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STABILIZED POLYPEPTIDES AND USES THEREOF

Cross-Reference to Related Applications

This application claims the benefit of U.S. Provisional Patent Application No. 62/613,994,
filed on January 5, 2018 and also claims the benefit of U.S. Provisional Patent Application No.
62/714,464, filed on August 3, 2018, which the entire contents of both are incorporated herein by
reference.

Government Interest

This invention was made with government support under grant Al111416 awarded by the National
Institutes of Health. The government has certain rights in the invention.

Background of the invention

Multidrug resistance poses serious challenges for the treatment of many infectious
diseases. A common mechanism by which multidrug resistance is conferred to bacteria is based
on the active efflux of a wide range of cytotoxic compounds by transmembrane pumps. Some of
these systems utilize supplier proteins, such as multidrug transporter EmrE in E. coli, which
transport compounds into the periplasm from the cytoplasm. The various suppliers have
overlapping specificities, and collectively form a multidrug resistance network of proteins that
renders bacteria effectively immune to a broad range of compounds. The small multidrug
resistance family of membrane bound transporters is ubiquitous in bacteria. Accordingly,
compounds capable of inhibiting these transporters could be useful in the treatment of bacterial
infections.

Summary of the Invention

The present invention features polypeptides which inhibit dimerization of small multidrug
resistance transporters containing a stabilized a-helix, and the use of such polypeptides in the
treatment of bacterial infections.

Accordingly, in an aspect, the invention features a polypeptide, or a pharmaceutically
acceptable salt thereof, including a stabilized a-helix, wherein the polypeptide includes the
structure of Formula I

(R%p
/
L1 """"""""""" \L2
g o w
;_[Xa]m.N&(x1-x2~x3'x4-x5~x§N>§([xb],,—§
R" O R® O
Formula |

wherein the dotted line represents an optional double bond;
mis1, 2, 3,4,5, or6;

nis 6-m;

SUBSTITUTE SHEET (RULE 26)
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pis 0, 1,0r2;

gach of P%n, PO, and X1-X8 consist of consecutive aming acids of an a-helixof g
monomer of a small multidrug resistance transporter {e.g., an a-helix of any one of SEQ 1D NOs:
1-421), or conservative substitutions thereof;

R and R® are, independently, hydrogen, optionally substituted acyl, or optionally
substituted C1-Cs alkyl;

R2 and R7 are, independently, optionally substituted C1-Cs alkyl, optionally substituted Cs-
Cs alkenyl, optionally substituled C+-Cs alkynyi, optionally substituted C1-Cs heteroalkyl, optionally
substifuied Ca-Ca carbocyciyl, or optionally substituted Co-Ce heterocyciyi,

R® and R® are, independently, optionally substituted C+-Cs alkylene, oplionally substituted
C1-Cs hetercailkylene, optionally substituled Cs-Ce carbocyclyl, or optionally substituted C2-Co
hetercoyalyl, or R and R® or R® and R® combine with the atoms to which they are altached to form
an optionally substituted Cs-Cs heterocyeiyi;

L' and L2 are, independently, absent, oplionally subsiituted C1-Ce alkylene, or ~
C(=0)ORY— wherain each RY is, independently, an oplionally subsiituted ©1-Cs alkyl;, and

each R4 is, independently, optionally substituted C.-Cs alkyt, optionally substiiuted C1-Cs
heteroalkyl, optionally substituted Cs-Cio alkyl,

wherein the polypeptide binds o the monomer of a small mubllidrug resistance transporier.

in some embodiments, the struciure of Formuia | includes the sequence of an g-helix of a
monomer of a small multidrug resistance transporter (2.9., an g-helix of any one of SEQ 1D NOs:
1-421) in which two of the amino acids are replaced with a cross-link.

in some embodimants, R? is optionally substituted C1-Ce alkyl (6.g., methyl). In some
aimbodimesnts, R7 is optionally substitutad C1-Ce alkyl (e.g., methyl). In some smbodiments, R' is
hydrogen. in some embodiments, RS is hydrogen. In some embodiments, pis 0. In some
embodiments, RS is optionally substituted C1-Ce alkylene (e.g., methylens). in some
embodiments, R? is optionally substituted C+-Cs alkylene {e.g., mathylene). In some
embodiments, L' is optionally substituied C1-Cs alkylene (e.g., pentylene). In some embodiments,
.2 is optionally substiluted C+-Cs alkviene {e.g., ethylene). In some embodiments, the dotied fine
represeants a double bond.

in some embodiments, X' is glycine, alanine, valine, leucine, or isoleucine; X2 is glycine,
alanine, valing, leucine, or isoleucine; X3 is glycine, alanine, valine, leucing, or isoleucing; X4 is
sering, cysteine, selenocysteine, threonine, or methioning; X8 is serine, cysteing, selenocysteing,
threoning, or methionine; and/or X8 is histiding, lysing, or argining.

In some embodiments, X' is glycine, alanine, valine, lsucine, or isoleucine; X2 is glycine,
alanine, valine, leucine, or isoleucine; X3 is serine, cysteine, selenocysieine, threonine, or
methionineg, X4 is serine, cysteine, selenocysteine, threonine, or methionine; X% is histiding, lysine,
or argining, and/or X% is glycine, alanine, valine, leucine, or isoleucine.

in some embodiments, X' is ghycine, alaning, valine, leucine, or isoleucine; X2 is serine,
cysieine, selenocysteine, threonine, or methionine; X® is serine, cysteine, selenocysteine,
threonine, or methionine,
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X4 is histidine, Wysine, or arginine; X5 is glycing, alanine, valine, leucine, or isoleucing; and/or X8 is
sering, cysieine, selenocysteine, threonine, or methicnine.
In some embodiments, X' is histiding, lysine, or argining; X2 is givcine, alanine, valine,
feucine, or iscleucine; X3 is sering, cysigine, selenocysieine, threonine, or methionine; X4 is
5 glycine, alanine, valine, leucine, or isoleucing; X% is glycine, alanine, valine, laucine, or iscleucine;
and/or X% is giycine, alanine, valine, leucine, or isoleucine.
in some embodiments, X includes the sequence lysine-lysine-serine, or conservative
subsiitutions thereof. In some embodiments, [X", includes the sequence isoleucine-isoleucine-
asparagine-lysine-lysine-serine, or conservative substitutions thereof. In some embodiments, X'-
10 X8 or [XPl» includes the sequencs cysteine-alanine-glycine, or conservative substitutions thereof.
in some embodiments, [X", includes the sequence cysiaine-alanine-glycine-valine-leucine-
isoleucine-isoleucine-asparagine-lysine-lysine-serine, or conservative substitutions thereof. in
some embodimants, X3 includes the sequence Aspartic acid-leucine-proline, or conservative
substilutions thereof. In some embodiments, [X%n includes the sequence Aspartic acid-leucine-
15 proline-alanine-isoleucine-isoleucine-glycine-methionine, or conservative substitutions thereof.
in some embodiments, the polypeptide includes the structure:

HSC .\\\/’ |
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in some embodiments, the polypeptide includes the structure:
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in some embodiments, the polypeptide consisis of the structure:
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in some embodiments, the polypeptide consists of the struciure:

3
SAGVLIINLLS

e

N

5 K i ‘\CH?’
Yttt M
DLPA!—wa\g}}(G M-M-—L] ??\ir@vumus

rR' © R® O ‘or

.
DLPAHGMME\?}(L E

R' O

5 in some embodiments, the polypeptide includes a solubility tag (e.g., one or more lysine

residues or a sarcosine-containing tag) at the N- and/or C-erminus. In some embodiments, the

polypeptide is acetylaled at the N-lerminus. in some embodiments, the polypeptide is amidated at

the C-lerminus. In some embaodiments, the polypeptide includes a solubility {ag including at least

one lysine (e.g., at least two, at leasi thres, at least four, at least five) at the C-lerminus. In some
10 embodiments, the polypeptide includes {(e.g., at the N-terminus) the structure:

o
. Ho
r-agc\Tva)\N/\ﬂ}%_

!
O CH3 CH; O
in some embodiments, the polypeptide includes (e.g., at the C-erminus) the struciure:
NH;
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in some embodiments, the polypeptide consists of the struciure:

HaC r LHa
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R' O RS 0

in some embodiments, the polypeptide consists of the struciure:
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in ancther aspedt, the invention features a pharmaceutical composition including any of
the foregoing polypeptides and a pharmaceutically accepiable carrier.

In another aspect, the invention features, a method of reducing efflux in a bacterial cali,
the method including contacting the cell with any of the foregoing polypeptides or pharmaceutical
compositions. in some embodiments, the bacterial cell is a gram-negative badleria {e.g., £ coli, P.
aeruginosa, B. pentussis, or N. meningitides). In some embodiments, the bacterial cell is a gram-
positive bacteria (e.q., S. aureus or B. anthracis).

in ancther asped, the invention features a method of treating a baclerial infection in a
subiect in need thereof, the method including administering any of the foregoing polypeptides or
pharmaceutical compositions. in some embodiments, the bacterial infection includes bacteria
which are resistant {0 one or more antibacierial agents or the bacterial infection has failed o
respond 1o trealment with one or more anlibacterial agents. In some embodiments, the bacterial
infeclion includes bacteria which express one or more small molecule resistance membrane-bound
transporiers. In some embodiments, the method furlher includes adminisiering one or more
antibacterial agents {(&.g., ampicillin, erythromycin, or tetracycline). In some embodiments, the one
or more antibacterial agents is a B-lactam antibiotic, a cephalosporin antibictic, a carbapenam
antibictic, a polymyxin antibiotic, a rifamycin antibiotic, a lipiarycin antibictic, a quinolone antibiotic,
a sulfonamide antibiotic, a macrolide antibiotic, a lincosamide antibiotic, a tetracycline antibiotic, an
aminoglycoside antibiotic, a cyclic lipopeptide antibiotic, a glycyioycline antibiotic, an oxazolidinone
antibiotic, or a combination thereof. In some embodiments, the one or more antibacterial agent
and any of the foregoing polvpeptides or pharmaceutical compositions are administered within 28
days of each other {e.g., within 21, 14, 10,7, 5, 4, 3, 2, or 1 days) or within 24 hours (e.g., 12, 6, 3,
2, or 1 hours; or concomitanily) each in an amount that together are effective to ireat the subject.

Brief Description of the Drawings

FiGs. 1A and 1B are CD spectra of polypeptides of the invention. FIG. 1Aisa CD
spectrum of polypeptides of the invention in micelles. FIG. 18 is a CD specirum of polypeptides of
the invention in lipid bilayers.

FIG. 2 is a graph illustrating the toxicity of polypeptides of the invention io E. colf cells.

FIG. 3 is a graph illusirating the efflux of ethidium bromide from E. coli cells in the
presence and absence of polypeptides of the invention.

Detailed Description

Peptide stapling and stifching is a synthetic strategy known {0 increase helix stabilization,
in which adjacent or subseqguent tums of an o-helix are cross-linked by a macrocyclic bridge. See,
e.g., Kimef al., Nal. Protoc. (2011) 6:761-771. This incorporated staple can enforce the bioaclive
g-halical conformation of a synthetic peptide and confer on it increased target affinity, robust cell
penetration, and/or extended in vivo hali-life. The preseni invention features polypeptides which
inhibit dimerization of small muitidrug resistance transporiers including a stabilized a-helix, and the
use of such polypeptides in the treatment of bacterial infections.
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Polypeptides
Exemplary polypeplides of the invention comprise the siructure of Formula I
(RY,
/ //
L'i ————————————— \LZ
R R s RUR
XX K2 XA X0 R G e
R O R® O
Formula |

wherein the dotted line represents an optional double bond;

mis1,2,3 4,5, or8;

inis &-my;

pis 0,1, or2;

each of [X2m, [X°}, and X'-X® consist of conseculive amine acids of an g-helixofa
monomer of a small multidrug resistance transporier, or conservative substitutions thereof,

R' and R® are, independently, hydrogen, optionally substituted acyl, or optionally
substituted C1-Cs alkyi,

R2 and R7 are, independently, oplionally substituted C1-Cs alkyl, optionally substituted Cs-
Cs alkenyi, optionally substituted C+-Ce alkynyi, optionally substituted C1-Cs heteroalkyl, optionally
subsiituted Cs~Cs carbocyclyl, or oplionally substituted C.-Co heterocyclyi;

K3 and R® are, independently, oplionally subsifuted C1-Cs alkylene, optionally substiuied
(1-Cs hetercalkylens, optionally substituted Ca-Ce carboceyclyl, or optionally substiluted C2-Co
heteroeyolyl, or R and R® or RS and RS combine with the atoms to which they are aitached to form
an optionally substituted Cs-Ce heterocycivi;

L' and L? are, independently, absent, oplionally substituted C1-Cs alkylene, of -
C{(=0)ORY—, wherein each RY is, independently, an optionally substituted C1-Cs alkyl, and

each R* is, independently, optionally substituted C+-Cs alkyl, optionally substiluted C1-Cs
helercalkyl, optionally substituied Cs-Cio alkyl,

wherein the polypeptide binds o the monomer of a small multidrug resistance transporier.

Peptide Staples

Groups R, RS, RE R7, L1 and L?

As generally defined above, R? is substituted or unsubstituted alkyi; substituted or
unsubstituied alkenyl; substituted or unsubstituted alkynyl; substituted or unsubstituted heteroalkyl;
substituted or unsubstituted carbocyclyl; substituted or unsubstituied hetercoyciyl. in cerain
embodiments, R? is substituted or unsubstituted Ci.icalkyl. In certain embodiments, R? is
subsiituted methyl. In cerlain embodiments, R? is unsubstituted methvl. in certain embodiments, R?2
is substituied ethyl. In certain embodiments, R? is unsubstituted ethyl. In certain embodiments, R?
is substituled n-propyl. In certain embodiments, R? is unsubstituted n-propyl. In cerlain
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embodiments, R? is substituted /so-propyl. In certain embodiments, R? is unsubstituted iso-propyl.
in certain embodiments, R? is substituted or unsubstituled hetercalkyl. In certain embodiments, R?
is substituied or unsubstituted heteroalkyl with at least one nirogen. In certain ambodiments, R2is
unsubstituted hetercalkyl containing at least one nitrogen. In cerlain embodiments, R2 is
substituied hetercalkyl containing at least one nitrogen.

As generally defined above, R® is substituted or unsubstituted alkylene; substituted or
unsubstituted hetercalkylene; substiluied or unsubstituted carbocyclylene; or substiluted or
unsubstituied heterocyclylene; or optionally R?, R® and the carbon o which R? and R® are attached
are joined 1o form a ring. In cerlain embodiments, R® is substifuted or unsubstituted alkylene. In
cerlain embodiments, RY is substituled or unsubstituted C1.10 alkylene. In cerdain embodiments, R®
is substituted Cq.1p alkylene. In cerlain embodiments, R® is unsubstituted Ci.10 alkylene. in certain
ambodiments, RY is substitutad or unsubstituted hetercaltkylens. In cerlain smbodiments, R% is
subsituted heterogikylene. In certain embodiments, RS is unsubstituted heteroalkylens. In certain
embodiments, R is substifuted or unsubstiluied hetercalkylene containing at least one nitrogen. in
cartain embodiments, R8is ~(CH2)~Y1—, wherein j is an infeger belween 0 and 10, inclusive; and
Y+ is a bond, ~CRR% or -NR"0-~ | wherein each of R® and R? is indepandently hydrogen,
halogen, or G aliyl; and R'C s hydrogen; acyl, optionally substituied Cis alkyl; or an amine
protecting group. in certain embodiments, R® is -{CHz)—. In cerlain embodimenis, R® is —(CHa)—
NR'—. In cerlain embodiments, R? is «{(CHz2)—-NH-. in cerlain embaodiments, R® is «(CHa)pi—. In
certain embodiments, jis 0. In cerlain embodiments, jis 1. In certain embodiments, jis 2. In ceriain
embodiments, jis 3. In certain embodiments, j is 4. In cerlain embodiments, | is 5. In certain
embodiments, jis 8. In cerlain embodimenis, j is 7. In certain embodiments, | is 8. In cerain
ambodiments, jis 9. In certain embodiments, jis 10.

As generally definad above, sach instance of R'Cig, independently, hydrogsn; acyl;
optionally substiiuied Cq. atkyl; or an amino proteciing group. in cerdain embodiments, R is
hydrogen. in cerlain embodiments, R' is acyl; optionally substiluted Ci.s alkyl; or an amino
protecting group. In certain embodiments, R0 is acyl or optionally substiiuied Ci.e alkyl. In cerlain
embodiments, R is substifuted or unsubstituied alkyl. in cerlain embodimenis, R0 is substituted
or unsubstituted Cq.s alkyl. In certain embodiments, R'® is unsubstituted Ci_s alkyl. In certain
embodiments, R'° is methyl, ethyl, or propyl. In cerain embodiments, R0 is acyl. In cerfain
embodiments, R' is acelyl (-C{=0)CHs). In certain embodiments, R' is an amino protecting
group. In certain embodiments, R is TBS, TBFS, Bn, BOC, Chz, Fmoc, trifluoroacsiyl,
triphenyimethyl, or Ts.

In certain embodimenis, at least one instance of RZ and R® fogether with the carbon atom
to which they are atlached, are joined o form a ring. In this instance, in certain embodiments, the
ring formed by R2 and R° together with the carbon atom {o which they are aftached is substituled
or unsubstituted Cae carbooyclyl or hetercoyclyl. In cerlain embodiments, the ring formed by R?
and R* together with the carbon alom to which they are atiached is substituted or unsubstiiuied Cs.
acarbocycivl. In certain embodiments, the ring formed by R? and RY together with the carbon atom
o which they are attached is substituted or unsubstituted Cas heterocyelyl. In certain

g
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embodiments, the ring formed by R? and R® {ogether with the carbon atom {o which they are
attached is substituted or unsubstituted Caue heterocyclyl containing at least one O, N, or S atom. In
ceriain embodiments, the ring formed by R? and R® {ogether with the carbon atoim to which they
are attached is substituted or unsubstituted Cs.s heterocycolyl containing at least one nitrogen atom.
in certain embodiments, the ring formed by R and R° together with the carbon atom to which they
are gttached is substituted or unsubstituted Cs.s heterocycolyl containing one nitrogen atom. In
certain embodiments, the ring formed by R? and R? fogether with the carbon atom 1o which they
are atiached is unsubsiituted Cas helerocyclyi containing one nitrogen atom.

in certain embodiments, R2, R3, and the carbon to which R? and R® are attached are joined
to form a ring. In certain embodiments, the ring formed by R?, R®, and the carbon to which R? and

R? are attached is of the formula: ,wherain Y1 is =CR*~ or-N-, each ofjand {1

is independently 0, 1, 2, 3, 4, 5, or . In cerlain embodiments, |1 is zere, and the ring formed by

(

‘\ﬁ\
R2, R® and the carbon to which R? and R3 are attached is of the formula: J f in
cerlain embodiments, jis 0 and Y, is directly linked to ihe alpha-carbon of the amino acid. In

cartain embodiments, the ring formed by R2, RS and the carbon to which R2 and R are altached is

i
2 —
Anane

Y1

. 3
of the formula: f‘ss . In certain embodiments, the ring formed by R?, R® and the carbon

R' O

to which R? and R® are attached is of the formula: . in ceriain embodiments, the

ring formed by R?, R3 and the carbon to which R? and R® are altached is of the formula:

i
Zm
ANARe

wnnnn . In ceriain embodiments, the ring formed by R2, R® and the carbon to which R?

10
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and R® are attached is of the formuda:

by R=, R® and the carbon to which R2 and R® are atiached is of the formula: T
certain embodiments, the ring formed by RZ, R and the carbon to which R2 and R° are altached is

of the formula: . in certain embodimeants, the ring formed by R22, R% and the

R? O

ey S

Y.
carbon to which R2 and R° are altached Is of the formula: ?f . In certain
embodiments, the ring formed by R?, R? and the carbon to which R2 and K3 are attached is of the

formula: ML-

In certain embodiments, the ring formed by R?, R® and the carbon to which R? and R® ars

attached is of the formula: ;fé) in certain embodiments, the ring formed by R2, R® and
i
N

:
(k)

the carbon to which R? and R® are attached is of the formula: g . In certain
embadiments, the ring formed by R, R% and the carbon io which R22 gnd R®8 are atiached is of

11
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, o1 slerecisomers thereof.

}'Eeﬂ 0

o~
are gtiached is of the formula: f‘f in certain embodiments, the ring formed by R%,

Ef j

5 K3 and the carbon 1o which R?2 and R% gre altached is of the formula: snnns in
ceriain embodiments, the ring formed by R2, R and the carbon to which R22 and R are

, OF slerecisomers
thereof.

