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TRANSCRIPTION FACTOR MODULATING COMPOUNDS AND METHODS OF
USE THEREOF

Related Applications
This application is is claims priority to U.S. Provisional Patent Application

60/623,251, filed October 28, 2004, U.S. Provisional Patent Application 60/569,032, filed
May 7, 2004, and U.S. Provisional Patent Applicatidﬁ 60/565,047, filed April 23, 2004. This
application is related to U.S. Patent Application Serial No. 10/700,661, filed November 3,
2003, which claims priority to U.S. Provisional Patent Application No. 60/425,916, filed
November 13, 2002; and U.S. Provisional Patent Application No. 60/423,319, filed
November 1, 2002, and which is a continuation-in-part of U.S. Application No. 10/139,591,
filed on May 6, 2002, which claims priority to U.S. Provisional Patent Application Serial No.
60/288,660, entitled “Helix-Turn-Helix Protein Modulating Compounds and Methods of Use
Thereof,” filed on May 4, 2001. The entire contents of each of the aforementioned
applications are hereby incorporated herein by reference.

Backeround of the Invention

Most antibiotics currently used and in development to treat bacterial infections
impose selective pressure on microorganisms and have led to the development of widespread
antibiotic resistance. Therefore, the development of an alternative approach to treating
microbial infections would be of great benefit.

Multidrug resistance in bacteria is generally attributed to the acquisition of
multiple transposons and plasmids bearing genetic determinants for different mechanisms of
resistance (Gold et al. 1996. N. Engl. J. Med. 335:1445). However, descriptions of intrinsic
mechanisms that confer multidrug resistance have begun to emerge. The first of these was a
chromosomally encoded multiple antibiotic resistance (mar) locus in Escherichia coli
(George and Levy, 1983. J. Bacteriol. 155:531; George and Levy 1983 J. Bacteriol.
155:541). Mar mutants of E. coli arose at a frequency of 107 to 107 and were selected by
growth on subinhibitory levels of tetracycline or chloramphenicol (George and Levy, supra).
These mutants exhibited resistance to tetracyclines, chloramphenicol, penicillins,
cephalosporins, puromycin, nalidixic acid, and rifampin (George and Levy, supra). Later, the
resistance phenotype was extended to include fluoroquinolones (Cohen et al. 1989.
Antimicrob. Agents Chemother. 33:1318), oxidative stress agents ( Ariza et al. 1994. J.
Bacteriol. 176:143; Greenberg et al. 1991. J. Bacteriol. 73:4433), and more recently, organic
solvents (White et al. 1997. J. of Bacteriology 179:6122; Asako, et al. 1997. J. Bacteriol.
176:143) and household disinfectants, e.g., pine oil and/or TRICLOSAN® ( McMury et al.
1998. FEMS Microbiology Letters 166:305; Moken et al. 1997. Antimicrobial Agents and
Chemotherapy 41:2770).
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The mar locus consists of two divergently positioned transcriptional units that
flank a common promoter/operator region in E. coli, Salmonella typhimurium, and other
Entrobacteriacae (Alekshun and Levy. 1997, Antimicrobial Agents and Chemother. 41:
2067). One operon encodes MarC, a putative integral inner membrane protein without any
yet apparent function, but which appears to contribute to the Mar phenotype in some strains.
The other operon comprises marRAB, encoding the Mar repressor (MarR), which binds marO
and negatively regulates expression of marRAB (Cohen et al. 1994. J. Bacteriol. 175:1484;
Martin and Rosner 1995. PNAS 92:5456; Seoane and Levy. 1995 J. Bacteriol. 177:530), an
activator (MarA), which controls expression of other genes on the chromosome, e.g., the mar
regulon (Cohen et al. 1994 J. Bacteriol. 175:1484; Gambino et. al. 1993. J. Bacteriol.
175:2888; Seoane and Levy, 1995 J. Bacteriol. 177:530), and a putative small protein (MarB)
of unknown function.

Exposure of E. coli to several chemicals, including tetracycline and
chloramphenicol (Hachler ef al. 1991 J Bacteriol 173(17):5532-8; Ariza, 1994, J Bacteriol,
176(1):143-8), sodium salicylate and its derivatives (Cohen, 1993, J Bacteriol; 175(24):7856-
62) and oxidative stress agents (Seoane et al. 1995. J Bacteriol; 177(12):3414-9) induces the
Mar phenotype. Some of these chemicals act directly at the level of MarR by interacting with
the repressor and inactivating its function (Alekshun. 1999. J. Bacteriol. 181:3303-3306)
while others (antibiotics such as tetracycline and chloramphenicol) appear to induce mar
expression by an alternative mechanism (Alekshun. 1999. J. Bacteriol. 181:3303-3306) e.g.,
through a signal transduction pathway.

Once expressed, MarA activates the transcription of several genes that
constitute the E. coli mar regulon (Alekshun, 1997, Antimicrob. Agents Chemother. 41:2067-
2075; Alekshun, 1999, J. Bacteriol. 181:3303-3306). With respect to decreased antibiotic
susceptibility, the increased expression of the AcrAB/TolC multidrug efflux system (Fralick,
1996, J Bacteriol. 178(19):5803-5; Okusu, 1996 J Bacteriol;178(1):306-8) and decreased
synthesis of OmpF (Cohen, 1988, J Bacteriol.; 170(12):5416-22) an outer membrane protein,
play major roles. Organic solvent tolerance, however, is attributed to MarA mediating
increased expression of AcrAB, TolC, OmpX, and a 77 kDa protein (Aono, 1998,
Extremophiles; 2(3):239-48; Aono, 1998 J Bacteriol; 180(4):938-44.) but is independent of
OmpF levels (Asako, 1999, Appl Environ Microbiol; 65(1):294-6).

MarA is a member of the XylS/AraC family of transcriptional activators
(Gallegos et al. 1993. Nucleic Acids Res. 21:807). There are more than 100 proteins within
the XylS/AraC family and a defining characteristic of this group of proteins is the presence of
two helix-turn-helix (HTH) DNA binding motifs. Proteins within this family activate many
different genes, some of which produce antibiotic and oxidative stress resistance or control
microbial metabolism and virulence (Gallegos et al. supra).
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Summary of the Invention
The instant invention identifies microbial transcription factors, e.g., transcription

factors of the AraC-XylS family, as virulence factors in microbes and shows that inhibition of
these factors reduces the virulence of microbial cells. Because these transeription factors
control virulence, rather than essential cellular processes, the development of resistance is
much less likely. Accordingly, in one aspect, the invention is directed to a method for
preventing infection of a subject by a microbe comprising: administering a compound that
modulates the expression or activity of a microbial transcription factor to a subject at risk of
developing an infection such that infection of the subject is prevented.

The invention, the subject of this application, is directed to a compound of the
formula (XV), (XVI) or (XVII):

R* (XV)
29
Re R7 ;R1 0O / RSO
N
RS N R
R (XV1)
. R7 'R1 o)
R N —R32
/>—< >*N\
RS N R33
R? (XVID

R'is OH, OCOCO:H, a straight or branched C,-Cs alkyloxy group, or a straight or
branched C;-Cs alkyl group;

R4, R® and R are independently selected from the group consisting of H, (C,-Cs,
straight or branched alkyl), COy(Cy-Cs straight or branched alkyl), CO(C-Cs straight or
branched alkyl), CO(aryl or heteroaryl), CO(C;-C; cycloalkyl), O(C;-Cs straight or branched
alkyl), C(INOH)(C,-C; straight or branched alkyl), amino, CO,H, CN, NO,, CONH,,
{CO)Y(NHOH), and halogen;

COMS ID No: ARCS-359976 Received by IP Australia: Time (H:m) 16:36 Date (Y-M-d) 2012-03-08
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R®is (C,-Cs, straight ot branched alkyl), CO,(C;-Cs straight or branched alkyl), CO(C;-
Cs straight or branched alkyl), CO(aryl or heteroaryl), CO(C3-Cj cycloalkyl), O(C;-Cs straight or
branched alkyl), C(INOH)(C,-Cs straight or branched alkyl), amino, CO,H, CN, NO,, CONH,,
(CO)YNHOH), or halogen;

5 R? is selected from the group consisting of substituted heteroaryl; alkyl substituted with
aryl, heteroaryl, amino, alkylamino or dialkylamino; substituted or unsubstituted alkenyl;
alkynyl; alkylcarbonyl, arylcarbonyl; heteroarylcarbonyl; sulfonyl; alkylamino; heteroarylamino;
alkoxy, aryloxy, heteroaryloxy; substituted straight chain C;-Cs alkyl or alkenyl; substituted or

unsubstituted isoxazole, thiazolidine, imidazole, quinoline, pyrrole, triazole, or pyrazine; 2-

2005324492 21 May 2012

10 fluorophenyl, 2-methylphenyl, 2-cyanophenyl, meta-methyl phenyl or meta-cyano phenyl.

R is selected from the group consisting of [, substituted or unsubstituted alkyl, alkenyl,
alkynyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkylsulfonyl, arylsulfonyl,
aminosulfonyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, acyl, acylamino, alkylamino,
arylamino, heteroarylamino, aroyl and pharmaceutically acceptable salts, esters and prodrugs

15 thereof;

R?, R* and R are independently selected from the group consisting of H, alkyl,
alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkylsulfonyl, arylsulfonyl,
aminosulfonyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, acyl, acylamino, alkylamino,

arylamino, heteroarylamino, aroyl,

20 R* is selected from the group consisting of OH, Br, CN, CO;H, morpholinyl, substituted
aryl, substituted or unsubstituted alkenyl, alkynyl, heteroaryl, aryloxy, heteroaryloxy,
alkylsulfonyl, arylsulfonyl, aminosulfonyl, alkylearbonyl, arylcarbonyl, heteroarylcarbonyl, acyl,

acylamino, alkylamine, dialkylamino, arylamino, heteroarylamnino, aroyl;

R is selected from the group consisting of H, substituted or unsubstituted alkyl, alkenyl,
25  alkynyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkylsulfonyl, arylsulfonyl,
aminosulfonyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, acyl, acylamino, alkylamino,

dialkylamino, arylamino, hetcroarylamino, aroyl;

-3a-

COMS ID No: ARCS-369888 Received by IP Australia: Time (H:m) 16:57 Date (Y-M-d) 2012-05-21
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provided that when R'is OH, R*, R’, R” and R¥are H, R® is NO,, then R* is not

dimethylamino;

provided that when R’ is OH, R*, R®, R” and R¥are H, R% is Br, then R*? is not

dimethylamino; and

pharmaceutically acceptable salts, esters and prodrugs thereof,

In one embodiment, the invention pertains to a method for reducing antibiotic
resistance of a microbial cell. The method includes contacting the cell with a transcription
factor modulating compound of the formula (XT):

RY R1
R8 N O
7
RS N  N-R?'a
4 R
R XD

wherein

Rlis OH, OCOCO;H, a substituted or unsubstituted straight or branched C,-Cs
alkyloxy group, or a substituted or unsubstituted straight or branched C;-Cs alkyl group;

R4, Rs, Ré, and R’ are independently selected from the group consisting of H, (C,-
C; substituted or unsubstituted, straight or branched alkyl), CO,(C;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C,-Cs substituted or unsubstituted, straight or
branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(C;-C¢ substituted or
unsubstituted cycloalkyl), O(C;-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C,-C; substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO», CONI1,, (CO)YINHOH), and halogen; and

R%? and R*! are independently sclected from the group consisting of H,
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy,
heteroaryloxy, alkylsulfonyl, arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, acyl, acylamino, alkylamino, arylamino, heteroarylamino, aroyl and
pharmacecutically acceptable salts, esters and prodrugs thereof; such that the antibiotic
resistance of said cell is reduced.

In another embodiment, the invention pertains, at least in part, to a method for
reducing antibiotic resistance of a microbial cell, comprising contacting the cell with a
transcription factor modulating compound of the fonmula (XII):

-3b -

COMS ID No: ARCS-359976 Received by IP Australia: Time (H:m) 16:36 Date (Y-M-d) 2012-03-08
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R* (X1)

wherein

R! is OH, OCOCO,H, a substituted or unsubstituted straight or branched C;-
Cs alkyloxy group, or a substituted or unsubstituted straight or branched C;-Cs alkyl group;

R* R’ R®, and R’ are independently selected from the group consisting of H,
(C1-Cs substituted or unsubstituted, straight or branched alkyl), CO,(C,-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C,-Cs substituted or unsubstituted, straight or
branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(Cs-Cs substituted or
unsubstituted cycloalkyl), O(C,-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C;-C;s substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen; and

R? is selected from the group consisting of H, substituted or unsubstituted
alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkylsulfonyl,
arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, acyl,
acylamino, alkylamino, arylamino, heteroarylamino, aroyl and pharmaceutically acceptable
salts, esters and prodrugs thereof; such that the antibiotic resistance of said cell is reduced.

In another embodiment, the invention includes a method for reducing antibiotic
resistance of a microbial cell. The method includes contacting the cell with a transcription

factor modulating compound of the formula (XIII): ,
R#* O

R N R23
/>—< />
RS N
R* (XT1II)

whereinR! is OH, OCOCO,H, a substituted or unsubstituted straight or branched C;-Cs
alkyloxy group, a substituted or unsubstituted straight or branched C;-Cs alkyl group;

R, R’ R, and R’ are independently selected from the group consisting of H,
(C,-Cs substituted or unsubstituted, straight or branched alkyl), CO,(C;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C,;-Cs substituted or unsubstituted, straight or
branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(Cs-Cg substituted or
unsubstituted cycloalkyl), O(C;-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C;-Cs substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen; and

R* and R* are independently selected from the group consisting of H,
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy,
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heteroaryloxy, alkylsulfonyl, arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, acyl, acylamino, alkylamino, arylamino, heteroarylamino, aroyl and
pharmaceutically acceptable salts, esters and prodrugs thereof;

provided that when R' is OH, R*, R®, and R are H, and R°® is NO,, then R is
not methyl, unsubstituted phenyl, or unsubstituted furanyl; such that the antibiotic resistance
of said cell is reduced.

