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The present invention provides cystobactamides of formula
(D) and the use thereof for the treatment or prophylaxis of
bacterial infections:

08)
Rl—Ar—L!—AP?-1?—AP-L— At 14— Ar-R?



Patent Application Publication = May 26, 2016 Sheet 1 of 15 US 2016/0145304 A1

N OMe

¥
14 — COSY 40 39

A B
— HMBC
“°""" ROESY

Figure 1



Patent Application Publication = May 26, 2016 Sheet 2 of 15 US 2016/0145304 A1

HN 20
19'
20 1 o
19 17
HN. 5 s
\y (o}
o)
11/ 9
25 OH HNA
24 5 7
2 7 \

Figure 2



Patent Application Publication

May 26, 2016 Sheet 3 of 15

OH

21

Figure 3

US 2016/0145304 A1

—— COSY
—» HMBC
<«----» ROESY



Patent Application Publication = May 26, 2016 Sheet 4 of 15 US 2016/0145304 A1

r~»31
MeO,C

—— COSY
—» HMBC
«----» ROESY

NO,

Figure 4



Patent Application Publication = May 26, 2016 Sheet S of 15

R
'
o 19
20 N ", OMe
19'

Figure 5

US 2016/0145304 A1

R= OH/NH,

m— COSY
—» HMBC
<----» ROESY



Patent Application Publication = May 26, 2016 Sheet 6 of 15 US 2016/0145304 A1

COSY

HMBC

ROESY

26' 27

Figure 6



Patent Application Publication

0]
Correlations 40
R H
\ 40
NH

1

O 21

40’ -/1
39
HO
40

Figure 7

23

HN

May 26, 2016 Sheet 7 of 15

COSY

HMBC

21

)

HN
25
MeO 29
A
7= )
o \7 O
HO

19

0 23 o}

US 2016/0145304 A1



Patent Application Publication = May 26, 2016 Sheet 8 of 15 US 2016/0145304 A1

COSY

HMBC

- ROESY

MeO 29

HO

Figure 8



Patent Application Publication

May 26, 2016 Sheet 9 of 15

]
A
100 pr=rmrmrmrmrmr = ¥ -
\'t.
80
O\O
£ 60 \
Py N
= \
S 40 4 m  cystobactamide A ’ '
0 e cystobactamide A1 A \
g A cystobactamide C “\" A\
B 5 ¢ cystobactamide D ‘-\' oy
* ciprofloxacin \ A
PR
0- s S & =
B B A AL s adL L S AL B L) S SRR AL m e R a s e e L ]
1E-6 1E-5 1E-4 1E-3 0,01 0,1 1 10 100 1000
[compound]/pM

Figure 9a

US 2016/0145304 A1



Patent Application Publication = May 26, 2016 Sheet 10 of 15 US 2016/0145304 A1

topoisomerase 1V activity in %

Figure 9b

100

80

60 -

40 -

20

¢ o

cystobactamide A
cystobactamide A1
cystobactamide C
cystobactamide D

0,01

T —rTrrT —T T Ty
0,1 1 10 100

[compound}/uM



Patent Application Publication = May 26, 2016 Sheet 11 of 15 US 2016/0145304 A1

80

60

°
=
£
=
6 »
o m cystobactamide A
© e cystobactamide A1
@ 40 A cystobactamide C
g ¢ cystobactamide D
2
L 20-
Q.
3e]
04
L v """l L v ""I'l Ll L """l L LS 'l""l
0,01 0,1 1 10 100

[compound)/uM

Figure 9c¢



Patent Application Publication = May 26, 2016 Sheet 12 of 15 US 2016/0145304 A1

100
»

R g0 !
£ \
:é‘ 3 \
= i \
T 604 i \
w m cystobactamide A :
Q * cystobactamide A1 . i
£ 407 e cystobactamide C !
£ e cystobactamide D :
2 i
‘© 204 i
[=% i
2 i
- i