10 As used herein, each of  and |1 is independently an integer between 1 and 10, inclusive.
in some embodiments, {is 1. in some embodiments, jis 2. In some embodiments, jis 3. in some
embodiments, jis 4. In some embodiments, jis 5. In some embodiments, {is 8. In some
embodiments, jis 7. In some embodimenis, jis 8. In some embodiments, jis 8. In some

smbodiments, jis 10. In some embodiments, i1 is 1. In some embodiments, {1 is 2. In some
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embodiments, j1 is 3. In some embodiments, |1 is 4. In some embodiments, |1 is 5. in some
embaodiments, j1 is 8. In some embodiments, j1 is 7. In some embodiments, {1 is 8. In some
smbodiments, j1 is 9. In some embodiments, j1 is 10.

in soma embodiments, R2, R® and the carbon to which R? and R? are attached are not
joined to form a ring. In this instance, R3S is substituted or unsubsiituted alkylene, substituted or
unsubstituied alkenviene, substiiuied or unsubstituted alkynylene, substituted or unsubsiituted
hetercalkylene, or substituted or unsubstituted heterocyclylens. In some embodiments, R3 is
substituted or unsubstituted C1.q0 alkviene. In some embodiments, R is substituted C1.10 alkylene,
in some embodiments, R® is «{CHz)—, wherein | is an integer between 0 and 10, inclusive.

in some embodiments, R?, R® and the carbon to which R? and R® are attached are not
joined to form a ring. In this instance, R? is substifuted or unsubstituted alkyl, substitutad or
unsubsiituted alkenyl, substituted or unsubstituted alkynyl, subsiituted or unsubstituted heteroalkyl,
or substituted or unsubsiituted helerocycivl. In some embodimenis, R? is substituied or
unsubsiituted C1ro alkyl. In some embodiments, R2 is substituted methyl. b some embodiments,
R2is unsubstituted methyl. In some embodiments, R2 is substituted ethyl. In some embodiments,
R?is unsubstifuied ethyl. In some embodiments, R? is substiluied or unsubstituted Cos alkyl

As generally described above, R® is substituted or unsubstituted alkylene; substituted or
unsubstituted heteroalkylene; substiluied or unsubstituted carbocyclylene; or substiluted or
unsubstituied heterocyclylene; or optionally R®, R” and the carbon o which R and R7 are attached
are joined to form a ring. In some embodiments, RS is substituted or unsubstituted Cq.10 alkylene.
in some embodiments, RS is substituted C1.10 alkylens. In some embodiments, R® is unsubstifuted
C14o alkylene. In some embodiments, R® is substituled or unsubstituted hetercalkylene. In some
embodiments, RS is substituted heteroalkylena. h some embodimenis, R8 is unsubstituted
heteroalkylene. n some embodiments, R® is substituled or unsubstiiuted hetercalkylene with at
least one nitrogen. In some embodiments, R8s —({CHziY», wherein kis an integer between 0
and 10, inclusive, and Y2 is @ bond, ~CR®*R®%-, or -NR"%— wherein RE, R® and R0 are as defined
herein. in some embodiments, RS is —(CHaj—. in some embodiments, R%is —{(CH2)-NR'0— In
some embodimeants, R8s ~(CHz)i-NH~. In some embodiments, R is ~(CHa)is1—. In some
embodiments, K is 0. In some embodiments, Kis 1. In some embodiments, kis 2. In some
embodiments, k i3 3. In some embodiments, k is 4. In some embodiments, kis 5. in some
embodiments, K is 8. In some embodiments, Kis 7. In some embodiments, kis 8. In some
embodiments, k i3 9. In some embodiments, kis 10,

As generally described above, RY is substituted or unsubstituled alkyl; substituted or
unsubsiituted alkenyl; substituted or unsubstituted alkynyl, subsiituted or unsubstituted heteroalkyl;
subsiituted or unsubstituted carbooyclyl; or subsiituted or unsubstituted heterocyclyl. In some
embodiments, R7 is substituted or unsubstituled Ci.10 alkyl. In some embodiments, R7 is
subsiituted or unsubstituted heteroalkyl. in some embodiments, R7 is substituted or unsubstituied
heteroalkyl with at least one nitrogen atom. In some embodiments, R7 is unsubsiituted heteroalkyl
with at least one nitrogen atom. In some embodiments, R7 is substituted hetercalkyl with at least
one nitrogen atom.
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in some embodiments, for at least one instance, R®, RY and the carbon to which R® and R7
are attached are joined 1o form a ring. In this instance, in some embodiments, the ring formed by
RS and R7 fogether with the carbon atoim to which they are attached is substituted or unsubstituted
Gae carbooyclyl or heterocyclyl. In some embodiments, the ring formed by R® and R7 {ogethar with
the carbon atom {o which they are attached is substituted or unsubstitited Cae carbocycivl. In
some embodiments, the ring formed by R® and R7 together with the carbon atom {o which they are
attached is substifuied or unsubstituted Css heterocyelyl, In some embodiments, the ring formed
by R® and R7 fogether with the carbon atom o which they are attached is substituted or
unsubsiituted Cae helerocyclyl with at least one O, N, or 8 atom. In seme embodiments, the ring
formed by R% and R7 together with the carbon atom to which they are gtached is substituted or
unsubstitiied Cae heterocyelyl with at least one N. In some embodiments, the ring formed by R®
and R7 togsther with the carbon alom to which they are atlached is substituted or unsubstituied Cs.
s heterocyciyl with one N. In some smbodiments, the ring formed by R® and R7 {ogether with the
carbon atorm to which they are altached is unsubslituted Cs.e heterocyclyl with one N.

in some embodiments, the ring formed by R, R? and the carbon 1o which R® and R7 are

attached is of the formuia: o , wherein Y2 is ~CR&~ or ~N-; k is 0, or an integer
from 110 10, inclusive; and k1 is an integer from 1 {0 10, inclusive. In some embodiments, ki is
zero, and the ring formed by RS, R7 and the carbon {0 which R® and R7 are attached is of the

}'leﬁ 0

(A
k1 ™
formula: fr) in some embodiments, the ring formed by R?, R*® and the carbon to

R° O

which R?° and R are atlached is of the formula: ¢ In some embodimenis, the ring
formed by R8 R7 and the carbon to which R® and R7 are altached is of the formula:

. In some embodiments, the ring formad by RZ°, R® and the carbon to which R%
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and R gre attached is of the formula: s . In some embodiments, the ring formed

by R8, R7 and the carbon to which R8and R7 are attached is of the formula:

some embodiments, the ring formed by R, R7 and the carbon to which R® and R7 are aftached is

T8
NS
<
Yo
of the formula: 7 . In some embodiments, the ring formed by R®, R? and the carbon

5 fo which R® and R7 are attached is of the formuia: . in some embodiments, the

ring formed by R®, R7 and the carbon to which R® and R7 are altached is of the formula:

94

. In some embodiments, the ring formed by R®, R and the carbon fo which R®

and R7 are altached is of the formula: . In some embodimentis, the ring formad

R® O
E 5
N
(4 .
by R8, R7 and the carbon o which R5 and R7 are altached is of the formula: in

10 some embodimeants, the ring formed by RS, R7 and the carbon to which R® and R” are attached is
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of the formula: s . in some embodiments, the ring formed by R®, R? and the carbon

R® O

o which R and R7 are altached is of the formula: ; in some embodiments, the ring
formed by R8, R and the carbon {o which R® and R7 are attached is of the formula:

RO O 5

, O s , or sterenisomers thereof. n some embodiments, the ring

formed by RS, R? and the carbon {o which R® and R7 are attachad is of the formula:

R O

R7 are altached is of the formula: . In some embodiments, the ring formed by RS,

R® O

R7 and the carbon to which R® and R7 are attached is of the formula: ,
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MEV , Of slerecisomers thereof. thereof.

As used herein, K is an inleger belween 0 and 10, inclusive; and k1 is an integer between
1 and 10, inclusive. In some embodiments, K is 0. In some embodiments, Kis 1. In some
embuodiments, k is 2. In some embodiments, kis 3. In some embodiments, kis 4. In some
embodiments, Kis 5. In some embodiments, Kis 6. In some embodiments, Kis 7. In some
embodiments, k is 8. In some embodiments, k is 8. In some embodiments, kis 10. In some
embodiments, k1 is 1. In some embodiments, k1 is 2. In some embodiments, k1 is 3. In some
embodiments, k1 is 4. In some embodiments, k1 is 5. In some embodiments, kK1 is 8. In some
embodiments, k1 is 7. In some embodiments, k1 is 8. In some embodiments, k1 is 9. In some
embodiments, k1 is 10.

in some embodiments, RS, R7 and the carbon {0 which R® and R7 are attached are not
joined to form a ring. in this instance, RS is substituted or unsubstituted alkviene, substituted or
unsubstituied alkenylene, substituled or unsubstituted alkynyiene, substituted or unsubsiituted
hetercalkylene, or substituted or unsubsiituted helerocyclylene. In some embodiments, R8s
substituted or unsubstituted Ciqe alkylene. In some embodiments, R® is substituted C1.10 alkylene.
in some embodiments, R® is {CHa)—, wherein k is as defined above,

in some embodiments, R®, R7 and the carbon to which R® and R7 are attached are not
joined to form a ring. In this instance, in some embodimentis, R7 is substituted or unsubstifuted Ca.
10 atkyl, substituted or unsubstituted alkenyl, substituled or unsubstituied alkynyi, substituted or
unsubstituied heteroalkyl, or substituted or unsubstituted heterocyclyl. In some embodiments, R7
is substituied or unsubstiluled Crao alkyl In some embodiments, RY is substitited methyl. In some
embadiments, R7 is unsubstituted methyl. In some embodiments, R7is substifuied sthyi. In soms
embodiments, R? is unsubstiiuted ethyl. In some embodiments, R7 is substituted or unsubstituied
Gz.e alikyt.

In some embodiments, for at least one instance, R?, R?, and the carbon to which R? and
R? are attached are not joined {o form a ring, and R®, R7, and the carbon 1o which R® and R7 are
attached are not joined form a ring. In some embodiments, R?, R? and the carbon to which R? and
R? are attached are not joined o form a ring, and R®, R7 and the carbon to which R® and R7 are
attached are joined form a ring. In some embodiments, R?2, R3 and the carbon 1o which R? and R3
are attached ars jeoined to form a ring, and R?, R7 and the carbon to which RP and R7 are aftached
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are not joined form a ring. In soms embodiments, for at least one instance, R?, R® and the carbon
to which R? and R° are aftached are joined to form a ring, and R8, R7 and the carbon 1o which R®
and R7 are attached are joined form a ring.

in some embodiments, each instance of R® and R® are the same. In seme embodiments,
gach instance of R® and R® are different.

As generally described above, L1 is a bond, substituted or unsubstituted Ci.10 alkylene, or
~C{=0)ORY - wherein RY is optionally substitited G140 alkylene. In some embodiments, L1 is
substituted or unsubstituted Cq.10 alkylene. In some embodiments, L+ is substitited Cq.q0 alkylene.
in some embodiments, L1 is ~{CHz)o—, wherein g is 0 or an integer between 1 and 10. In some
embodiments, g is 0, and L+ 5 a bond. In some embodiments, gis 1. In some embodiments, g is 2.
in some embodiments, g is 3. In some embodiments, g is 4. in some embodiments, g is 5. In some
simbodiments, g is 8. In some embodiments, g is 7. In some embodiments, g is 8. In some
embadiments, g is 9. In some embodimants, g is 10. In some embodimants, RY is subsituted G
atkylens. In some embodiments, RY is ~C{=0Y0(CH2)g1—, wherein gt is an inleger beiween 1 and
10 inclusive. In some embodiments, gt is 1. In some embodiments, g1 is 2. in some embodiments,
g1 is 3. in some ambodiments, g1 is 4. In some embodiments, gt is 5. in some embodiments, g1
is 6. In some embodiments, g1 is 7. In some embodiments, g1 is 8. In some embodiments, g1 is 8.
in some embodiments, gt is 10,

As generally described above, L2 is a bond, subsiituted or unsubstituted Cq.10 alkylene, or
~C{=0)OR“~, wherein R'2 is optionally substituted Cq.10 alkylene. In some embodiments, Lz is
substituted or unsubstituted Cq.10 alkyiene. in some embodiments, Lz is substifided Cq.q0 alkylene.
in some embodiments, Lz is ~(CH2jn—, wherein h is 0 or an integer between 1 and 10 inclusive. in
some embodiments, his 0, and Lz is a bond. In some embodiments, his 1. In some embodiments,
his 2. In some embodiments, h is 3. In somes embodiments, h is 4. In some embodiments, his 5.
in some embodiments, h is 8. In some embodiments, his 7. in some embodiments, his 8. In some
embaodiments, his 8. in some embodiments, his 10. in some embodiments, RY2 is substituted G0
alkylene. In some embodiments, RY is —~C(=0)0O(GH2)n—, wherein hi is an integer between 1 and
10 inclusive. In some embodiments, h1 is 1. In some embodiments, bl is 2. In some embodiments,
it is 3. In some embodiments, hit is 4. In some embodiments, 1 is 5. In some embodiments, h1
i3 8. In some embodiments, b1 is 7. In some embodiments, bl is 8. In suome embodiments, hi is 8.
in some embodiments, hi is 10,

in some embodiments, each instance of Ly and L2 is the same. In some embodiments,
each instance of Ly and Lz is different.

Group R and R

As genarally defined above, RT and RY are, independently, hydrogen; acyl optionally
substituted G1.s alkyl; or an amino protecting group.

In some embodiments, R is hydrogen. in some embeodiments, R is acyl; eptionally
subsiituted Cie alkyl, or an amino protecting group. In some embodiments, R is acyl or optionally
substituied Ci.p alkyl.
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In some embodiments, R is substituted or unsubstituted alkyl. In some embodimants, R?
is substituted or unsubsiituted Ci-s alkyl. In some embodiments, R is unsubstituied Cre alkyl. in
some embodimenis, R s methyl, sthyl, or propyl.

in some embodiments, R is acyl. in some embodiments, R is acetyl (-C(=0)CHs).

In some embodiments, R is an amino protecting group. In some embaodiments, R is
TBS, TBPS, Bn, BOC, Chz, Fmoc, trifluoroacetyl, triphenylmethyl, or Ts.

in some embodiments, R is hydrogen. In some embodiments, R% is acyl; optionally
substituted Cq.s alkyl; or an amino protecting group. In some embodiments, RS is acyl or optionally
substituied Cisalkyl

In some embodiments, R® is substituted or unsubstituted alkyl. In some embodimeants, RS
is substituted or unsubstituled Ci.s alkyl. In some embaodiments, RS is unsubstituled Cis alkyl. In
some embodiments, R is methyl, ethyl, or propyl.

in some embodimants, RS is acyl. in some embodimeants, R® is acetyl (-C(=0O)}CHs).

In some embodiments, R® is an amino protecting group. In some embodiments, R® is TBS,
TBRS, Bn, BOC, Chz, Fmoc, triflucroacetyl, triphenyimathyl, or Ts.

In some embaodiments, R' and RY are, independently, hydrogen, Cie alkyl {e.¢g., methvi), or
acyl. {n some embodiments, RY and R are hydrogen.

in some embodiments, R' and R® are, independently, hydrogen, optionally substituled C1s
alkyl {e.g., methyl), or acyl. In some embodiments, R' and R® are, independently, hydrogen,
methyl, or acetyl. In some embodiments, R and R® are, independently, hydrogen or methyl. In
some embodiments, R' and R are hydrogen. In some embodiments, R and RS are methyl.

Groups ==zz=== Riandp

As generally defined above, ===zzz represents a single bond or a double bond. In some

"""""" is a single bond. In some embodiments, —=====

embodiments, is a double bond.

As generally defined above, each instance of R4 is independently hydrogen; optionally
substituted aliphatic; opticnally substituted heteroaliphatic; substituted or unsubstituted aryl;
aptionally substituied hetercaryl; acyl; optionally substituted hydroxyl; optionally substituted thiol;
optionally subsiitited amino; azido; cyano; isocyano; halo; or nitro.

As generally defined above, pis 0, 1, or 2.

in some embodiments, each instance of pis 0, and thus each insiance of R4 is absent {o
provide an unsubstituted crosslink. In some embodiments at least one instance of pis 1, and thus
at least one instance of R*is a non-hydrogen substituent.

in some embodiments, after stapling of an inventive polypeptide, the method further
comprises addilional synthetic modification of the unsaturated staple or stitch of the cross-linked
peptides. Any chemical or biological modification 1o the stapled or stitched polypeptide may be
made. in some embodiments, the modifications are carried out on the Alloc moiely of a
polypeptide. In some embodiments, the modifications extrude COz from the Alloc molety from the
stapled peptides. In some embodiments, the CO2 extrusion is carried out in the presence of a
palladivm calalyst. In some embodiments, the CO: exirusion is carried out in the presence of
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Pd{FPPha)e. In some embodiments, the modification comprises alkylation on the amide group of the
staple or stitch.

In some embodimenis, additional modifications of the siapled or slitched peptides include
reduction, oxidation, and nucleophilic or electrophilic additions 1o the double bond provided from a
metathesis reaction o provide a synthetically modified polypeptide. Other modifications may
include conjugation of a stapled polypeptide, or a synthetically modifying the stapled polypeptide
with a therapeutically active agent, fabel, or diagnostic agent anywhere on the stapled polypeplide
scaffold, e.g., such as al the N-ferminus of the stapled polypeptide, the C-ierminus of the stapled
polypeptide, on an amino acid side chain of the siapled polypeptide, or al one or more modified or
unmodified stapled sites (., 1o g staple). Such modification may be useful in delivery of the
peptide or therapeutically aclive agent to a celi, tissue, or organ. Such modifications may, in some
smbodiments, allow for targeling 1o a particular type of cell or tissue,

The staples or stitches of the polypeptide may further comprise additional synihelic
modification(s). Any chemical or biological modification may be made. In some embodiments, the
staple or stitch has an Alloc group. In some embaodiments, the maodifications are carried out on the
Alloc moiety of a polypeptide. In some embodiments, the modifications extrude COz from the Alloe
moiety from the stapled peplides. In some embodimenis, the CO» endrusion is carried oui in the
presence of a palladium catalyst. in some embodiments, the CO; extrusion is carried out in the
presence of Pd{PPha)s. In some embodiments, such modifications include reduction, oxidation,
and nucleophilic or electrophilic additions {o the doubie bond provided from a metathesis reaction
of the cross-link to provide a synthetically modified stapled or stitched polypeplide. One of
ordinary skill in the art wili appreciate that a wide variety of conditions may be employed {o
promole such transformations, therefore, a wide variety of conditions are envisioned; see
generally, March's Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, M.B.
Smith and J. March, 5t Edition, John Wiley & Sons, 2001; Advanced Organic Chemistry, Part B:
Reactions and Synthesis, Carey and Sundberg, 3™ Edition, Plenum Press, New York, 1893; and
Comprehensive Organic Transformations, R.C. Larock, 2™ Edition, John Wiley & Sons, 1899, the
entirety of each of which is hereby incorporated herein by reference. In other embodiments, the
staple(s) of the polypeptide are not further modified.

in some embodiments, the staple or stitch has a double bond. In some embodiments, the
modifications are carried out on the double bond of the slapled or stitched polypeptide. Exemplary
conditions may be any reagent reactive with a double bond. In some embodiments, the reagent is
able 10 react with a double bond, for example, via a hydrogenalion, osmylation, hydroxylation
{mono-~ or di-}, amination, halogenation, cycloaddition (e.g., cyclopropanation, aziridination,
epoxidation), oxy-mercuration, and/or a hydroboronation reaction, 10 provide a functionalized
single bond. As one of ordinary skill in the art will clearly recognize, these above-describad
transformations will introduce functionalities compatible with the particular stabilized structures and
the desired biological interactions; such functionalilies include, but are not limited to, hydrogen;
subsiituted or unsubstituted aliphatic; subsiitited or unsubstituted heteroaliphatic; substituted or

unsubstituted aryl; substiluted or unsubstitined heteroaryl, acyl; substitited or unsubsiituted
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hydroxyl substifuled or unsubstituted amino; substituted or unsubstituted thiol, halo; cyano; nitro;
azido; imino; oxo; and thiooxo.