In another embodiment, the invention pertains to a method for reducing antibiotic
resistance of a microbial cell, comprising contacting the cell with a transcription factor

modulating compound of the formula (XIV):
R7 R1 R2\6 0

R* (X1V)
wherein
R' is OH, OCOCO,H, a substituted or unsubstituted straight or branched C;-
Cs alkyloxy group, or a substituted or unsubstituted straight or branched C;-Cs alkyl group;
R4, R>, R® and R’ are independently selected from the group consisting of H,
(C;-C;5 substituted or unsubstituted, straight or branched alkyl), CO»(C;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C,-Cs substituted or unsubstituted, straight or

- branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(C;-Cg substituted or

unsubstituted cycloalkyl), O(C,-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C;-Cs substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen; and

R* and R are independently selected from the group consisting of H,
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy,
heteroaryloxy, alkylsulfonyl, arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, acyl, acylamino, alkylamino, arylamino, heteroarylamino, aroyl and
pharmaceutically acceptable salts, esters and prodrugs thereof;

provided that when R' is OH, R*, R®, and R’ are H, and R® is NO,, then R? is
not unsubstituted phenyl or O-tert-butyl; such that the antibiotic resistance of said cell is
reduced.

In yet another embodiment, the invention pertains to a method for reducing
antibiotic resistance of a microbial cell. The method includes contacting a cell with a
transcription factor modulating compound of the formula (XV):
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R XV)
wherein

R! is OH, OCOCO;H, a substituted or unsubstituted straight or branched C,-
Cs alkyloxy group, or a substituted or unsubstituted straight or branched C,-Cs alkyl group;

R* R’ R®and R’ are independently selected from the group consisting of H,
(C,-Cs substituted or unsubstituted, straight or branched alkyl), CO2(C,;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C;-Cs substituted or unsubstituted, straight or
branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(Cs-Cg substituted or
unsubstituted cycloalkyl), O(C;-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C;-Cs substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen,;

R? is selected from the group consisting of substituted heteroaryl; substituted
alkyl; substituted or unsubstituted alkenyl; alkynyl; alkylcarbonyl, arylcarbonyl;
heteroarylcarbonyl; sulfonyl; alkylamino; arylamino; heteroarylamino; alkoxy, aryloxy,
heteroaryloxy; substituted straight chain C;-Cs alkyl or alkenyl; substituted or unsubstituted
isoxazole, thiazolidine, imidazole, quinoline, pyrrole, triazole, or pyrazine; 2-fluorophenyl, 2-
methylphenyl, 2-cyanophenyl, 1-methylphenyl, and 1-fluorophenyl; and

R? is selected from the group consisting of H, substituted or unsubstituted
alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkylsulfonyl,
arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, acyl,
acylamino, alkylamino, arylamino, heteroarylamino, aroyl and pharmaceutically acceptable
salts, esters and prodrugs thereof; such that the antibiotic resistance of said cell is reduced.

A method for reducing antibiotic resistance of a microbial cell, comprising
contacting the cell with a transcription factor modulating compound of the formula (XVI):
29

R 1 R 30
6 B O, / R
R N
/>—< >'N\
N R’

R (XVI)

R5

wherein
R' is OH, OCOCO,H, a substituted or unsubstituted straight or branched C;-
Cs alkyloxy group, or a substituted or unsubstituted straight or branched C,-Cs alkyl group;
R*, R®, R® and R’ are independently selected from the group consisting of H,
(C;-Cs substituted or unsubstituted, straight or branched alkyl), CO,(C;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C;-Cs substituted or unsubstituted, straight or

-6-



10

15

20

25

30

WO 2006/076009 PCT/US2005/014345

branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(C;-C¢ substituted or
unsubstituted cycloalkyl), O(C;-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C;-Cs substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen,;

R*, R?® and R*! are independently selected from the group consisting of H,
substituted or unsubstituted alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy,
heteroaryloxy, alkylsulfonyl, arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, acyl, acylamino, alkylamino, arylamino, heteroarylamino, and aroyl, and
pharmaceutically acceptable salts, esters and prodrugs thereof; such that the antibiotic
resistance of said cell is reduced.

In yet another embodiment, the invention pertains to a method for reducing
antibiotic resistance of a microbial cell. The method includes contacting the cell with a
transcription factor modulating compound of the formula (XVII):

/
R® N

R4 (XVII)

R7 R1 9)
R6 N' : 5> < > R32
: N

wherein

R'is OH, OCOCO,H, a substituted or unsubstituted straight or branched C;-
Cs alky]o;(y group, or a substituted or unsubstituted straight or branched C;-Cs alkyl group;,

R*, R’, R® and R’ are independently selected from the group consisting of H,
(C1-Cs substituted or unsubstituted, straight or branched alkyl), CO,(C,;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C;-Cs substituted or unsubstituted, straight or
branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(C3-Cg substituted or
unsubstituted cycloalkyl), O(C,-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C;-Cs substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen,;

R* is selected from the group consisting of OH, Br, CN, CO,H, morpholinyl,
substituted aryl, substituted or unsubstituted alkenyl, alkynyl, heteroaryl, alkoxy, aryloxy,
heteroaryloxy, alkylsulfonyl, arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, acyl, acylamino, alkylamino, dialkylamino, arylamino, heteroarylamino,
aroyl, \

R* is selected from the group consisting of H, substituted or unsubstituted
alkyl, alkenyl, alkynyl, aryl, heteroaryl, alkoxy, aryloxy, heteroaryloxy, alkylsulfonyl,
arylsulfonyl, aminosulfonyl, alkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, acyl,
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acylamino, alkylamino, dialkylamino, arylamino, heteroarylamino, aroyl and
pharmaceutically acceptable salts, esters and prodrugs thereof;

provided that when R' is OH, R?, R®, R” and R*”are H, R® is NO,, then R*? is
not dimethylamino; and provided that when R'is OH, R* R> R” and R*%are H, R® is Br, then
R*? is not dimethylamino; such that the antibiotic resistance of said cell is reduced.

In another embodiment, the invention pertains to a method for modulating
transcription, by contacting a transcription factor with a transcription factor modulating
compound of formula (XI), (XII), (XIII), (XIV), (XV), (XVD), or (XVII).

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In one embodiment, the transcription factor is a member of the MarA family
of transcription factors.

In another embodiment, the method further comprises administering an
antibiotic.

In another aspect, the invention pertains to a method for preventing urinary
tract infection of a subject by a microbe comprising: administering a compound that
modulates the expression or activity of a microbial transcription factor to a subject at risk of
developing a urinary tract infection such that infection of the subject is prevented.

In yet another aspect, the invention pertains to a method for reducing virulence
of a microbe comprising: administering a compound that modulates the expression or
activity of a microbial transcription factor to a subject at risk of developing an infection with
the microbe such that virulence of the microbe is reduced.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In yet another embodiment, the method further comprises administering an
antibiotic.

In another aspect, the invention pertains to a method for treating a microbial
infection in a subject comprising: administering a compound that modulates the expression
or activity of a transcription factor to a subject having a microbial infection such that
infection of the subject is treated.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In still another embodiment, the invention further comprises administering an
antibiotic.
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In another aspect, the invention pertains to a method for treating a urinary tract
infection in a subject comprising: administering a compound that modulates the expression
or activity of a transcription factor to a subject having a urinary tract infection such that
infection of the subject is treated.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In one embodiment, the transcription factor is a member of the MarA family
of transcription factors.

In another embodiment, the method further comprises administering an
antibiotic.

In another aspect, the invention pertains to a method for reducing virulence in
a microbe comprising: administering a compound that inhibits the expression or activity of a
transcription factor to a subject having a microbial infection such that virulence of the
microbe is reduced.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In yet another embodiment, the method further comprises administering an
antibiotic.

In another aspect, the invention pertains to a method for evaluating the
effectiveness of a compound that modulates the expression or activity of a microbial
transcription factor at inhibiting microbial virulence comprising: infecting a non-human
animal with a microbe, wherein the ability of the microbe to establish an infection in the non-
human animal requires that the microbe colonize the animal; administering the compound
that modulates the expression or activity of the microbial transcription factor to the non-
human animal; and determining the level of infection of the non-human animal, wherein the
ability of the compound to reduce the level of infection of the animal indicates that the
compound is effective at inhibiting microbial virulence.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In yet another embodiment, the method further comprises administering an
antibiotic.

In still another embodiment, the level of infection of the non-human animal is
determined by measuring the ability of the microbe to colonize the tissue of the non-human
animal.
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In another embodiment, the level of infection of the non-human animal is
determined by enumerating the number of microbes present in the tissue of the non-human
animal.

In another aspect, the invention pertains to a method for identifying a
compound for treating microbial infection, comprising: innoculating a non-human animal
with a microbe, wherein the ability of the microbe to establish an infection in the non-human
animal requires that the microbe colonize the animal; administering a compound which
reduces the expression or activity of a microbial transcription factor to the animal, and
determining the effect of the test compound on the ability of the microbe to colonize the
animal, such that a compound for treating microbial infection is identified.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In still another embodiment, the level of infection of the non-human animal is
determined by measuring the ability of the microbe to colonize the tissue of the non-human
animal.

In another embodiment, the level of infection of the non-human animal is
determined by enumerating the number of microbes present in the tissue of the non-human
animal.

In another aspect, method for identifying a compound for reducing microbial
virulence, comprising: inoculating a non-human animal with a microbe, wherein the ability of
the microbe to establish an infection in the non-human animal requires that the microbe
colonize the animal; administering a compound which reduces the expression or activity of a
microbial transcription factor to the animal, and determining the effect of the test compound
on the ability of the microbe to colonize the animal, such that a compound for reducing
microbial virulence is identified.

In another embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In still another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In yet another embodiment, the level of infection of the non-human animal is
determined by measuring the ability of the microbe to colonize the tissue of the non-human
animal.

In another embodiment, the level of infection of the non-human animal is
determined by enumerating the number of microbes present in the tissue of the non-human
animal.

-10-
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In another aspect, the invention pertains to a method for identifying
transcription factors which promote microbial virulence comprising: creating a microbe in
which a transcription factor to be tested is misexpressed; introducing the microbe into a non-
human animal; wherein the ability of the microbe to establish an infection in the non-human
animal requires that the microbe colonize the animal; and determining the ability of the
microbe to colonize the animal, wherein a reduced ability of the microbe to colonize the
animal as compared to a wild-type microbial cell identifies the transcription factor as a
transcription factor which promotes microbial virulence. ‘

In another embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In another embodiment, the level of infection of the non-human animal is
determined by measuring the ability of the microbe to colonize the tissue of the non-human
animal.

In another embodiment, the level of infection of the non-human animal is
determined by enumerating the number of microbes present in the tissue of the non-human
animal.

In another aspect, the invention pertains to a method for reducing the ability of
a microbe to adhere to an abiotic surface comprising: contacting the abiotic surface or the
microbe with a compound that modulates the activity of a transcription factor such that the
ability of the microbe to adhere to the abiotic surface is reduced.

In one embodiment, the transcription factor is a member of the AraC-XylS
family of transcription factors.

In another embodiment, the transcription factor is a member of the MarA
family of transcription factors.

In yet another embodiment, the method further comprises contacting the
abiotic surface or the microbe with a second agent that is effective at controlling the growth
of the microbe.

In still another embodiment, the abiotic surface is selected from the group
consisting of: stents, catheters, and prosthetic devices.

In one aspect, the invention pertains to a pharmaceutical composition
comprising a compound that modulates the activity or expression of a microbial transcription
factor and a pharmaceutically acceptable carrier, wherein the compound reduces microbial
virulence.

In another aspect, the invention pertains to a pharmaceutical composition
comprising a compound that modulates the activity or expression of a microbial transcription
factor and an antibiotic in a pharmaceutically acceptable carrier.

-11 -
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The present invention represents an advance over the prior art by identifying
transcription factor modulating compounds, such as, but not limited to helix-turn-helix
protein modulating compounds, and providing novel assays that can be used to identify
compounds which modulate microbial transcription factors, such as MarA family
polypeptides and AraC family polypeptides. Modulation of gene transcription brought about
by the modulation of transcription factors, such as helix-turn-helix domain containing
proteins, can control a wide variety of cellular processes. For example, in prokaryotic cells
processes such as metabolism, resistance, and virulence can be controlled.

Assays to identify compounds that are capable of modulating bacterial
transcription factors would be of great benefit in the identification of agonists and antagonists
that can be used to control gene transcription in both prokaryotic and eukaryotic cells.

In one embodiment, the invention pertains to a method for reducing antibiotic
resistance of a cell, e.g., a eukaryotic or prokaryotic cell. In a preferred embodiment, the cell
is a microbial cell. In one embodiment, the invention pertains to a method for reducing
antibiotic resistance in a microbial cell, by contacting a cell with a transcription factor
modulating compound, such that the antibiotic resistance of the cell is reduced. In an
embodiment, the transcription factor modulating compound is of the formula (I):

A-E 0]
wherein A is a polar moiety; E is a hydrophobic moiety, and pharmaceutically acceptable
salts thereof.

In another embodiment, the invention pertains to a method for modulating
transcription. The method includes contacting a transcription factor with a transcription
factor modulating compound, such that the transcription factor is modulated. The
transcription factor modulating compound is of the formula (I):

A-E o)
wherein A is a polar moiety; and E is a hydrophobic moiety, and pharmaceutically acceptable
salts thereof.

