

rhamnolipid vield.

(00131} After Ivophilizing the entwe culture at the end of fermentation, the dried matenials
are subject to direct organic solvent-extraction. The solvent is removed by evaporation to obtamn
crude rhamnolipid preparations, which has a syrupy consistency. The weight of the crude
rhammolipid syrup is recorded as product vield value. Resnlts in Table 2 demonstrate that 2.
chiloreraphis transformant containing pBS29-P2-rhiCr,, produces crude rhanmmolipid at a vield
of 290 mg1 2 L of culture, with a total cell-drv-weight vield of 18.3 g {per 1.2 L cultwre}. In
comparison, £. cilororaphis [pBS29-P2-gfp] control stramn yields 310 mg crude rhamnolipid and
16 g of cell-dry-weight under sumilar fermentation conditions. No appreciable difference mn
terms of cell growth and rhamaolipid synthesis 1s observed between the transformant expressing
heterelogous riiCe,, and its control couaterpart expressing gfp {Solaiman and Swingle, 2010)

{see Tabie 2).

Table 2. Large-scale thamnolipid yields

Sirain Cell Dry Crude rhamnolipid® | Purified Purified
Weight® (g} | {mg) R;L {mg} R:L {mg}
P chiororaphis [pBS29-P2- 16.0 310 93 nd "
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gfir]
P. chlororaphis [pBS29-P2- 18.3 73, 290 35,125 37.89
FCpael
* Materials were obfained from 1.2 L cultures
® No RoL was chromatographically isolatable
(00132 The total thamnpohipid vields, however, are lower than the values reported

previously {Gunther, ef «/. 2005}, Not wishing 1o be bound to any particular hivpothesis, one
possible explanation for this vield reduciion is that the expression of a heterologous gene {f e,
#AIC m ihe fest stram or gfp m the control sample) 1s metabolically {e.g., reducing power of
NADH and FADH;) and/or energetically {e.g., ATP or other molecules with high-energy bond)
demanding, resulfing m the diversion of resources from rhamnolipid synthesis, Also, if 13
possible that the use of an antibiotic (in this case, kanamycm at 35 pg'mL) to ensure plasmd
stability negatively affects the overall vields of cell biomass and metabolite {7 e., thamnolipid}
syntheses. Bacterial thanmoliptd synthesis bas alwavs been plagued by msufficient vield to
achieve commeercial viability. A lsterature survey on this subject generally shows that the
reported vielids for thamnolipid production are typically < 1 g /L culture under batch-
fermentation conditions. {See, Dubev and Juwarkar 2001, World J. Microbiol. Biotechnol.
17:61-9; and Santa Anna, e of. 2002, Brac. J. Chem. Eng. 19:1539-66.) For valid comparison,
only isolated rhanmolipid vields and not those colorimetrically determined concentrations are
considered here. More complex or sophisticated fermentation svstem, such as the recently
reported 4-cycle bioprocess (Heyd, ef ol 2011, Biofechnology Progress 27.706-716), could in
fact lead to an mcreased production of rhamnolipid resnlting in hugher product yield. In this
method, bacteria are entrapped m magnetic alginate beads. After each cvele of fermentation, the
beads are held by magnetic field while the culture broth is drained to harvest the thamnolipids.
Fresh culture broth s replenished, and another cyele of fermentation ix performed with the
retamned unmobilized bacterta. It 1s envisioned that this fermentation method with the P.
chlovoraphis strams described herein could lead to bigh-vield production of rhanmelipid from

nonpathogenic bacterial host.
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Example 5 Clhromatographic separation of rhampolipid, LC/MS determination, and fensiometiie

measurement.

[60133] To quantify the relative amounts of Ryl and R;L that were produced, one pust
physically separate and weigh them. While a technique such as LC/MS can in principle provide
equivalent nformation, if the sample 1s a complicated nuxture of manv compounds, as these are,
baseline separation and integration of peaks may be difficult to achieve. Separation using silica
gel chromatography is feasible to perfirmi. The crude material obtamed by ethanol/chloroform
extraction {see Example 4 above) 1s dissolved 11 90:10 chloroform/methanol and 1s apphedioa
column of 50 g silica (Fisher Scientific; Fairlawn, NJ) that 1s packed with the same solvent.
Elation with thus solvent affords a non-polar fraction which 15 not characterized or identified.
Monorhamnolipids, mncluding RyL, are eluted next from the columm by adding a more polar
solvent mixture of 80/20/1 chlorofornvmethanol‘water {solvent A} to the column. Finally, the
dithamnolipids, being more polar, are challenging to elute, and require a small amount of acetic
acid m the elution solvent to remove them from the silica. Thus, 70:30:2:0.4
chioroform/methanol/water/acetic acid {(solvent B) 15 added to the column, which 1s sufficient to
ehate both the RoL and an nmdentified compounnd. The fractions containing these two
compounds {i.e., RoL and the unknown contaminant) are pooled, dried, and re-apphied to a new
silica gel colummn {30 ¢} packed mn solvent A, The unknown contaminant 1s rersoved with thas
solvent, and then the R;L 1s eluted with solvent B. For RyL and R;L samples, fractions are
poeled and dried, then stored under vacuwn in a desiceator uatil constant weight is attamed.
Two separate preparations from the transformant P, chioreraphis [pBS29-P2-rkiCs,,} are treated

in this manner.