Other modifications may further include conjugation of the stapled or stitched polypeptide,
or a synthatically modified stapled or stiiched polypeptide, with a biologically active agent, label,
targeting molety, diagnostic ageni, anywhere on the polypeptide scaffold, e.g., such as atthe N-
terminus of the polypeptide, the C-terminus of the polypeptide, on an aming acid side chain of the
polypeptide, or at one or more modified or unmodified siapled sites. Such modification may be
useful in delivery of the peptide or biclogically active agent 1o a cell, tissue, or organ. Such
modifications may allow for targeting of the stabilized polypeptide 1o a particular type of celi or
tissue. Conjugation of an agent (e.g., a label, a diagnostic agent, a biologically active agent, a
targeting moiety) to the siapled polypeptide may be achieved in a variely of different ways. The
agent may be covalently conjugated, directly or indirecily, to the polypeptide at the sile of stapling,
or to the N-terminus or the C-terminus of the polypeptide. Alternatively, the agent may be
noncovalently conjugated, directly or indirecily, to the polypeptide at the sile of stapling, orto the
N-terminus or the C-terminus of the polypegtide, or any other site on the polypeptide. Indirect
covalent conjugation is by means of one or more covalent bonds. Indirect non-covalent
conjugation is by means of one or more non-covalent inleractions. Conjugation may also be via a
combination of non-covalent and covalent interactions. The agent may alsc be conjugated 1o the
polypeptide through a linker. Any number of covalent bonds may be used in the conjugation of a
biologically active agent and/or diagnostic agent o the inventive polypeptide of the present
invention. Such bonds include amide linkages, ester linkages, disulfide linkages, carbon-carbon
bonds, carbamate linkages, carbonate linkages, urea linkages, hydrazide linkages, and the like. In
some embodimenis, the bond is cleavable under physiclogical condilions (e.g., enzymatically
cleavable, cleavable at a high or low pH, with heal, light, ultrasound, x-ray, efc.). However, in
some embodiments, the bond is not cleavable.

in some embodiments, the additional modification is PEGyiation. The PEGylation of the
stapled or stitched polypeptide can be carried out using any of the PEGylation reactions known in
the arl. Such reactions are described, for example, in the following references: Francis et al,
(1992}, Focus on Growth Factors 3: 4-10; European Palent Nos, 0 154 316 and 0 401 384; and
U.S. Pat. No. 4,178,337, For example, PEGylation can be carried out via an acylation reaction or
an alkylation reaction with a reaclive polyethylene glycol molecule (or an analogous reactive water-
soluble polymer) as described herein. For the acyiation reaclions, a selected polymer should have
a single reactive ester group. For reductive alkylation, a selected polymer should have a single
reactive aldehyde group. A reactive aldehyde is, for example, polyethyiene glycol
propionaldehyde, which is water siable, or mono Cq-1o alkoxy or aryloxy derivatives thereof (see,
e.g., U.5. Pal No, 5,252,714),

The stapled peptides of the invention may be synthesized using methods known in the art,
&.g., general methods of preparing the stapled or stiiched peptides and addition modifications are
described in U.S. Patent Nos, 7,192,713, 7,723,468, 7,786,072, 8,198,405, 8,324,428, 8,592,377,
3,756,418, 8,889,632, 8,895,609, 8,074,009, 8,273,099, 9,556,227, 9,617,309, U.S. Patent
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Application Publication Nos: 2010-0184645; 2010-0168388; 2010-0081611; 2008-0176964,; 2008-
0149630; 2006-D008848; 2014-0296160; 2014-182339; 2014-0011979; 2015-0238837, 2015~
118951; 2016-0024153; 2016-0215038; 2016-0244494; 2017-0240604,; 2017-D0668799; PCT
Apptication Publication Nos: WO 2010/011313; WO 2008/121787; WO 2008/085083; WO
2008/081192; WO2014/0555684, and WO 2005/044839, as well as PCT Application No.
POT/IS2014/025544; the synthetic methods of which are incorporated by references herein.

Small mulffidrug resistance fransporiers

The polypeptides of the invention include sequences of small multidrug resistance
fransporiers of which two amino acids have been replaced with & cross-link. in some
embodiments, the a-helix which is stabilized {o produce the polypeplides of the invention is:
DLPATTGMMLICAGVLTINLLS (SEQ ID NO: 1)

Exemplary sequences of small multidrug resistance transporters which include an o-helix
include:
Multidrug transporter EmrE (Escherichia coli (strain K12}):
MNPYIYLGGATLABVIGTTLMKFSEGFTRLAWPSVETI ICYCASFRLLAQTIAYI PTGTIAYATWSGVEIVLIS

LLSWGFFGQRLDLPATTGMMLI CAGVLI INLLERSTPH (SEQ ID NO: 2)

Antiseptic-resistance protein {Escherichia coli):
MKGWLFLVIATVGEVIATSALKSSEGFTKLAPSAVVI IGYGTIAFYFLSLVLKS I PVGVAYAVHSGLAVVI T
ATAWLLHGOKLDAWGFVGMGLI TAAFLLARSPSWKSLRRPTPW {SEQ ID NO: 2)

Mullidrug SMR transporter (Escherichia coli):

MNPYIYLGGATLARVIGTTLMEFSEGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS

LLSWGPFFEORILDLPATI IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 4)

EmrE (Mycobacterium tuberculosis):

MYTRTQCEVLTYLFPLCATAABARATSLEFKGS FEDFRVCSPCGHDGAT TAMPSVLAASRTIRSS {SRQ ID
NO: 5)

EmrE protein (Mycobacterium orygis):
MIYLYLLCAIFARVVATSLLKSTEGEFTRLWPTVGCLVGYGIAFALLALS I SHGMOTDVAYALWSATGTAATV
LVAVLFLESPISVMEVVEVCELIVVEVVTLNLAGAH (SEQ ID NO: &)

Ethidium bromide resistance protein (Entercbacier cloacae):
MKGWLFLVIATVCEVIATSALKSSEGFTKLAPSAVVI IGYEIAFYFLALVLKS I PVGVAYAVREGLEGVVIIT

ATAWLLHGQOKLDAWGFVGMGLI TAAFLLARSPSWRKSLRRPTPW (SEQ ID NO: 7

Orf3/QacEdelial fusion prolein (Klebsiella pneumoniae):
MKCWLFLVIATVGEVIATSALKSSRGFTKLAPSAVVI IGYCTAFYFLELVLKS IPVEGVAYAVHSGLGVVIIT
AIAWLLHGQOKLDAWGFVEMGLI IAAFLLARSPSWKSLRRPTEW (SEQ ID NO: 8)
Antiseplic-resistance protein {Escherichia coli):

MKGWLFLVIATVGEVIATSALKSSREFTKLAPSAVVI IGYCTAFYFLELVLKS I PVEGVAYAVHSGLGVVI 11
ATARLLHGQKLDAWGFVEMGLI TAAFLLARSPSWKSLREPTPW (SEQ ID NC: 9)

Ethidium bromide resistance protein (Pseudomonas aeruginosa):
MKGWLFLVTATVGEVIATSALKSSREGFTKLAPSAVVI IGYGTARYFLSLVLKS I PVGVAYAVWNSGLGVVIIT

ATAWLLHGOXLDAWGFVEMGLIIAAFLLARSPESWKSLERPTPW (SEQ ID NG: 10}
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Mutltidrug fransporier (Providencia retigeri):
MKGWLFLYIATIVGEVIATSALKSSEGFTKLAPSAVVI IGYGIAFYFLSLVLKS IPVGVAYAVHSGLEVVIIT

ATAWLLHGOKLDAWGFVGMGLI IAAFLLARSPSWKSLRRPTPW (SEQ ID NO: 11}

Multidrug DMT transporter (Pseudomonas citroneliolis):
MPGYLYLATATVARVIATASLESVKGLETPLPLLLVIVEGYAT SFWMLTLVVES T PVGTAYATWAGLGTVIVS
VAALVLYQQOKLUAPALLGMGLIVEGVVVIQLFSGSVSH{SEQ 1D NO: 12)

Methyl viologen resistance protein C (Pseudomonas aeruginosay:
MTNYLYLATAIAARVVATTSLKAVACFSKPLPLLLVVGGYVLAFSMLVLVMRTLPVOVVYAIWSCLGIVLVS
LYAMFVYGQRLDPAALLGIGLI IAGVLVIQLFSRASCGH (SEQ ID NO: 13)

Methyl viologen resistance protein C (Pseudomonas aeruginosa):

MNEY IVLAAAIVLEVIATSLLKASDGMSRLWPTVGALVGYGLOFYLLSVIMKSVPTGIAYAIWSGVGIVLIS

LIGLVVFKORLDAPALIGIGLICAGVLVINLESRSSAH(SEQ ID NO: 14)

Membrane transport protein (Bordelella pertussis):
MNSWIHLSMAIVAETIATSALKSSEGFTRLLPSLVIVAGYATAFYFLALTLRVIPVEVAYATWSGVGIVLIS

LVGALLFKQHIDLPATIGCIALILAGVVVMNVESKSVGH (SEQ ID NO: 15)

o)

Membrane transport protein (Bordetella periussis):

MAGYATAFYFLALTLRVIPVGVAYATWSGVEI VLT SLVGALLFKOHLDLPATIGTALT LAGVVVMNVESKSY
GH {SEQ ID NOC: 16}

Membrane fransport protein (Bordelella periussis):
MOVAYATWSGVGIVLISLVGALLFKQHLDLPATIGIALILAGVVVMNVESKSVGE (SEQ TD NO: 17)
Ethidium bromide-methyl viologen resistance protein EmvE (Neisseria meningilidis serogroup B):
MPLATAYATWAGVGLVLTALVSVVFFGEKADFIGTVSIGLILLGVVLLNTMSHMSCGH (SEQ ID NO: 18)
Quaternary ammonium compound-resisiance protein, small muitidrug resistance protein family
(Bacilius cereus var. anthracis {(sirain Ch):

MRNRAWLYVILTCIFEVFRVFGFNTANTWAHWI T LGVIAVDFHFLSKACEHLATGTVYAVFAGAGTVETEL
MDVFLFGGSFSVEKLFFIVMVVAGYVICLKLADNKEETVEGAA (SEQ ID NO: 19)

Quaternary ammonium compound-resistance protein QacC (Slaphylococcus aureus):
MPYIYLITAISTEVIGSAFLKSSEGFSKFIPSLGTIISFGICFYFLSKTMOHLPLNI TYATWAGLGLVLTTY

VSTTTFKEQINLITIVSIVLI TVOVVSLNI PGTSH (SEQ ID NO: 20)

Further exemplary polypeptides which include an a-helix include polypeptides which
include a sequence at least 80% identical to SEQ 1D NO:1:
Membrane transporters of cations and cationic drugs domain-containing protein (Fundulus
heteroclitus);

MNEPYIVLGGAILAERVIGTTLMKEFSEGEFTRLWEPSVGETI

-

@]

YCASFWLLAQTLAYIPTGIAYAIWSCGVEIVLIS
LLSWGFFGORLDLPATIGMMLI CAGVLT INLLSRSTPH {SEQ ID NO: 21)

Multidrug transporier Emrk (Escherichia coli 2.38186):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLI INLLSRSTPH {SEQ ID NO: 22)

Multidrug transporier EmvE (Escherichia coli UMNF18):
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LSWGEFFGQORLDLPATIGMMLICAGVLIINLLSRSTPH {SEQ ID NO: 23)

®
[

QackE family quaternary ammonium compound efflux SMR transporter (Escherichia coli):
MRPYIYLGGAILABVIGTTLMKFSEGFTRLWPSVETI ICYCASFWLLARTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLI INLLERSTPH (SEQ ID NO: 24)

Multidrug transporter EmrE (Escherichia coli (strain K12}):

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPAT IGMML T CAGVLI INLLSRSTPH {SEQ ID NO: 25)
1))

Hypothetical phage protein (Escherichia coli (strain SE1
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRESTPH (SEQ ID NO: 26)

Mullidrug transpoiter EmE (Escherichia coli H581):
MNPYIYLGGATLARVIGTTLMEFSEGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS

LLSWGFFEORILDLPATI IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 27)

Mutltidrug transporier EmvE (Escherichia coli KTETS):
MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWCOFFEQRLDLPAT IGMMLI CAGVLVINLLSRSTPH{SEQ I NO: 28)

Multidrug transporier EmvE (Escherichia coli B0O88):
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCFFEQRLDLPAT IGMMLI CAGVLVINLLSRSTPH{SEQ I NO: 29)

EmrE protein (Escherichia coli (strain 55289/EAEC)):

MNEY IYLGGAILAEVIGTTLMKFSEGEFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS

[

LLSWGFFGORLODLPAT IGMMLI CAGVLVINLLSRSTPH(SEQ ID NO: 20)

Multidrug fransporier EnvE (Escherichia coli 2-427-07_54_C3):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 21)

Multidrug transporier EmvE (Escherichia coli 4.0867):

MNEY IYLGGAILAEVIGTTLMKEFSECGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYATIWSGVGIVLIS

LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRETPH {SEQ ID NO: 32)

Muitidrug fransporier EmrE (Escherichia coli 3-267-03_54 _C1):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLERSTPH {SEQ ID NO: 33)

Multidrug transporter (Escherichia coli O148:H21 str. 2040C-3325);
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPAT IGMMLICAGVLVINLLERSTPH (SEQ ID NO: 34)
Multidrug transporter EmrE (Escherichia coli MS 145-7):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 35)

Mullidrug transpoiter EmvE (Escherichia coli 2-011-08_81_C1):
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

A
LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRETPH {SEQ ID NO: 36)
Multidrug transporter EmrE (Escherichia coli KTEEGE):
MNPYIYLGGAILAEVIGTTLMRFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLI CAGVLVINLLERSTPH {(SEQ ID NO: 37)
Multidrug transporter EmrE (Escherichia coli B185):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATTGMMLICAGVLVINLLERSTPH (SEQ ID NO: 38)
EnwE protein (Escherichia coli O139:H28 (strain E24377A/ETEC)):
MNPYIYLGGATILARVIGTTLMKFSEGFTRLWPSVETIIC

)_<:

CASFWLLAQTLAYIPTGIAVAIWSOVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRESTPH (SEQ ID NO: 39)

Mullidrug transpoiter EmvE (Escherichia coli 1-392-07_84_C3):
MNPYIYLGGATLARVIGTTLMEFSEGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS
LLSWGFFGORLDLPATI IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 40)
Multidrug transporier EmvE (Escherichia coli 1-382-07_54_C1):

MNPYIYLGGAILAEVIGTTLMRKEFSEGEFTRLWPSVETI ICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS

LLSWEFFEQRLDLPAT IGMMLI CAGVLVINLLSRSTPH(SEQ ID NC: 41)

Multidrug transporer EnmwE (Escherichia coli UMEA 3718-1):

MNEPYIVLGGAILAERVIGTTLMKEFSEGEFTRLWEPSVGETI

-

CYCASFWLLAQTLAYIPTGIAYAIWSCVEIVLIS
LLSWCFFEQRLDLPAT IGMMLI CAGVLVINLLSRSTPH{SEQ I NO: 42)
Multidrug SMR transporier (Escherichia coli):
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPAT TGMMLT CAGVELVINLLSRSTPH{SEQ ID NO: 43)
Multidrug resistance prolein DLP12 prophage (Escherichia coli NCCOP15648):
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 44)
Multidrug effiux protein (Escherichia coli O83:H1 (strain NRG 857C/AIEC)):
MNRKEYAMNPYIVYLGGATILAEVIGTTIMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGTIAVATIWSG
VGIVLISLLSWEFFGQRILDLPATIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 45)
Muitidrug SMR tfransporter (Escherichia coli O157):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAVIGMMLI CAGVLVINLLERSTPH {SEQ ID NO: 46)
Multidrug transporter EmrE {Escherichia coli KTE100):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPAVIGMMLI CAGVLVINLLERSTPH (SEQ ID NO: 47)
Muitidrug transporter EmrE (Escherichia sp. KTE159):

MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVGTIICY

(@]
X

ASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
.

LLSWGFFGORLDLPAVIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 48)

Mullidrug efflux protein (Escherichia coli Xuzhou2i):

25



10

15

20

25

30

35

WO 2019/136209 PCT/US2019/012291

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAVIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 49)

Ethidium bromide-methyl viclogen resistance profein EnwE (Escherichia coli O187:H7 str. 3852):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAVIGMMLT CAGVLVINLLERSTPH {SEQ ID NO: 50)

Enwk protein (Escherichia coli O157:H7 (strain EC8689)):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGQRLDLPAVIGMMLI CAGVLVINLLSRSTPH (SE

S
K

ID NO: 51)

Multidrug SMR transporter (Escherichia coli):

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAVIGMMLI CAGVLVINLLSESTPH (SEQ ID NO: 52)
integral membrane drug resisiance protein EmrE (Escherichia coli O157:H7):
MNPYIYLGGATLARVIGTTLMEFSEGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS

LLSWCFFGQRLDLPAVIGMMLICAGVLVINLLSRSTPH{SEQ ID NO: 53)

Mutltidrug transporier EmvE (Escherichia coli):

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCASEWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWGFFEQRLDMPAT IGMMLI CAGVLVINLLSRSTPH(SEQ ID NC: 54)

Muttidrug transporier EmvE (Escherichia coli HVH 70 {4-2883531)):
MNEYIVLGGAILAQVIGTTLMKESECGETRLWESVG
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LLSWGFFEQRLDLPATIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 55)
Multidrug transporier EmrE (Escherichia coli (strain UMEA 3182-1)):

MNEY IYLGGAILAEVIGTTLMKFSEGEFTRLWPSVGTIICY

=

CASFWLLAQTLAYIPTGIAYATWSGVGIVLIS
LLSWOFFEORLDLPAT TGMMLT CAGVELVINLLSRSAPH{SEQ ID NO: 58)

Multidrug fransporier EnvE (Escherichia coli 2-005-03_54_C3):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGORLDLPAT IGMML I CAGVLVINLLSRSAPH {SEQ ID NO: 57)

Multidrug fransporier EmrE (Escherichia coli H420):

MNEY IYLGGAILAEVIGTTLMKEFSECGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGTAYATIWSGVGIVLIS

LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 58)

Muitidrug transporter EmrE (Escherichia coli DEC8BA):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 59)

Multidrug transporter EmrE (Escherichia coli 97.0248):
MRPYIYLGGAILABVIGTTLMKFSEGFTRLWPSVETI ICYCASFWLLARTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGQRLDLPAT IGMMLI CAGVLVINLLERSAPH (SEQ ID NO: 60)
Muitidrug efflux protein (Escherichia coli O104:H4 (sirain 2011C-3483)):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 61)

Mullidrug efflux protein (Escherichia coli O111:H8 str. CYM2634):
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAT ICMMLI CAGVLVINLLSRSE

Multidrug transporter EmrE (Escherichia coli KTE73):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

1

]
3}
i3
=g
Y
I
i
92
]
]

ID NO: 62)

LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 63)
Multidrug transporter EmrE (Escherichia coli HVH 70 (4-2963531)):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 64)

Multidrug transporter EmrE (Escherichia coli UMNKES):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 65)

Mullidrug transporter (Escherichia fergusonii):

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEORILDLPATI IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 66)

Mutltidrug transporier EmvE (Escherichia coli BO88):
MNPYIYLGGATILARVIGTTLMKFSEGETRLWPSY

L TCYCASEFWLLAQTLAYIPTGIAYAIWSGVGEIVLIS
LLSWCFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ I NO: 67)

Ethidium bromide-methyl viclogen resistance protein EmwE (Escherichia coli ISCT7):
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ 1D NO: 68)

Multidrug transporier EmrE (Escherichia coli TADS4):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFEORLDLPAT TGMMLT CAGVELVINLLSRSAPH{SEQ ID NO: 69)

Multidrug fransporier (Escherichia coli ATCC BAA-2209):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 70)

Multidrug transporier EmvE (Escherichia sp. KTE114):

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWGEFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SE

Muitidrug transporter EmrE (Escherichia coli HVH 25 (4-5851939)):

ID NO: 71)

Q
MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS
Q

<
LLESWGFFGORLDLPAT IGMMLICAGVLVINLLERSAPH (SEQ ID NO: 72)

Multidrug transporter EmrE (Escherichia coli H461):
MRPYIYLGGAILABVIGTTLMKFSEGFTRLWPSVETI ICYCASFWLLARTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGQRLDLPAT IGMMLI CAGVLVINLLERSAPH (SEQ ID NO: 73)
Multidrug transporter EmrE (Escherichia coli M718):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

-

LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 74)

Meihyl viologen resisiance protein C (Achromobacter sp.):
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 75)
Multidrug transporter EmrE {Escherichia coli KOEGE 71 (188a)):
MRPYIYLGGAILABVIGTTLMKFSEGFTRLWPSVETI ICYCASFWLLARTLAYIPTGIAYATWSGVEIVLIS

LLESWGFFGORLDLPAT IGMMLICAGVLVINLLERSAPH (SEQ ID NO: 76)

RE

Multidrug transporter EmrE (Escherichia coli 2-427-07_84_C3):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 77)

Multidrug transporter (Escherichia colf O111:NM str. K6722):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 78)

Quaternary ammonium transporter (Escherichia coli APEC 02-211):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLAQTLAY IPTGIAVATIWSGVEI VLIS

LLSWGFFEORILDLPATI IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 79)

Mutltidrug transporier EmvE (Escherichia coli KTEZ21):
MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWCOFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ I NO: 80)
Multidrug resistance protein (Escherichia coli {sirain ATCC 8637/CCM 2024/DSM 1116/NCIMB
BEBE/NRRL B-786/\)):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 81)

177-06_S3 _C3y:
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

Multidrug transporter EmrE (Escherichia coli 2-
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 32)

Multidrug transporter EmrE (Escherichia coli 3-267-03_84_C1):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSESAPH (SEQ ID NO: 83)
Mullidrug transpoiter EmrE (Escherichia coli HVH 50 (4-2593475)):

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEORILDLPATI IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 84)

Mutltidrug transporier EmvE (Escherichia coli 1.2264):

MNPYIYLGGAILAEVIGTTLMRKEFSEGEFTRLWPSVETI ICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS

‘7A
LLSWGFFEORILDLPATI IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 85)

Multidrug fransporier EnvE (Shigella flexneri K-227}:
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCOFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ I NO: 86)

Multidrug transporier EmrE (Shigelia flexneri 2a str. 301}
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWOFFCORLDLPAT TGMMLT CAGVEVINLLSRSAPH{SEQ ID NC: 87)

Methylviologen resisiance (Shigelia sunnier (sirain 3s048)):
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAT ICMMLI CAGVLVINLLSREAPH {SEQ ID NO: 88)

Multidrug transporter (Escherichia coli O174:H8 sir. 04-3038):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 389)

Mutltidrug transporter EmrE (Escherichia coli KTE108):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 20)

Methyiviologen resistance (Escherichia coli G3/10):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 81)

Small Multidrug Resistance protein (Escherichia coli TW10508):

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEORILDLPATI IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 82)

Mutltidrug transporier EmvE (Escherichia coli 4.0522):

MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWCFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ I NO: 93)

integral membrane drug resistance profein EnvE (Escherichia coli O111:H- (sirain 11128/EHEC)):
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ 1D NO: 94)