In another embodiment, the invention also includes methods for identifying
transcription factor modulating compounds. The method includes contacting a microbial cell
with a test compound under conditions which allow interaction of the compound with the
microbial cell and measuring the ability of the test compound to affect the cell. The
microbial cell includes a selective marker under the direct control of a transcription factor
responsive element and a transcription factor.

In yet another embodiment, the invention includes methods for identifying a
transcription factor modulating compound. The method includes contacting a microbial cell
comprising: 1) a selective marker under the control of a transcription factor responsive
element and 2) a transcription factor, with a test compound under conditions which allow
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interaction of the compound with the microbial cell, and measuring the ability of the test
compound to affect the growth (e.g., in vitro or in vivo) or survival of the microbial cell,
wherein the inactivation of the transcription factor leads to a decrease in in vitro or in vivo
cell survival. The invention also pertains to similar methods where the inactivation of the
transcription factor leads to an increase in cell survival, as well as methods wherein the
activation of the transcription factor leads to increased or, altemnatively, decreased cell
survival.

In another embodiment, the invention also pertains to methods for identifying
a transcription factor modulating compound, by contacting a microbial cell comprising: 1) a
chromosomal deletion in a guaB or purA gene, 2) heterologous guaB or purA gene under the
control of its transcription factor responsive promoter, and 3) a transcription factor, with a
test compound under conditions which allow interaction of the compound with the microbial
cell. The method further includes the steps of measuring the ability of the compound to
affect gene expression of the reporter or the growth or survival of the microbial cell as an
indication of whether the compound modulates the activity of a transcription factor. The
ability of the compound to modulate the activity of a transcription factor leads to an alteration
in gene expression may effect cell growth or survival.

The invention pertains to transcription factor modulating compounds, HTH
protein modulating compounds, and MarA family modulating compounds identified by the
methods of the invention, methods of using these compounds and pharmaceutical
compositions comprising these compounds. The transcription factor modulating compounds
of the invention include, but are not limited to, compounds of formulae (I)-(XVI) and Tables
4 and 5.

The invention also pertains to methods using computer modeling programs to
identify transcription factor modulating compounds. For example, the invention pertains to a
method of identifying transcription factor modulating compounds. The method includes
obtaining the structure of the transcription factor modulating compound, and using or
identifying a scaffold which has an interaction energy score of —20 or less with a portion of
the transcription factor, thus identifying potential transcription factor modulating scaffolds.

The invention also pertains, at least in part, to a kit for identifying a
transcription factor modulating compound which modulates the activity of a transcription
factor polypeptide comprising a microbial cell. The kit includes 1) a selective marker under
the control of a transcription factor responsive element and 2) a transcription factor.

The invention also pertains, at least in part, to pharmaceutical compositions
which contain an effective amount of a transcription factor modulating compound, and,
optionally, a pharmaceutically acceptable carrier.

-13 -
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The invention also pertains to a method of inhibiting a biofilm, by
administering a composition comprising a transcription factor modulating compound such
that the biofilm is inhibited.

In a further embodiment, the invention pertains to a pharmaceutical
composition comprising an effective amount of a transcription factor modulating compound,
and a pharmaceutically acceptable carrier. The transcription factor modulating compound is
of the formula (II):

1)
wherein

WisOorS;

Xis O, S, or C, optionally linked to Q;

AlisC-Z*, 0, 0r S;

A’is C-Z° , Or N-Z° ;

7',7% 7°, 7% and Z° are each independently hydrogen, alkoxy, hydroxy,
halogen, alkyl, alkenyl, alkynyl, aryl, heterocyclic, amino, or cyano;

Z?is hydrogen, alkoxy, hydroxy, halogen, alkyl, alkenyl, alkynyl, aryl,
heterocyclic, amino, nitro, cyano, carbonyl, or thiocarbonyl;

Q is an aromatic or heterocyclic moiety, and pharmaceutically acceptable salts
thereof.

In another further embodiment, the invention pertains to a pharmaceutical
composition comprising an effective amount of a transcription factor modulating compound,
and a pharmaceutically acceptable carrier. The compound is of the formula (III):

11
wherein

G is substituted or unsubstituted aromatic moiety, heterocyclic, alkyl, alkenyl,
alkynyl, hydroxy, cyano, nitro, amino, carbonyl, or hydrogen; and

| S 5 A | P L’, and L' are each independently oxygen,
substituted or unsubstituted nitrogen, sulfur and or substituted or unsubstituted carbon, and

pharmaceutically acceptable salts thereof.

- 14 -
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In yet another embodiment, the invention pertains to a pharmaceutical
composition comprising an effective amount of a transcription factor modulating compound
and a pharmaceutically acceptable carrier. The transcription factor modulating compound is
of the formula (IV):

Y1

NN av)
wherein

Y! and Y? are each oxygen or sulfur;

T is hydrogen, substituted or unsubstituted alkyl, alkenyl, alkynyl, cyano, nitro,
amino, or halogen;

V is substituted or unsubstituted alkyl, alkenyl, alkynyl, alkoxy, alkylamino,
or alkylthio;

P and K are each independently substituted or unsubstituted aryl, and
pharmaceutically acceptable salts thereof.

In another embodiment, the invention pertains to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a transcription factor
modulating compound. The transcription factor modulating compound is of the formula (V):
-

M
lL\T/ / )
wherein

T! T4 T, T, T°, and T® are each independently substituted or unsubstituted
carbon, oxygen, substituted or unsubstituted nitrogen, or sulfur;

M is hydrogen, alkyl, alkenyl, heterocyclic, alkynyl, or aryl, or
pharmaceutically acceptable salts thereof.

In yet another embodiment, the invention pertains to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a transcription factor

modulating compound. The transcription factor modulating compound is of the formula
(Va):

R’ R!
R® M
)=
RS N
R (Va)

wherein
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R'is OH, OCOCO,H, or a substituted or unsubstituted straight or branched
C;-Cs alkyloxy group;

R? is H, COy(C;-Cs substituted or unsubstituted, straight or branched alkyl), or
a substituted or unsubstituted aryl group; and

R*, R® R®, and R’ are independently selected from the group consisting of H,
(C;-Cs substituted or unsubstituted, straight or branched alkyl), CO,(C;-Cs substituted or
unsubstituted, straight or branched alkyl), CO(C;-Cs substituted or unsubstituted, straight or
branched alkyl), CO(substituted or unsubstituted aryl or heteroaryl), CO(C;-Cg substituted or
unsubstituted cycloalkyl), O(C;-Cs substituted or unsubstituted, straight or branched alkyl),
C(NOH)(C,-Cs substituted or unsubstituted, straight or branched alkyl), substituted or
unsubstituted amino, CO,H, CN, NO,, CONH,, (CO)(NHOH), and halogen.

In certain embodiments of formula Va, those compounds disclosed in U.S.
10/139,591, filed May 6, 2002, are excluded from the scope of the present invention.

In other embodiments of formula Va, when R® is NO, and R? is unsubstituted
phenyl, then R' is not O(CHCH3)(CO,)CH>CH; or OCH,CO,H. Also, in another
embodiment, when R® is H or NO,, then R! is not a phenyl-substituted alkyloxy group. In yet
another embodiment, when R*, R>, R®, and R’ are all H and R?is para-methoxyphenyl, then
R!is not OH. And in another embodiment, when R*, R>, R® and R’ are all H and R? is
unsubstituted phenyl, then R' is not OCH,CO,CH,CHj;

In certain aspects of formula Va, R4, R>, and R’ are all 1.

Similarly, R! of formula Va may be selected from the group consisting of OH,
O(CR’R”)13H, O(CR’R”);.30H, O(CR’R”);3CO,H, O(CR’R”);_3CO,(CR’R”);3H,
O(CR’R”);1_3(CO)NH,, O(CR’R”);_3(CNH)NH,, OCOCO,H, O(CR’R”)1-3SO3H, O(CR’R”);-
30SO;H, O(CR’R”),.3POsH, O(CR’R”);_s0PO3H, O(CR’R”);_sN[(CR’R”)o_3H]>,
O(CR’R”);_3(CO)(NHOH), and O(CR’R”);_3(heteroaryl); wherein R” and R” are each
independently H, a C1—C; alkyl, C,—C; alkenyl, or C>—Cs alkynyl group. Each R’ and R” is
preferably H or CHs.

When R! of formula Va is O(CR’R”);_s(heteroaryl), the heteroaryl group may
be a pyrrolyl, furanyl, thiophenyl, thiazolyl, isothiaozolyl, imidazolyl, triazolyl, tetrazolyl,
pyrazolyl, oxazolyl, isooxazolyl, pyridinyl, pyrazinyl, pyridazinyl, or pyrimidinyl group.

Similarly, when R? of formula Va may be a substituted or unsubstituted
phenyl, pyrrolyl, furanyl, thiophenyl, thiazolyl, isothiaozolyl, imidazolyl, triazolyl, tetrazolyl,
pyrazolyl, oxazolyl, isooxazolyl, pyridinyl, pyrazinyl, pyridazinyl, or pyrimidinyl group.

In a more particular embodiment, RS of formula Va is H, (CR’R”)13H,
(CR’R”);_30H, (CR’R”);_3NH,, (NOH)(CR’R”);_3H, CO(CR’R”)¢-3NH,, CO(CR’R”);3H,
CO(CR’R”),.30H, CO(CR’R”)y3CF3, (CR’R”)y3N[(CR’R”)o_3H]2, CO(substituted or
unsubstituted heteroaryl), CO(Cs-Cg substituted or unsubstituted cycloalkyl), O(CR’R”);3H,
CO(substituted or unsubstituted phenyl), CO,(CR’R”)o_3H, CN, NO,, F, Cl, Br, or I, wherein
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R’ and R” are each independently H, a C;—Cj alkyl, C,—C; alkenyl, or C,—C; alkynyl group.
Preferably each R’ and R” is independently H or CHs.

In yet another embodiment, R® of formula Va is CO(substituted or
unsubstituted heteroaryl), wherein said heteroaryl group is a pyrrolyl, furanyl, thiophenyl,
thiazolyl, isothiaozolyl, imidazolyl, triazolyl, tetrazolyl, pyrazolyl, oxazolyl, isooxazolyl,
pyridinyl, pyrazinyl, pyridazinyl, or pyrimidinyl group.

In another embodiment, R® of formula Va is an electron withdrawing
substituent, selected from the group consisting of F, CF;, NO,, CINOH)(CR’R”), wherein
each R’ and R” are each independently H or CHs.

In another embodiment, the invention pertains to a pharmaceutical
composition comprising a pharmaceutically acceptable carrier and a transcription factor
modulating compound. The transcription factor modulating compound may be of the

formula (VI):
Ed
GZ ___<
1 i \ N
E \N \
G1)\T T &
E? E® VD
wherein

G', G?, and G® are each independently O, S, substituted or unsubstituted
nitrogen, or substituted or unsubstituted carbon;

E!, E2, and E’ are each independently hydrogen, alkyl, alkenyl, alkynyl, aryl,
aralkyl, or acyl; and

E‘is alkyl, alkenyl, alkynyl, aryl, halogen, cyano, amino, nitro, or acyl, and
pharmaceutically acceptable salts thereof.

Brief Description of the Drawings

Figure 1 is a multiple sequence alignment of AraC-XylS family polypeptides.

Figure 2 is a multiple sequence alignment of PROSITE PS00041 and AraC
family polypeptides.

Figure 3 is a multiple sequence alignment of PROSITE PS01124 and AraC
family polypeptides.

Figure 4 is a COMFA contour map for a representative triazinoxazepine.

Detailed Description of the Invention

The instant invention identifies microbial transcription factors, e.g.,
transcription factors of the AraC-XylS family, as virulence factors in microbes and shows
that inhibition of these factors reduces the virulence of microbial cells. Because these
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transcription factors control virulence, rather than essential cellular processes, modulation of
these factors should not promote resistance.

Some major families of transcription factors found in bacteria include the
helix-turn-helix transcription factors (HTH) ( Harrison, S. C., and A. K. Aggarwal 1990.
Annual Review of Biochemistry. 59:933-969) such as AraC, MarA, Rob, SoxS and LysR;
winged helix transcription factors ( Gajiwala, K. S., and S. K. Burley 2000. 10:110-116), e.g.,
MarR, Sar/Rot family, and OmpR ( Huffman, J. L., and R. G. Brennan 2002. Curr Opin
Struct Biol. 12:98-106, Martinez-Hackert, E., and A. M. Stock 1997. Structure. 5:109-124);
and looped-hinge helix transcription factors (Huffman, J. L., and R. G. Brennan 2002 Curr
Opin Struct Biol. 12:98-106), e.g. the AbrB protein family.

The AraC-XylS family of transcription factors comprises many members.
MarA, SoxS, Rma, and Rob are examples of proteins within the AraC-XylS family of
transcription factors. These factors belong to a subset of the AraC-XylS family that have
historically been considered to play roles in promoting resistance to multiple antibiotics and
have not been considered to be virulence factors. In fact, the role of marA in virulence has
been tested using a marA null mutant of Salmonella enterica serovar Typhimurium (S.
typhimurium) in a mouse infection model ( Sulavik et al. 1997. J. Bacteriology 179:1857)
and no such role has been found. In another model (using co-infection experiments or crude
statistics) only a weak effect of a marA null mutant in chickens has been demonstrated
(Randall et al. 2001. J. Med. Microbiol. 50:770). In contrast to this earlier work, this
invention is based, at least in part, on the finding that the ability of microbes to cause
infection in a host can be inhibited by inhibiting the expression and/or activity of microbial
transcription factors. Thus, the instant invention validates the use of microbial transcription
factors as therapeutic targets.