[00134] The first crade rhanmolipid preparation vields 125 mg RoL and 35 mg RiL, while
the second contains 89 mg RoL and 37 mg RyL. Silica gel punification of the control preparation
from P. cilororaphis [pBS29-P2-gip], on the other hand, gives 93 mg R;L, and no Ryl 1s
observed. That there should be RyL present in these preparations is unsmrprising, because af the
tumie of harvest some R;L will not have been operated on by the RhiC enzvme. The identity of

R;L and R-L 1s verified by LC/MS (see Figure 3}
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[00135] Swurface tension measurements for Ryl and BL are performed as follows. The
purified Rl samples from the two runs deseribed above are redissolved i 1:1
methancl/chloroform, are combined, are diied i vacwo, and ave digsolved in 150 mb deionized
water to give an approximpately 2.1 mM solution. The RyL samples from the two runs above are
treated sinularly to give an approximately 1.2 miM solution. These molar concentrations are only
approximations, because each tvpe of thanmoliptd ix present with several different carbon chain
lengths., The most abundant molecular weiglt species s used to calculate conceniration,
approximately 676 Da for RoL and approximately 510 Da for R;L. Measwrements are performed
with the standard Withelmy plate method (see for example, Talom, ef /. 2012, Jowrnal of
Colloid and Interface Science 387:180-186) on a DataPhysics Instruments GmbH DCAT-11
tensiometer {Filderstadt, Germany) at ambient temperature, 21-22°C. Solutions are filtered

through a fine (4.5-5.0 nncron) glass frit prior to nse.

[001306] These measurements demonstrate that the R;L atfains shghtly lower surface
tension than R;L. The mimimum surface tension of approximately 26 mN/m 1s signmificantly
lower than the range of 32-34 mN/m observed for another biosurfactant, sophorolipids {SL}), and
roughly comparable to that observed for mannosylervthnitol hipid (MEL). Netther rhamnolipid 15
particularly efficient as a surfactant, however, therr CMC values (in the range of 0.1 mM) are

about an order of magnitude higher than those seen for SL or MEL.

Example 6 Increased RyL and R;L production under stirrmg conditions using #H4 and »#/8

(00137 To release the expression of #hid and ##/B 1 P. chilororaphis NRRL B-30761
from the controd of exveen resulied from shaking or sturing of culture, a recombinant expression
vector pBS29-P2-rHiA48 1s constructed mn which the contiguous riifdp, (SEQ ID NQ: 12) and
#hiBpy {SEQ ID NO: 14) genes are placed under the contrel of {i e., operably linked to} the
constitutive promoter P2 {Solaunan and Swingle, 2010, New Biotechnel 27:1-9). pBS29-P2-
riiid R 1s then transfected mto P, chloreraphis NRRL B-30761 by electroporation technigque
{Solaiman, 1998, Biotechnol Technigues 12:829-932). In this recombinant P. chlororapiis,
riiid and rhiB previously in this bacterium remains unchanged. The resultant transformant, P

chlororaphis [pBS29-P2-rhiAR], 15 grown m media as described supra. As shown m Figures
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44, 4B, and 4C, and m Figure 3, the recombinant strains produce, under non-stirring conditions,
about 10-fold higher yield of rhamnolipids than the parental P. cfilororaphis NRRL B-30761
sfrain. Monorhanmoblipids (Rby-Cig-Cyz g and Rhy-Cie-Cya ) eluted at retention times of about
36.5 and 37 ¥ nunutes, respectively as seen Figure 3. Figure 6 shows that P. chiororaphis
[pBS29-P2-rki4B] recombmant strasn can produce RiL at comparable yields regardiess of
whether or not the culture was shaken at a speed {rotary} of 200 rpm. Thus 10-fold higher yield
of rhamnolipids compared to previously described vields of recomidunant 2. chiforeraphis NRRL

B -30761 is surprising m hight of the complexity of producing thamnolipuds.

[00138] To obtam R;L production 1n stirring conditions, ##/Cp,. 18 added to the expression
vector pBS29-P2-#fi/4 4 and transformed mto P. chlororaphis NRRL B -30761. This new
expression vector, pBS29-P2-rHl4BC, contams rhildp; (SEQ ID NO: 12}, #l/Bp., (SEQ ID NO.
143, and #iiCp,, (SEQ ID 25) which are all operationally linked to P2 promoter. To generate this
expression vector, the circular pBS29-P2-r#l4 B (supra) plasimid 1s cuf with restriction enzyme
Xbal located a short distance downstream from the end of ¥#/5. The thus linearized plasnud
with 5'-protuding ends is treated with Klenow DNA polvmerase enzyme to render it blunt-
ended, then with calf mtestmal alkaline phosphatase enzvme to remove the phosphate gronps
thereby preventing possible self-recwenlarization. Separately, rilCp,, 15 cloned from pBS29-P2-
rCp,s (supra) by PCR usig pramers RTII-UP (SEQ ID NO: 23) and RTH-DOWN {(SEQ ID
NQO: 24), and the resultant 1.2-kb amplicon s blunt-ended nsing Perfectly Blunt cloning kit
{Novagen, Billerica, MA) per nranufacturer’s instructions (suprad. This #//Cp,, 1s higated to the
imearized pBS29-P2-rt/4 B using T4 DNA ligase enzyme. The resultant cucular pBS29-P2-
rR{ABC 18 transfected mto P. chiororaphis NRRL B-30761. Production of R;L under shaking
conditions is verified as deseribed swupra.