Multidrug transporier Emrk (Escherichia coli KTE2O):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFEORLDLPAT TGMMLT CAGVELVINLLSRSAPH{SEQ ID NC: 95)

Multidrug fransporier EnvE (Escherichia coli 2-005-03_54_C2):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 96)

Multidrug transporier EmrE (Escherichia coli MB0OS):

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 57)

Muitidrug transporter EmrE (Escherichia coli TA447):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 93)

Multidrug SMR transporter (Escherichia coli 0104 H4y:
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPAT IGMMLI CAGVLVINLLERSAPH (SEQ ID NO: 99)
Multidrug transporter EmrE {Escherichia coli UMEA 3212-1):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 100)
Mullidrug transpoiter EmvE (Escherichia coli 2-177-08_83_C2):
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

A
LSWCEFFGQRLDLPAT ICMMLI CAGVLVINLLSREAPH {SEQ ID NO: 101)
Multidrug transporter EmrE (Escherichia coli 98.0741):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 102)
Mutltidrug transporter EmrE {Escherichia coli UMEA 3323-1):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPAT TGMMLICAGVLVINLLERSAPH (SEQ ID NO: 103)
Muitidrug transporter EmrE (Escherichia coli KTE10):
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGPFFGORLDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 104)

Mullidrug transpoiter EmrE (Escherichia coli KTE182):

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 105)

Multidrug fransporier EmvE (Escherichia coli H336):
MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWCOFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 106)

Multidrug efflux protein {Escherichia coli 0O83:H1 (strain NRG B857C/AIEC)):
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCOFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 107)

Multidrug transporier EmrE (Escherichia coli 1-382-07_34_C3):

MNEY IYLGGAILAEVIGTTLMKFSEGEFTRLWPSVGTIICY

=

CASFWLLAQTLAYIPTGIAYATWSGVGIVLIS
LLSWOFFCORLDLPAT IGMMLT CAGVEVINLLSRSAPH (SRQ ID NC: 108)

Multidrug fransporier EnvE (Escherichia coli 1-382-07_54_C1):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGORLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 109)

Multidrug fransporier EnvE (Escherichia coli 1-176-05_83_C2):

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWEFFGQRLDLPAT ICMMLI CAGVLVINLLSREAPH {SEQ ID NO: 110)

Muitidrug transporter (Escherichia coli O25b:H4-ST131):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 111)

Multidrug transporter EmrE (Shigella flexneri VA-8):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPAI IGMMLICAGVLVINLLERSAPH (SEQ ID NO: 112)
Multidrug transporter EmrE (Escherichia coli H736):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGPFFGORLDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 113)

Mullidrug SMR transporter (Shigella flexneri 4c):
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAT ICMML I CAGVLVINLLSREAPH {SEQ ID NO: 114)

Multidrug SMR transporter (Shigella flexneri):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 115)

Multidrug SMR transporter (Escherichia coli):

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPAT TGMMLICAGVLVINLLERSAPH (SEQ ID NO: 116)

Multidrug SMR transporter (Shigella sonnei):

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 117)

Mullidrug transpoiter EmE (Escherichia coli HB05):

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRIDLPAIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 118)

Quaternary ammonium transporier (Escherichia coli APEC O18):

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWCGFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 119)

Multidrug fransporier (Escherichia coli N4O513):
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCOFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 120)

Multidrug transporier (Escherichia coli N40807):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPAT IGMMLT CAGVEVINLLSRSAPH (SRQ ID NC: 121)

Multidrug resistance prolein DLP12 prophage (Escherichia coli NCOP15648):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFEORLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 122)
Multidrug fransporier (Escherichia coli N36254P8):

MNEY IYLGGAILAEVIGTTLMKEFSECGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGTAYATIWSGVGIVLIS

N

LSWEFFGQRLDLPAT ICMMLI CAGVLVINLLSREAPH {SEQ ID NO: 123)

Muitidrug SMR transporter (Shigelia boydii):

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 124)

Multidrug SMR transporter (Shigella flexneri 1a):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 125)

Muitidrug transporter EmrE (Escherichia coli MS 84-1):

MNRKEYAMNEYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAYIPTCGIAYAIWSEG
VGIVLISLLSWCGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH {(SEQ ID NO: 126}

Mullidrug transpoiter EmrE (Escherichia coli MS 124-1):
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MNRKEYAMNPYTIYLGGATLARVIGTTLMKESEGFTRLWPSVET T T CYCASFWLLAQTLAY TPTCTAYATWSG
VGIVLISLLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 127)

Multidrug transporter EmrE {Escherichia coli 110057):
MNRKEYAMNPYIYLGGAILARVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY IPTGIAYAIWSG
VGEIVLISLLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NCO: 128)

Muitidrug transporter EmrE (Escherichia coli MS 85-1):
MNRKEYAMNPYIVLGGAILAEVIGTTIMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAVIPTGIAYATWSG

I

VGEIVLISLLSWEFFGORIDLPATIGMMLIC
Multidrug transporter EmrE (Escherichia coli MS 117-3):
MNRKEYAMNEYVIVLGGAILAEVIGTTLMKFSECFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYATIWSG

VINLLSRSAPH{SEQ ID NO: 129)

T
,’W

\.

b

VEIVLISLLSWCFFGORLDLPATIICMMLICAGVLVINLLSRSAPH (S8EQ ID NC: 120)

Mullidrug transpoiter EmvE (Escherichia coli 908945-2):
MNEKEYAMNPYIVLGGATLAEVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAYVIPTGIAYATHAG
VGIVLISLLEWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 131}

Mutltidrug transporier EmvE (Escherichia coli 113290):

MNRKEYAMNPYIYLGGAT LAEVIGTTLMKF SEGFTRLWPSVETTI ICYCASFWLLAQTLAY IPTGTAYATHWSG
VGIVLI SLLSWGFFGQRLDLPAT TGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 132)

Multidrug transporier EmvE (Escherichia coli MS 115-1):

l-i

P

MNRKEYAMNPYIYLGGATLAEVIGTTLMRKFSEGFTRLWPSVETIICYCASFWLLAQTLAY IPTGTAYATHSG
VGIVLI SLLSWGFFGQRLDLPAT TGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 133)

Multidrug transporier EmrE (Escherichia coli (strain MS 21-1)):
MNRKEYAMNPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFRWLLAQTLAY IPTGIAYATHSS
VGIVLISLLSWEFFGQRLDLPAT TGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 134)

Multidrug transporier EmvE (Escherichia sp. KTESZ):

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWELFGORLDLPAT ICMMLT CAGVLVINLLSRSTPH (SEQ ID NO: 128)

Uncharacterized protein (Escherichia fergusonii ECD227):

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWGLFGQRLDLPAT ICMMLI CAGVLVINLLSRETPH {SEQ ID NO: 138)

EmrE SMR transporter (Escherichia coli O55:H7 (strain CBYS15/EPEC)):
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGLFGORLDLPAT IGMMLT CAGVLVINLLERSTPH (SEQ ID NO: 137)

SMR family multidrug resistance protein (Kiebsiells oxytoca):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGLFGQRLDLPATTGMMLICAGVLVINLLERSTPH (SEQ ID NO: 138)

Multidrug transporter (Escherichia coli O128:H2 sir. 2011C-3317):
MNPYIYLGGATLARVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSEVEIVLI
LLSWGLFGORLDLPAT IGMMLICAGVLVINLLSRSTPH (SEQ ID NO:
Mullidrug efflux protein (Escherichia coli O157:H7 str. 3852):

J-t

39)
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTIICYCASE

A
LLSWCELFGORILDLPAIIGMMLI CAGVLVINLLSRETPH { SEQ

Multidrug transporter EmrE (Escherichia coli 97.0288):

MNPYIYLGGATILABVIGTTLMKFSEGFTRLWPSVETIICYCAS
LLSWGLFGORLDLPAT IGMMLT CAGVLVINLLERSTPH (SEQ
Mutltidrug transporter EmrE (Escherichia coli 9.0111):
MNPYIYLGGAILABVIGTTLMKFSEGFTRLUWPSVETIICYCAS
LLSWGLFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH (SEQ

Multidrug SMR transporter (Escherichia coli):

MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVG

LLSWGLFGORILDLPAI IGMMLICAGVLVINLLSRESTPH {SE)D
Mullidrug transpoiter (Escherichia coli N37138PS):
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCA

LLSWCLFGORLDLPAITGMMLI CAG

Mutltidrug fransporier (Escherichia coli N368410PS):

MNPYIYLGGATL

TLAEVIGTTLMKFSEGETRLWPSY

SWELFGORLUDLPATIGMMLI CAGVLVINLLSRSTPH (SEQ

Lida

Multidrug fransporier (Escherichia coli N37122PS):

~

MNEYIVLGGAILAEVIGTTLMKEFSEGEFTRLWPSVGETIT
LLSWCLFGORLLDLPATIGMMLI CAGVLVINLLSRSTPH (SEQ

Multidrug transporier Emrk (Escherichia sp. KTES1):

feln
LC Rt

MNEYIYLGGAILAEV MKYS

EG

SWEFFGORLDLPAT IGMMLT CAGVLVINLLSRSAPH (SE(

TT
Lol

Multidrug SMR transporter (Escherichia coli):

ID NG: 1

SEWLLAQTLAYIPTGIAYAIWSGVGEIVLI

LVINLLSRSTPH (SEQ ID NO:

I NG:

PCT/US2019/012291

WLLAQTLAYIPTGIAYATWSGVGIVLIS
ID NO: 140)

S FWLLAQTLAYIPTGIAYATWSGVGIVLIS
ID NO: 141)
FWLLAQTLAYIPTGIAVAIWSGVGEIVLI
ID NOG: 142)

FATWSGVGIVLIS
43)
q

144)

TICYCASEWLLAQTLAYIPTGIAYATWSGVGEIVLIS

145)

SETRLWPSVGTIICYCASFWLLAQTLAY IPTGIAYAIWSGVGIVLIS

147)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCQRLDLPAIICMMLICSGVLVINLLSRSAPH {SEQ ID NO: 148)

Multidrug transporier EmrE (Escherichia coli KTE33):

MNPY IVLGGATILAEVIGTTLMKYSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATIWSGVGIVLIS
LLSWGFFGORLDLPATI IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 149)

Muitidrug transporter EmrE (Shigelia flexneri 2850-71):
MNPYIYLGGATLAEVICTTLMKFSEGFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATWSGVGIVLIS

LLSWGFFGQRLDLPAT IGMML T CTGVLV !
Multidrug transporter EmrE (Escherichia sp. KTE11):
MNPYIYLGGA

LLSRS

AILABVIGTTLMKES

LLSWGFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH
Muitidrug transporter EmrE (Escherichia sp. KTESZ):
MNPYIYLGGAILAEVI

SEQ

GTTLMKFSEGFTRLWPSVGTIICY

@)

2SA

FEGORLDLPAT IGMMLICAGVLVINLLSRSAPH (

SEQ

Mullidrug transpoiter EmiE (Escherichia sp. KTERG):

33

I NG:

TSFWLLAQTL
ID NG: 1

SEGFTRLWPSVETIICYCTSFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

151)
AYIPTGIAVATIWSGVGIVLI
52)
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MNPYIYLGGATLAEVIGTTLMKESECGFTRLWPSVGTIICYCTS

LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH { SEQ
Multidrug transporter EmrE (Escherichia sp. KTE159):
YCTS

MNPYIYLGGAILABVIGTTLMKFSEGEFTRLWPSVGTIT

LLESWGFFGORLDLPATIGMMLICAGVLVINLLERSAPH ( SEQ

PCT/US2019/012291

FWLLAQTLAYIPTGIAYATWSGVGIVLIS

ID NO: 153)

S FWLLAQTLAYIPTGIAYATWSGVGIVLIS

ID NO: 154)

Qack family qualernary ammonium compound efflux SMR fransporter (Escherichia coli):

MNPYIYLGGATLARVIGTTLMKFSEGFTRLWPSAGTIT
LLSWGFFGQRLDLPAT TGMMLI CAGVLVINLLSRSAPH (SEQ
Multidrug SMR transporter (Escherichia coli):

MNPYIYLGGAILABVIGTTLMKE
LLSWGFFGORLDLPATI IGMMLI CAGVLVINLLSR
Mullidrug SMR transporter (Shigella sonnei):
MNPYIYLGGATLARVIGTTLM

IKFSEGEFTRLWPSVETIICYCA
LLSWCFFGQRLDLPAITGMMLI CAG

LVINLLSRSAPH

{SEQ

Multidrug SMR fransporter (Shigella sonnei):

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCTS

SEGFTRLWPSVGTIICYCTS

AGTIICYCASFWLLAQTLAYIPTGIAVAIWSGVGEIVLI
ID NG: 155)

FWLLAQTLAYIPTGIAVAIWSGVGEIVLIS

ID NOG: 156)

SEWLLAQTLAYIPTGIAYAIWSGVGIVLIG

ID NO: 157)

SEWLLAQTLAYIPTCGIAYATIWSGVGEIVLIS

LLSWCGFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 158)

Multidrug transporier EmvE (Escherichia coli E1118:
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCTSFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWCOFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 159)

Multidrug transporier Emrk (Escherichia coli KTE108):
MNEYIVLGGAILAEY

feln
LC Rt

MKESEG

SWEFFVORLDLPAVIGMMLT CAGVLVINLLSRSTPH (SEQ

TT
Lol

Multidrug transporier (Shigelia sp. PAMC 28760):
MNEYIVLGGAILAEY

feln
LC Rt

MKFSEGFTRLWPS
LLLWGFFGORLDLPATI IGMML I CAGY
Multidrug SMR transporter (Escherichia coli BL21-DE3)

MNEYIYLGGATILAEV

LVINLLSRSTPH {SEQ

JIGTTLMKFERGFTRLWPSVGTIT

=
i
[}

T

LLLWGFFGORILDLPAIIGMMLI CAGVLVINLLSRSTPH (S

Muitidrug transporter (Escherichia coli SE11)

MNSEVELGFLLITIVPARISCHARAPWIHTHQDENG
TTLMKFSEGFTRLWPSVCTLICYCASFWLLAQTLAYIPTGIAYATLY

GMMLICAGVLVINLLSRSAPH{SEQ ID NO: 163)

WGTIICYCA

SETRLWPSVGTIICYCASFWLLAQTLAY IPTGIAYAIWSGVGIVLIS

ID NO: 160)

YCASFWLLAQTLAYIPTGIAYGIWSGVGIVLIS

NO: 162)

ELCSNCSTILSSMNRRKEYAMNPY IYLGGATLAEVIG

SGVGIVLISLLSWGFFGORLDLPAIT

Methviviologen transporter ErmrE (Shigella flexneri strain 8401)

MNSFVSLGFLLITIVPAFISCHARAPWIHIHODENGELCSNCSTIL

uhd

TLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLA

GMMLICAGVILVINLLSRSAPH(SEQ ID NO: 164)

Multidrug fransporier EnvE (Escherichia coli ©1:K1)

34

\WZYIPTGIAYAIWSG

SESMNEKEYAMNPYIYLGGATLAEVIG

IVLISLLSWGFFGOQRLDLEFATIT
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MNSEVSLGFLLIITVPAFISCHARAPWIHTHODENGELCSNCSTI LS SMNRKEYAMNPY T YLGGATLAEVIG
TTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYI PTGIAVATWSGVEIVLISLLEWGFFGORLDLPATT
CMMLICAGVLVINLLSRSAPH (SEQ ID NO: 165)
Mutltidrug fransporier EmvE (Shigelia flexneri strain 2902017)

MNSFVSLGFLLI ITVPAFISCHARAPWIHTHODENGELCSNCSTI LS SMNRKEYAMNP Y I YLGGATLARVIG
TTIMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAVIPTGIAYAIWSGVGIVLISLLSWEFFGORIDLPATT

GMMLICAGVLVINLLSRSAPH({SEQ ID NO: 166)

Multidrug fransporier EmvE (Shigelia sonnei)

MNSFVSLEFLLI ITVPAFISCHARAPWI HIHODENGELCENCSTI LESMNRRKEYAMNPY T YLGGATLAEVIC
TTIMKFSEGFTRLWPSVETI ICYCASFWLLADTLAYI PTGIAYATWSGVEIVLISLLSWGFFGORLDLPAIT
CMMILTCAGVLVINLLSRSAPH (SEQ ID NO: 167)

Multidrug transporter EmrE (Escherichia coli ©45:K1)

MLPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHIHODENGELCSNCSTILSSMNRKEVAMNEY IVLGGATL
AEVIGTTLMKFSEGFTRLWPSVGTIICYCASFRLLAQTLAYIPTGIAYATWSGVGIVLISLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 168}

Multidrug transporier EmvE (Escherichia coli strain 55289)

MLPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHIHODENGELUSNCSTILSSMNRKEYAMNPY IYLGGATIL
ARVIGTTLMKFSEGFTRLWPSVETTICYCASFWLLAOTLAY T PTG TAYATWSGVGT VL T SLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 169)

Multidrug transporter EmrE (Escherichia coli OB strain ED1a)

MLIGRVNSFVSLOFLLIIIVPART SCHARAPWIHIHODENGELCSNCSTILSSMNRKEYAMNPY IYLGGALL
ABVIGTTLMRESEGPTRIWPSVETIICYCASFWLLAQTLAY TPTGIAYATWSGVG I VLT SLLSWEFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 178}

Multidrug transporier EmvE (Escherichia coli strain UTIBS/UPEC)
MLEPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHIHODENGELCSNCSTILSSMNRKEYAMNPY IYLGGATIL
AEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAY TPTGTAYATWSGVEIVLISTLSWGFFGORLD
LPAIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 171)

Muitidrug transporter EmrE (Escherichia coli O6:H1 strain CFT0O73)
MLPGRVNSFVSLGFLLITIVPART SCHARAPWI HTHODENGRLCSNCSTTLSSMNRKEYAMNPY T YLGO

AEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAGTLAY I PTGIAYATWSGVGIVLISLLSWCGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 172)

Mutltidrug fransporier EmrE(Escherichia coli O25b:H4;)

MLPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHTHGDENSELCSNCSTILSSMNREKEVAMNPY IVLGGATL
AREVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATWSGVGIVLISLLSWGFFGQORLD
LPAIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 173)

Multidrug transporier EnvE (Escherichia coli O25b:H4-ST131)

MLPGRVNSFVSLGFLLIIIVPAFT SCHARAPWIHTHODENSELOSNCSTTILSSMNRKEYAMNPY TYIL.GGATL
ARVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY TPTGIAYATWSGVGI VLT SLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH (SEQ 1D NO: 174}

Multidrug transporter EmrE (Escherichia coli TW10588)
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MLIGRVNSEFVSLGFLLIIIVPAFTI SCHARAPWIRIHODENGELCSNCSTILSSMNRKEYAMNPY TYLGGAIL

AEVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY IPTCGIAYATWSGVGIVLISLLSWGFFGORLD

LPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 175)

Mutltidrug transporier EmvE (Escherichia coli 1.2741)
MNPYIYLGGATLARVIGTTLMEFSEGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS
LLSWGFFSQRLDLPAI IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 176)
Multidrug SMR transporter (Escherichia coli M863)
MNPYTYLGGATLARVIGTTLMEFSEGETRLWP SV

CYCASERLLAQTLAYIPTGIAYAIWSGVEIVLIS
LLSWCGFFSQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 177)

Multidrug SMR transporier (Escherichia coli}
MNPYIYLGGATILARVIGTTLMKFSEGFTRLWPSVETT TCYCAS
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LLSWGFFSQRLLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ
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Multidrug SMR transporier (Shigella sonnei)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPKGIAYAIWSGVGIVLIS
LLSWOFFEORLDLPAT IGMMLT CAGVEVINLLSRSAPH (SRQ ID NC: 179)

Multidrug SMR transporter (Escherichia coli)

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPKGTAYATWSGVGIVLIS
LLSWEFFCORLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 180)

Muitidrug transporier EmrE (Escherichia coli DORA_B_14)

MNEY IYLGGAILAEVIGTTLMKEFSECGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYATIWSGVGIVLIS

LSWEFFGQRLDLPAT ICMMLI CAGVLVINLLSREAPN {SEQ ID NO: 181)

Muitidrug transporter EmrE (Escherichia coli)

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLLERSAPN (8

Multidrug transporter EmrE {Escherichia coli 908873)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

0
]
0
i
w]
2
@]
-

o
3]
-

LLSWGLFNORLDLPAT TGMMLI CAGVLVINLLERSTE
Muitidrug SMR transporter (Shigella sp. FC2928)

MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS

H{SEQ ID NOC: 183)

LLSWGFFGQRLDLEAT IGMMLICAGVLVINLLERSAPH (SEQ ID NO: 184)
Mullidrug transpoiter EmvE (Escherichia coli HVH 41)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLAQTLAY IPTGIAVATIWSGVEI VLIS

LLSWGLFDORLDLPAIIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 185)

Qack guaternary ammonium compound efffux SMR transpoder (Escherichia coli)
MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWGLFDQRLDLPAI IGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 186)

Multidrug SMR transportier (Shigelia bovdii

MNEY IVLGGAILAEVIGTTLMKEFSECGEFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LLSWGLFDOQRIDLPATIIGMMLICAGVLVINLLSRSTPH{SEQ ID NO: 187)

Multidrug SMR transportier (Shigella dysenteriag)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYYASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGQORLDLPAT ICMML T CAGVLVINLLSREAPH {SEQ ID NO: 188)