The invention pertains, at least in part, to compounds which modulate
transcription factors (e.g., helix-turn-helix (HTH) proteins, AraC family polypeptides, MarA
family polypeptides, etc.), methods of identifying the transcription factor modulating
compounds (e.g., HTH protein modulating compounds, AraC family polypeptide modulating
compounds, MarA family polypeptide modulating compounds, etc.), and methods of using
the compounds.

1. Transcription factors

The term “transcription factor” includes proteins that are involved in gene
regulation in both prokaryotic and eukaryotic organisms. In one embodiment, transcription
factors can have a positive effect on gene expression and, thus, may be referred to as an
“activator” or a “transcriptional activation factor.” In another embodiment, a transcription
factor can negatively effect gene expression and, thus, may be referred to as “repressors” or a
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“transcription repression factor.” Activators and repressors are generally used terms and their
functions are discerned by those skilled in the art.

As used herein, the term “infectivity” or “virulence” includes the ability of a
pathogenic microbe to colonize a host, a first step required in order to establish growth in a
host. Infectivity or virulence is required for a microbe to be a pathogen. In addition, a
virulent microbe is one which can cause a severe infection. As used herein, the term
“pathogen” includes both obligate and opportunistic organisms. The ability of a microbe to
resist antibiotics is also important in promoting growth in a host, however, in one
embodiment, antibiotic resistance is not included in the terms “infectivity” or “virulence” as
used herein. Accordingly, in one embodiment, the instant invention pertains to methods of
reducing the infectivity or virulence of a microbe without affecting (e.g., increasing or
decreasing) antibiotic resistance. Preferably, as used herein, the term “infectivity or
virulence” includes the ability of an organism to establish itself in a host by evading the
host’s barriers and immunologic defenses.

The term “AraC family polypeptide,” “AraC-XylS family polypeptide” or
“AraC-XylS family peptide” include an art recognized group of prokaryotic transcription
factors which contains more than 100 different proteins (Gallegos et al., (1997) Micro. Mol.
Biol. Rey. 61: 393; Martin and Rosner, (2001) Curr. Opin. Microbiol. 4:132). AraC family
polypeptides include proteins defined in the PROSITE (PS) database
(http://www.expasy.ch/prosite/) as profile PS01124. The AraC family polypeptides also
include polypeptides described in PS0041, HTH AraC Family 1, and PS01124, and HTH
AraC Family 2. Multiple sequence alignments for the AraC-XylS family polypeptides, HTH

AraC family 1, and HTH AraC family 2 are shown in Figures 1-3, respectively. In an
embodiment, the AraC family polypeptides are generally comprised of, at the level of
primary sequence, by a conserved stretch of about 100 amino acids, which are believed to be
responsible for the DNA binding activity of this protein (Gallegos et al., (1997) Micro. Mol.
Biol. Rev. 61: 393; Martin and Rosner, (2001) Curr. Opin. Microbiol. 4: 132). AraC family
polypeptides also may include two helix turn helix DNA binding motifs (Martin and Rosner,
(2001) Curr. Opin. Microbiol. 4: 132; Gallegos et al., (1997) Micro. Mol. Biol. Rev. 61: 393;
Kwon et al., (2000) Nat. Struct. Biol. 7: 424; Rhee et al., (1998) Proc. Natl. Acad. Sci. U.S.A.
95:10413). The term includes MarA family polypeptides and HTH proteins. In one
embodiment, the invention pertains to a method for modulating an AraC family polypeptide,
by contacting the AraC family polypeptide with a test compound which interacts with a
portion of the polypeptide involved in DNA binding. In a further embodiment, the test
compound interacts with a conserved aminoacid residue (capitalized) of the HTH AraC
family 1 protein indicated in Figure 2.

The term “helix-turn-helix protein,” “HTH protein,” “helix-turn-helix
polypeptides,” and “HTH polypeptides,” includes proteins comprising one or more helix-
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turn-helix domains. Helix-turn-helix domains are known in the art and have been implicated
in DNA binding (4nn Rev. of Biochem. 1984. 53:293). An example of the consensus
sequence for a helix-turn domain can be found in Brunelle and Schleif (1989. J Mol. Biol.
209:607). The domain has been illustrated by the sequence
XXXPhoAlaXXPhoGlyPhoXXXXPhoXXPhoXX, where X is any amino acid and Pho is a
hydrophobic amino acid.

The helix-turn-helix domain was the first DNA-binding protein motif to be
recognized. Although originally the HTH domain was identified in bacterial proteins, the
HTH domain has since been found in hundreds of DNA-binding proteins from both
eukaryotes and prokaryotes. It is constructed from two alpha helices connected by a short
extended chain of amino acids, which constitutes the "tum."

In one embodiment, a helix-turn-helix domain containing protein is a Mar A
family polypeptide. The language "MarA family polypeptide" includes the many naturally
occurring HTH proteins, such as transcription regulation proteins which have sequence
similarities to MarA and which contain the MarA family signature pattern, which can also be
referred to as an XylS/AraC signature pattern. An exemplary signature pattern which defines
MarA family polypeptides is shown, e.g., on PROSITE and is represented by the sequence:
[KRQ]-[LIVMA]-X(2)-[GSTALIV]-{FYWPGDN}X(2)-[LIVMSA]-X(4,9)-[LIVMF]-X(2)-
[LIVMSTA]-X(2)-[GSTACIL]-X(3)-[GANQRF]-[LIVMFY]-X(4,5)-[LFY]-X(3)-[FYIVA]-
{FYWHCM}-X(3)-[GSADENQKR]-X-[NSTAPKL]-[PARL], where X is any amino acid.
MarA family polypeptides have two "helix-turn-helix" domains. This signature pattern was
derived from the region that follows the first, most amino terminal, helix-turn-helix domain
(HTH1) and includes the totality of the second, most carboxy terminal helix-turn-helix
domain (HTH2). (See PROSITE PS00041).

The MarA family of proteins (“MarA family polypeptides”) represent one subset of
AraC-XylS family polypeptides and include proteins like MarA, SoxS, Rob, Rma, AarP,
PgrA, etc. The MarA family polypeptides, generally, are involved in regulating resistance to
antibiotics, organic solvents, and oxidative stress agents (Alekshun and Levy, (1997)
Antimicrob. Agents. Chemother. 41: 2067). Like other AraC-XylS family polypeptides,
MarA-like proteins also generally contain two HTH motifs as exemplified by the MarA and
Rob crystal structures (Kwon et al., (2000) Nat. Struct. Biol. 7: 424; Rhee et al., (1998) Proc.
Natl. Acad. Sci. U.S.A. 95: 10413). Members of the MarA family can be identified by those
skilled in the art and will generally be represented by proteins with homology to amino acids
30-76 and 77-106 of MarA (SEQ ID. NO. 1).

Preferably, a MarA family polypeptide or portion thereof comprises the first
MarA family HTH domain (HTH1) (Brunelle, 1989, J Mol Biol; 209(4):607-22). In another
embodiment, a MarA polypeptide comprises the second MarA family HTH domain (HTH2)
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(Caswell, 1992, Biochem J.; 287:493-509.). In a preferred embodiment, a MarA polypeptide
comprises both the first and second MarA family HTH domains.

MarA family polypeptide sequences are “structurally related” to one or more
known MarA family members, preferably to MarA. This relatedness can be shown by
sequence or structural similarity between two MarA family polypeptide sequences or
between two MarA family nucleotide sequences that specify such polypeptides. Sequence
similarity can be shown, e.g., by optimally aligning MarA family member sequences using an
alignment program for purposes of comparison and comparing corresponding positions. To
determine the degree of similarity between sequences, they will be aligned for optimal
comparison purposes (e.g., gaps may be introduced in the sequence of one protein for nucleic
acid molecule for optimal alignment with the other protein or nucleic acid molecules). The
amino acid residues or bases and corresponding amino acid positions or bases are then
compared. When a position in one sequence is occupied by the same amino acid residue or
by the same base as the corresponding position in the other sequence, then the molecules are
identical at that position. If amino acid residues are not identical, they may be similar. As
used herein, an amino acid residue is "similar" to another amino acid residue if the two amino
acid residues are members of the same family of residues having similar side chains.
Families of amino acid residues having similar side chains have been defined in the art (see,
for example, Altschul et al. 1990. J. Mol. Biol. 215:403) including basic side chains (e.g.,
lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged
polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine),
nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan), beta-branched side chains (e.g., threonine, valine, isoleucine) and
aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan). The degree (percentage) of
similarity between sequences, therefore, is a function of the number of identical or similar
positions shared by two sequences (i.e., % homology = # of identical or similar positions/total
# of positions x 100). Alignment strategies are well known in the art; see, for example,
Altschul et al. supra for optimal sequence alignment.

MarA family polypeptides may share some amino acid sequence similarity
with MarA. The nucleic acid and amino acid sequences of MarA as well as other MarA
family polypeptides are available in the art. For example, the nucleic acid and amino acid
sequence of MarA can be found, e.g., on GeneBank (accession number M96235 or in Cohen
et al. 1993. J. Bacteriol. 175:1484, or in SEQ ID NO:1 and SEQ ID NO:2.

The nucleic acid and/or amino acid sequences of MarA can be used as "query
sequences" to perform a search against databases (e.g., either public or private) to, for
example, identify other MarA family members having related sequences. Such searches can
be performed, e.g., using the NBLAST and XBLAST programs (version 2.0) of Altschul, ez
al. (1990) J. Mol. Biol. 215:403-10. BLAST nucleotide searches can be performed with the
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NBLAST program, score = 100, wordlength = 12 to obtain nucleotide sequences homologous
to MarA family nucleic acid molecules. BLAST protein searches can be performed with the
XBLAST program, score = 50, wordlength = 3 to obtain amino acid sequences homologous
to MarA protein molecules of the invention. To obtain gapped alignments for comparison
purposes, Gapped BLAST can be utilized as described in Altschul et al., (1997) Nucleic
Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs, the
default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used.
See http://www.ncbi.nlm.nih.gov.

MarA family members can also be identified as being similar based on their
ability to specifically hybridize to nucleic acid sequences specifying MarA. Such stringent
conditions are known to those skilled in the art and can be found e.g., in Current Protocols in
Molecular Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. A preferred, non-limiting
example of stringent hybridization conditions are hybridization in 6X sodium
chloride/sodium citrate (SSC) at about 45°C, followed by one or more washes in 0.2 X SSC,
0.1% SDS at 50-65°C. Conditions for hybridizations are largely dependent on the melting
temperature Tm that is observed for half of the molecules of a substantially pure population
of a double-stranded nucleic acid. Tm is the temperature in °C at which half the molecules of
a given sequence are melted or single-stranded. For nucleic acids of sequence 11 to 23 bases,
the Tm can be estimated in degrees C as 2(number of A+T residues) + 4(number of C+G
residues). Hybridization or annealing of nucleic acid molecules should be conducted at a
temperature lower than the Tm, e.g., 15°C, 20°C, 25°C or 30°C lower than the Tm. The
effect of salt concentration (in M of NaCl) can also be calculated, see for example, Brown,
A., "Hybridization" pp. 503-506, in The Encyclopedia of Molec. Biol., J. Kendrew, Ed.,
Blackwell, Oxford (1994).

Preferably, the nucleic acid sequence of a MarA family member identified in
this way is at least about 10%, 20%, more preferably at least about 30%, more preferably at
least about 40% identical and preferably at least about 50%, or 60% identical to a MarA
nucleotide sequence. In preferred embodiments, the nucleic acid sequence of a MarA family
member is at least about 70%, 80%, preferably at least about 90%, more preferably at least
about 95% identical with a MarA nucleotide sequence. Preferably, MarA family members
have an amino acid sequence at least about 20%, preferably at least about 30%, more
preferably at least about 40% identical and preferably at least about 50%, or 60% or more
identical with a MarA amino acid sequence. In preferred embodiments, the nucleic acid
sequence of a MarA family member is at least about 70%, 80%, more preferably at least
about 90%, or more preferably at least about 95% identical with a MarA nucleotide sequence.
However, it will be understood that the level of sequence similarity among microbial
regulators of gene transcription, even though members of the same family, is not necessarily
high. This is particularly true in the case of divergent genomes where the level of sequence
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identity may be low, e.g., less than 20% (e.g., B. burgdorferi as compared e.g., to B. subtilis).
Accordingly, structural similarity among MarA family members can also be determined
based on “three-dimensional correspondence” of amino acid residues. As used herein, the
language "three-dimensional correspondence” is meant to includes residues which spatially
correspond, e.g., are in the same position of a MarA family polypeptide member as
determined, e.g., by x-ray crystallography, but which may not correspond when aligned using
a linear alignment program. The language "three-dimensional correspondence” also includes
residues which perform the same function, e.g., bind to DNA or bind the same cofactor, as
determined, e.g., by mutational analysis.