-
I

Example 7 Controlled production of RyL and Ru:L by P. chiororaphis

[00139] It would be beneficial to be able to control the production of RyL and RaL by P.
chlovorapiis so that one can produce approximately 180% RiL or approximately 100% R;L ora
destred proportion of BiL and R:1.. The kev 1s to control the expression of r7/(C and etther #4i4

or #fi{B or both #iil4 and 4B using mducible promuoters (henceforth IP'x). Because P,
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I

ciiororaphis lacks #iiC, an expression vectar contammg rhiCp,, (or #A#JC from another bacteria}
under control of an inducible promoter s transfected mto P. chlororaphis so that the bactena can
convert RiL to Ryl P chlororapiiis naturally expresses ##l4 and r#1/B so one can either delete
one or both of rhild and r4iB from P. chlororaphis by site-directed mutagenesis via a cross-over
deletion and transfecting the deleted gene {etther #/#1l4 or r//B or both) back o the mutated P.
chlororaphis via an expression vector contanung one or both of these genes under control of
{i.e., operably linked 10} an inducible promoter distinet from the mnducible promoter controlling
the expression of #AIC. In thix nlanner, oge can prevent the expression of ##/C and produce only
or prunarily R;L. Then if one wants P. chlororapiis to produce R;L, one suppresses the
mducible promoter controllimg rhld or rA!B or both #ii/4 and v#/B, and activates the promoter
that controls the expression of »%#/C. The amount of fime that one activates the mducible
promoter controtiing #HC expression mifluence the ratio of RiL to RoL. Non-himiting examples
of mnducible promoters and thew activators/repressors mchude the followmg:

heat shock promoters induced by heatmmg the cells (U.S. Patent 4,710.473);

laeZ promoter induced by IPTG {(wsopropyl-f-D-thiogalactopyranoside);

tetracyclime promoter (ref) mduced by tetracychne {Geissendoefer, ef of. 1990, Appl.
Micriobiol Biotechnol 33:657-563);

ara’ promoter mducible by arabmose {Lubelska, et ¢l 2006. Extrernophiles 10{3):383-
51y

arabmose-inducible Prap promoter from Excherichia coli {Guzman, ef af. 1995 J
Bacteriol 177:4121-4130);

pXyl-xv/R promoter mduced by xylose (Kim, of o/, 1996 Gene 181:71-76};

pSpac-focf using lac operon and IPTG (Yansura, ef ol 1984 Proc. Natl Acod. Sei 1784
81:439-443);

alkane-inducible promoter Popg and oS (Nieboer, et al. 1993 Mol Aficrobdiol. B:1339-
1051y

Puep | phoA phosphate-regulated promoters (Su, of gl 1990, Gene 901129-133.
http:/wolfson hup.ac il expression/vector/Promoters tmfpromoters);

cadA regulated by pH and cadR

{http/fwolson. hup. ac. il expressionvector/Promoters htmi#promoters); and
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r#iR controlled by quoram-sensing and/or biofilm formation (Reis, ef af. 2001,

Rioresonrce Tech. 102:6377-6384),

[60140] Kuock-out strains of £. chlororaphis NRRL B-30761 are constructed m which
rhid, rhiB, or ¥hiid-riiB genes are mactivated through a gene-disruption plas homologous
recombination nrechanism using a method previously described and routinely practiced in this
laboratory {see, Solauman, ef gl 2003, dppl. Microbiel Biotechnol 62:336-543). An alternative
methed for cligo-mediated allelic replacement procedure emplovs reconthinase enzymes {see,
Bryan and Swanson 2011, Mol AMicrobiol. 80:231-247; Swimngle, er ol 2010, Aol Microbiol.
75:138-148; Wang, et o/. 2009, Nature 4650:894-898) to obtain the knock-out stramns. Successfnl
construction of #ild(-), #hiB{-}, or rhid(-}-rHiB{-} knock-out P. chiororaphis strams is confirmed
by their mability to produee R;L using production and detection methods described supra. Next,
expression vectors are constructed that express rfild, r&IB. or vild-rhiB operably hnked to one of
the mducible promoters, IP;, described supra or any other suniable mducible promoter. Vector
pCNSI {Nielo, er gl 1990, Gene 87:145-149; Solaiman, ef af. 2002, Cirrent Microbiology
44:189-195) 1s used to carry IPy-rild | IP-#B, o1 IP-rild-rhiB mto the corresponding P.
chilororapfis knock-out strains. Successful complementation of the knock-outs 1s confirmed by
production of RyL upon, and only upon, the addition of the appropriate inducer, INDy. Finally,
pBS29-P2-rHiCp,, 15 transtected mto the complemented P. chilororaphis knock-outs (e, P.
chiloreraphis rhidi-) [pCNST-IP-rRid], P. cliorarvaphis vhiBi-} [pCNS1-IPy-r//B], or P.
chlovorapiiis rhidi-j-viiB(-} [pCNS1-1P-rbid-rhiB]). To produce near-exclusively
{approxunately 1009%) the R;L., the recombmnant strain P. chiororaphis rhild(-} [{pCN51-1P;-
Rl pBS29-P2-rhiCp,.3]. P. chiorovaphis viiBi-} {pCNS1-1P-rRiBY+{pBS29-P2-rhiCp,,}], ot
P. chiororaphis rild(-}-rHiB{-) {{(pCN31-IP1-rfld-rBiByHpBS29-P2-rhiCp, )} 18 grown 1 the
presence of the inducer, IND;. Production of RyL oconrs, which is then acted on by the gene-
product of #HIC to vield R;L. IND; 1s then removed resulting m cessation of new Ry L svnthesis.