0- LR

‘Wmmﬂmmmm
1E-4 1E-3 001 0,1 1 10 100 1000 10000 100000
[compound)/pM

Figure 9d



Patent Application Publication = May 26, 2016 Sheet 13 of 15 US 2016/0145304 A1

+ + 2
+ +
T
++(\i‘
+ 4+ <
+ 1 e
P~
L 5 =
© = E
agv
o
s &
17
o
O
K]
. -
2
=
+ Qg
®
p
+ o2
+ AZ
O~
+
o Q
hel
c
[
OJ [4]
2 =
g .
> )
w



US 2016/0145304 A1

May 26,2016 Sheet 14 of 15

Patent Application Publication

pazueaui|

¢

‘psjiootedns — .-

paziesul| —>

o

Y 9seusiold/sas

syealq .,

puBl}S 3|qnop YNQ Ym ‘xa|dwoo
o)shoj0id1o-yNg-oselfb | padden”

piwse|d pazueaull-|lapN :§
(wr 001) @ ap1weyoeqoyshy y
W 001) uioexoposdid ¢

uxi piepueis :g
aselhoou:}

Ll 8nbig



US 2016/0145304 A1

May 26, 2016 Sheet 15 of 15

Patent Application Publication

Z1 aunbiy

oov'es  oo0'ss 005 25 000°28 00'95 000" 0g 008'56 00008 006'v5 005 0g'eg 000'ES 005'TS 000°CS 00s' 15
E__o s_m_s - , _— o , zm_>o

000'ss 008°05 000°0% a0s'ey 000' 8 0058y 000°8b 008 2 000" 2% 006 & 00G'ek 00g'sp ooy 005t 000'vh

005'ev 000'se 05Ty 00z 008’ 1t 009" ik 00%'Dy 000’0t 00g'eE 000’68 00%'8€ 009'8E 005" € 00°i€

ISAD

&

005'0¢ 000'0¢ 008'5E 000'5E 005'+e oo0'bE 0§'E€ 0os'ee 005°2¢ a00'ze 008'1e 000'ic 005'0¢ o00'0e 00582

000'6C 005'87 00'ET 00%'L2 000 22 00g°9z 00'se st 000'5T w0 00'bT 05'e2 000°€T 005'Te 000'¢
00§12 00012 005'0Z 0000z 005°61 000’61 0os sl ooo'ss 009'i 000 21 005'01 000°04 09'51 ooo'st
<m>o
{ IsAD ) 4B E% %% _ v D
005'51 000'1 0s'el 000'ct 005'! 00811 i o0g'or 00'01 000'8 00¢'e 000's 00%'2
§SAD vto Nto
0002 ns'e 000’0 005'c 000's gy 000’y 0us'c ooo'e n0S'T o0’z oug'| 000"t



US 2016/0145304 Al

CYSTOBACTAMIDES

[0001] Cystobactamides are novel natural products that
have been isolated from myxobacterium Cystobacter velatus
(MCy8071; internal name: Cystobacter ferrugineus). Cysto-
bactamides exhibit a good antibiotic activity, especially
against selected Gram-negative bacteria, such as E. coli, P.
aeruginosa, and A. baumannii, as well as a broad spectrum
activity against Gram-positive bacteria.

[0002] The present invention provides compounds of for-
mula (1)

@
Rl—aAr!—1l— AP —1?— AP — P — A — 14— AP —R?

wherein

[0003] Ar' is an optionally substituted phenylene group or
an optionally substituted heteroarylene group having 5 or 6
ring atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen;

[0004] Ar?is an optionally substituted phenylene group or
an optionally substituted heteroarylene group having 5 or 6
ring atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen;

[0005] Ar is an optionally substituted phenylene group or
an optionally substituted heteroarylene group having 5 or 6
ring atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen;

[0006] Ar®is absent or an optionally substituted phenylene
group or an optionally substituted heteroarylene group hav-
ing 5 or 6 ring atoms including 1, 2, 3 or 4 heteroatoms
selected from oxygen, sulphur and nitrogen;

[0007] Ar’ is absent or an optionally substituted phenylene
group or an optionally substituted heteroarylene group hav-
ing 5 or 6 ring atoms including 1, 2, 3 or 4 heteroatoms
selected from oxygen, sulphur and nitrogen;