Multidrug transporter EmrE (Shigella dysenteriae)
MNPYIYLGGATLABVIGTTLMKFSEGFTRLAWPSVETI ICYYASFWLLADTLAY I PTGTAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMML I CAGVLVINLLARSAPH (SEQ ID NO: 189)

Muitidrug transporter EmrE (Escherichia sp. KTE11)
MNPYIYLGGATFARVIGTTLMEKYSDGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMILICAGVLVINLLERSAPH (SEQ ID NO: 190)

Multidrug transporter EmrE (Escherichia albertii 8158}
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGIFGORLDLPAT IGMMLT CAGVLVINLLSRSATH (SEQ ID NO: 191)

Mullidrug transpoiter EmE (Escherichia sp. KTERG)
MNPYIYLGGATFARVIGTTLMEYSDGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS

LLSWGFFEQRIDLPATIIGMILICAGVLVINLLSRSAPH (SEQ ID NO: 192)
1

MNPYIYLGGAIFARVIGTTLMEYSDGETRLWEPSY

L TCYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWCOFFEQRLDLPATIGMILI CAGVLVINLLSRSAPH (SEQ ID NO: 193)

Multidrug SMR transporier (Escherichia coli}

MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSREGFFEQRLDLPAT IGMMLT CAGVLVINLLSRSAPH (SEQ ID NO: 194)

Multidrug transporier Emrk (Escherichia coli)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWGTFEORLDLPAT TGMMLT CAGVEVINLLSRSATH (SRQ ID NC: 195)

Multidrug transporier EnvrE (Escherichia albertii

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWCGIFCORLDLPAT IGMMLT CAGVLVINLLSRSATH (SEQ ID NO: 194)

Multidrug transporier EmvE (Escherichia coli E1118)

MNPY IVLGGATIFAEVIGTTLMKYSDGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWGFFGORLDLPATIGMILICAGVLVINLLSRSAPH (SEQ ID NO: 197)
Ethidium bromide-~-methyl viologen transporier EnmE (Escherichia albertii KF1)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGIFGQRLDLPATIGMMLICAGVLVINLFEREATH (SEQ ID NO: 198)

Multidrug transporter EmrE (Escherichia albertii
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCTSFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGIFGQRLDLPATTGMMLICAGVLVINLLERSATH (SEQ ID NO: 199)

Muitidrug transporter EmrE (Escherichia sp. KTESZ)
MNPYIYLGGATFARVIGTTLMKYSDGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLFWGFFGORLDLPAT IGMILI CAGVLVINLLSRSAPH (SEQ ID NO: 200)

Mullidrug transpoiter EmrE (Escherichia albertil strain TWO7627)

37



10

15

20

25

30

38

WO 2019/136209 PCT/US2019/012291

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTANATWSGVGIVLIS
LLSWCIFGORLDLPAT ICMML I CAGVLVINLLSREATH {SEQ ID NO: 201)

Multidrug transporter EmrE (Shigella sonnei)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLEDAANLLT {SEQ ID WNO: 202)

Multidrug transporter EmiE {(Shigella flexnani 5a strain M90T)

MNSFVSLGFLLIIIVPAFISCHARAPWIHTHODENGELCSNCSTILSSMNRKEYAMNPY IVLGGATLAEVIG

WS EWLLAQTLAYIPTGIAYATIWSGVGIVLISLLSWGFFGORLDLPATT

TTLMKESEGFTRLWPSV
GMMLICAYYG SEQ ID NO: 203)

Multidrug fransporier EnvE (Cilrobacter sp. MGH106)

MNTY IVLGAAILAEVTGTTLMKFTDGFTRLWPSVGTIVCYCASFWLLAQTLAHIPTGIAYAIRSGVGEIVLIS
LLAWVIHGORLDLPATIGMALTI CAGVLIINLLSRSAVH (SEQ ID NO: 204)

Multidrug SMR transporter (Escherichia coli}

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSAGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS

LLSWGFFGORIDLPATIIDTVMACKFFPGPVSR (SEQ ID NO: 205)

o’

Multidrug SMR transporter (Paenibacillus sp. VT-16-81)
MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS
LLSWEFFGQOR (SEQ ID NO: 206)

Ethidium bromide-~-methyl viclogen EnvE fransporter (Kiebsiella pneumoniae)

MNPY IVLGGATILAEVIGTTLMKFSRGFTRLWPSVETI ICYCASFHLLAQTLAY IPTGTAYGIWSGVGT VLI

LLSWGFFLPTAGPASHYRHDVDLCRCVGY {SEQ ID NO: 207)
Muitidrug SMR transporter (Shigella sonnei)

MNPYIVLEGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGTAYATWSGVRYCPD
{SEQ ID NO: 208}

Multidrug transporter EmrE (Escherichia coli)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWYMRTFISCK

7

R (SEQ ID RNO: 203}

A

Futher exemplary polypeptides which include an g-helix include polypeptides which
include a sequence al feast 80% identical to PATIGMMLICAG (SEQ ID NCG: 210):
Multidrug fransporier EmvrE (Escherichia coli O104:H4 sirain 2011C-3483)
MNRKEYAMNPYIYLGGATLABVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATWYM
RTFISCKR (SEQ ID NO: 211}
Membrane transporters of cations (Fundulus heteroclifus)
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWGFFGORLDLPATIGMMLI CAGVLT INLLSRSTPH ({SEQ ID NO: 212)
Multidrug transporier Emrk (Escherichia coli 2.3818)
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGORLDLPAT IGMMLT CAGVLI INLLSRSTPH
Multidrug transporier EmvE (Escherichia coli UMNF18)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPATICMMLICAGVLIINLLSRETPH {SEQ ID NO: 214)

Qack family quaternary ammonium compound efflux SMR fransporter (Escherichia coli)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLI INLLERSTPH {(SEQ ID WO: 215)

Multidrug transporter EmrE (Escherichia coli strain K12)
MNPYIYLGGATLARVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSEVEIVLI
LLSWGFFGQRLDLPATIGMMLICAGVLI INLLERSTPH (SEQ ID NO: 216)

Multidrug SMR transporter (Shigella sonnei)

MLEGQESGIVLISLLSWEFFGORLDLPATI IGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 217}
Multidrug transporter EmrE (Escherichia coli strain UMEA 3162-1)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 218)

Muitidrug transporter EmrE (Escherichia sp. KTE11)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCTSFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 219)

Muitidrug transporter EmrE (Escherichia sp. KTESZ)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCTSFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 220)

Mullidrug transpoiter EmE (Escherichia sp. KTESZ)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLAQTLAY IPTGIAVATIWSGVEI VLIS

LLSWGLFEQRILDLPAIIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 221)
Multidrug SMR fransporier (Escherichia coli strain SE11)
MNPYIYLGGATILARVIGTTLMKFSEGETRLWPSY

WSEWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFGORLDLPAI IGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 222)
Multidrug fransporier EmvrE (Escherichia coli 2-008-03_854_C3)
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWGFFEQRLDLPATIGMMLI CAGVLVINLLSRSAPH (SRQ ID NO:

Multidrug transporier EmrE (Escherichia coli H420)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPAIIGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 224)

Multidrug transporier EmvE (Escherichia coli DECBA)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 2285)

Multidrug transporier EmvE (Escherichia coli ©7.0248)

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 226)
Muitidrug fransporter EmrE (Escherichia coli O104:H4 strain 2011C-3483)
MNPYIYLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGTIAYATWSGVGIVLIS

LLESWGFFGORLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 227)
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Mutitidrug transporier EmivE (Escherichia coli H591)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 228)
Multidrug SMR transporier (Escherichia fergusonii ECDEZ?)

MNPYIYLGGAILAEVIGTTLMKFSEGEFTRLWPSVETI ICYCASEFWLL

F‘
‘];e
i I‘
L_,

T
O
~
>-1

YIPTGIAYAIWSGVGEIVLIS
LLSWGLFGORLULPAIIGMMLI CAGVLVINLLSRSTPH (SEQ I NO: 229)
Multidrug transporier EmvE (Escherichia coli O111:H8 str. CVMS834)

MNEYIVYLGGAILAEVIGTTLMKEFSEGET ICYCASFWLLAQTLAYIPTGIAYATWSGVGIVLIS

RLWPSVGT

]

LLSWOFFGORLDLPALIGMMLI CAGVLVINLLSRSAPH {(SEQ ID NO: 230)

Multidrug transporier EmrE (Escherichia coli OB5:H7 strain CB9615/EPEC)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOLFGQORLDLPAIIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 231)

Multidrug transporier EmrE (Escherichia coli KTET3)

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 232)

Muitidrug transporter EmrE (Escherichia coli KTETS)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS

LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 233)

Multidrug transporter EmrE (Escherichia coli HVH 70 4-2863531)
MNPYIYLGCATLABVIGTTLMKFSRGFTRLWPSVGTI TCYCASFWLLAQTLAY T PTGTAYATWSGVEIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 234)

Multridrug iransporﬁer EmrE (Kiebsiella oxyloca)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGLFGQRLDLPATIGMMLICAGVLVINLLERSTPH (SEQ ID NO: 235)

Mutltidrug transporter EmrE (Escherichia coli HVH 70 4-2883531)
MNPYIYLGGATLAQVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 236)

Mullidrug transpoiter EmrE (Escherichia coli 1.2741)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLAQTLAY IPTGIAVATIWSGVEI VLIS
LLSWGFFSQRLDLPAI IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 237)

Mutltidrug fransporier EmvE (Escherichia coli UMNKSES)
MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWGFFGORLDLPATI IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 238)

Multidrug SMR transporier {(Escherichia fergusonii)
MNPYIYLGCAILARVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIWSGVGIVLIS
LLSWGFFEQRILULPAT IGMMLT CAGVLVINLLSRSAPH {(SRQ TD NO:

Multidrug transporier Emrk (Escherichia coli BO88)

-

MNEY IVLGGAILAEVIGTTLMKEFSECGEFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS
LLSWGFFGORIDLPATIIGMMLI CAGVLVINLLSRSTPH {(SEQ ID NO: 240)

Multidrug transporier Emrk (Escherichia coli BO88)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAT ICMMLI CAGVLVINLLSREAPH {SEQ ID NO: 241)

Multidrug transporter EmrE (Escherichia coli strain 58889/EAEC)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSTPH {(SEQ ID NO: 242)

Ethidium bromide-methyl viclogen transporter EmirE (Escherichia coli 1ISC7)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 243)

Multidrug transporter EmrE (Escherichia coli TAGS4)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 244)

Mullidrug transpoiter EmrE (Escherichia coli ATCC BAA-2208)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 245)

Mutltidrug transporier EmvE (Escherichia albertii B158)

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWGIFGQRLUDLPATIGMMLI CAGVLVINLLSRSATH (SRQ ID NO: 246)
Multidrug transporier EmvE (Escherichia sp. KTES6)

MNEYIVLGGAILAEVIGTTLMKEFSEGEFTRLWPSVGETIICY

@}

TSFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWGFFEORLULPAIIGMMLI CAGVLVINLLSRSAPH (SEQ I NO:
Multidrug transporier Emrk (Escherichia sp. KTE114)

MNEY IYLGGAILAEVIGTTLMKFSEGEFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS

]

LLSWOFFCORLDLPALIGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 248)
Multidrug transporier EnmvrE (Escherichia coli HVH 25 4-585193%9)
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 249)
1)

Multidrug fransporier EmvE (Escherichia coli H48
MNPYIVLGGAILAEVIGTTLMKFSRGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGTAYAIWSGVGIVLIS

LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 250)

Muitidrug transporter EmrE (Escherichia coli M718)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 251)

Methyl viologen transporter ErmwE (Achromobacier sp.)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPAI TGMMLICAGVLVINLLERSAPH (SEQ ID NO: 252)
Multidrug transporter EmrE (Escherichia coli 2-427-07_84_C3)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 253)

Mullidrug transpoiter EmvE (Escherichia coli KOEGE 71 186a)
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LSWEFFGQRLDLPATIGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 254)

Multidrug transporter EmrE (Escherichia coli 2-427-07_S4_C3)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 255)

Multidrug SMR transporter (Escherichia coli O111:NM strain K6722)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 256)

Quaternary ammonium transporter (Escherichia coli APEC 02-211)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 257)

Mullidrug transpoiter EmrE (Escherichia coli KTEZ21)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLAQTLAY IPTGIAVATIWSGVEI VLIS

LLSWGFFEORIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 258)

MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWCLFEQRLDLPAT IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 259)

Multidrug SMR transportier (Shigella dysenteriag)
MNEPYIVLGGAILAEVIGTTLMKFSECGFTRLWPSVGTI ICYYASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWGFFEQRLDLPATIGMMLI CAGVLVINLLSRSAPH (SRQ ID NO:

Multidrug transporier Emrk (Escherichia coli 4.0867)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPALIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 261)

Multidrug transporier EmvE (Escherichia sp. KTE152)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCTSFWLLAQTLAYIPTEIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 262)

Multidrug transporier EmrE (Escherichia coli strain ATCC 8637)

MNEY IYLGCAILAEVIGTTLMKEFSECGFTRLWPSVGT I ICYCASFWLLAQTLAY I PT

<
]
T
=
&2
—
>
i
o

WSGVGIVLIS

-1
v

LSWEFFGQRLDLPATIGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 263)
Muitidrug transporier EmrE (Escherichia coli 3-267-03_S4 C1)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLL SRS
Multidrug transporter EmrE (Escherichia coli 2-177-06_83 C3)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

STPH {(SEQ ID NO: 264)

LLSWGFFGQRLDLPAI TGMMLICAGVLVINLLERSAPH (SEQ ID NO: 265)
Multidrug transporter EmrE (Escherichia coli 3-267-03_84_C1)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 266)

Mullidrug transpoiter EmvE (Escherichia coli HVH 50 4-2583475)

42



10

15

20

25

30

35

WO 2019/136209 PCT/US2019/012291

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAT ICMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 267)

Multidrug transporter EmrE {Escherichia coli 1.2264)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 268)

Multidrug transporter EmrE (Shigella flesiner K227}
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 269)

Multidrug SMR transporter (Escherichia coli O146:H21 sirain 2010C-3325}
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 270)

Mullidrug transpoiter EmrE (Shigella fledmneri 2a sirain 301)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 271)

Methviviologen resistance transporier ErmirE (Shigella sonnei strain S5048)

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWGFFGQRLDLPATIGMMLI CAGVLVINLLSRSAPH (SRQ ID NO: 272)
Multidrug SMR transporier (Escherichia coli O174:H8 strain 04-3038)

MNEPYIVLGGAILAERVIGTTLMKEFSEGEFTRLWEPSVGETI

-

CY

@}

ASFWLLAQTLAY ITPTCIAYAIWSGVEIVLIS
LLSWGFFEQRLDLPATIGMMLI CAGVLVINLLSRSAPH (SRQ ID NO:
Multidrug transporier Emrk (Escherichia coli KTE108)
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPALIGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 274)
Multidrug fransporier EnvE (Escherichia coli O157:H7 strain 5852)
MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWCELFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 278)

145-7)

MNEY IYLGCGAILAEVIGTTLMKFSECGFTRLWPSVGTIT

Multidrug transporier EmvE (Escherichia coli MS

-1
i
[}
=

CASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS

LSWEFFGQRLDLPATIGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 276)

Muitidrug transporter EmrE (Shigella dysenteriae 225-75)
MNPYIYLGCATLABVIGTTLMKFSRGFTRLWPSVGTI TCYYASFWLLAQTLAY T PTGTAYATWSGVEIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 277)

Multidrug transporter EmrE {Escherichia coli 908573)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGLFDQRLDLPAT TGMMLICAGVLVINLLERSTPH (SEQ ID NO: 278)
Methyiviologen transporier (Escherichia coli G3/10)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 279)

Mullidrug transpoiter EmrE (Escherichia coli HVH 41 4-2677849)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCLFDQORLDLPAT ICMMLI CAGVLVINLLSRETPH {SEQ ID NO: 280)

Multidrug SMR transporter (Escherichia coli MB63)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFSQRLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 281)

Multidrug SMR transporter (Escherichia coli TW10509)

MNPYIYLGGAILARVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYAIW

GVGIVLIS

¥}

LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 282)

Multidrug transporter EmrE {(Escherichia coli 4.0522)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 283)

Mullidrug transpoiter EmrE (Escherichia coli O111:H- strain 11128/EHEC)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 284)

Mutltidrug transporier EmvE (Escherichia coli KTEZ20)

MNPYIYLGGAILAERVIGTTLMKFSEGEFTRLWPSVETI ICYCASEW]

J
3
:
=
i
d
i
o)

TLAYIPTCGIAYAIWSGVGEIVLIS
LLSWGFFEORIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 285)

Multidrug fransporier EmvE (Escherichia coli 2-0058-03

o
>
e
N

MNEPYIVYLGGAILAEVIGTTLMKESEGETRLWESVG

]
-t
-t
@}
d
@}
o
w
l'(j
=
&
[
i
SIS @]
|_j
[
e
=
-t
g
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ot
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-t
5]

LLSWGFFEQRLDLPATIGMMLI CAGVLVINLLSRSAPH (SRQ ID NO:
Multidrug transporier Emrk (Escherichia sp. KTES1)

MNEY IVLGGAILAEVIGTTLMKYSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPALIGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 287)

Multidrug transporier EmrE (Escherichia coli MB0S)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 288)

Multidrug fransporier EmvE (Escherichia coli TA447)

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS
LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 289)

Muitidrug SMR transporter (Escherichia coli 0104:H4)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLARSAPH (SEQ ID NO: 2090)

Multidrug transporter EmrE (Escherichia albertil strain TWO78273
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIANATWSGVGIVLIS

LLSWGTFGORLDLPAT IGMML T CAGVLVINLLSRSATH (SEQ ID NO: 291)

Multidrug SMR transporter (Shigella sp. PAMC 28760)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYGIWSGVEIVLIS
LLLWGFFGORLDLPAT IGMMLI CAGVLVINLLSRESTPH (SEQ ID NO: 2092)

Mullidrug transpoiter EmvE (Escherichia coli 2-011-08_81_C1)

44



10

15

20

25

30

35

WO 2019/136209 PCT/US2019/012291

MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSTPH {SEQ ID NO: 293)

Multidrug transporter EmrE {Escherichia coli UMEA 3212-13
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLARSAPH (SEQ ID NO: 204)

Multidrug transporter EmrE (Escherichia coli 2-177-06_83_C2)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 295)

Multidrug transporter EmrE (Escherichia coli 97.0259)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGLFGORLDLPAT IGMMLI CAGVLVINLLSRESTPH (SEQ ID NO: 296)

Mullidrug transpoiter EmrE (Escherichia coli 92.0741)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLAQTLAY IPTGIAVATIWSGVEI VLIS

LLSWGFFEQRIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 297)

Mutltidrug transporier EmvE (Escherichia coli KTEEGS)

MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEVETT TCYCASFWLLAQTLAY T PTGIAYATWEGVEIVLIS
LLSWCGFFEQRLDLPAT IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 298)

Multidrug transporier EmvE (Escherichia coli B185)
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLI CAGVLVINLLSRSTPH (SREQ ID NO: 299)

Multidrug transporier EmrE (Escherichia coli O138:H28 strain E24377A/ETEC)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCQRLDLPALIGMMLI CAGVLVINLLSRSTPH ({(SEQ ID NO: 200)

Multidrug transporier EmrE (Escherichia coli UMEA 3323-1)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 201)

Multidrug transporier EmrE (Escherichia coli KTE10)

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 302)
Muitidrug transporter EmrE (Escherichia coli 9.0111)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGLFGORLDLPAT IGMMLT CAGVLVINLLERSTPH {SEQ ID WO: 303)

Multidrug transporter EmrE (Escherichia coli KTE182)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 304)

Multidrug transporter EmrE (Escherichia coli H388)
MNPYIYLGGATLARVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGTIAYATWSEVEIVLI
LLSWGFFGORLDLPAT IGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 3053)

Mullidrug transpoirter EmvE (Escherichia coli O83:H1 sirain NRG 857C/AIEC)

45



10

15

20

25

30

35

WO 2019/136209 PCT/US2019/012291

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAT ICMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 306)

Multidrug transporter EmrE (Escherichia coli 1-392-07_G4 _C3)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID WNO: 307)

Multidrug transporter EmrE (Escherichia coli 1-392-07_84_C1)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 308)

Multidrug transporter EmrE (Escherichia coli 1-392-07_84_C3)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 309)

o

Mullidrug transpoiter EmvE (Escherichia coli 1-392-07_84_C1)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRILDLPAIIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 310)
Mutltidrug fransporier EmvE (Escherichia coli 1-178-05_53_C2)
MNPYIYLGGATILARVIGTTLMKFSEGETRLWPSY

TICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS

LLSWCGFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 311)

Multidrug transporier EnwE (Escherichia coli UMEA 3718-1)

MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
0

LLSWGFFCGORLLDLPATIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO:

Multidrug SMR transporier (Escherichia coli strain B/BL21-DE3)
MNEYIVLGGAILARVIGTTLMKES

LLLWOFFCORLDLPAIIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 213)

Multidrug SMR transporter (Escherichia coli)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSREGFFEQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 314)

GlacE family quaternary ammonium compound efflux SMR fransporter (Escherichia coli)

MNEY IYLGGAILAEVIGTTLMKEFSECGFTRLWPSAGT I ICYCASFWLLAQTLAY IPTGIAYATIWSGVGIVLIS

LSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH {SEQ ID NO: 315)

Muitidrug transporter EmrE (Escherichia coli)

MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGTFGORLDLPAT IGMMLT CAGVLVINLLERSATH (SEQ ID NO: 316)

Qack family quaternary ammonium compound efflux SMR fransporter (Escherichia coli)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGLFDQRLDLPATTGMMLICAGVLVINLLERSTPH (SEQ ID NO: 317)

Multidrug SMR transporter (Escherichia coli O25b:H4-8T131)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 318)

Mullidrug SMR transporter (Escherichia coli)
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MNPYIYLGCGATLAEVIGTTLMKESECGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LSWGFFSQRLDLPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 319)

Multidrug SMR fransporter (Escherichia coli)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCTSFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 320)

Multidrug transporter EmrE (Escherichia coli KTESS)
MNPYIYLGGATLARVIGTTLMKYSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 321)

Muitidrug transporter EmrE (Shigelia flesineri VA-5)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 322)

Mullidrug transpoiter EmrE (Escherichia coli H736)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRILDLPAIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 323)
Multidrug SMR transporier (Shigella flexneri 4¢)
MNPYIYLGGATILARVIGTTLMKFSEGETRLWPSY

[ ICYCASEFWLLAQTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFEORIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 324)

Multidrug SMR transportier (Shigella flexner]

MNEY IVLGGAILAEVIGTTLMKEFSECGEFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS
LLSWGFFEORIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 325)

Multidrug SMR transporter (Escherichia coli}

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFCORLDLPALIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 226)

Multidrug transporier EmvE (Escherichia coli)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 327)

Multidrug transporier EmvE (Escherichia coli)

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWELFGQRLDLPATIGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 328)
Muitidrug transporter EmrE (Shigelia sonnei)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLARSAPH (SEQ ID NO: 329)

Multidrug transporter EmrE (Escherichia coli DORA_B_

ey
.Y
N
s’

MNPYIVYLGGAILABVIGTTLMKFSEGEFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS

LLSWGFFGQRLDLPAI TGMMLICAGVLVINLLERSAPN (SEQ ID NO: 330)
Multidrug SMR transporter (Escherichia coli N37138PS8)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVEIVLIS

LLSWGLFGORLDLPATIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 331)

Mullidrug transpoiter EmrE (Escherichia coli N368410PS)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCLFGORLDLPAT ICMMLI CAGVLVINLLSRETPH {SEQ ID NO: 332)

Multidrug transporter EmrE (Escherichia coli HB0E)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPH (SEQ ID NO: 333)

Quaternary ammonium transporter (Escherichia coli APEC O18)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 334)

Multidrug transporter EmrE (Escherichia coli N40513)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 335)

Mullidrug transporter EmvE (Escherichia albeitii)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETIICYCTSFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWEIFEORIDLPATIIGMMLICAGVLVINLLSRSATH (SEQ ID NO: 336)

Mutltidrug transporier EmvE (Escherichia albertii)

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWGIFGQRLDLPATIGMMLI CAGVLVINLLSRSATH (SRQ ID NO: 337)
Multidrug fransporier EmvE (Escherichia coli N4D8OT)

MNEYIVLGGAILAEVIGTTLMKEFSEGEFTRLWPSVGETIICY

@}

ASFWLLAQTLAY ITPTCIAYAIWSGVEIVLIS
LLSWGFFEQRLDLPATIGMMLI CAGVLVINLLSRSAPH (SRQ ID NO:

Multidrug SMR transportier (Escherichia coli NCCP15648)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOFFEORLDLPAT TGMMLT CAGVELVINLLSRSAPH (SEQ ID NO: 339)

Multidrug SMR transporter (Escherichia coli NCCP15648)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFGQRLDLPAT IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 240)

Multidrug fransporier EmvE (Escherichia coli N38254P8)

MNEY IYLGGAILAEVIGTTLMKEFSECGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYATIWSGVGIVLIS

LSWGFFGQRLDLPAIIGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 341)

Muitidrug SMR transporter (Shigella sonnei)

MNPYIYLEGATLABVIGTTLMKRSRGFTRLWPSVETI ICYCASFWLLAQTLAY IPTGTAYATWSGVEIVLIG
LLSWCFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 342)

Multidrug SMR transporter (Shigella sonnei)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPKGIAVATWSGVGIVLIS

LLSWGFFGQRLDLPATI TGMMLICAGVLVINLLERSAPH (SEQ ID NO: 343)
Multidrug SMR transporter (Shigella sonnei)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCTSFWLLAQTLAYIPTGIAVATWSEVEIVLIS

LLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 344)

Mullidrug transpoiter EmrE (Escherichia coli N37122P8)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCLFGQORLDLPATICMMLI CAGVLVINLLSRETPH {SEQ ID NO: 345)

Multidrug transporter EmrE (Escherichia coli)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAT IGMMLT CAGVLVINLLERSAPN {SEQ ID NO: 346)

Multidrug SMR transporter (Escherichia coli)

MNPYIYLGGATLARVIGTTLMKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPKGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 347)

Muitidrug transporter EmrE (Escherichia coli E1118)
MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCTSFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 348)

Mullidrug SMR transporter (Shigella boydii)

MNPYIYLGGATLARVIGTTLMEFSEGFTRLWPEVETI ICYCASFRLLAQTLAY IPTGTIAYATWSGVEIVLIS
LLSWGLFDORLDLPAI IGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 349)

Multidrug SMR fransporter (Shigella boydii)
MNPYTYLGGATLARVIGTTLMEFSEGEFTRLWPEY

TICYCASEWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWGFFEORIDLPATIIGMMLICAGVLVINLLSRSAPH {(SEQ ID NO: 350}

Multidrug SMR transporier (Shigella flexneri 1a)

MNEY IVLGGAILAEVIGTTLMKEFSECGEFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS
LLSWGFFEORIDLPATIIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 351}

P
Multidrug transporier Emrk (Escherichia coli MS 84-1)

MNRKEYAMNPYIYLGGAILAEVIGTTIMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY
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VGIVLISLLSWGFFGQRLDLPAT TGMML TCAGVLVINLLERSAPH (SEQ ID NO: 352)
Multidrug fransporier EmvE (Escherichia coli MS 124-1)

MNRKEYAMNPYIYLGGAILAEVIGTTIMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY
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JGIVLISLLSWEFFGQRLDLPAIIGMMLICAGVLVINLLERSAPH (SEQ ID NO: 353)
Multidrug transporier EmrE (Escherichia coli 110257)

MNRKEYAMNPYIYLGGAILAEVIGTTIMKFSEGEFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATWSG

VGIVLISLLSWGFFGQRILDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 354)
Muitidrug transporter EmrE (Escherichia coli MS 85-1)
MNRKEYAMNPYIYLGGAILARVIGTTLMKFSEGFTRLWPSVET I TCYCASFWLLAQTLAY I PTGTAYATIRSG
VGEIVLISLLSWGFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 355)

Multidrug transporter EmrE (Escherichia coli MG 117-3)
MNRREYAMNPYIYLGGAILARVIGTTLMKESEGFTRLWPSVETITCYCASFWLLAQTLAY TPTGTIAYATWSG
VGEIVLISLLSWEFFGORILDLPATIGMML ICAGVLVINLLSRSAPH (SEQ ID NO: 356)

Multidrug transporter EmrE (Escherichia coli 908945-2)
MNRKEYAMNPYIVLGGAILAEVIGTTIMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAVIPTGIAYATWSG
VEIVLISLLSWCFFGORLDLPATIGOMMLICAGVLVINLLSRSADH

Mullidrug transpoiter EmrE (Escherichia coli 113290)
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MNRKEYAMNPYIYLGGAILAEVIGTTLMKFSEGEFTRLWPEVET

LLAQTLAYIPTGIAYATIWSG
VGIVLISLLSWGFFGORLDLPATIIGMMLICAGVLVINLLSRSAFH (SEQ ID NO: 358)

Multidrug transporter EmrE (Escherichia coli O83:H1 sirain NRG 857C/AIEC)
WLLAQTLAYIPTGIAYAIWSG

=

MNRKEYAMNEYIYLGGAILARVIGTTLMKFSEGFTRLWPSVETI ICYCASEW
VEIVLISLLSWEFFGORLDLPATIGMML I CAGVLVINLLSRSTPH
Multidrug transporter EmrE (Escherichia coli MS 115-1)

MNRKEYAMNEYIVLGGAILAEVIGTTIMKEFSEGFTRLWPSVGTIICY

SEQ ID NC: 359)

@]

ASFWLLAQTLAVIPTGIAYAIWSG

VGIVLISLLSWGFFGORLDLPATTGMMLICAGVL

»-r.

VINLLSRSAPH (SEQ ID NOC: 360)

'/
:R

Multidrug transporter Emrk {(Escherichia coli strain MS 21-1)
MNRKEYAMNEYVIVLGGAILAEVIGTTLMKFSECFTRLWPSVGTIICYCASFWLLAQTLAYIPTGIAYATIWSG

i<

VGIVLISLLSWEFFGORLDLPATIGMMLICAGVLVINLLSRSAPH (SEQ ID NO: 361)
Multidrug SMRE transporter (Escherichia coli strain SEIL)

MNSFVSLGFLLIIIVPAFISCHARAPWIHTIHODENGELCSNCSTILSSMNRKEYAMNPY IVLGGATLAEVIG

TGIAYAIWSGVGIVLISLLSWEFFGORLDLPATT
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GMMLICAGVLVINLLSRSAPH (SRQ ID NO:
Methylviologen resisiance transporter EmivE (Shigelia flexneri serolype 5b strain 8401)
MNSFVSLGFLLIIIVPAFISCHARAPWIHIHODENGELCSRCSTI LS SMNRKEYAMNPYIVLGGAT LAEVIG
TTIMKFSEGFTRLWPSVGTI ICYCASFWLLAQTIAYIPTGIAYATWSGVGIVLISLLEWGFFGQRLDLPATT
CMMLICAGVLVINLLERSAPH (SEQ ID NO: 363)

Multidrug transporter EmrE (Escherichia coli O1.K1/APEC)
MNSFVSLGFLLIIIVPAFISCHARAPWIHIHODENGELCSNCSTI LS SMNRKEYAMNPYIYLGGAILAEVIG
TTIMKFSEGFTRLWPEVETT ICYCASFWLLAQTIAY I PTGIAYATWSGVEI VLI SLLSWGFFGORLDLPATT
GMMLICAGVLVINLLSRSAPH (SEQ ID NO: 364)

Multidrug fransporier EmvE (Shigella flexneri serotype X strain 2002017)
MNSFVSLGFLLIIIVPAFISCHARAPWIHIHODENGELCSRCSTI LS SMNRKEYAMNPYIVLGGAT LAEVIG
TTIMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYI PTGIAYATWSGVGIVLISLLEWEFFGQRLDLPATT
CMMLICAGVLVINLLSRSAPH {SEQ ID NO: 365)

Muitidrug transporter EmrE (Shigelia sonnei)

MNSFVELGFLLT TTVPARTSCHARAPWTHTHODENGELCSNCSTT LS SMNRREYAMNPY TYLGGATLARVIG

N

<

TTLMKFSEGEFTRLWPSVETI ICYCASEFWLLAQTLAYIPTGIAYAIWSGVGIVLISLLSWGFFGORLDLPATT

\.

CMMLICAGVLVINLLSRSAPH (SEQ ID NO: 366)

Mutltidrug transporier EmvE (Escherichia coli 045:K1 strain S88/ExPEC)
MLPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHTHGDENGELCSNCSTILSSMNREEVAMNPY IVLGGATL
AREVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATWSGVGIVLISLLSWGFFGQORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID KCO: 367)

Multidrug transporier EmrE (Escherichia coli strain 55982%/EAEC)
MLPGRVNSFVSLGFLLIIIVPAFT SCHARAPWIHTHODENGELCSNCSTTILSSMNRKEYAMNPY TYIL.GGATL
ARVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY TPTGIAYATWSGVGI VLT SLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NC: 368)

Muitidrug transporter EmrE (Escherichia coli O81 strain EDR1a)
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MLIGRVNSEFVSLGFLLIIIVPAFTI SCHARAPWIRIHODENGELCSNCSTILSSMNRKEYAMNPY TYLGGAIL

AEVIGTTLMKFSEGFTRLWPSVGTIICYCASFWLLAQTLAY IPTCGIAYATWSGVGIVLISLLSWGFFGORLD

LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 363)
Multidrug transporter EmvE (Escherichia coli strain UTIBS/UPEC)
MLPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHTHGDENGELCSNCSTILSSMNREEVAMNPY IVLGGATL
AREVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAYATWSGVGIVLISLLSWGFFGQORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NOG: 370}

Multidrug fransporier EmvE (Escherichia coli O6:H1 strain CFT073)
MLPGRVNSFVSLGFLLITIVPAFT SCHARAPWIHTHODENGEL

CSNCSTILSSMNRKEYAMNPY IYLGGATL:

AEVIGTTLMKFSEGFTRLWPSVGETIICYCASFWLLAQTLAYIPTGIAYATWSGVGIVLISLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NC: 371)

Muitidrug transporter EmrE (Escherichia coli O250:H4}

MLPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHIHODENSELCSNCSTILSSMNRKEVAMNEPY IVLGGATL
AEVIGTTLMKFSEGFTRLWPSVGTIICYCASFRLLAQTLAYIPTGIAYATWSGVGIVLISLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 372}

Multidrug transporier Emrk (Escherichia coli O25b:H4-3T131)

MLEPGRVNSFVSLGFLLIIIVPAFI SCHARAPWIHIHODENSELCSNCSTILSSMNRKEYAMNPY IYLGGATIL

ARVIGTTLMKFSEGFTRLWPSVETTICYCASFWLLAOTLAY T PTG TAYATWSGVGT VL T SLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NCG: 373}

Multidrug transporter EmrE {Escherichia coli TW10588)

MLIGRVNSFVSLOFLLIIIVPART SCHARAPWIHIHODENGELCSNCSTILSSMNRKEYAMNPY IYLGGALL
ARVIGTTLMKFSEGFTRLWPSVGTIICYCASFRWLLAQTLAY I PTGIAYATWSGVGIVLISLLSWGFFGORLD
LPATIGMMLICAGVLVINLLSRSAPH {SEQ ID NO: 374}
Multidrug SMR transporier {Escherichia coli O157)
MNEPYIVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAY IPTGIAYAIRSGVGIVLIS
LLSWGFFEQRLDLPAVIGMMLI CAGVLVINLLSRSTPH (S8RQ ID NO:

Multidrug transporier Emrk (Escherichia coli KTE100)
MNPYIYLGGATILARVIGTTLMKFSEGFTRLWPSVE
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LLSWOFFCQRLDLPAVIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 276)

Multidrug transporier Emrk (Escherichia sp. KTE158)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFEORLDLPAVIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 277)

Multidrug transporier EmvE (Escherichia coli Xuzhou2

MNPY IVLGGATILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTIAYATIWSGVGIVLIS

LSWEFFGQRLDLPAVIGMMLI CAGVLVINLLSRSTPH {SEQ ID NO: 378)

Muitidrug transporter EmrE (Escherichia coli KTE108)
MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFVORLDLPAVIGMMLICAGVLVINLLSRSTPH {SEQ ID NO: 379)

Ethidium bromide-methyl viclogen transporer EnE (Escherichia coll O187:H7 strain 8552)
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MNPYIVLGGATLABVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWCEFFGORLDLPAVICMMLI CAGVLVINLLSRETPH {SEQ ID NO: 380)

Multidrug transporter EmrE (Escherichia coli O157:H7 strain EC888)
MNPYIYLGGAILAEVIGTTLMKFSEGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFCGORLDLPAVIGMMLT CAGVLVINLLERSTPH {(SEQ ID WO: 381)

Multidrug SMR transporter (Escherichia coli)

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGQRLDLPATIGMMLICSGVLVINLLERSAPH (SEQ ID NO: 382)

Multidrug SMR transporter (Escherichia coli)

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAVIGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 383)

Mullidrug transpoiter EmrE (Escherichia coli O157:HT)

MNPYIYLGGAILARVIGTTLMKFSEGEFTRLWPSVETI ICYCASFWLLAQTLAYIPTGIAYATIWSGVGEIVLIS

LLSWGFFEQRIDLPAVIGMMLICAGVLVINLLSRSTPH (SEQ ID NO: 384)

Mutltidrug transporier EmvE (Escherichia coli)

MNPYIYLGGAILAERVIGTTLMEKFSEGETRLWPSY

TICYCASEFWLLAQTLAYIPTGIAYATWSGVGEIVLIS
LLSWCGFFEQRLDMPAT IGMMLI CAGVLVINLLSRSTPH (SEQ ID NO: 385)

Multidrug transporier EmvE (Shigella flexneri 2850-71)
MNPYIYLGGATILARVIGTTLMKFSEGFTRLWPSVE

]
-t
-t
@}
d
@}
N
w
l'(j
=
&
[
i
(OIS @
|_j
[
:Ii
=
-t
g
H
G
]
Nt
b
o
-1
=
£
9
-
[
|-t
e
~
[l
-t
5]

LLSWGFFEQRLDLPATIGMMLI CTEVLVINLLSRSAPH (S8RQ ID NO:
Ethidium bromide-methyl viclogen transporter EmrE (Escherichia albertii KF1)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWOIFGQORLDLPAIIGMMLI CAGVLVINLFSRSATH (SEQ ID NO: 287)

Multidrug SMR transporter (Shigella sp. FC2828)

MNEY IVLGGAILAEVIGTTLMKFSEGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGIAYAIWSGVGIVLIS
LLSWEFFEORLDLSAT IGMMLI CAGVLVINLLSRSAPH (SEQ ID NO: 3288)

Multidrug fransporier EnvE (Citrobacter sp. MGH106)

MNTY IVLEGAATILAEVTGTTLMKFTDGFTRLWPSVGTIVCYCASFWLLSQTLAHI PTGTAYATWSGVGIVLIS
LLAWVIHGQORLDLPATIIGMALICAGVLI INLLSRSAVH {SEQ ID NO: 389)

Muitidrug transporter EmrE (Escherichia sp. KTE11)
MNPYIVLEGATFABVIGTTLMKYSDGFTRLWPSVGTI ICYCASFWLLAQTLAYIPTGTAYATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMILICAGVLVINLLARSAPH (SEQ ID NO: 390)

Multidrug transporter EmrE (Escherichia sp. KTES2)
MNPYIYLGGAIFAEVIGTTLMKYSDGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS

LLFWGFFGQRLDLPATITGMILICAGVLVINLLERSAPH (SEQ ID NO: 391)
Muitidrug transporter EmrE (Escherichia sp. KTERS)
MNPYIYLGGAIFAEVIGTTLMKYSDGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSEVEIVLIS

LLSWGFFGORLDLPATIGMILICAGVLVINLLSRSAPH (SEQ ID NO: 392)

Mullidrug transpoiter EmE (Escherichia sp. KTE159)
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MNPYIYLGGATIFAEVIGTTLMKYSDEFTRLWPSVGT I ICYCASFWLLAQTLAYIPTGIAYATIWSGVGIVLIS

LSWGFFGORLDLPATIGMILICAGVLVINLLSRSAPH {SEQ ID NO: 393)

Multidrug transporter EmrE (Escherichia coli E1118)
MNPYIYLGGAIFAEVIGTTLMKYSDGFTRLWPSVETIICYCASFWLLAQTLAYIPTGIAVATWSGVGIVLIS
LLSWGFFGQRLDLPATIGMILICAGVLVINLLARSAPH (SEQ ID NO: 394)

Multidrug transporter EmrE (Shigella sonnei)

MNPYIYLGGATLARVIGTTLMEKFSEGFTRLWPSVETI ICYCASFRLLADTLAYIPTGIAYATWSGVEIVLIS
LLSWGFFGORLDLPAT IGMMLT CAGVLVINLGDAANLLT (SEQ ID NO: 39%)

Multidrug DMT transporter (Shigelia sp. FC1967)
MVFSRLYPSIVVVIGYCLEFWALSQUVVRVMPLGIAYAIWSGLGIVLVSVAAVFLYQOKLDLPAT IGMSLIIA
GVLVINLLSKSASH (SEQ ID NO: 396)

Mullidrug DMT transpoiter (Shigelia sp. FC130)

MNGLTYIMLATT SEVIATTMLEASDGFSRLYPESIVVVIGYCLSFWALSOVVEVMPLGTIAYATWSCLATIVIVS
VAAVFLYQOKLDLPATIGMSLI IAGVLVINLLSKSASH (SEQ ID NO: 397)

Multidrug DMT transporter (Shigella sp. FC1855)

MNGLTYLMLAT I SEVIATTMLEASDGFSRLYPETVVVIGYCLSFWALSQVVREVMPLGTIAYATWEGLETVIVS
VAAVFLYQOKLDLPATTGMSLI TAGVLVINLLSKSASH (SRQ ID NO: 398)

Multidrug fransporier EnvE (Serratia plymuthica 4Rx13)
MSCFIYLTMAIVAREVIATTMLKASECFTRLUWPSLVVVVGYAVAFWCLEMVVKTMPLOIVYAIWSCMGIVLVS
TAAVEVYQQKLDLPAVIGMVLI TAGVLVINLLSKTAAN (SRQ ID NO: 399)

Multidrug DMT {ransporier (Serratia plymuthica 313)
MSGFIYLTMAIVAREVIATTMLKASECFTRLWPSLVVVVEYAVAFRGLEMVVKTMPLETIVYATWEGMGIVLVS
IAAVEVYQQKILDLPAVIGMYVLI TAGVLVINLLSKTAAH (SEQ ID NO: 400)