Existing remaming RyL s then completely converted to R.L by the gene-product of rh{C.

[00141] Instead of transfecting the 7. chlororaphis knock-outs (f.e., P. chiororaphis rhldi-
JIpONSI-1P-rhid], P. chiororaphis rhiBi-} [pONSI-IPy-rhiBY, ot P. chlororaphis rhid{-}-rhiB(-

H [pCONS-IP-rhld-wHiB]) with pBS29-P2hiCp,, {which nsex an consfitufive promuater), one can
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operably link rAIC to a second inducible promoter (IP») different from the mducible promoter
used to control expression of #hid, riiB. or rhld-rhiB (IPy) and which is control by a second
mducer {IND»). Then pBS29-IPy-##/Cp,, 18 transfected mto the complemented P. cilororaphis
lmeck-outs (i.e., P chlororaphis vhid{-i [pONS1-1Py-rhid], £ chlororaphis vhiB{-i [pUNS1-1Ps-
riiB], or P, chiororaphis vhid{-j-vHiB{-} JpCNS1-1Py-rhid-vAIB1} to generate gither £,
chlovorapiis rhidi-} [(pONS1-IPy-riild YH(pBS29- IPa-rhiCp, 3. P. chiororaplis riilB{-}
[PCNS-IP-ri/ByHPBS29- IPy-##iCp,.}], o P. chiororaphis rhld(-}-rhiB{-) {{(pCN31-1P;-riid-
rRIBYHpBS29- IP-ritiCr )}, respectively. These recombinant bacteria can be grown as
described supra 1o the presence of INDy to produce RiL. Then one can add IND; to the media
which mduces expression of #AIC which then converts R;L to RoL.. Based on the amount of time
IND; and IND» are present i the media, one can control the relative percentage of RjL to RoLL

produced by the recombinant bacternia.

Example 8 Production of R;L. and R>L uader stirring condifions using heterologous regulatory

protein RhiR

00142} To deternime if one counld overcome mability of P. chlororaphis NRRL B-30761
and pBS29-P2-#/t/Cp,, transfected P. chilororaphis to produce RyL and RoL, respeciively, nader
stirrmg conditions, rHR from another species {i.2., heterologous) P. chlororaphis subsp.
aureofaciens {rhiRp o4 . GenBank Accession No. AAKT73190) 1s transfected mto £
chlovorapiis NRRL B-30761 ar P. chiororaphis [pBS29-P2-##/Cp,.]. DNA encoding rBiRp g a
1s obtamed from commercial vendor and clened mto pCN31 (Nieto, ez ol 1990, Gene 87:145-
149, Solamman, ef @i 2002, Current Microbiology 44:189-195) vector downstream of and
operably linked to a constitutive promoter, amd the resultant recombmant plassmid pUN31-
FRRp e 18 transfected by electroporation techmique (Solamman 1998, Biotechnol Techmigues
12:829-932} wto P. chiororaphis NRRL B-30761 or P. chiorovaphis [pBS29-P2-rkiCp..]. The
new species that produce heterologous regulatory protein RblRp o 5 which is not affected by
oxygen level (i e., stirring} can pow produce R;L {in the case of 2. chlororaphis NRRL B-30761

host) or RoL (in the case of 2. clilororaphis [pBS29-P2-rhiCe,,]) under sturing conditions.
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[00143] It 1s within the scope of tlus invention fo make expression vectors containing the
polynuclectides encoding the genes disclosed heremn operably linked fo a variety of promoters
{constitutive and/or inducible) that are active m various bacteria, fungi, algae, plant cells, msect
cells, and mammalian cells. These expression vectors can be used to transforin the appropriate
cells {depending on the organism for which the promoters are active) to generate recombinant

cells which ean produce monorhamnose-lipids and/or dirhamnose-lipids as described herein.