[0008] L' is abond, an oxygen atom, a sulphur atom or a
group of formula NH, CONH, NHCO, COO, OCO, CONR?,
NR*CO, OCONH, NHCOO, NHCONH, OCONR?,
NR?*COO, NR’CONR* NR?, —CNR?*—, —CO—, —SO—,
—80,—, —SO,NH—, —NHSO,—, —SO,NR’—,
—NR’SO,—, —COCH,—, —CH,CO—, —COCR’R*—,
—CR’R*CO—, —NHCSNH—, —NR3CSNR?,
—CH=—CH—, —CR?—CR*—, or a heteroarylene group
having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen, or a heteroalky-
lene group;

[0009] LZis a bond, an oxygen atom, a sulphur atom or a
group of formula NH, CONH, NHCO, COO, OCO, CONR?,
NR?’CO, OCONH, NHCOO, NHCONH, OCONR?
NR*COO, NR*CONR*,NR?, —CNR?—, —CO—,—SO—,
—S80,— —SO,NH—, —NHSO,—, —SO,NR*>—
—NR’SO,—, —COCH,—, —CH,CO—, —COCR’R*—,
—CR’R*CO—, —NHCSNH—, —NR3CSNR?,
—CH=—CH—, —CR?—CR*—, or a heteroarylene group
having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen, or a heteroalky-
lene group;

[0010] L7 is absent or a bond, an oxygen atom, a sulphur
atom or a group of formula NH, CONH, NHCO, COO, OCO,
CONR?, NR*CO, OCONH, NHCOO, NHCONH, OCONR?,
NR?*COO, NR’CONR* NR?, —CNR?*—, —CO—, —SO—,
—80,—, —SO,NH—, —NHSO,—, —SO,NR’—,
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—NR’SO,—, —COCH,—, —CH,CO—, —COCR’R*—,
—CR’R*CO—, —NHCSNH—, —NR3CSNR?,
—CH=—CH—, —CR?*—CR*—, or a heteroarylene group
having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen, or a heteroalky-
lene group;

[0011] L*is absent or a bond, an oxygen atom, a sulphur
atom or a group of formula NH, CONH, NHCO, COO, OCO,
CONR? NR?CO, OCONH, NHCOO, NHCONH, OCONR?,
NR*COO, NR?*CONR*,NR?, —CNR*—, —CO—,—S0—,
—S0,— —SO,NH—, —NHSO,—, —SO,NR>—
—NR’SO,—, —COCH,—, —CH,CO—, —COCR’R*—,
—CR’R*CO—, —NHCSNH—, —NR?CSNR?,
—CH—CH—, —CR*—CR*—, or a heteroarylene group
having 5 or 6 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen, or a heteroalky-
lene group;

[0012] R'is a hydrogen atom, a halogen atom, a hydroxy
group, an amino group, a thiol group, a nitro group, a group of
formula —COOH, —SO,NH,, —CONH,, —NO, or —CN,
an alkyl, an alkenyl, an alkynyl, a heteroalkyl, a cycloalkyl, a
heterocycloalkyl, an alkylcycloalkyl, a heteroalkylcy-
cloalkyl, an aryl, a heteroaryl, an aralkyl or a heteroaralkyl
group;

[0013] R?is a hydrogen atom, a halogen atom, a hydroxy
group, an amino group, a thiol group, a nitro group, a group of
formula —COOH, —SO,NH,, —CONH,, —NO, or —CN,
an alkyl, an alkenyl, an alkynyl, a heteroalkyl, a cycloalkyl, a
heterocycloalkyl, an alkylcycloalkyl, a heteroalkylcy-
cloalkyl, an aryl, a heteroaryl, an aralkyl or a heteroaralkyl
group;

[0014] the groups R? are independently from each other a
hydrogen atom or a C,_salkyl group; and

[0015] the groups R* are independently from each other a
hydrogen atom or a C,_¢ alkyl group;

[0016] or a pharmaceutically acceptable salt, solvate or
hydrate or a pharmaceutically acceptable formulation
thereof.

[0017] The expression alkyl refers to a saturated, straight-
chain or branched hydrocarbon group that contains from 1 to
20 carbon atoms, preferably from 1 to 15 carbon atoms,
especially from 1 to 10 (e.g. 1, 2, 3 or 4) carbon atoms, for
example a methyl, ethyl, propyl, iso-propyl, n-butyl, iso-
butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, n-hexyl, 2,2-
dimethylbutyl or n-octyl group.