Exemplary MarA family polypeptides are shown in Table 1, Figures 1-3, and
at Prosite (PS00041) and include: AarP, Ada, AdaA, AdiY, AfrR, AggR, AppY, AraC,
CafR, CelD, CfaD, CsvR, D90812, EnvY, ExsA, FapR, HrpB, InF, InvF, LcrF, LumQ,
MarA, MelR, MixE, MmsR, MsmR, OrfR, Orf {375, PchR, PerA, PocR, PqrA, RafR,
RamA, RhaR, RhaS, Rns, Rob, SoxS, S52856, TetD, TcpN, ThcR, TmbS, U73857, U34257,
U21191, UreR, VirF, XyIR, XyIS, Xysl, 2, 3, 4, Ya52, YbbB, YfiF, YisR, YzbC, and YijO.
The nucleotide and amino acid sequences of the £. coli Rob molecule are shown in SEQ ID

NO:3 and 4, respectively.
TABLE 1. Some Bacterial MarA homologs?
Gram-negative bacteria Gram-positive bacteria
Escherichia coli Kiebsiella pneumoniae Lactobacillus helveticus
MaraA (1) RamA (27) U34257 (38)
OrfR (2,3)
SoxS (4, 5) Haemophilus influenzae Azorhizobium caulinodans
AfiR (6) Ya52 (28) S52856 (39)
AraC (7)
CelD (8) Yersinia spp. Streptomyces spp.
D90812 (9) CafR (29) U21191 (40)
FapR (10, 11) LerF (30) or VirF (30) Aral (41)
MelR (12)
ORF f375 (13, 14) Providencia stuartii Streptococcus mutans
RhaR (15, 16, 17) AarP (31) MsmR (42)
RhaS (18)
Rob (19) Pseudomonas spp. Pediococcus pentosaceus
U73857 (20) MmsR (32) RafR (43)
XylR (21) TmbS (33)
YijO (22) XylS (34) Photobacterium leiognathi
Xysl1,2,3,4 (35, 36) LumQ (44)
Proteus vulgaris
PqrA (23) Cyanobacteria Bacillus subtilis
Synechocystis spp. AdaA (45)
Salmonella typhimurium LumQ (37) YbbB (46)
MaraA (24) PchR (37) YAiF (47)
InvF (25) YisR (48)
PocR (26) YzbC (49)
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4 The smaller MarA homologs, ranging in size from 87 (U34257) to 138 (OrfR) amino acid
residues, are represented in boldface. References are given in parentheses and are listed
below.

References for Table 1:

(1)  S.P. Cohen, et al. 1993. J. Bacteriol. 175:1484-1492

2 G.M. Braus, et al. 1984. J. Bacteriol. 160:504-509

(3) K. Schollmeier, et al., 1984. J. Bacteriol. 160:499-503

(C)) C.F. Amabile-Cuevas, et al., 1991. Nucleic Acids Res. 19:4479-4484
%) J. Wu, et al., 1991. J. Bacteriol. 173:2864-2871

6) M.K. Wolf, et al., 1990. Infect. Immun. 58:1124-1128

@) C.M. Stoner, et al. 1982. J. Mol. Biol. 153:649-652

®) L.L. Parker, et al., 1990. Genetics 123:455-471

©) H. Mori, 1996. Unpublished data taken from the NCBI databases
(10) P.Klaasen, et al., 1990. Mol. Microbiol. 4:1779-1783

(11) M. Ahmed, et al., 1994. J. Biol. Chem 269-28506-28513
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(14) C Garcia-Martin, et al., 1992. J. Gen. Microbiol. 138:1109-1116
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(16) C.G. Tate, et al. 1992. J. Biol. Chem. 267:6923-6932

(17) J.F. Tobin et al., 1987. J. Mol. Biol. 196:789-799
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(46) M. Rosenberg, et al., 1979. Annu. Rev. Genet. 13:319-353
(47) H. Yamamoto, et al., 1996. Microbiology 142:1417-1421
(48) L.B.Bussey, et al., 1993. J. Bacteriol. 175:6348-6353

(49) P.G. Quirk, et al., 1994. Biochim. Biophys. Acta 1186:27-34

The term “transcription factor modulating compound” or transcription factor
modulator” includes HTH protein modulating compounds, HTH protein modulators.
Transcription factor modulating compounds include compounds which interact with one or
more transcription factors, such that the activity of the transcription factor is modulated, e.g.,
enhanced or inhibited. The term also includes both AraC family modulating compounds and
MarA family modulating compounds. In one embodiment, the transcription factor
modulating compound is an inhibiting compound of a transcription factor, e.g., a prokaryotic
transcription factor or a eukaryotic transcription activation factor. In one embodiment, the
transcription factor modulating compounds modulate the activity of a transcription factor as
measured by assays known in the art or LANCE assays such as those described in Example 8.
In one embodiment, the transcription factor modulating compound inhibits a particular
transcription factor by about 10% or greater, about 40% or greater, about 50% or greater,
about 60% or greater, about 70% or greater, about 80% or greater, about 90% or greater,
about 95% or greater, or about 100% as compared to the activity of the transcription factor
with out the transcription factor modulating compound. In another embodiment, the
transcription factor modulating compound inhibits biofilm formation. In one embodiment,
the transcription factor modulating compound inhibits biofilm formation as measured by
assays known in the art or the Crystal Violet assay described in Example 7. In one
embodiment, the transcription factor of the invention inhibits the formation of a biofilm by
about 25% or more, 50% or more, 75% or more, 80% or more, 90% or more, 95% or more,
96% or more, 97% or more, 98% or more, 99% or more, 99.9% or more, 99.99% or more, or
by 100%, as compared to the formation of a biofilm without the transcription factor
modulating compound.

The term “HTH protein modulating compound” or “HTH protein modulator”
includes compounds which interact with one or more HTH proteins such that the activity of
the HTH protein is modulated, e.g., enhanced or, inhibited. In one embodiment, the HTH
protein modulating compound is a MarA family polypeptide modulating compound. In one
embodiment, the activity of the HTH protein is enhanced when it interacts with the HTH
protein modulating compound. For example, the activity of the HTH protein may be
increased by greater than 10%, greater the 20%, greater than 50%, greater than 75%, greater
than 80%, greater than 90%, or 100% of the activity of the HTH protein in the absence of the
HTH modulating compound. In another embodiment, the activity of the HTH protein is
decreased upon an interaction with the HTH protein modulating compound. In an
embodiment, the activity of the HTH protein is decreased by about 25% or more, 50% or
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more, 75% or more, 80% or more, 90% or more, 95% or more, 96% or more, 97% or more,
98% or more, 99% or more, 99.9% or more, 99.99% or more, or by 100%, as compared to the
activity of the protein of a HTH protein when not contacted with an HTH modulating
compound of the invention using techniques and assays described herein. Values and ranges
included and/or intermediate of the values set forth herein are also intended to be within the
scope of the present invention.

The term “MarA family polypeptide modulating compound” or “MarA family
modulating compound” include compounds which interact with one or more MarA family
polypeptides such that the activity of the MarA family peptide is enhanced or inhibited. In an
embodiment, the MarA family polypeptide modulating compound is an inhibiting compound.
In a further embodiment, the MarA family inhibiting compound is an inhibitor of MarA, Rob,
and/or SoxS. In another embodiment, the MarA family polypeptide modulating compound
modulates the expression of luciferase in the Luciferase Assay described in Example 9. In
one embodiment, the MarA family polypeptide modulating compound decreases luciferase
expression by greater than 10%, greater than 20%, greater than 30%, greater than 40%,
greater than 50%, greater than 60%, greater than 70%, greater than 80%, greater than 90% or
about 100%.

The term "polypeptide(s)" refers to a peptide or protein comprising two or
more amino acids joined to each other by peptide bonds or modified peptide bonds.
"Polypeptide(s)" includes both short chains, commonly referred to as peptides, oligopeptides
and oligomers and longer chains generally referred to as proteins. Polypeptides may contain
amino acids other than the 20 gene encoded amino acids. "Polypeptide(s)" include those
modified either by natural processes, such as processing and other post-translational
modifications, but also by chemical modification techniques. Such modifications are well
described in basic texts and in more detailed monographs, as well as in a voluminous research
literature, and they are well known to those of skill in the art. It will be appreciated that the
same type of modification may be present in the same or varying degree at several sites in a
given polypeptide. Also, a given polypeptide may contain many types of modifications.
Modifications can occur anywhere in a polypeptide, including the peptide backbone, the
amino acid side-chains, and the amino or carboxyl termini. Modifications include, for
example, acetylation, acylation, ADP-ribosylation, amidation, covalent attachment of flavin,
covalent attachment of a heme moiety, covalent attachment of a nucleotide or nucleotide
derivative, covalent attachment of a lipid or lipid derivative, covalent attachment of
phosphotidylinositol, cross-linking, cyclization, disulfide bond formation, demethylation,
formation of covalent cross-links, formation of cysteine, formation of pyroglutamate,
formylation, gamma-carboxylation, glycosylation, GPI anchor formation, hydroxylation,
iodination, methylation, myristoylation, oxidation, proteolytic processing, phosphorylation,
prenylation, racemization, glycosylation, lipid attachment, sulfation, gamma-carboxylation of
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glutamic acid residues, hydroxylation and ADP-ribosylation, selenoylation, sulfation,
transfer-RNA mediated addition of amino acids to proteins, such as arginylation, and
ubiquitination. See, for instance, Proteins--Structure And Molecular Properties, 2" Ed., T. E.
Creighton, W. H. Freeman and Company, New York (1993) and Wold, F., Posttranslational
Protein Modifications: Perspectives and Prospects, pgs. 1-12 in Posttranslational Covalent
Modification Of Proteins, B. C. Johnson, Ed., Academic Press, New York (1983); Seifter et
al., Meth. Enzymol. 182:626-646 (1990) and Rattan et al., Protein Synthesis:
Posttranslational Modifications and Aging, Ann. N.Y. Acad. Sci. 663: 48-62 (1992).
Polypeptides may be branched or cyclic, with or without branching. Cyclic, branched and
branched circular polypeptides may result from post-translational natural processes and may
be made by entirely synthetic methods, as well.

As used herein, the term “winged helix” includes dimeric transcription factors
in which each monomer comprises a helix-turn-helix motif followed by one or two B-hairpin
wings (Brennan. 1993. Cell. 74:773; Gajiwala and Burley. 2000. Curr. Opin. Struct. Biol.
10:110). The classic winged helix motif comprises two wings, three o helices, and three 8
strands in the sequence H1-B1-H2-T-H3-B2-W1-B3-W2 (where H is a helix, B is a B strand,
T is a turn, and W is a wing), although some variation in structure has been demonstrated (
Huffman and Brennan. 2002. Current Opinion in Structural Biology. 12:98).

As used herein the term “looped-hinge helix” included transcription factors,
such as AbrB which, in the absence of DNA, have revealed a dimeric N-terminal region
consisting of a four-stranded 3 sheet and a C-terminal DNA-binding region comprising one o
helix and a “looped hinge” (see, e.g., Huffman and Brennan. 2002 Current Opinion in
Structural Biology 12:98). Residues corresponding to R23 and R24 of AbrB are critical for
DNA recognition and contribute to the electropositive nature of the DNA-binding region.

Preferred polypeptides (and the nucleic acid molecules that encode them) are
“naturally occurring.” As used herein, a "naturally-occurring" molecule refers to a molecule
having an amino acid or a nucleotide sequence that occurs in nature (e.g., a natural
polypeptide). In addition, naturally or non-naturally occurring variants of the polypeptides
and nucleic acid molecules which retain the same functional activity, (such as, the ability to
bind to target nucleic acid molecules (e.g., comprising a marbox) or to polypeptides (e.g.
RNA polymerase) with a naturally occurring polypeptide are provided for. Such
immunologic cross-reactivity can be demonstrated, e.g., by the ability of a variant to bind to a
MarA family polypeptide responsive element. Such variants can be made, e.g., by mutation
using techniques that are known in the art. Alternatively, variants can be chemically
synthesized.

As used herein the term "variant(s)" includes nucleic acid molecules or
polypeptides that differ in sequence from a reference nucleic acid molecule or polypeptide,

but retain its essential properties. Changes in the nucleotide sequence of the variant may, or
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may not, alter the amino acid sequence of a polypeptide encoded by the reference nucleic
acid molecule. Nucleotide or amino acid changes may result in amino acid substitutions,
additions, deletions, fusions and truncations in the polypeptide encoded by a naturally
occurring reference sequence. A typical variant of a polypeptide differs in amino acid
sequence from a reference polypeptide. Generally, differences are limited so that the
sequences of the reference polypeptide and the variant are closely similar overall and, in
many regions, identical. A variant and reference polypeptide may differ in amino acid
sequence by one or more substitutions, additions, and/or deletions in any combination.

A variant of a nucleic acid molecule or polypeptide may be naturally
occurring, such as an allelic variant, or it may be a variant that is not known to occur
naturally. Non-naturally occurring variants of nucleic acid molecules and polypeptides may
be made from a reference nucleic acid molecule or polypeptide by mutagenesis techniques,
by direct synthesis, and by other recombinant methods known to skilled artisans.
Alternatively, variants can be chemically synthesized. For instance, artificial or mutant forms
of autologous polypeptides which are functionally equivalent, (e.g., have the ability to
interact with a MarA family polypeptide responsive element) can be made using techniques
which are well known in the art.

Mutations can include, e.g., at least one discrete point mutation which can give
rise to a substitution, or by at least one deletion or insertion. For example, mutations can also
be made by random mutagenesis or using cassette mutagenesis. For the former, the entire
coding region of a molecule is mutagenized by one of several methods (chemical, PCR,
doped oligonucleotide synthesis) and that collection of randomly mutated molecules is
subjected to selection or screening procedures. In the latter, discrete regions of a polypeptide,
corresponding either to defined structural or functional determinants are subjected to
saturating or semi-random mutagenesis and these mutagenized cassettes are re-introduced
into the context of the otherwise wild type allele. In one embodiment, PCR mutagenesis can
be used. For example, Megaprimer PCR can be used (O.H. Landt, 1990. Gene 96:125-128).

In preferred embodiments, a MarA family polypeptide excludes one or more
of XylIS, AraC, and MelR. In other preferred embodiments, a MarA family polypeptide is
involved in antibiotic resistance. In particularly preferred embodiments, a MarA family
polypeptide is selected from the group consisting of: MarA, RamA, AarP, Rob, SoxS, and
PgrA.

The language “activity of a transcription factor” includes the ability of a
transcription factor to interact with DNA, e.g., to bind to a transcription factor responsive
promoter, or to initiate transcription from such a promoter. The language expressly includes
the activities of AraC family polypeptides, HTH proteins and MarA family polypeptides.