Multidrug fransporier EnmE (Proileus vulgaris)
MNGLTYLMLAIISEVIATTMLKASEGFSRLYPSIVVVIGYCFSFWALSQVVRVMPLGIAYAIWSGLGIVLVS
VAAVFIYQQKIDLPATIGMGLI TAGVLVINLLSKSASH (SEQ ID NO: 401)

Multidrug fransporier EnmE (Proileus vulgaris)
MNGLTYLILATIISEVIATTIMLKASEGFSRLYPSTIVVIGYCFSFWALSQVVEKVMPLGTAYATWSGLGIVSVS
VAAVFIYQQKIDLPATTGMGLITAGVLVINLLSKSASH (SEQ ID NO: 402)

Muitidrug transporter EmrE (Proteus vulgaris)

MLAIISEVIATTMLEASDGESRLYPSIVVVIGYCF SFRWALSQVVKVMPLGIAYATWSGLGIVLVSVARVELY
QUKLDLPAIVEMTLITAGVLVINLLSKSASH (SEQ ID NO: 403)

Multidrug transporter EmrE (Proteus mirabilis ATCC 28908}
MNGLTYLILATIISEVIATTVLKASDGFSRLYPSIVVVVGYCFSFWALSQVVKVMPLGIAYATWSGLGIVLVS
VAAVFVYQORLDLPATVEMTLT TAGVLVINLLSNSTSH (SEQ ID NO: 404)

Multidrug DMT transporter (Proteus sp. HMSC14B05)
MNGLTYLILATISEVIATTVLKASDGFSRLYPSIVVVVGYCFSFRALSOVVKVMPLGIAYATWSGLEIVLVSE

VAAVEVYQOKLDLPATVGMTLITAGVLVINLLENSTSH (SEQ ID NO: 405)

O

Meihyl vioclogen transporter EmwE (Proteus hauseri ZMd44)
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MNGLTYLMLAT T SEVIATTMLKASDGFSRLYPSTVVVIGY CLEFWALSQVVRVMPLGTAYAT WSGLGTIVLYVE
VAAVFLYQQKIDLPATIVEMTLITAGVLVINLLSKSASH (SEQ ID NO: 406)

Methyl viologen transporter ErrE (Proteus mirabilis strain Hi14320)
MNGLTYLILATIISEVIATTVLKASDGFSRLYPSIVVVVGYCFSFWALSQVVKVMPLGIAYATWSGLGIVLVS
VAAVFVYQQXLDLPATVEMTLI TAGVLVINLLENSTSH (SEQ ID NO: 407)

Multidrug SMR transporter (Proteus penneri ATCC 35198)
MNGLTYLMLATISEVIATTMLKASDGFSRLYPSIVVVIGYCFSFRALSOVVKVMPLGIAYATWSGLEIVLVSE
VAAVFLYQORLDLPATVEMTLT TAGVLVINLLSKSASH (SEQ ID NO: 408)

Multidrug DMT transpoiter (Proteus mirabilis)
MNGLTYLILATISEVIATTVLKASDGFSRLYPSIVVVVGYCFSFRALSOVVKVMPLGIAYATWSGLEIVLVSE
VAAVFVYQORLDLPATVEGMTLITAGVLVINLLSNSTAH (SEQ ID NO: 409)

Mullidrug transpoiter EmrE (Providencia retigeri)
MKGLSFLFISTITARVIATTTLEASDGFSRFWPESLVVVIGYAVSFRGLEQVVKVMPLGTIAYATWSCLATIVIVS
TAATVIVNOKLDLPATIGMLFITVGVLIINLLSKSGTH (SEQ ID NO: 410)

Multidrug SMR transporier (Providencia rustigianii DSM 4541)

MKGLGEFLLMSIVAEVIATTTLKASDGEFSRFWPSLIVVIGYATSEWGLESQVVKVMPLGIAYATWSGLGIVILVS
VAAIVYIYNQKLDLPATIGMLLITIVEVLIINLFSKSGTH (SEQ ID NO: 411)

Multidrug SMR transporier (Xenorhabdus thuongxuanensis)

MKFALSYNFGLVSNMNVHGY LFIATLSEVIATTMLKS ADGFTRLVPS I TVVTEYCLS FWALSQVVKUMPLGT
AVAVWSCLEIVLVSTAGTFLYQOQKLDLPATIGTILITAGVIVINLLEKSAGH (SEQ TD NOG: 412)
Muitidrug iransponer EnmwE (Xenorhabdus doucetiae)
MYNWAVFWKFCLSYHLGLVSNMNVHGYLFIAT LEEVI ATTMLX TADGFTRLVPSTVVVLEYCLEFWALSQVV
KTMPLETAYAVWSCLGIVLVSTAGTFLYOOKLDLPAT TGTLLI TAGVLVINLLSKSAGH (SEQ ID NO:
413)

Multidrug SMR transporter (Enterobacier cancerogenus)
MNTYLFLGIAIVAEVIGTTFMKYSEGFTRLWPSLATLICYFAAFYMLSOTLAHIPTGVAYATWSGAGIVLIS
LVGWLVSGQKLDLPATIGMAFICTIGVLI INVLEKSGAY (SEQ ID NO: 414)

Muitidrug transporter EmvE (Serratia plymuthica PRI-20)
MSCFIYLTMAIVARVIATTMLKASEGFTRLWPSLAVIVEGYAVAFRGLSMVVKTMPLGIVYATWSGMEIVLVS
TAAVEVYQORKLDLPAVIGMGLT TAGVLVINLLEKTAAY {(SEQ ID NO: 415)

Ethidium bromide-methyl viologen transporter EmiE (Serratia fonlicola AU-P3(3))
MTAFIYLAMATTARVIATTLLEASEGFTRLWPSVEVVLGYAVAFNGLEMVVKTMPLGTIVYATWSCLETIVIVS
TAAVFIYQORLDLPAVIGMGLITAGVLVINLLSKSAGH (SEQ ID NO: 416)

Mutltidrug transporier EmvE (Escherichia vuineris NBRC 102420}

MHAYVHLGIATVARVIGTTLMRY SEGEFTRKLWP TVATLGCYAVARWELEQTLOY T PTCIAYATWEGVEIVLIS
AAGWIFSGOKLDLPATGGMALICAGVLVINLFSKSVAH (SEQ ID NO: 417)

Ethidium bromide-methyl viclogen transporter EmrE (Serratlia rubidaea)
MYLTMATIAEVIATTMLKASEGFTRLWPSLVVVLGYGVAFNGLSMVVKEMPLE IVYATWSGMGVVLVS TAAY
FIVNQKLDWPAT IGMGLIVAGVIVINILSKTSAH (SEQ ID NG: 418)

Cation/cationic drug transporier (Serralia marcescens FGI94)
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MTGLMYLTMAT TABVIATTMLKASRGFTRLWPSLVVVLGYGVARNGLSMVVKSMPLATVY AT WSGMGVVLYVE
IAAVFIYNQKIDWPAT IGMCGLIVAGVLVINLLSKTSAH {(SEQ ID NO: 419)

Multidrug DMT transporter (Serratia marcescens)
MSGFMYLTMAIVAEVIATTMLKASEGFTRLWPSLLVVLGYGVAFWGLSMVVKSMPLGIVYATWSGMGIVLVS
VAAVEVYQQKLDWPAT ICMGLI TAGVLVINLLEKASVE (SEQ ID NO: 420)

Multidrug transporter EmrE (Serratia odorifera DSM 4582)
MNGFIYLTMATIABVIATTMLKASEGFTRLWPSLVVVVGYGVAFRGLSMVVKTMPLEGTIVYATWSGMEIVLVS
TAAVRFVYNQRLDWPAT TGMGLT TAGVLVINLLSKTSAH (SEQ ID NO: 421)

Mathods of Treatment

This invention describes peptides and methods of use for the treatment of bacterial
infections. Pathogenic bacterial sirains may become resistant to various treatments by developing
a resisiance to certain pharmaceutical agents. The resistance is conferred by small mullidrug
resistance (SMR) membrane-bound transporiers. SMRs are a family of ubiguitous fransporiers in
bacteria (e.qg., M. fuberculosis, P. aeruginosa, B. pertussis, N. meningitis, B. anthracis, and §.
auvreus) that efflux a wide range of cylotoxic compounds through transmembrane pumps. SMRs
include, for example, EnvE transporters and various quaternary ammonium compound (QAC)
transpoiters. In an altempl {0 treat a bacterial infection, one might administer an antibiotic agent to
combat the infection. However, an SMR transporier effluxes the antibiclic agent before it can Kill
the infection, thus conferring resisiance to the antibictic. Therefore, 1o effectively freat a drug
resistant bacterial infection, one may need 10 inhibil one or more SMRs.

The peptides of the invention described herein include a C-terminal polypeptide of any one
of an SMR transporter. SMRs exist as obligale dimers in their aclive form, with each monomer a
~110 residue four helix-bundle. The C-terminal polypeptide inhibits the dimerization of the SMR,
thus preventing it from cligomerizing into #is active state and reducing (e.g., by about 1%, 2%, 3%,
4%, 5%, 8%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 80%, 70%, 80%, 90%, 95%, 87%, 98%, or
about 100%) or completely eliminating its ability to efflux the antibiotic. Following administration of
the peptide, one could then adminisier an antibiotic agenti, {o which the bacteria is now sensitive, in
order to eflectively ireat the infection. Following trealment with a pepiide of the invention with or
without an antibiotic agent, the size of the bacterial infection, the bacterial load, or the {otal number
of bacterial cells is reduced (e.g., by aboui 1%, 2%, 3%, 4%, 5%, 8%, 7%, 8%, 9%, 10%, 20%,
30%, 40%, 50%, 80%, 70%, 80%, 90%, 85%, 97%, 98%, or aboui 100%) or completely eliminated
redative to its initial size.

The polypeptides of the invention may be able {0 treal bacterial infections by preventing
efflux of antibaclerial agents administered in combination with a polypeptide of the invention. In
some embaodiments, the bactenal infection includes bacteria which express one or more smal
molecule resistance membrane-bound transporiers.

“Antibacterial agents,” also known as antibiotics, as used herein refer 1o agenis used in the
treatment and prevention of bacterial infections. Anlibacterial agents include agents which kill the
bacteria, known as “bactericidal agents” and agents which inhibit baclerial growth, known as
“bacteriostatic agents.” Antibacterial agents are generally classed based on their mechanism of
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action, chemical structure, or spectrum of activity. Some antibacterial agents useful in combination
with the polypeplides of the invention include (i) agents which {arget the bacterial cell wall {(e.g., B-
lactam antibictics, cephalosporin antibiotics, carbapenem antibiolics), (i) agents which target the
cell membrane (e.g., polymyxin antibiotics), (il agents that interfere with bacterial enzymes (8.g.,
rifamycin antibiotics, liplarmycin antibictics, quinolone antibiotics, sulfonamide antibictics), or (iv)
agents which inhibit protein synthesis {e.g., macralide antibictics, lincosamide antibiotics,
tetracycline antibiotics, aminoglycoside antibiotics).

in some embodiments, the method further includes administering one or more antibacterial
agenis (e.g., ampicillin, erythromycin, or tetracycling). In some embodiments, the one or more
antibacierial agents is a §-lactam antibiotic such as a penicillin antibiotic {e.g., amoxicillin,
ampicillin, bacampiciliin, carbenicillin, cloxacillin, dicloxacillin, flucloxacillin, mexiocillin, nafcillin,
axacillin, penicillin G, penicillin V, piperacillin, pivampicillin, pivmecillinam, ticarcifiing, a
caphalosporin antibiotic (e.g., cefaceirile, cefadroxil, cephalexin, cefaloglycin, cefalonium,
cefaloridine, cefalotin, cefapirin, cefatrizine, cefazaflur, cefazedone, cefazolin, cefradine,
cafroxading, cafiezole, cefaclor, cefamandole, cefmetazole, cefonicd, cefotetan, cefoxitin,
cefprozil, cefuroxime, cefuzonam, cefcapene, cefdaloxime, cefdinir, cefditoren, cefetamet,
cefixime, cefmenoxime, cefodizime, cefolandme, celpimizole, cefpodoxime, cefieram, ceftibuten,
ceftioflur, cefliclene, ceftizoxime, cefiriaxone, cefoperazone, ceflazidime, cefclidine, cefepime,
cefluprenam, cefoselis, cefozopran, cefpirome, cefguinome, cefiobiprole, ceflaroline,
cefaclomezine, cefaloram, cefaparole, cefcanel, cefedrolor, cefempidone, cefetrizole, cefivitrl,
cefmatilen, cefimepidium, cefovecin, cefoxazole, cefrotil, cefsumide, cefuracetime, ceflioxide), a
monobactam antibiotic {e.g., azireonam), or a carbapenem antibiotic {e.g., imipenem, doripeneam,
srfapenem, meropenem), a polymyxin antibiotic (e.g., polymyxin B), a rifamycin antibiotic (e.q.,
rifampin, rifabulin, rifapentine, rifalazil), a lipiarycin anlibioiic, a quinolone antibiotic (e.g.,
Rumequine, nalidixic acid, oxolinic acid, piromidic acid, pipemidic acid, rosoxacin, ciprofloxacin,
enoxacin, lomefloxacin, nadifloxacin, norfloxacin, ofloxacin, pefloxacin, rufioxacin, balofloxacin,
gatiflioxacin, grepatioxacin, levofioxacin, moxifloxacin, pazufloxacin, sparfloxacin, temafloxacin,
tosufloxacin, besifloxacin, delafloxacin, clinafloxacin, gemifloxacin, prulifioxacin, sitafloxacin,
frovafioxaciny, a flucroguinoione antibiotic {e.g., delafloxacin}, a sulfonamide antibiotic (e.g.,
sulfamethizole, sulfamethoxazole, trimethoprim-suffamethoxazole), 8 macrolide antibiclic (e.q.,
fidaxomicin, azithromycin, ervthromycin, clarithromycin, roxithromycin, dirithromycin, telithromvein,
a lincosamide antibiotic {(e.g., clindamycin, lincomycin), a tetracydline antibiotic (e.g.,
demeclocycline, doxycycline, minocycline, oxytelracydline, tetracycling, tigecycling), a
strepiogramin antibiotic (e.g., pristinamycin, quiupristin/dalfopristin}, an aminoglycoside antibiotic
{e.q., amikacin, gentamicin, kanamycin, neomycin, netilmicin, paromomycin, streptomycin,
tobramyecin, a cyclic lipopeptide antibictic (g.g., daptomycin}, a lipoglycopeptide antibiotic (e.g.,
telavancing, a glycopeptide antibictic {e.g., vancomycin, teicoplanin), a giyeyloycline antibiotic, an
oxazolidinone antibiotic (e.g., linezolid, cycloserine), a tuberactinomycin antibictic (e.g., viomycin,
capreomycin), chioramphenicol, melronidarole, tinidazole, nitrofuranioin, or combinations thereof.
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in some embodiments, the one or more antibacterial agent and any of the foregoing
polypeptides or pharmaceutical composilions are adminisiered within 28 days of each other {(e.g.,
within 21, 14, 10,7, 5, 4, 3, 2, or 1 days) or within 24 howrs (e.g., 12, 6, 3, 2, or 1 hows; or
concomitantly) each in an amount thatl together are effective 1o treal the subject.

Administration and dosage

The present invention also fealures pharmaceutical compositions that contain a
therapeutically effective amount of a pelypeplide of the invention. The composition can be
formulated for use in a variety of drug delivery systems. One or more physiologically accepiable
excipienis or carriers can also be included in the compaosition for proper formulation. Suitable
formulations for use in the present invention are found in Remingfor’s Pharmacewtical Sciences,
fMack Publishing Company, Philadelphia, PA, 17th ed., 1985. For a brief review of methods for
drug delivery, see, e.g., Langer (Science 249:1527-1533, 1990).

The pharmacsutical compositions are intended for parenteral, inlranasal, {opical, oral, or
lncal administration, such as by a transdermal means, for prophylactic and/or therapeutic
treaiment. The pharmaceutical compositions can be administered parenterally (e.g., by
intravenous, inframuscular, or subculaneous injection}, or by oral ingestion, or by topical
application or infraariicular injection at areas affected by the vascular or cancer condition.
Additional routes of adminisiration include intravascular, intra-arierial, intralumor, intraperifoneal,
intraveniricular, intraepidural, as well as nasal, ophthaimic, intrascleral, intracrbital, rectal, topical,
or aerosol inhalation administration. Sustained release administration is also specifically included
in the invention, by such means as depotl injections or erodible implanis or components. Thus, the
invention provides compositions for parenteral administration that include the above mention
agenis dissolved or suspended in an acceplable carrvier, preferably an aqueocus carrier, e.g., water,
buffered water, saline, PBS, and the like. The compositions may contain pharmaceutically
accepiable auxiliary substances as required to approximate physiological conditions, such as ph
adjusting and buffering agents, {onicity adjusting agents, weiting agents, detargents and the like.
The invention also provides compuositions for oral delivery, which may contain inent ingredients
such as binders or fillers for the formulation of a tabletl, a capsule, and the like. Furthermore, this
invention provides compositions for local administration, which may confain inert ingredients such
as solvenis or emulsifiers for the formulation of a cream, an ointmenti, and the like.

These compositions may be sterilized by conventional sterilization technigues, or may be
sterile fitered. The resulting agueous solutions may be packaged for use as is, or lyophilized, the
yophilized preparation being combined with a sterile agquecus carrier prior 1o administration. The
pH of the preparations typically will be between 3 and 11, more preferably between 5§ and 9 or
belween 6 and 8, and muost preferably between 7 and 8, such as 7 1o 7.5. The resulting
compositions in solid form may be packaged in multiple single dose units, each containing a fbwed
amount of the above-mentioned agent or agents, such as in a sealed package of tablets or
capsules. The composition in solid form can also be packaged in a container for a flexible
gquantity, such as in a squeezable tube designed for a topically applicable cream or ointment.

57



10

15

20

25

30

35

40

WO 2019/136209 PCT/US2019/012291

The compositions containing an effective amount can be administered for prophylactic or
therapeutic treatments. In therapeutic applications, compositions are administerad {0 a subject
{e.g., a human) already suffering from a bacterial infection in an amouni sufficient {o cure or at
teast pastially arrest the symptoms of the infection and its complications. An amount adeqguate o
accomplish this purpose is defined as a “therapeutically effective amount,” an amount of a
polypeptide sufficient to substantially improve at least one symptom associated with the disease or
a medical condition. For example, in the treaiment of an infection, an agent or polypeplide that
decreases, prevenis, delays, suppresses, or arresis any sympiom of the disease or condition
would be therapeutically effective. A therapeutically effective amount of an agent or polypeplide is
not required o cure a disease or condition but will provide a treatment for a disease or condition
such that the onset of the disease or condition is delayed, hindered, or prevenied, or the disease
or condition symptoms are ameliorated, or the term of the diseass or condition is changed or, for
example, is less severe or recovery is acceleraled in an individual,

Amounts effective for this use may depend on the severity of the disease or condition and
the weight and general stale of the subject. The therapeutically effective amount of the
compositions of the invention and used in the methods of this invention applied 1o mammals (e.g.,
humans} can be determined by the ordinarily-skilled artisan with consideration of individual
differences in age, weight, and the condition of the mammal. The agenis of the invention are
administered {o a subject {(&.g., a mammal, such as a human} in an effective amount, which is an
amount that produces a desirable result in a treated subject. Therapeutically effective amounis
can also be determined empirically by those of skill in the art.

Single or muitiple administrations of the compositions of the invention including an
effective amount can be carried out with dose lavels and paltern being selected by the treating
physician. The dose and administration schedule can be determined and adjusted based on the
severity of the disease or condition in the subject, which may be monitored throughoul the course
of ireatment according to the methods commonly practiced by dinicians or those described herein.

The polypeptides of the present invention may be used in combination with either
conventional methods of ireatment or therapy or may be used separately from conventional
methods of treatment or therapy.

vhen the polypeptides of this invention are administered in combination therapies with
other agents, they may be adminisiered sequentially or concurrently to an individual, Alternatively,
pharmaceutical compositions according to the present invention may be comprised of a
combination of a polypeplide of the present invention in association with a pharmaceutically
accepiable excipient, as described herein, and another therapeutic or prophylactic agent known in
the art.

EXAMPLES

Example 1. Liposomse Preparation

1-paimitoyl-2-cleoyl-sn-glycero-3-phosphochaline (PORC) and 1-palmitoyl-2-olecyl-sn-
ghvcero-3-phospho-(1'-rac-glycerol) (POPG) in chioroform (Avanti Polar Lipids Inc., AL, USA) were
mixed in a 3:1 mol ratio (POPCPOPG) and dried into thin films. Lipid films were lyophilized
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overnight and brought up in 1 mL water, voriexed, frozen and lyophilized again. Lipids were then
resuspended in 10 mb Tris buffer 10 mM NaCl pH 7.4 (5 mM) and freeze thawed 5X over dry ice

and a water bath (80 o C). Lipids were then extruded using a 0.2 micron sized filter and left to

equilibrate overnight. Samples were diluted further with buffer (2.5 mM) prior to addition to
5 lyophilized peptide.
The lyophilized peptides added were:

N

- N
HsC / %, .CHs
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10 189-A06 R' O RS O - o
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GVLHNLLSKKK-NH,

H3C .‘\/ \\CHS
e L8 AV > HNLLSKKEKK-NH,
Ac-A-SaryDLPAHNGM—N i N i
‘ O

M92-L99 R' O RS
Example 2. Determination of Helicity of Siapled Polypeptides by Circular Dichromism

The helicity of the polypeptides described in Example 1 were tested by circudar dichromism

{CD)) spectroscepy. The helicily of the polypeplides was determined in SDS micelles and in lipid
15 bilayers.