[00144] Many modifications and other embodiments of the ipventions set forth hersin will
come to nund o one skilled i the art to which these mnventions pertain having the benefit of the
teachings presenied m the foregoing descriptions and the associated drawings. Therefore, it 1s to
be understood that the inventions are not to be himited to the specific embodiments disclosed and
that modifications and other embodiments are mtended to be meluded withm the scope of the
appended claims. Although specific terms are employed herein, they are used m a generic and
descriptive sense only and not for purposes of hmiutation. All documents cited herem are

mcorporated by reference.
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CLAIMS

We, the inventors, claim:

1. An isolated polvnuclentide encoding a rhamnosyltransferase A comprising the mucleotide
sequence selected from the group consisting of the nucleotide seqnence of SEQ ID NO: 12, the
full length complement of SEQ ID NO: 12, the reverse complement of SEQ ID NO: 12, a
nucleotide sequence at least 95% 1dentical to SEQ ID NO: 12, a pucleotide sequence at least
90% 1dentical to SEQ ID NO: 12, a nucleofide sequence at least 85% wdentical 1o SEQ ID NO:
12, a mucleotide sequence encoding the amuno acid sequence of SEQ ID NO: 11 a nucleotide
sequence encoding a polypeptide that s at least 95% identical o the amimo acid sequence of
SEQ ID NO: 11, a nucleotide sequence encoding a polypeptide that is at least 90% identical to
the amino acid sequence of SEQ ID NO» 11 and a nucleotide sequence encoding a polypeptide

that 1s at least §85% 1dentical to the amiuno acid sequence of SEQ ID NO: 11,

]

. An expression vector comprising said polyiucleotide of Claim 1.

. A recombinant cell comprismg said expression vector of Clamm 2.

L3

4. A polypeptide comprismg a polypepiide encoded by said polynucleotide of Claim 1.

5. An izolated polyvpeptide encoding a rhanwosyliransferase A comprising the anuno acid
sequence selected from the group consisting of the amino acid sequence of SEQ ID NQ: 11, an
amino acid sequence that is at least 953% identical to the sequence of SEQ ID NO: 11, an amino
acid sequence that i3 at least 90% identical to the sequence of SEQ ID NO: 11, and an ammno

actd sequence that 1s af least 85% identical to the sequence of SEQ ID NO: 11,

6. An expression vector comprising a polynucleatide sequence encoding said polypeptide of

Claum 5.

7. A recombinant cell comprising said expression veetor of Claim 6.
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& Ansolated polynucleotide encoding a rhanwmosyliransferase B comprising the nucleotide
sequence selected from the group consisting of the nueleotide sequence of SEQ ID NQ: 14, the
full length conplement of SEQ ID NO: 14, the reverse complement of SEQ ID NO: 14, a
nucleotide sequence at least 95% identical to SEQ ID NO: 14, a muclentide sequence at least
90% 1dentical to SEQ ID NO: 14, a nucleotide sequence af least 85% identical to SEQ ID NO:
14, a pucleotide sequence encoding the amine acid sequence of SEQ ID NO: 13; a nucleotide
sequence encoding a polypeptide that s at least 95% identical to the amine acid sequence of
SEQ ID NO: 13; a nucleotide sequence encoding a polypeptide that 1s at least 90% dentical to
the amino acid sequence of SEQ ID NO: 13; and a nucleotide sequence encoding a polypeptide

that 1s at least 85% identical {o the amino acid sequence of SEQ ID NO: 13,

9. An expression vector comprising said polyvencleotide of Clamm 8.

10 A recombmant cell comprising said expression vector of Claim 9.

11. A polypeptide comprising a pelypeptide encoded by said polvnucleotide of Claim 8.

12, Ansolated polypeptide encoding a rthamnosyhransferase B comprising the anmino acid
sequence selected from the group consisting of the amino acid sequence of SEQ ID NQ: 13, an
anune acid sequence that s at least 95% dentical to the sequence of SEQ ID NO: 13, an apuno
actd sequence that 1s af least 90% 1dentical to the sequence of SEQ ID NO: 13, and an apuno

acid sequence that ix at least 85% wdentical to the sequence of SEQ ID NO: 13,

13, An expression vector comprising a polynucleotide sequence encoding said polypeptide of

Clamz 12,

14, A recombinant cell compristng said expression vector of Clamim 13

15, An izolated polymuclestide encoding an N-acvl-homoserine lactone-dependent transcription

regulator comprising the muclectide sequence selected from the group consisting of the
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nucieotide sequence of SEQ ID N{O: 16, the full length complement of SEQ ID NO: 16, the
reverse complement of SEQ ID NQ: 16, a nucleotide sequence at least 953% identical to SEQ ID
NO: 16, a nucleotude sequence at least 0% wdentical to SEQ ID NO: 16, a nucleotide sequence
at least 85% identical to SEQ ID NO: 16; a nucleotide sequence encodmng the anuno acid
sequence of SEQ ID NO: 15; a nuclentide sequence encoding a polypeptide that 13 at least 95%
identical o the amino acud sequence of SEQ ID NO: 15 a pucleotide sequence encoding a
polvpeptide that is at least 90% identical to the anupo acid sequence of SEQIDNO: 15 and a
muclectide sequence encoding a polypeptide that is at least 85%% identical to the anuno acid