The language "activity of a MarA family polypeptide" includes the ability of
the MarA family polypeptide to interact with DNA, e.g., to bind to a MarA family
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polypeptide responsive promoter, or to initiate transcription from such a promoter. MarA
functions both as a transcriptional activator (e.g., upregulating genes such as inaA, galT,
micF, etc.) and as a repressor (e.g., downregulating genes such as fecA, purA, guaB, etc.)
(Alekshun, 1997, Antimicrob. Agents Chemother. 41:2067-2075; Barbosa & Levy, J. Bact.
2000, Vol. 182, p. 3467-3474; Pomposiello et al. J. Bact. 2001, Vol 183, p. 3890-3902).

The language "transcription factor responsive element” includes a nucleic acid
sequence which can interact with a transcription factor (e.g., promoters or enhancers or
operators) which are involved in initiating transcription of an operon in a microbe.
Transcription factor responsive elements responsive to various transcription factors are
known in the art and additional responsive elements can be identified by one of ordinary skill
in the art. For example, microarray analysis can be used to identify genes that are regulated
by a transcription factor of interest. For interest, genes regulated by a transcription factor
would be expressed at higher levels in wild type cells than in cells which are deleted for the
transcription factor. In addition, genes responsive to a given transcription factor would
comprise one or more target sequences responsive to the transcription factor in their promoter
regions (Lyons et al. 2000. PNAS 97:7957). Exemplary responsive elements include:
araBAD, araE, araFGH (responsive to AraC); melBAD (responsive to MelR); rhaSR
(responsive to RhaR); rahBAD, rhaT (responsive to RhaS); Pm (responsive to XylS); fumC,
inaA, micF, nfo, pai5, sodA, tolC, acrAB, fldA, fpr, mar, poxB, ribA, and zwf (responsive to
MarA, SoxS, Rob); and coo, ms (responsive to Rns).

The language "marA family polypeptide responsive element” includes a
nucleic acid sequence which can interact with marA, e.g., promoters or enhancers which are
involved in regulating transcription of a nucleic acid sequence in a microbe. MarA
responsive elements comprise approximately 16 base pair marbox sequence, the sequence
critical for the binding of MarA to its target. In addition, a secondary site, the accessory
marbox, upstream of the primary marbox contributes to basal and derepressed mar
transcription. A marbox may be situated in either the forward or backward orientation.
(Martin, 1999, Mol. Microbiol. 34:431-441). In the marRAB operon, the marbox is in the
backward orientation and is thus located on the sense strand with respect to marRAB (Martin,
1999, Mol. Microbiol. 34:431-441). Subtle differences within the marbox sequence of
particular promoters may account for differential regulation by MarA and other related, e.g.,
SoxS and Rob, transcription factors (Martin, 2000, Mol Microbiol; 35(3):623-34). In one
embodiment, MarA family responsive elements are promoters that are structurally or
functionally related to a marA promoter, e.g., interact with MarA or a protein related to
MarA. Preferably, the marA family polypeptide responsive element is a marRAB promoter.
For example, in the mar operon, several promoters are marA family polypeptide responsive
promoters as defined herein, e.g., the 405-bp Thal fragment from the marO region is a marA
family responsive promoter (Cohen et al. 1993. J. Bact. 175:7856). In addition, MarA has
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been shown to bind to a 16 bp MarA binding site (referred to as the "marbox" within marO
(Martin et al. 1996. J. Bacteriol. 178:2216). MarA also affects transcription from the acr4B;
micF; mlr 1,2,3; slp; nfo; inad; fpr; sodA; soi-17,19; zwf; fumC; or rpsF promoters
(Alekshun and Levy. 1997. Antimicrobial Agents and Chemother. 41:2067). Other marA4
family responsive promoters are known in the art and include: araBAD, arafF, araFGH and
araC, which are activated by AraC; Pm, which is activated by XylS; mel4B which is
activated by MelR; and oriC which is bound by Rob.

The language "MarA family polypeptide responsive promoter" also includes
portions of the above promoters which are sufficient to activate transcription upon interaction
with a MarA family member protein. The portions of any of the MarA family polypeptide-
responsive promoters which are minimally required for their activity can be easily determined
by one of ordinary skill in the art, e.g., using mutagenesis. Exemplary techniques are
described by Gallegos et al. (1996, J. Bacteriol. 178:6427). A "MarA family polypeptide
responsive promoter” also includes non-naturally occurring variants of MarA family
polypeptide responsive promoters which have the same function as naturally occurring MarA
family promoters. Preferably such variants have at least 30% or greater, 40% or greater, or
50% or greater, nucleotide sequence identity with a naturally occurring MarA family
polypeptide responsive promoter. In preferred embodiments, such variants have at least
about 70% nucleotide sequence identity with a naturally occurring MarA family polypeptide
responsive promoter. In more preferred embodiments, such variants have at least about 80%
nucleotide sequence identity with a naturally occurring MarA family polypeptide responsive
promoter. In particularly preferred embodiments, such variants have at least about 90%
nucleotide sequence identity and preferably at least about 95% nucleotide sequence identity
with a naturally occurring MarA family polypeptide responsive promoter. In yet other
embodiments nucleic acid molecules encoding variants of MarA family polypeptide
responsive promoters are capable of hybridizing under stringent conditions to nucleic acid
molecules encoding naturally occurring MarA family polypeptide responsive promoters.

In one embodiment, the methods described herein can employ molecules
identified as responding to the transcription factors of the invention, i.e., molecules in a
regulon whose expression is controlled by the transcription factor. For example, compounds
that modulate transcription of genes that are directly modulated by a microbial transcription
factor (e.g., a marA family transcription factor) can be used to modulate virulence of a
microbe or modulate infection by a microbe. In another embodiment, such genes can be
identified as important in controlling virulence using the methods described herein. As used
herein, the term “regulon” includes two or more loci in two or more different operons whose
expression is regulated by a common repressor or activator protein.

The term “interact” includes close contact between molecules that results in a
measurable effect, e.g., the binding of one molecule with another. For example, a MarA
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family polypeptide can interact with a MarA family polypeptide responsive element and alter
the level of transcription of DNA. Likewise, compounds can interact with a MarA family
polypeptide and alter the activity of a MarA family polypeptide.

The term “inducible promoter” includes promoters that are activated to induce
the synthesis of the genes they control. As used herein, the term “constitutive promoter”
includes promoters that do not require the presence of an inducer, e.g., are continuously
active.

The terms "heterologous DNA" or "heterologous nucleic acid" includes DNA
that does not occur naturally in the cell (e.g., as part of the genome) in which it is present or
which is found in a location or locations in the genome that differ from that in which it occurs
in nature or which is operatively linked to DNA to which it is not normally linked in nature
(i.e., a gene that has been operatively linked to a heterologous promoter). Heterologous DNA
is 1) not naturally occurring in a particular position (e.g., at a particular position in the
genome) or 2) is not endogenous to the cell into which it is introduced, but has been obtained
from another cell. Heterologous DNA can be from the same species or from a different
species. Any DNA that one of skill in the art would recognize or consider as heterologous or
foreign to the cell in which is expressed is herein encompassed by the term heterologous
DNA.

The terms "heterologous protein", "recombinant protein", and "exogenous
protein" are used interchangeably throughout the specification and refer to a polypeptide
which is produced by recombinant DNA techniques, wherein generally, DNA encoding the
polypeptide is inserted into a suitable expression vector which is in turn used to transform a
host cell to produce the heterologous protein. That is, the polypeptide is expressed from a
heterologous nucleic acid molecule.

The term "microbe" includes microorganisms expressing or made to express a
transcription factor, araC family polypeptide, HTH protein, or a marA family polypeptide.
“Microbes” are of some economic importance, e.g., are environmentally important or are
important as human pathogens. For example, in one embodiment microbes cause
environmental problems, e.g., fouling or spoilage, or perform useful functions such as
breakdown of plant matter. In another embodiment, microbes are organisms that live in or on
mammals and are medically important. Preferably microbes are unicellular and include
bacteria, fungi, or protozoa. In another embodiment, microbes suitable for use in the
invention are multicellular, e.g., parasites or fungi. In preferred embodiments, microbes are
pathogenic for humans, animals, or plants. Microbes may be used as intact cells or as sources
of materials for cell-free assays. In one embodiment, the microbes include prokaryotic
organisms. In other embodiments, the microbes include eukaryotic organisms. Exemplary
bacteria that comprise MarA homologs include the following:
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MarA

E. coli
UPEC (uropathogenic)
EPEC (enteropathogenic)

Salmonella enterica
Cholerasuis (septicemia)
Enteritidis enteritis
Typhimurium enteritis
Typhimurium (multi-drug resistant)

Yersinia enterocolitica

Yersinia pestis

Pseudomonas aeruginosa

Enterobacter spp.

Klebsiella sp.

Proteus spp.

Vibrio cholerae

Shigella sp.

Providencia stuartii

Neisseria meningitidis

Mycobacterium tuberculosis

Mycobacterium leprae

Staphylococcus aureus

Streptococcus pyogenes

Enterococcus faecalis

Bordetella pertussis

Bordetella bronchiseptica

The term selective marker includes polypeptides that serve as indicators, e.g.,
provide a selectable or screenable trait when expressed by a cell. The term “selective
marker” includes both selectable markers and counterselectable markers. As used herein the
term “‘selectable marker” includes markers that result in a growth advantage when a
compound or molecule that fulfills the test parameter of the assay is present. The term
“counterselectable marker” includes markers that result in a growth disadvantage unless a
compound or molecule is present which disrupts a condition giving rise to expression of the
counterselectable marker. Exemplary selective markers include cytotoxic gene products,
gene products that confer antibiotic resistance, gene products that are essential for growth,
gene products that confer a selective growth disadvantage when expressed in the presence of
a particular metabolic substrate (e.g., the expression of the URA3 gene confers a growth
disadvantage in the presence of 5-fluoroorotic acid).

As used herein the term "reporter gene" includes any gene which encodes an
easily detectable product which is operably linked to a regulatory sequence, e.g., to a
transcription factor responsive promoter. By operably linked it is meant that under
appropriate conditions an RNA polymerase may bind to the promoter of the regulatory region
and proceed to transcribe the nucleotide sequence such that the reporter gene is transcribed.
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In preferred embodiments, a reporter gene consists of the transcription factor responsive
promoter linked in frame to the reporter gene. In certain embodiments, however, it may be
desirable to include other sequences, e.g, transcriptional regulatory sequences, in the reporter
gene construct. For example, modulation of the activity of the promoter may be effected by
altering the RNA polymerase binding to the promoter region, or, alternatively, by interfering
with initiation of transcription or elongation of the mRNA. Thus, sequences which are herein
collectively referred to as transcriptional regulatory elements or sequences may also be
included in the reporter gene construct. In addition, the construct may include sequences of
nucleotides that alter translation of the resulting mRNA, thereby altering the amount of
reporter gene product.

Examples of reporter genes include, but are not limited to CAT
(chloramphenicol acetyl transferase) (Alton and Vapnek (1979), Nature 282: 864-869)
luciferase, and other enzyme detection systems, such as beta-galactosidase; firefly luciferase
(deWet et al. (1987), Mol. Cell. Biol. 7:725-737); bacterial luciferase (Engebrecht and
Silverman (1984), PNAS 1: 4154-4158; Baldwin et al. (1984), Biochemistry 23: 3663-3667);
PhoA, alkaline phosphatase (Toh et al. (1989) Eur. J. Biochem. 182: 231-238, Hall et al.
(1983) J. Mol. Appl. Gen. 2: 101), human placental secreted alkaline phosphatase (Cullen and
Malim (1992) Methods in Enzymol. 216:362-368) and green fluorescent protein (U.S. patent
5,491,084; W096/23898).

In certain embodiments of the invention it will be desirable to obtain "isolated
or recombinant” nucleic acid molecules transcription factors or mutant forms thereof. The
term "isolated or recombinant” includes nucleic acid molecules which have been, e.g., (1)
amplified in vitro by, for example, polymerase chain reaction (PCR); (2) recombinantly
produced by cloning, or (3) purified, as by cleavage and gel separation; or (4) synthesized by,
for example, chemical synthesis. Such a nucleic acid molecule is isolated from the sequences
which naturally flank it in the genome and from cellular components.

In yet other embodiments of the invention, it will be desirable to obtain a
substantially purified or recombinant transcription factor. Such polypeptides, for example,
can be purified from cells which have been engineered to express an isolated or recombinant
nucleic acid molecule which encodes a transcription factor. For example, as described in
more detail below, a bacterial cell can be transformed with a plasmid which encodes a
transcription factor. The transcription factor can then be purified from the bacterial cells and
used, for example, in the cell-free assays described herein or known in the art.

As used herein, the term "antibiotic” includes antimicrobial agents isolated
from natural sources or chemically synthesized. The term "antibiotic" refers to antimicrobial
agents for use in human therapy. Preferred antibiotics include: tetracycline,
fluoroquinolones, chloramphenicol, penicillins, cephalosporins, puromyecin, nalidixic acid,
and rifampin.
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The term "test compound" includes any reagent or test agent which is
employed in the assays of the invention and assayed for its ability to influence the activity of
a transcription factor, e.g., an AraC family polypeptide, an HTH protein, or a MarA family
polypeptide, e.g., by binding to the polypeptide or to a molecule with which it interacts.
More than one compound, e.g., a plurality of compounds, can be tested at the same time for
their ability to modulate the activity of a transcription factor, e.g., an AraC family
polypeptide, an HTH protein, or a MarA family polypeptide, activity in a screening assay. In
an advantageous embodiment, the test compound is a MarA family modulating compound.