The conditions in which the helicity in micelles were tested was stapled peplides (20 yM)
in buffer (10 mM Tris HCEL 10 mM NaCl pH 7.4) and 140 mM SDE. The conditions in which the
helicity in lipid bilayers were {ested was 10 yM peplides in 2.5 mM POPC:POPG (3:1 mol ratio}
{bacterial membrane mimetic lipid mixture).

20 As shown in FiGs. 1A and 18, all of the tesied polypeptides were found {o be helical in
both micelles and lipid bilayers.
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Example 3. Determination of Cell Toxicity of Stapled Polypeptides

E. coli K12 cells were grown overnight to saturation in LB (Luria broth). Cells were
harvested and resus-pended in fresh media {o a final ODB00 of 0.1, Cells were then grown in the
presence of DMSO (dimethyi sulfoxide) alone or in DMSO-solubilized peptide (4 uM) over 1 hour,
while OD600 was recorded in 15-minule intervals. E. coli growth curves were normalized to the
starting ODG00. Growth in the presence of peptide was normalized 1o the growth of cells with
DMSO alone, using:

As shown in FIG. 2, none of the four hydrocarbon-stapled peptides severely impact cell
growth over the time tested. A dashed line al 1.0 represents the siarting conditions of the cells. &-
CAP-2G (sequence: KKKKKK-AGFAAWAAFGA, hydrocarbon staple indicated by underlined A) is
a positive control for cell death. Dala shown represents the average of at least 2 independent

experiments. Error is indicated as SD.

Example 4. Inhibition of Efflux by Stapled Polypeptides

E. coli K12 celis were harvesied by centrifugation, re~-suspended and diluted to an OD&00
= 0.1 in Minimal Medium A. Cells were then treated with 80 pM carbonyl cyanide m-chiorophenyl
hydrazine (CCCP) for 5 min at room lemperature, before adding 1 pg/mb EiBr and either DMS0O (8
il or peptide (4 M) from a concentrated DMSO stock (1000 pM peptide}. Cells were incubated at
37 -C with shaking (250 rpmy) for 30 min, centrifuged for 18 min, resuspended in fresh Minimal
Medium A supplemesnted with 1 pg/mb EiBr (without CCCP). Flucrescence decay was immediately
measured using a spectropolarimeter (Pholon Technology Infernational, NJ, USA) over 2200s with
stirring (Aex = 530 nm, siit width 2 nm, Aem = 800nm, shit width 4 nm, 1s intervais). Background
flucrescence intensity (ethidium alone, as well as final plateau values for E. coli cells alone) was
subiracted from flucrescence values. Efflux experiments were repeated three fimes.

As shown in FIG. 3, M02-1.99 inhibits efflux activity by 68%, A87-194 by 60%, IBS-A86 by
28%. 188-C85 does show any inhibition of efflux aclivity. A dashed line al 1.0 represenis 100%
inhibition.
Other Embodiments

it is {o be undersiood that while the present disclosure has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate and not limit
the scope of the present disclosure, which is defined by the scope of the appended claims. Other
aspects, advantages, and alteralions are within the scope of the following claims.

Those skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, many equivalents to the specific embodiments in accordance with the invention
described herein. The scope of the present invention is not intended 10 be limited o the above

Description, but rather is as set forth in the appended claims.
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in the claims, articles such as “a,” “an,” and “the” may mean one or more than one unless
indicated to the condrary or otherwise evident from the contesd. Claims or descriptions that include
‘or” between one or more members of a group are considerad salisfied if one, more than one, or
all of the group members are presant in, employed in, or otherwise relevant to a given product or
process unless indicated {o the contrary or otherwise evident from the context. The invention
includes embodimeants in which exactly one member of the group is present in, employed in, or
otherwise relevant 10 a given product or process. The invention includes embodiments in which
more than one, or all of the group members are present in, employed in, or otherwise relevant ic a
given product or process.

it is aiso noled that the term “comprising” is intended {o be open and permits but does not
require the inclusion of additional elements or steps. When the {erm “comprising” is used herein,
the term “consisting of” is thus also encompassed and disclosed.

Where ranges are given, endpoints are included. Furthermore, it is 1o be understood that
unless otherwise indicated or otherwise evident from the context and understanding of one of
ordinary skill in the art, values that are exprassed as ranges can assume any specific values or
subrange within the stated ranges in different embodiments of the invention, 1o the tenth of the unit
of the lower limit of the range, unless the context clearly diclates otherwise.

in addition, it is to be undersiood that any particular embodiment of the present invention
that falls within the prior art may be explicitly excluded from any one or more of the claims. Since
such embodiments are deemed {0 be known 10 one of ordinary skill in the art, they may be
exciuded even if the exclusion is not set forth explicitly herein. Any particular embodiment of the
compositions of the invention {(e.g., any polynuciectide or profein encoded thereby; any method of
production; any method of use} can be excluded from any one or more claims, for any reason,
whether or not related to the existence of prior arl.
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CLAIMS
1. A polypeptide, or a pharmaceutically acceptable salt thereof, comprising a siabilized -
helix, wherein the polypeptide comprises the structure of Formula |

(R,
/ /’/
A \
I I
R? RS RS R7
el _N>%rx’=~x2-x3-x4=x5~x‘°1N>§r/{xb1nm§
m’ ' i
rY O RE O
Formuial

wherein the dotted line represents an optional double bond,;

mis 1, 2,3, 4,8 0r§;

nis 6-ny;

pisG, 1, 0r2;

each of P{%m, X, and X'-X® consist of consecutive aming acids of an a-helix of a
monomer of a small mullidrug resistance transporter, or conservative substitutions thereof;

R' and R® are, independently, hydrogen, optionally substituted acyl, or optionally
subsiituted C1~-Cs alkyl;

R? and R7 are, independently, optionally substituted C1-Cq alkyl, optionally substifuted C4-
Ce alkkenyi, optionally substituted C+-Cs alkynyl, optionally substituled C1-Ce heteroalkyl, optionally
substiluied Cs-Cs carbocyelyl, or oplionally substiituted C2-Cs heterooyaelyi;

R® and R? are, independently, optionally substiluled C1-Cs alkylens, optionally substituted
C1-Ce heteroalkylene, optionally substituted Cs-Cs carbocyclyl, or optionally substituted Co-Co
heterocyciyl, or R and R® or R? and R® combine with the atoms o which they are attached to form
an optionally substituted Cs-Cs heterocyciyi;

it and L2 are, independently, absent, optionally substituied C1-Cs alkylene, or -
C(=O)0OR""— wherein each R is, independently, an optionally substituled C1-Cs alkyl; and

each R4 is, independently, optionally substituted C+-Cs alkyl, optionally substituted C1-Cs
heteroalkyl, oplionally substituled Cs-Cro alkyl,

wherein the polypeptide binds {o the monomer of a small multidrug resistance transporter.

2. The polypeptide of claim 1, wherein the structure of Formula | comprises the sequence
of an a-helix of 8 monomer of a small mullidrug resistance transporter in which two of the amino
acids are replaced with a cross-link.

3. The polypeptide of any one of dlaims 1 or 2, wherein R? is optionally substituied C1-Cs
alkyt,

4. The polypeptide of claim 3, whersin the optionally substituted C1-Cs alkyl is mathyl.

§. The polypeptide of any one of claims 1 10 4, wherein R7 is optionally substituled C+-Ce
alkyl.

6. The polypeptide of claim 5, wherein the optionally substituted C1-Cs alkyl is methvi.
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7. The polypeptide of any one of claims 1 1o 8, wherein R' is hydrogen.

8. The polypepiide of any one of claims 1 to 7, wherein R® is hydrogen.

9. The polypeptide of any one of claims 1 to 8, wherein pis 0.

10. The pelypeptide of any one of claims 1 1o 8, wherein R? is optionally substiiuted C1-Cs
alkylene.

11. The polypeptide of claim 10, wherain the optionally substituled C1-Cs alkyleng is
methyiene.

12. The polypeptide of any one of claims 1 1o 11, wherein R® is optionally substituted Cq-
Cs alkylene.

13. The polypeptide of claim 12, wherein the optionally substituted C4-Cs alkylene s
methylene.

14. The polypeptide of any one of claims 110 13, wherein L' is optionally subsiituted G-
Cs alkylene.

15. The polypeptide of claim 14, wherein optionally substituled C1-Cs alkylene is
pentyieng.

16. The polypeptide of any one of claims 1 to 15, wherein L2 is optionally subsiituted G-
s alkylene.

17. The polypeptide of claim 16, wherein optionally substituted C4-Ce alkylene is ethylene.

18. The polypeptide of any one of claims 1 1o 17, wherein the dotied line represenis a
doubie bond,

19. The polypeptide of any one of claims 1 to 18, wherein X is glycine, alanine, valing,
feucine, or isoleucine.

20. The polypeptide of claim 18, wherein X' is glycine.

21. The polypeptide of claim 12, wherein X is alanine.

22. The polypeptide of claim 18, wherein X1 is valine.

23. The polypeptide of claim 18, wherein X is leucinge,

24. The polypeptide of claim 18, wherein X' is isclaucine.

25. The polypeptide of any one of claims 1 {0 24, wherein X2 is givcine, alanine, valineg,
leucine, or isoleucine.

26. The polypeptide of claim 25, wherein X? is glycine.

27. The polypeptide of claim 25, wherein X2 is alanine.

28. The polypeptide of claim 25, wherein X? is valine,

29. The polypeptide of claim 25, wherein X2 is leucine,

30. The polypeptide of claim 25, wharein X2 is isclaucine.

31. The polypeptide of any one of claims 1 10 30, wherein X3 is glycine, alanine, valing,
leucine, or isoleucineg,

32. The polypeptide of claim 31, wherain )G is glycine.

33. The polypeptide of claim 31, wherein X0 is alanine.

34. The polypeptide of claim 31, wherein X is valine.

35. The polypeptide of claim 31, wherein X5 is leucine.
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36. The polypeptide of claim 31, wharein X° is isclsucine.

37. The polypeptide of any one of claims 1 10 36, wherein X4 is serins, cysisine,
selenocysieine, threonine, or msthionine.

38. The polypeptide of claim 37, wherein X4 is serine.

39. The polypeptide of claim 27, wharein X* is cysieine.

45, The polypeptide of claim 37, wherein X4 is selenocysieine.

41. The polypeptide of claim 37, wherein X4 is threonine.

42. The polypeptide of claim 37, wherein X* is methionine.

43. The polypeptide of any one of claims 1 10 42, wherein X5 is serine, cysieine,
selenocysteine, threonine, or methionine.

44, The polypeptide of claim 43, wherein X® is serine.

45, The polypeptide of clalm 43, wherein X5 is cysieine,

48. The polypeptide of claim 43, wherein X is selenocysieine.

47. The polypeptide of claim 43, wherein X5 is threonine.

48. The polypeptide of claim 43, wherain X is methionine.

49. The polypeptide of any one of claims 1 to 48, wherein X% is histiding, lysine, or
arginine.

50. The polypeptide of claim 49, wherein X® is histidine.

51. The polypeptide of claim 49, wherein X% is lysine.

52. The polypeptide of claim 49, wherein X% is arginine.

53. The polypeptide of any cne of claims 1 1o 30, wherein X* is serine, cysieins,
selenooysteine, threonine, or methionine.

54. The polypeptide of claim 53, wharein X° is sarine.

55. The polypeptide of claim 53, wherein X i cysteine.

56. The polypeptide of claim 53, wherein X° is selenocysteine.

57. The polypeptide of claim 53, wherein )G is threonine.

58. The polypeptide of claim 53, wherein X° is methionine,

§9. The polypeptide of any one of claims 1 1o 30 or 52 to 58, wherein X4 is serine,
cysteine, selenocysteine, threonine, or methionine.

60. The polypeptide of claim 58, wherein X* is serine.

81. The polypeptide of claim 59, wherein X4 is cysteine.

62. The polypeptide of claim 58, wherein X* is selenocysieine.

83. The polypeptide of claim 52, wherein X4 is threonine.

84. The polypeptide of claim 58, wherein X* is methionine.

85. The polypeptide of any one of claims 1 10 30 or 53 to 84, wherain X5 is histiding,
Wsine, or arginine,

66. The polypeptide of claim 85, wherein X is histidine.

87. The polypeptide of claim 88, wherein X5 is lysine.

68. The polypeptide of claim 68, wherein X° is arginine.
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69. The polypeptide of any one of claims 1 to 30 or 53 to 89, wherein X% is glycine,
alanine, valine, leucine, or isoleucine.

70. The polypeptide of claim 89, wharein X8 is glycine.

71. The polypeptide of claim 68, wherein X8 is alanine.

72. The polypeptide of claim 89, wharein X® is valine.

72. The polypeptide of claim 69, wherein X% is leucine,

74, The polvpeptide of claim 69, wherein X® is iscleucine.

75. The polypeptide of any one of claims 110 24, wherein X? is serine, cysieins,
selenocysteine, thregnine, or methionine.

76. The polypeptide of claim 75, wherein X? is serine.

77. The polypeptide of claim 75, wherein X? is cysteine.

78. The polypeptide of claim 75, wherein X2 is selencoysteine.

72. The polypeptide of claim 75, wherein X2 is threonine.

80. The polypeptide of claim 75, wharein X2 is methionine,

81. The polypeplide of any one of claims 110 24 ¢or 75 to 80, wherein X is serine,
cysteing, selenocystaine, threonine, or methioning.

82. The polypeptide of claim 81, wherein XC is serine.

83. The polypeptide of claim 81, wherein X° is cysieine.

84. The polypeptide of claim 81, wherein X is selenocysieine.

85. The polypeplide of claim 81, wherein X° is threonine.

86. The polypeptide of claim 81, wharein X° is methionins,

87. The polypeplide of any ons of claims 110 24 or 75 {0 88, wherein X4 is histidine,
Wsine, of arginine,

88. The polypeptide of claim 87, wherain X* i histidine.

89. The polypeptide of claim 87, wherein X4 is lysine.

@D, The polypeptide of claim 87, wherein X s arginine.

g1. The polypeptide of any one of claims 110 24 or 75 to 80, wherein X5 is glycine,
alanine, valing, leucine, or iscleucine,

92. The polypeptide of claim 81, wherein X5 is glycine.

93. The polypeptide of claim 91, wherein X* is alanine,

94. The polypepiide of claim 81, wherein X® is valine.

85. The polypeptide of claim 91, wherein X is leucine.

98. The polypeptide of claim 91, wherein X° is isoleucine.

87. The polypeptide of any cne of claims 110 24 and 75 {0 86, wherein X° is sering,
cysigine, selenocysteine, threoning, or methionine.

88. The polypeptide of claim 87, wherein X® is serine.

3. The polypeptide of claim 97, wherein X2 is cysteine.

108, The polypeptide of claim 97, wherein X° is selenocysteine,

101. The polypeptide of claim 97, wherein X8 is threonine.

102. The polypeptide of claim 97, wherein X is methionine.
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103. The polypeplide of any one of claims 1 to 18, wherein X' is histidine, lysine, or
arginine.

104. The polypeplide of claim 103, wherein X7 is histidine.

105, The polypeptide of claim 103, wherein X1 is lysine.

108. The polypeptide of claim 103, wherein X' is arginine.

107. The polvpeptide of any one of claims 1 10 18 or 103 to 106, wherein X2 is glycine,
alanine, valine, leucine, or iscleucine.

108. The polypeptide of claim 107, wherein X? is glycine.

108. The polypeptide of claim 107, wherein X? is alanine.

110. The polypeptlide of claim 107, wherein X2 is valine.

111. The polypeptide of claim 107, wherein X2 is leucine.

112. The polypeplide of claim 107, wherein X2 s isoleucine.

113. The polypeptide of any one of claims 1 1o 18 or 103 to 112, whersin X° is serine,
cysteine, selenocystaine, threonine, or methionine.

114. The polypeptide of claim 113, wharein X is serine.

115. The polypeptide of claim 113, wherein X7 is cysteine.

118. The polypeptide of claim 113, wharein X0 is selenocysieine.

117. The polypeptide of claim 113, wherein X is threonine.

118. The polypeptide of claim 113, wherein X° is methionine.

119. The polypeptide of any one of claims 110 18 or 103 to 118, wherein X4 is glycine,
alanine, valine, leucine, or iscleucine.

120. The polypeptide of claim 119, wherein X* is glycine,

121. The polypeplide of claim 119, wherein X* is alanine.

122. The polypeptide of claim 119, wharein X* is valine.

123. The polypeptide of claim 118, wherein X4 is leucine.

124, The polypeptide of claim 119, wharein X* is isclaucine.

125. The polypeptide of any one of claims 110 18 or 103 to 124, wherein X% is glycine,
alanine, valing, leucine, or iscleucine,

126. The polypeptide of claim 125, wherein X* is glycine.

127. The polypeptide of claim 125, wherein X5 is alanine.

128. The polypeptide of claim 125, wherein X5 is valine.

128. The polypeplide of claim 125, wherain X5 is leucine.

130. The polypeptide of claim 125, wherein X5 is isclaucine.

131. The polypeplide of any one of claims 110 18 or 103 to 130, wherein X8 is glycine,
alanine, valine, leucine, or isoleucine.

132. The polypeptide of claim 131, wherain X2 is glycine.

133. The polypeptide of claim 131, wharein X° is alanine.

134, The polypeptide of claim 131, wherein X% is valine.

135. The polypeptide of claim 131, wherein X% is leucine.

136. The polypeptide of claim 131, wherein X% is isoleucine.
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137. The polypeplide of any one of claims 1 to 138, wherein X’} comprises the sequence
lysine-lysine-serine, or conservative subslitutions thereof.

138. The polypepiide of any one of claims 110 137, wherein [XP], comprises the sequence
isoleucine-iscleucine-asparagine-lysing-lysine-sering, or conservative substitutions thereof.

139. The polypepiide of any one of claims 110 138, wherein X-X® or [X®}, comprises the
seguence cysteine-alanine-glycine, or conservative substitutions thereof.

140. The polypeptide of any one of claims 1 to 138, wherein [Xb], comprises the sequence
gysieine-alanine-giycine-valine-leucine-isoleucine-isoleucine-asparagine-lysine-lysine-serine, or
conservative substitutions thereof.

141. The polypeplide of any one of claims 1 1o 140, wherein [X%m comprises the
seguence Aspartic acid-leucine-proline, or conservative substitutions thereof.

142. The polypeplide of any one of claims 1 1o 141, wherein [X9), comprises the
seguence Asparlic acid-leucine-proline-alanine-isolasucine-isoleucine-glycine~-methionine, or
conservalive substitutions thereof.

143. The polypaptide of any one of claims 1 to 142, wherein the polypeptide comprises

the structure:
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144. The polypeplide of any one of claims 1 10 143, wherein the polypeptide is gcelviated
at the N-terminus.

145. The polypeptide of any one of claims 1 10 144, wherein the polypeptide is amidaled
at {he C-terminus.

148. The polypeplide of any one of claims 1 10 145, wherein the polypeptide comprises a
solubility tag at the N- and/or C-terminus.

147. The polypeptide of any one of claims 110 148, wherein the polypeptide consists of

DL~ N%/ =l G-M-M~— B\WCAGVLH\LL‘%
O

:

the structure:

3
AGVLIINLLS
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148. The polypeptide of any one of claims 1 to 148, wherein the polypeptide consists of
the struciure:
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149, A pharmaceutical composition comprising a polypeptide of any one of claims 1 to
148 and a pharmaceutically acceplable carrier.

150. A method of reducing effiux in a bacterial celi, the method comprising coniacting the
cell with a polypeptide of any one of claims 1 {o 148 or a pharmaceutical composition of claim 148,

151. The method of claim 150, wherein the bacterial cell is a gram-negative bacteria.

152. The methed of claim 150 or 151, whersin the baclerial cell is E. coli, P. aeruginosa,
B. pertussis, or N. meningitides,

153, The method of claim 150, wherein the bacterial cell I8 a grame-positive badcleria.

154, The methoed of clalm 180 or 153, wherein the baclera cell s 8. Aureus or B,
anthragis,

1

comprising adminisiering an effective amound of a polypeptide of any one of Claims 1 o 148 or g

(4]

5. A method of treating a baclerial infection in a subjedt in need thereof, the method

pharmaceutical composition of claim 149 and one or more antibacterial agents to ihe subjecl

158, The method of ciaim 155, wherein the Dacledal infection comprises bacteria which
are resistant o one or mors antibacterial agents or the bacterial infection has failled to respond 1o
treatment with one or more antibacterial agents.

157. The method of claim 1585 or 158, whersin the baclerial infection comprises bacieria
which express one or more small molecule resistance membrane-bound transporiers,

158. The method of any one of claims 158 {0 157, wherein the polypeptide of any one of
clatma 1 1o 148 or pharmaceutical composition of claim 148 and the one or more anlibacterial
agenis are adminisiered within 28 days of each other.

188, The method of any one of claims 185 {0 153, whereln the one or more antibacterial

agenis comprise ampicillin, eryihromycin, or ietracycline.
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