sequence of SEQ ID NO: 11

16, An expression vector comprising said polvancleotide of Clapm 15,

17. A recombmant cell comprising said expression vecior of Clamm 16.

18. A polypeptide comprising a polypeptide encoded by said polvnucleotide of Claim 15,

19, An solated polypeptide encodmng an N-acyl-homoserme lactone-dependent transcripiion
regulator comprising the amino acid sequence selected from the group consisting of the amino
acid sequence of SEQ ID NO: 15, an ammio acid sequence that is at least 95% identical to the
sequence of SEQ ID NO: 15, an anuno acid sequence that i1s at least 9095 identical to the
sequence of SEQ ID NO: 15, and an anuno acid sequence that is at least 85% dentical to the

sequence of SEQ ID NO: 15,

20. An expression vector comprismg 8 polynuclestide sequence encoding said polypeptide of

Claun 19,

21. A recombinant cell comprising saud expression vector of Clamm 20.

22. A recombinant cell conprising an expression vector wherein said expression vector further

comprises a polynucleotide sequence encoding rhamnosylransferase C.
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23. The recombinant cell of Claim 22 wheremn said recombinant cell is Psendomonas
chlovorapiis and wherein the wild-type Psendomonas chiororaphis lacks RC and wherein said

recombinant cell 1s capable of producing dirhanmnose-lipid.

24, A recombunant Psendomonas chiororaphis comprising an expression vector encoding
rhamnosyltransferase C operably linked to a promoter, wherein said recombinant Pseudomonas

ciloraraphis is capable of producing dirhamnose-lipid.

25, A novel method for producmg dirhammose-hipid comprismg the steps of
transfecting Psewdomonas chiovoraphis with an expression vector encoding
rhamnosyhransferase C to produce a recombmant Psevdomonas chlororaphis, and

growing said recombmnant Pseudomonas chlororaphis i the appropriate media.

25, A novel method for producing dirhamnose-lipid comprising the steps of
growmng a recombinant Psendomonas clilororaphis i the appropriate media, wherem
sard recombinant Psewdomonas chlororaphis contains an expression vector encoding

rhamnosyhransferase C operably linked fo a promoter.

27. A recombmant Psendomonas chlororaphis comprising
an expression vector further comprisimg
at least one polynueclectide encoding a promoter,
a polvaucleotide encoding rhamnosyltransferase A, and
a polynucieotide encoding rhammosyltransferase B, wheremn said polynucleotide
encoding rhamnosyltransferase A and saud polynucleotide encoding
rhanmmosyliransferase B are operably linked to said at least one

polviuclectide encoding a promoter.
28. The recombunant P. chiororaphis of Claum 27 wherein sad promuoter 1s P2

29. The recombunant F. chiororaphis of Clamm 28 wherein said polvancleotide encoding

rhamposyltransferase A and said polvnucleotide encoding rhamnosyliransferase B are
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contiguous and arve operably hinked to the same polynucleotide encoding said P2

promoter.

30. The recombinant 2. chiororaphis of Clamm 27 wherein said polyaucleotide encoding
rhanmosyliransferase A is operably linked to a first polynucleotide encoding a fust
promoter and wherein said polynucieotide encoding rhamnosylransferase B is operably
linked to a second polynueleotide encoding a second promoter, wherem said first

promoter and said second promoter can be the same promoter or different promoters.

31. A method for producing monorhammose-lipid by Psendomonas clilororaphis comprising
transfecting wild-type P. cilororaphis with an expression vector comprising

at least one polynucleotide encoding a promoter,
a polynucleotide encoding rthamnosylfransferase A, and
a polvnucleotide encoding rhammnosyltransferase B, wherein said polynucleotide
encoding thammosyHransferase A and said polynucleotide encoding
rhammosyltransterase B are operably hinked to said at least one polynucleotide
encoding a promoter to produce a recombinant P. cfiforaraphis, and

growing said recombinant P. cfiforaraphis i appropriate media.

32. The method of Claim 31 wherem said growmg said recombinant P. chlororaphis in

appropriate media 18 under stirring condition or non-stiring conditions.

33, A recombmnant cell comprising
an expression vector further comprising
a first promoter and a first polvancleotide sequence encoding
thamnosyltransferase A, wherein said first polynucleotide sequence is
operably linked to said first promoter; and
a second promater and a second polvnuclectide sequence encoding
rhanmwosyltransferase ', and wherein saud second polynuclentide sequence

1s operably linked to said second promoter; and
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wherein said recombunant cell lacks functioning wild-tvpe r#/4 and contams a

I3

fanctioning wild-type ##/8.

34, The recombinant cell of Claim 33 wherem said frst promoter i an yuducible promoter and

satd second promoter 1s a constitutive promoter.

35, The recombinant cell of Claim 33 wheremn said first promuter and saud second promoters are
different mdncible promoters and different compounds control the activity of said first

mducible promoter and said second mducible promoter.