[0018] The expressions alkenyl and alkynyl refer to at least
partially unsaturated, straight-chain or branched hydrocarbon
groups that contain from 2 to 20 carbon atoms, preferably
from 2 to 15 carbon atoms, especially from 2 to 10 (e.g. 2,3
or 4) carbon atoms, for example an ethenyl (vinyl), propenyl
(allyl), iso-propenyl, butenyl, ethinyl, propinyl, butinyl,
acetylenyl, propargyl, isoprenyl or hex-2-enyl group. Prefer-
ably, alkenyl groups have one or two (especially preferably
one) double bond(s), and alkynyl groups have one or two
(especially preferably one) triple bond(s).

[0019] Furthermore, the terms alkyl, alkenyl and alkynyl
refer to groups in which one or more hydrogen atoms have
been replaced by a halogen atom (preferably F or Cl) such as,
forexample, a 2,2,2-trichioroethyl or a trifluoromethyl group.
[0020] The expression heteroalkyl refers to an alkyl, alk-
enyl or alkynyl group in which one or more (preferably 1 to 8;
especially preferably 1, 2, 3 or 4) carbon atoms have been
replaced by an oxygen, nitrogen, phosphorus, boron, sele-
nium, silicon or sulfur atom (preferably by an oxygen, sulfur
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or nitrogen atom) or by a SO or a SO, group. The expression
heteroalkyl furthermore refers to a carboxylic acid or to a
group derived from a carboxylic acid, such as, for example,
acyl, acylalkyl, alkoxycarbonyl, acyloxy, acyloxyalkyl, car-
boxyalkylamide or al koxycarbonyloxy.

[0021] Preferably, a heteroalkyl group contains from 1 to
12 carbon atoms and from 1 to 8 heteroatoms selected from
oxygen, nitrogen and sulphur (especially oxygen and nitro-
gen). Especially preferably, a heteroalkyl group contains
from 1 to 6 (e.g. 1, 2, 3 or 4) carbon atoms and 1, 2, 3 or 4
(especially 1, 2 or 3) heteroatoms selected from oxygen,
nitrogen and sulphur (especially oxygen and nitrogen). The
term C, -C; heteroalkyl refers to a heteroalkyl group contain-
ing from 1 to 6 carbon atoms and 1, 2 or 3 heteroatoms
selected from O, S and/or N (especially 0 and/or N). The term
C,-C, heteroalkyl refers to a heteroalkyl group containing
from 1 to 4 carbon atoms and 1, 2 or 3 heteroatoms selected
from O, S and/or N (especially 0 and/or N). Furthermore, the
term heteroalkyl refers to groups in which one or more hydro-
gen atoms have been replaced by a halogen atom (preferably
F or Cl).

[0022] Especially preferably, the expression heteroalkyl
refers to an alkyl group as defined above (straight-chain or
branched) in which one or more (preferably 1 to 6; especially
preferably 1, 2, 3 or 4) carbon atoms have been replaced by an
oxygen, sulfur or nitrogen atom; this group preferably con-
tains from 1 to 6 (e.g. 1, 2, 3 or 4) carbon atoms and 1, 2, 3 or
4 (especially 1, 2 or 3) heteroatoms selected from oxygen,
nitrogen and sulphur (especially oxygen and nitrogen); this
group may preferably be substituted by one or more (prefer-
ably 1 to 6; especially preferably 1, 2, 3 or 4) fluorine, chlo-
rine, bromine or iodine atoms or OH, —O, SH, —S, NH,,
—NH, N;, CN or NO, groups.

[0023] The expression heteroalkylene group refers to a
divalent heteroalkyl group.