Test compounds that can be tested in the subject assays include antibiotic and
non-antibiotic compounds. In one embodiment, test compounds include candidate detergent
or disinfectant compounds. Exemplary test compounds which can be screened for activity
include, but are not limited to, peptides, non-peptidic compounds, nucleic acids,
carbohydrates, small organic molecules (e.g., polyketides), and natural product extract
libraries. The term "non-peptidic test compound" includes compounds that are comprised, at
least in part, of molecular structures different from naturally-occurring L-amino acid residues
linked by natural peptide bonds. However, "non-peptidic test compounds" also include
compounds composed, in whole or in part, of peptidomimetic structures, such as D-amino
acids, non-naturally-occurring L-amino acids, modified peptide backbones and the like, as
well as compounds that are composed, in whole or in part, of molecular structures unrelated
to naturally-occurring L-amino acid residues linked by natural peptide bonds. "Non-peptidic
test compounds" also are intended to include natural products.

In one embodiment, small molecules can be used as test compounds. The
term “‘small molecule” is a term of the art and includes molecules that are less than about
1000 molecular weight or less than about 500 molecular weight. In one embodiment, small
molecules do not exclusively comprise peptide bonds. In another embodiment, small
molecules are not oligomeric. Exemplary small molecule compounds which can be screened
for activity include, but are not limited to, peptides, peptidomimetics, nucleic acids,
carbohydrates, small organic molecules (e.g., polyketides) (Cane et al. 1998. Science 282:63),
and natural product extract libraries. In another embodiment, the compounds are small,
organic non-peptidic compounds. In a further embodiment, a small molecule is not
biosynthetic.

The term "antagonist” includes transcription factor modulating compounds
(e.g., AraC family polypeptide modulating compounds, HTH protein modulating compounds,
MarA family polypeptide modulating compounds, etc.) which inhibit the activity of a
transcription factor by binding to and inactivating the transcription factor (e.g., an AraC
family modulating compound, an MarA family polypeptide modulating compound, etc.), by
binding to a nucleic acid target with which the transcription factor interacts (e.g., for MarA, a
marbox), by disrupting a signal transduction pathway responsible for activation of a
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particular regulon (e.g., for Mar, the inactivation of MarR or activation of MarA synthesis),
and/or by disrupting a critical protein-protein interaction (e.g., MarA-RNA polymerase
interactions that are required for MarA to function as a transcription factor.) Antagonists
may include, for example, naturally or chemically synthesized compounds such as small cell
permeable organic molecules, nucleic acid interchelators, peptides, etc.

The term "agonist” includes transcription factor modulating compounds (e.g.,
AraC family polypeptide modulating compounds, HTH protein modulating compounds,
MarA family polypeptide modulating compounds, etc.) which promote the activity of a
transcription factor by binding to and activating the transcription factor (e.g., an AraC family
modulating compound, an MarA family polypeptide modulating compound, etc.), by binding
to a nucleic acid target with which the transcription factor interacts (e.g., for MarA, a
marbox), by facilitating a signal transduction pathway responsible for activation of a
particular regulon (e.g., for Mar, the inactivation of MarR or activation of MarA synthesis),
and/or by facilitating a critical protein-protein interaction (e.g., MarA-RNA polymerase
interactions that are required for MarA to function as a transcription factor.) Agonists may
include, for example, naturally or chemically synthesized compounds such as small cell
permeable organic molecules, nucleic acid interchelators, peptides, etc.

II. MarA Family polypeptide Helix-Turn-Helix Domains

Helix-turn-helix domains are known in the art and have been implicated in
DNA binding (4nn Rev. of Biochem. 1984. 53:293). An example of the consensus sequence
for a helix-turn domain can be found in Brunelle and Schleif (1989, J. Mol. Biol. 209:607).
The domain has been illustrated by the sequence
XXXPhoAlaXXPhoGlyPhoXXXXPhoXXPhoXX, where X is any amino acid and Pho is a
hydrophobic amino acid. ‘

The crystal structure of MarA has been determined and the first (most amino
terminal) HTH domain of MarA has been identified as comprising from about amino acid 31
to about amino acid 52 and the second HTH domain of MarA has been identified as
comprising from about amino acid 79 to about amino acid 102 (Rhee et al. 1998. Proc. Natl.
Acad. Sci. USA. 95:10413).

Locations of the helix-turn-helix domains in other MarA family members as
well as other HTH proteins can easily be found by one of skill in the art. For example using
the MarA protein sequence and an alignment program, e.g., the ProDom program or other
programs known in the art, a portion of the MarA amino acid sequence e.g., comprising one
or both HTH domains of MarA (such as from about amino acid 30 to about amino acid 107 of
MarA) to produce an alignment. Using such an alignment, the amino acid sequences
corresponding to the HTH domains of MarA can be identified in other MarA family member
proteins. An exemplary consensus sequence for the first helix-turn-helix domain of a MarA
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family polypeptide can be illustrated as XXXXAXXXXXSXXXLXXXFX, where X is any
amino acid. An exemplary consensus sequence for the second helix-tumn-helix domain of a
MarA family polypeptide is illustrated as XXIXXIAXXXGFXSXXXFXXX[F/Y], where X
is any amino acid. Preferably, a MarA family polypeptide first helix-tumn-helix domain
comprises the consensus sequence E/D-X-V/L-A-D/E-X-A/S-G-X-S-X3-L-Q-X2-F-K/R/E-
X2-T/1. Preferably, a MarA family polypeptide second helix-turn-helix domain comprises the
consensus sequence I-X-D-I-A-X3-G-F-X-S-X2-F-X3-F-X4.

In an embodiment, a MarA family member HTH domain is a MarA HTH
domain. The first and second helix-turn-helix domains of MarA are, respectively,
EKVSERSGYSKWHLQRMFKKET and ILYLAERYGFESQQTLTRTFKNYF. Other
exemplary MarA family helix-turn-helix domains include: about amino acid 210 to about
amino acid 229 and about amino acid 259 to about amino acid 278 of MelR; about amino
acid 196 to about amino acid 215 and about amino acid 245 to about amino acid 264 of AraC;
and about amino acid 230 to about amino acid 249 (or 233-253) and about amino acid 281 to
about amino acid 301 (or 282-302) of XylS (see e.g., Brunelle et al. 1989. J. Mol. Biol.
209:607; Niland et al. 1996. J. Mol. Biol. 264:667; Gallegos et al. 1997. Microbiology and
Molecular Biology Reviews. 61:393).

“MarA family polypeptide helix-turn-helix domains” are derived from or are
homologous to the helix-turn-helix domains found in the MarA family polypeptides as
described supra. In preferred embodiments, a MarA family polypeptide excludes one or
more of XylS, AraC, and MelR. In particularly preferred embodiments, a MarA family
polypeptide is selected from the group consisting of: MarA, RamA, AarP, Rob, SoxS, and
PqrA.

Both of the helix-turn-helix domains present in MarA family polypeptides are
in the carboxy terminal end of the protein. Proteins or portions thereof comprising either or
both of these domains can be used in the instant methods. In certain embodiments, a
polypeptide which is used in screening for compounds comprises the helix-turn-helix domain
most proximal to the carboxy terminus (HTH2) of the MarA family polypeptide from which
it is derived. In other embodiments, such a polypeptide comprises the helix-turn-helix domain
most proximal to the amino terminus (HTH1) of the MarA family polypeptide from which it
is derived. In one embodiment, other polypeptide sequences may also be present, e.g.,
sequences that might facilitate immobilizing the domain on a support, or, alternatively, might
facilitate the purification of the domain.

In an embodiment, such a polypeptide consists essentially of the helix-turn-
helix domain most proximal to the carboxy terminus of the MarA family polypeptide from
which it is derived. In other preferred embodiments, such a polypeptide consists essentially
of the helix-turn-helix domain most proximal to the amino terminus of the MarA family
polypeptide from which it is derived.
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In an embodiment, such a polypeptide consists of the helix-turn-helix domain
most proximal to the carboxy terminus of the AraC family polypeptide or MarA family
polypeptide from which it is derived. In other preferred embodiments, such a polypeptide
consists of the helix-turn-helix domain most proximal to the amino terminus of the AraC
family polypeptide or MarA family polypeptide from which it is derived.

MarA family polypeptide or AraC family polypeptide helix-turn-helix
domains can be made using techniques which are known in the art. The nucleic acid and
amino acid sequences of transcription factors, such as MarA family polypeptides, are
available, for example, from GenBank. Using this information, the helix-turn-helix
consensus motif and mutational analysis provided herein, one of ordinary skill in the art can
identify MarA family or AraC family polypeptide helix-turn-helix domains.

In certain embodiments of the invention it will be desirable to obtain "isolated
or recombinant" nucleic acid molecules encoding transcription factors or portions thereof
(e.g., HTH protein helix-tum-helix domains, AraC family helix-turn-helix domains, MarA
family helix-tum-helix domains or mutant forms thereof). By "isolated or recombinant" is
meant a nucleic acid molecule which has been (1) amplified in vitro by, for example,
polymerase chain reaction (PCR); (2) recombinantly produced by cloning, or (3) purified, as
by cleavage and gel separation; or (4) synthesized by, for example, chemical synthesis. Such
a nucleic acid molecule is isolated from the sequences which naturally flank it in the genome
and from cellular components.

The isolated or recombinant nucleic acid molecules encoding transcription
factors (e.g., HTH protein helix-turn-helix domains, AraC family helix-turn-helix domains,
MarA family helix-turn-helix domains or mutant forms thereof) can then, for example, be
utilized in binding assays, can be expressed in a cell, or can be expressed on the surface of
phage, as discussed further below.

In yet other embodiments of the invention, it will be desirable to obtain a
substantially purified or recombinant HTH protein helix-turn-helix domains (e.g., MarA
family helix-turn-helix domains or mutant forms thereof). Such polypeptides, for example,
can be purified from cells which have been engineered to express an isolated or recombinant
nucleic acid molecule which encodes a HTH protein helix-turn-helix domain (e.g., MarA
family helix-turn-helix domain or mutant forms thereof). For example, as described in more
detail below, a bacterial cell can be transformed with a plasmid which encodes a MarA
family helix-turn-helix domain. The MarA family helix-turn-helix protein can then be
purified from the bacterial cells and used, for example, in the cell-free assays described
herein.

Purification of a HTH protein helix-turn-helix domain (e.g., MarA family
helix-turn-helix domain) can be accomplished using techniques known in the art. For
example, column chromatography could be used, or antibodies specific for the domain or for
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a polypeptide fused to the domain can be employed, for example on a column or in a panning
assay.

In preferred embodiments, cells used to express HTH protein helix-turn-helix
domains (e.g., MarA family helix-turn-helix domains or mutant forms thereof) for
purification, e.g., host cells, comprise a mutation which renders any endogenous HTH
proteins nonfunctional or causes the endogenous protein to not be expressed. In other
embodiments, mutations may also be made in MarR or related genes of the host cell, such
that repressor proteins which bind to the same promoter as a MarA family polypeptide are not
expressed by the host cell.

In certain embodiments of the invention, it will be desirable to use a mutant
form of a HTH protein helix-turn helix domain, e.g., a non-naturally occurring form of a
MarA family helix-turn-helix domain which has altered activity, e.g., does not retain wild
type MarA family polypeptide helix-turn-helix domain activity, or which has reduced activity
or which is more active when compared to a wild-type MarA family polypeptide helix-turn-
helix domain.

Such mutant forms can be made using techniques which are well known in the
art. For example, random mutagenesis can be used. Using random mutagenesis one can
mutagenize an entire molecule or one can proceed by cassette mutagenesis. In the former
instance, the entire coding region of a molecule is mutagenized by one of several methods
(chemical, PCR, doped oligonucleotide synthesis) and that collection of randomly mutated
molecules is subjected to selection or screening procedures. In the second approach, discrete
regions of a protein, corresponding either to defined structural or functional determinants
(e.g., the first or second alpha helix of a helix-turn-helix domain) are subjected to saturating
or semi-random mutagenesis and these mutagenized cassettes are re-introduced into the
context of the otherwise wild type allele.

In a preferred embodiment, PCR mutagenesis is used. For example, Example
2 describes the use of Megaprimer PCR (O.H. Landt, Gene 96:125-128) used to introduce an
Nhel restriction site into the centers of both the helix A (position 1989) and helix B (position
2016) regions of the marA4 gene.

In one embodiment, such mutant helix-turn-helix domains comprise one or
more mutations in the helix-turn-helix domain most proximal to the carboxy terminus
(HTH?2) of the MarA family polypeptide molecule. In a preferred embodiment, the mutation
comprises an insertion into helix A and helix B of the helix-turn-helix domain most proximal
to the carboxy terminus of the MarA family polypeptide. In one embodiment, such mutant
helix-turn-helix domains comprise one or more mutations in the helix-turn-helix domain most
proximal to the amino terminus (HTH]1) of the MarA family polypeptide molecule. In a
preferred embodiment, the mutation comprises an insertion into helix A and helix B of the
helix-turn-helix domain most proximal to the amino terminus of the MarA family
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polypeptide. In particularly preferred embodiments, the mutation is selected from the group
consisting of: an insertion at an amino acid corresponding to about position 33 of MarA and
an insertion at an amino acid position corresponding to about position 42 of MarA.
"Corresponding" amino acids can be determined, e.g., using an alignment of the helix-turn-
helix domains.