36. A recombmant cell comprising

a first expression vector wherein said first expression vector fimther comprises a first
promoter and a first polynncleotide sequence encodmng thamnosyhransferase A,
wherein said first polynucleotide sequence 1s operably linked to said fust
promoter; and

a second expression vector wherein said second expression vector further comprises a
second promoter and a second polynucleotide sequence encoding
rhammosyltransterase C, and wherem said second polynucleotide sequence 1s
operably linked to said second promoter; and

wherem said recombinant cell lacks finctiomng wild-tvpe rfl4 and contams a

hinctioning wild-type #i1l5.
functiomng wild-type rit/8

37. The recombinant cell of Claim 36 wherem said furst promoter i an mducible promoter and

satd second promoter is a constitutive promoter.

38. The recontbinant cell of Claim 36 wherem said first promoter and saud second promwoters are
different mdncible promoters and different compounds control the activity of said first

inducible promoter and said second mdncible promoter.

39, A recombinant cell comprising

an expression vector further comprising
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a first promoter and a first polynucleotide sequence encoding
rhanmosyltransferase B, whersin said first polynucleotide sequence is
operably luiked to said first promoter; and

a second promoter and a second polynucleotide sequence encoding
rhamnosyvltransterase C, and wherein said second polynucieotide sequence
1s operably hinked to said second promoter; and

wherein said recomlbunant cell lacks functioning wild-tvpe ##/8 and contaims a
functiomng wild-type rild.
4. The recombinant cell of Claim 39 wherem said first promoter is an inducible promoter and

said second promoter is a constifufrve promoter.

41. The recombmant cell of Claim 39 wherein said first promoter and said second promoters are
different mnducible promoters and different compounds control the activity of said first inducible

promoter and said second mducible promoter.

42, A recombmant cell comprising

4 first expression vector wherein said first expression vector fimther comprises a first
promoter and a first polynneleotide sequence encodmg rhamnosyhiransferase B,
wherein said first polynucleotide sequence 1s operably linked to said fust
promiater; and

a second expression vector wherein saxd second expression vector further comprises a
second promoter and a second polvancleotide sequence encoding
thapmosyliransferase C, and wherem said second polvnucieotide sequence 18
operably linked to said second promoter; and

wherein said recomlbunant cell lacks functioning wild-tvpe ##/8 and contamns a

functioning wild-tvpe rhid.

43, The recombmant cell of Clamm 42 wherein said first promoter is an mdncible promoter and

satd second promoter is a constitutive promoter.
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44, The reconibinant cell of Clann 42 wheremn said first promoter and saud second pronofers are
different mdncible promoters and different compounds control the activity of said first

inducible promoter and said second mdncible promoter.

45, The reconbinant cell of Clann 42 wherein said first expression vector further comprises a
thurd polynucleotide sequence encoding rhamnosyltransferase A, wherein said third
polvnuclentide sequence and said first polynucleotide sequence are operably hinked to said first

promoter; and wherein said recombinant cell lacks functioning wild-type #hid.

45, The recombinant cell of Claim 45 wherem said first promoter is an inducible promoter and

said second promoter is a constifufrve promoter.

47. The recombmant cell of Claim 435 wherein said first promoter and said second promoters are
different mnducible promoters and different compounds control the activity of said first inducible

promoter and said second mducible promoter.

48. A recombmant cell comprising
an expression vector further comprisimg

a fust promoter and a first polynucleotide sequence encoding
rhamnosylransferase A and rhammosyltransterase B, whereimn said first
polynucleotide sequence is operably linked to said first promoter; and

a second promater and a second polvnuclectide sequence encoding
rhanmwosyltransferase ', and wherein saiud second polynuclentide sequence
18 operably hinked to said second promeoter; and

wherein said recommbmant cell lacks functioning wild-type rhid and #4iB.

49, The recombmant cell of Clamm 48 wherein said first promoter is an mdncible promoter and

satd second promoter is a constitutive promoter.
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50. The recontbinant cell of Claim 48 wheremn said first promoter and saud second pronoters are
different mnducible promuoters and different comnpounds control the activity of said first mdneible

pronwier and said second mductble promoter,

51. A method for controlling the ratio of monorhammnose-lipid to dirhamnose-bipid produced by
a recombinant cell comprising
calturing the recombunant cell of Clanus 34, 37, 40, 43, 46, or 49 m appropriate media;
adding a compound that controls the expression of sawd inducible promoter to said
appropriate media; and
removing said compound that controls the expression of said inducible promoter from
said media at an appropriate time whereby production of monorhanmose-hipid decreases

or stops but production of dirhamnose-lipid continues.

52, A method for controlling the ratio of monorhamnose-hpid and dirhanmose-hipid produced by
a recombinant cell comprising
culturing the recombinant cell of Claims 35, 38, 41, 44, 47, or 50 in appropriate media;
and
adding a first componnd that controls the expression of said fist inducible promoter fo
said appropriaie media;
at a first appropriate time, adding a second compound that controls the expression of said
second mwhicible promoter to said appropriate media; and
at a second appropriate time, removing said first compound that controls the expression
of said fivst mducible promuoter from sawd appropriate media; wherein said first
appropriate tume is independent of saud second appropriate ime and said fust appropriate

time may precede or be subsequent to said second appropriate fime.