[0024] Examples of heteroalkyl groups are groups of for-
mulae: R*—0O—Y*— R*-S—-Y*“- R*“-SO—Y*—,
R“—SO,—Y*—, R*“ - NR’»—Y*—, R*“-CO—Y*—,
R*—0O0—CO—Y*—, R*—CO—0O—Y*—, R*“—CO—N
(RH—Y*—, R“NR’»—CO—Y“—, R*—0O0—CO—N
R”)—Y*—, R NR»—CO—0O—Y*—, R“-NR»—

CO—NR%)—Y*~, R“ O CO-O-Y“, R“N
(R?)—C(=NR%)—N(R)— Y, R%CS—Y*
R“- O CS—Y“-, R“CS—O Y, R“CS N

R)—Y*—, R“NR?>»CS—Y*—, R“-O—CS—N
(R)—Y*—, R*N(R»—CS—0O—Y*—, R NR"»—
CS—NR)»—Y*—, R*—0O—CS—O—Y—, R"—S—
CO—Y*—, R CO—S—Y*—, R*—S—CO—NR"»—
Y*—, R*“NR’»—CO—S8—Y*“—, R*“—S—CO—O—
Y*— R*—0O0—CO—S—Y*—, R*—S—CO—S—Y*"—,
R*—S—CS—Y“—, R —CS—S—Y*—, R™—S—CS—N
(R”)—Y*—, R“NR»CS—S—Y*—-, R“ S CS—
O0—Y“—, R—0O—CS—S—Y“—, wherein R* being a
hydrogen atom, a C,-Cg alkyl, a C,-C, alkenyl or a C,-Cg
alkynyl group; R? being a hydrogen atom, a C,-C, alkyl, a
C,-C, alkenyl or a C,-C, alkynyl group; R? being a hydrogen
atom, a C,-C; alkyl, a C,-C4 alkenyl or a C,-C; alkynyl
group; R¥ being a hydrogen atom, a C,-C alkyl, a C,-C,
alkenyl ora C,-Calkynyl group and Yabeinga bond,a C,-C
alkylene, a C,-C alkenylene or a C,-C, alkynylene group,
wherein each heteroalkyl group contains at least one carbon
atom and one or more hydrogen atoms may be replaced by
fluorine or chlorine atoms.
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[0025] Specific examples of heteroalkyl groups are meth-
oxy, trifluoromethoxy, ethoxy, n-propyloxy, isopropyloxy,
butoxy, tert-butyloxy, methoxymethyl, ethoxymethyl,
—CH,CH,0H, —CH,0OH, —SO,Me, methoxyethyl,
1-methoxyethyl, 1-ethoxyethyl, 2-methoxyethyl or
2-ethoxyethyl, methylamino, ethylamino, propylamino, iso-
propylamino, dimethylamino, diethylamino, isopropylethy-
lamino, methylamino methyl, ethylamino methyl, diisopro-
pylamino ethyl, methylthio, ethylthio, isopropylthio, enol
ether, dimethylamino methyl, dimethylamino ethyl, acetyl,
propionyl, butyryloxy, acetyloxy, methoxycarbonyl, ethoxy-
carbonyl, propionyloxy, acetylamino or propionylamino, car-
boxymethyl, carboxyethyl or carboxypropyl, N-ethyl-N-me-
thylcarbamoyl or N-methylcarbamoyl. Further examples of
heteroalkyl groups are nitrile, isonitrile, cyanate, thiocyanate,
isocyanate, isothiocyanate and alkylnitrile groups.

[0026] The expression cycloalkyl refers to a saturated or
partially unsaturated (for example, a cycloalkenyl group)
cyclic group that contains one or more rings (preferably 1 or
2), and contains from 3 to 14 ring carbon atoms, preferably
from 3 to 10 (especially 3, 4, 5, 6 or 7) ring carbon atoms. The
expression cycloalkyl refers furthermore to groups in which
one or more hydrogen atoms have been replaced by fluorine,
chlorine, bromine or iodine atoms or by OH, —O, SH, —S,
NH,, —NH, N; or NO, groups, thus, for example, cyclic
ketones such as, for example, cyclohexanone, 2-cyclohex-
enone or cyclopentanone. Further specific examples of
cycloalkyl groups are a cyclopropyl, cyclobutyl, cyclopentyl,
spiro[4,5]decanyl, norbornyl, cyclohexyl, cyclopentenyl,
cyclohexadienyl, decalinyl, bicyclo[4.3.0]nonyl, tetraline,
cyclopentylcyclohexyl, fluorocyclohexyl or cyclohex-2-enyl
group.