Such mutant forms of MarA family helix-turn-helix motifs are useful as
controls to verify the specificity of antiinfective compounds for a MarA family helix-turn-
helix domain or as controls for the identification of genetic loci which affect resistance to
antiinfectives. For example, the mutant MarA family helix-turn-helix domains described in
the appended Examples demonstrate that insertional inactivation of MarA at either helix A or
helix B in the first HTH domain abolished the multidrug resistance phenotype in both E. coli
and M. smegmatis. By the use of an assay system such as that described in Example 2, which
demonstrates the ability of MarA family polypeptide helix-turn-helix domains to increase
antibiotic resistance and that mutant forms of these domains do not have the same effect, one
can clearly show that the response of any genetic loci identified is specific to a MarA family
helix-turn-helix domain.

III. Expression of Polypeptide or Portions Thereof

Nucleic acids encoding transcription factors, such as AraC family
polypeptides, HTH proteins, e.g., MarA family polypeptides or selectable markers (or
portions thereof that retain an activity of the full-length polypeptide, e.g., are capable of
binding to a transcription factor responsive element or retain their indicator function) can be
expressed in cells using vectors. Almost any conventional delivery vector can be used. Such
vectors are widely available commercially and it is within the knowledge and discretion of
one of ordinary skill in the art to choose a vector which is appropriate for use with a given
microbial cell. The sequences encoding these domains can be introduced into a cell on a self-
replicating vector or may be introduced into the chromosome of a microbe using homologous
recombination or by an insertion element such as a transposon.

These nucleic acids can be introduced into microbial cells using standard
techniques, for example, by transformation using calcium chloride or electroporation. Such
techniques for the introduction of DNA into microbes are well known in the art.

In one embodiment, a nucleic acid molecule which has been amplified in vitro by, for
example, polymerase chain reaction (PCR); recombinantly produced by cloning, or) purified,
as by cleavage and gel separation; or synthesized by, for example, chemical synthesis can be
used to produce MarA family polypeptides (George, A. M. & Levy, S. B. (1983)]. Bacteriol.
155, 541-548; Cohen, S. P. et al. (1993) J Infect. Dis. 168, 484-488; Cohen, S. P et al. (1993)
J Bacteriol. 175, 1484-1492; Sulavick, M. C. et al. (1997) J. Bacteriol. 179, 1857-1866).

-39-



10

15

20

25

30

35

WO 2006/076009 PCT/US2005/014345

Host cells can be genetically engineered to incorporate nucleic acid molecules
of the invention. In one embodiment nucleic acid molecules specifying transcription factors
can be placed in a vector. The term "vector" refers to a nucleic acid molecule capable of
transporting another nucleic acid molecule to which it has.been linked. The term "expression
vector" or “expression system” includes any vector, (e.g., a plasmid, cosmid or phage
chromosome) containing a gene construct in a form suitable for expression by a cell (e.g.,
linked to a promoter). In the present specification, "plasmid" and "vector" are used
interchangeably, as a plasmid is a commonly used form of vector. Moreover, the invention is
intended to include other vectors which serve equivalent functions. A great variety of
expression systems can be used to produce the polypeptides of the invention. Such vectors
include, among others, chromosomal, episomal and virus-derived vectors, e.g., vectors
derived from bacterial plasmids, from bacteriophage, from transposons, from yeast episomes,
from insertion elements, from yeast chromosomal elements, from viruses such as
baculoviruses, papova viruses, such as SV40, vaccinia viruses, adenoviruses, fowl pox
viruses, pseudorabies viruses and retroviruses, and vectors derived from combinations
thereof, such as those derived from plasmid and bacteriophage genetic elements, such as
cosmids and phagemids.

Appropriate vectors are widely available commercially and it is within the
knowledge and discretion of one of ordinary skill in the art to choose a vector which is
appropriate for use with a given host cell. The sequences encoding a transcription factor,
such as, for example, MarA family polypeptides, can be introduced into a cell on a self-
replicating vector or-may be introduced into the chromosome of a microbe using homologous
recombination or by an insertion element such as a transposon.

The expression system constructs may contain control regions that regulate
expression. "Transcriptional regulatory sequence” is a generic term to refer to DNA
sequences, such as initiation signals, enhancers, operators, and promoters, which induce or
control transcription of polypeptide coding sequences with which they are operably linked. It
will also be understood that a recombinant gene encoding a transcription factor gene, €.g., an
HTH protein gene or an AraC family polypeptide, e.g., MarA family polypeptide, can be
under the control of transcriptional regulatory sequences which are the same or which are
different from those sequences which control transcription of the naturally-occurring
transcription factor gene. Exemplary regulatory sequences are described in Goeddel; Gene
Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, CA
(1990). For instance, any of a wide variety of expression control sequences, that control the
expression of a DNA sequence when operatively linked to it, may be used in these vectors to
express DNA sequences encoding the polypeptide.

Generally, any system or vector suitable to maintain, propagate or express

nucleic acid molecules and/or to express a polypeptide in a host may be used for expression
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in this regard. The appropriate DNA sequence may be inserted into the expression system by
any of a variety of well-known and routine techniques, such as, for example, those set forth
in Sambrook et al., Molecular Cloning, A Laboratory Manual, (supra).

Exemplary expression vectors for expression of a gene encoding a polypeptide
and capable of replication in a bacterium, e.g., a gram positive, gram negative, or in a cell of
a simple eukaryotic fungus such as a Saccharomyces or, Pichia, or in a cell of a eukaryotic
organism such as an insect, a bird, a mammal, or a plant, are known in the art. Such vectors
may carry functional replication-specifying sequences (replicons) both for a host for
expression, for example a Streptomyces, and for a host, for example, E. coli, for genetic
manipulations and vector construction. See, e.g., U.S. 4,745,056. Suitable vectors for a
variety of organisms are described in Ausubel, F. et al., Short Protocols in Molecular
Biology, Wiley, New York (1995), and for example, for Pichia, can be obtained from
Invitrogen (Carlsbad, CA).

Useful expression control sequences, include, for example, the early and late
promoters of SV40, adenovirus or cytomegalovirus immediate early promoter, the lac
system, the #rp system, the TAC or TRC system, T7 promoter whose expression is directed
by T7 RNA polymerase, the major operator and promoter regions of phage lambda , the
control regions for fd coat polypeptide, the promoter for 3-phosphoglycerate kinase or other
glycolytic enzymes, the promoters of acid phosphatase, e.g., Pho5, the promoters of the yeast
o-mating factors, the polyhedron promoter of the baculovirus system and other sequences
known to control the expression of genes of prokaryotic or eukaryotic cells or their viruses,
and various combinations thereof. A useful translational enhancer sequence is described in
U.S. 4,820,639.

In one embodiment, an inducible promoter will be employed to express a
polypeptide of the invention. For example, in one embodiment, trp (induced by tryptophan),
tac (induced by lactose), or tet (induced by tetracycline) can be used in bacterial cells, or
GALI (induced by galactose) can be used in yeast cell.

In another embodiment, a constitutive promoter can be used to express a
polypeptide of the invention.

It should be understood that the design of the expression vector may depend
on such factors as the choice of the host cell to be transformed and/or the type of polypeptide
desired to be expressed. Representative examples of appropriate hosts include bacterial cells,
such as gram positive, gram negative cells; fungal cells, such as yeast cells and Aspergillus
cells; insect cells such as Drosophila S2 and Spodoplera Sf9 cells; animal cells such as CHO,
COS, HeLa, C127, 3T3, BHK, 293 and Bowes melanoma cells; and plant cells.

In one embodiment, cells used to express heterologous polypeptides of the
invention, comprise a mutation which renders one or more endogenous transcription factors,
such as a AraC family polypeptide or a MarA family polypeptide, nonfunctional or causes

-4] -



10

15

20

25

30

35

WO 2006/076009 PCT/US2005/014345

one or more endogenous polypeptide to not be expressed. Manipulation of the genetic
background in this manner allows for screening for compounds that modulate specific
transcription factors, such as MarA family members or AraC family members, or more than
one transcription factors.

In other embodiments, mutations may also be made in other related genes of
the host cell, such that there will be no interference from the endogenous host loci. In yet
another embodiment, a mutation may be made in a chromosomal gene to create a
heterotroph.

Introduction of a nucleic acid molecule into the host cell (“transformation’)
can be effected by methods described in many standard laboratory manuals, such as Davis et
al., Basic Methods In Molecular Biology, (1986) and Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
N.Y. (1989). Examples include calcium phosphate transfection, DEAE-dextran mediated
transfection, transvection, microinjection, cationic lipid-mediated transfection,
electroporation, transduction, scrape loading, ballistic introduction and infection.

Purification of polypeptides, e.g., recombinantly expressed polypeptides, can
be accomplished using techniques known in the art. For example, if the polypeptide is
expressed in a form that is secreted from cells, the medium can be collected. Alternatively, if
the polypeptide is expressed in a form that is retained by cells, the host cells can be lysed to
release the polypeptide. Such spent medium or cell lysate can be used to concentrate and
purify the polypeptide. For example, the medium or lysate can be passed over a column, e.g.,
a column to which antibodies specific for the polypeptide have been bound. Alternatively,
such antibodies can be specific for a second polypeptide which has been fused to the first
polypeptide (e.g., as a tag) to facilitate purification of the first polypeptide. Other means of
purifying polypeptides are known in the art.

IV. Methods for Identifying Antiinfective Compounds Which Modulate an Activity of a

Transcription Factor

Transcription factor agonists and antagonists can be assayed in a variety of
ways. For example, in one embodiment, the invention provides for methods for identifying a
compound which modulates an transcription factor, e.g., by measuring the ability of the
compound to interact with an transcription factor nucleic acid molecule or an transcription
factor polypeptide or the ability of a compound to modulate the activity or expression of an
transcription factor polypeptide. Furthermore, the ability of a compound to modulate the
binding of an transcription factor polypeptide or transcription factor nucleic acid molecule to
a molecule to which they normally bind, e.g., a nucleic acid or protein molecule can be
tested.
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In one embodiment, a transcription factor and its cognate DNA sequence can
be present in a cell free system, e.g., a cell lysate and the effect of the compound on that
interaction can be measured using techniques known in the art.

In a preferred embodiment, the assay system is a cell-based system.
Compounds identified using the subject methods are useful, e.g., to interfere with the ability
of a microbe to grow in a host and/or in reducing microbial virulence and, thereby, and in
reducing the ability of the microbe to cause infection in a host.

The ability of the test compound to modulate the expression and/or activity of
a transcription factor can be determined in a variety of ways. Exemplary methods which can
be used in the instant assays are known in the art and are described, e.g., in 5,817,793 and
WO 99/61579. Other exemplary methods are described in more detail below.

In one embodiment, the invention provides for methods of identifying a test
compound which modulates the expression and/or activity of a transcription factor, (e.g., an
HTH protein, a MarA family polypeptide, an AraC family polypeptide, etc.) by contacting a
cell expressing a transcription factor (or portion thereof) with a test compound under
conditions which allow interaction of the test compound with the cell.

Assays

In one embodiment, the expression of a selectable marker that confers a
selective growth disadvantage or lethality is placed under the direct control of a MarA
responsive element in a cell expressing marA.

In one embodiment, marA is plasmid encoded. In one embodiment, the
genetic background of the host organism is manipulated, e.g., to delete one or more
chromosomal marA genes or marA homolog genes.

In one embodiment, expression of marA is controlled by a highly regulated
and inducible promoter. For example, in one embodiment, a promoter selected from the
group consisting of #rp, fac, or fet in bacterial cells or GAL/ in yeast cells can be used.

In another embodiment, expression of marA is constitutive.

In one embodiment, a selective marker is a cytotoxic gene product (e.g.,
ccdB).

In another embodiment, a selective marker is a gene that confers antibiotic
resistance (e.g., kan, cat, or bla).

A In another embodiment, a selective marker is an essential gene (e.g., purA or
guaB in a purine or guanine heterotroph).

In still another embodiment, a selective marker is a gene that confers a
selective growth disadvantage in the presence of a particular metabolic substrate (e.g., the
expression of URA3 in the presence of S-fluoroorotic acid [5-FOA] in yeast).
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In one embodiment, compounds that modulate transcription factors (e.g., HTH
proteins, AraC family polypeptides, or MarA family polypeptides) are identified using a one-
hybrid screening assay. As used herein, the term “one-hybrid screen” as used herein includes
assays that detect the disruption of protein-nucleic acid interactions. These assays will
identify agents that interfere with the binding of a transcription factor (e.g., an HTH protein, a
AraC family polypeptide, or a MarA family polypeptide) to a particular target, e.g., DNA
containing, for MarA, a marbox, at the level of the target itself, e.g., by binding to the target
and preventing the trnscriptional activation factor from interacting with or binding to this site.

In another embodiment, compounds of the invention are identified using a
two-hybrid screening assay. As used herein the term “two-hybrid screen” as used herein
includes assays that detect the disruption of protein-protein interactions. Such two hybrid
assays can be used to interfere with crucial protein-transcription factor interactions (e.g.,
HTH protein interactions, AraC family polypeptide interactions, MarA family polypeptide
interactions). One example would be to prevent RNA polymerase-MarA family polypeptide
contacts, that are necessary for the MarA family polypeptide to function as a transcription
factor (either positive acting or negative acting).

In yet another embodiment, compounds of the invention are identified using a
three-hybrid screening assay. As used herein the term “three-hybrid screen” as used herein
includes assays that will detect the disruption of a signal transduction pathway(s) required for
the activation of a particular regulon of interest. In one embodiment, the three-hybrid screen
is used to detect disruption of a signal transduction pathway(s) required for the activation of
the Mar regulon, i.e., synthesis of MarA. (Li and Park. J. Bact. 181:4824). The assay can be
used to identify compounds that may be responsible for activating transcription factor
expression, e.g., Mar induction by antibiotics may proceed in this manner.

In one embodiment of the assay, the expression of a selective marker (e.g.,
ccdB, cat, bla, kan, guaB, URA3) is put under the direct control of an activatable MarA
responsive activatable promoter (e.g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>