53. A recombmant Preudomonas chioreraphis comprizmg
a first expression vector comprising a promoter operably linked to a polynuclectide
sequence encoding an N-acyl-bomoserine lactone-dependent transcription regulator from
P. ciifororaphis subsp. aureofuciens, wherein said recombinant £. chioreraphis can

produce monerhamnose-lipid nnder stirring conditions.
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54. The recombinant P. chiororaphis of Clamm 33 further comprising a second expression vector
comprising a promuder operably linked to a polynuclentide encoding thamnosyliransferase C

wherem said recombinant P, chlororaphis produces dithamnose-lipid nnder staring conditions.

55. A recombmant Preudomonas chioreraphis comprising an expression vector comprising a
first promoter operably linked to a polvaucleotide sequence encoding an N-acyl-honwserine
lactone-dependent transcription regulator from P. chilororaphis subsp. auresfaciens, and a
second promoter operably Imked to a polynucleotide sequence encoding thamnosyltransferase C,
wherem said recombinant £. ¢/ifororaphis can produce monorhamnose-hipid and dirhamnose-

lipid under stirrmg conditions.

36. A method for producmg monorhamnose-hipid under sirring conditions comprising culhuing

the recombmant P. chlororaphis of Claim 33 in appropriate media under stuning conditions.

537. A method for producing monorhanmmose-lipid and dirhamnose-lipid under stirning conditions
W : : ; 3. o =t - .
comprising culturing the recombinant P. ehlororaphis of Claim 54 m appropriate media under

shirring conditions.

38. A method for producing monorhammose-lipid and dirhamnose-lipid under stirning conditions
comprising culturimg the recombinant P. chiororapiiis of Claim 55 in appropriate media under

stirrmag conditions.

59, A recombinant Psendomonas chiororaphis comprising
an expression vector further comprising
at least one polynuclectide encoding a promuoter,
a polynucieotide encoding rhamnosyltransferase A,
a polvaucleotide encoding rhamnosyliransferase B, and
a polynucieotide encoding rhammosyltransferase C, wheremn said polynucleotide
encoding rhamnosyliransferase A, said polviuclectide encoding

rhanmosyliransferase B, and said polynucleotide encoding

&l
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thamnposyltransterase C are operably hinked to said af least one

polynucieotide encodmg a promoter.

60. The recombinant P. chiororaphis of Clamn 3¢ wheremn said promoter ix P2

61. The recombinant 2. chiororapiis of Clamn 60 wherein said polyaucleotide encoding
rhammnosyliransierase A, saud polynucleotide encoding rhamnosvitransferase B, and said
polvnucleotide encoding rhammosyltransferase C are contiguous and are operably linked

to the same polynucleotide encodmg said P2 promoter.

62. A recombmant Psendomonas chlororaphis comprising
an expression vector further comprisimg

at least one polynucleotide encoding a promoter,

a polynucleotide encoding rthanmosvitransferase A,

a polvnucleotide encoding rhamnosylfransferase B, and

a polynucleotide encoding rhammnosyltransferase C, wherein said polynucleotide
encoding rhamnosyliransferase A, said polvmicleotide encoding
rhamnosylransferase B, and said polynucleotide encoding
rhamnosyltransferase C are operably hinked to the same or different

promoters.

63. A method for producing monorhampose-lipd and dirhammose-lipid by Pseudomonas
chlovoraphis comprising
transfecting wild-type P. ciilororaphis with an expression vector comprising
at least one polynueclectide encoding a promoter,
a polvaucleotide encoding rhamnosyltransferase A,
a polyaucieotide encoding rhanmosyltransferase B, and
a polvaucleotide encoding rhamnosyliransferase (U, wherein said polvaucleotide
encoding rhammosvifransferase A, said polviuclentide encoding

thapmosyliransferase B, and a polysucleotide encoding rhamaosvltransferase €

&2
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are operably hinked to said af least one polynucieotide encoding a promoter to
produce a recombinant P. chiororaphis, and

growing said recombinant P. ciifororaphis in appropriate media.

64. The method of Claim 63 wherein said growing said recombinant P, chilovoraphis in

appropriate media 18 under stirring condition or non-stiring conditions.

65. A method for producing monorbanmaose-lipid and dirhamnose-ipid by Psendomonas
chiororapfis comprising
transfectimg wild-type P. cfifororaphis with an expression vector comprisimg

at least one polynucleotide encoding a promoter,
a polynucleotide encoding rthanmosvitransferase A,
a polvnucleotide encoding rhamnosylfransferase B, and
a polynucleotide encoding rhammnosyltransferase C, wherein said polynucleotide
encoding thammosyvhiransferase A, said polyvnucleotide encoding
rhammosyltransterase B, and a polynueleotide encoding rhamnosyvltransferase C
are operably hnked o one or more different promoters to produce a recombinant
P. chiororaphis, and

growmg said recombinant P, c#lororaphis in appropriate media.

66. The method of Claim 65 wherem said growmg saud recombinant P. chlororaphis in

appropriate media s under stirving condition or non-stitring condifions,
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