[0027] The expression heterocycloalkyl refers to a
cycloalkyl group as defined above in which one or more
(preferably 1, 2 or 3) ring carbon atoms have been replaced by
an oxygen, nitrogen, silicon, selenium, phosphorus or sulfur
atom (preferably by an oxygen, sulfur or nitrogen atom) or a
SO group or a SO, group. A heterocycloalkyl group has
preferably 1 or 2 ring(s) containing from 3 to 10 (especially 3,
4,5, 6 or 7) ring atoms (preferably selected from C, O, N and
S). The expression heterocycloalkyl refers furthermore to
groups that are substituted by fluorine, chlorine, bromine or
iodine atoms or by OH, —O, SH, —S, NH,, —NH, N; or
NO, groups. Examples are a piperidyl, prolinyl, imidazolidi-
nyl, piperazinyl, morpholinyl, urotropinyl, pyrrolidinyl, tet-
rahydrothiophenyl, tetrahydropyranyl, tetrahydrofuryl or
2-pyrazolinyl group and also lactames, lactones, cyclic imi-
des and cyclic anhydrides.

[0028] The expression alkylcycloalkyl refers to groups that
contain both cycloalkyl and also alkyl, alkenyl or alkynyl
groups in accordance with the above definitions, for example
alkyleycloalkyl, cycloalkylalkyl, alkylcycloalkenyl, alkenyl-
cycloalkyl and alkynylcycloalkyl groups. An alkylcycloalkyl
group preferably contains a cycloalkyl group that contains
one or two rings having from 3 to 10 (especially 3, 4, 5, 6 or
7) ring carbon atoms, and one or two alkyl, alkenyl or alkynyl
groups (especially alkyl groups) having 1 or 2 to 6 carbon
atoms.

[0029] The expression heteroalkylcycloalkyl refers to alky-
Ieycloalkyl groups as defined above in which one or more
(preferably 1, 2 or 3) carbon atoms have been replaced by an
oxygen, nitrogen, silicon, selenium, phosphorus or sulfur
atom (preferably by an oxygen, sulfur or nitrogen atom) or a
SO group or a SO, group. A heteroalkylcycloalkyl group
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preferably contains 1 or 2 rings having from 3 to 10 (espe-
cially 3, 4, 5, 6 or 7) ring atoms, and one or two alkyl, alkenyl,
alkynyl or heteroalkyl groups (especially alkyl or heteroalkyl
groups) having from 1 or 2 to 6 carbon atoms. Examples of
such groups are alkylheterocycloalkyl, alkylheterocycloalk-
enyl, alkenyl-heterocycloalkyl, alkynylheterocycloalkyl, het-
eroalkylcycloalkyl, heteroalkylhetero-cycloalkyl and het-
eroalkylheterocycloalkenyl, the cyclic groups being saturated
or mono-, di- or tri-unsaturated.

[0030] The expression aryl refers to an aromatic group that
contains one or more rings containing from 6 to 14 ring
carbon atoms, preferably from 6 to 10 (especially 6) ring
carbon atoms. The expression aryl refers furthermore to
groups that are substituted by fluorine, chlorine, bromine or
iodine atoms or by OH, SH, NH,, N; or NO, groups.
Examples are the phenyl, naphthyl, biphenyl, 2-fluorophenyl,
anilinyl, 3-nitrophenyl or 4-hydroxyphenyl group.

[0031] The expression heteroaryl refers to an aromatic
group that contains one or more rings containing from 5 to 14
ring atoms, preferably from 5 to 10 (especially 5 or 6 or 9 or
10) ring atoms, and contains one or more (preferably 1,2, 3 or
4) oxygen, nitrogen, phosphorus or sulfur ring atoms (pref-
erably 0, S or N). The expression heteroaryl refers further-
more to groups that are substituted by fluorine, chlorine,
bromine or iodine atoms or by OH, SH, N5, NH, or NO,
groups. Examples are pyridyl (e.g. 4-pyridyl), imidazolyl
(e.g. 2-imidazolyl), phenylpyrrolyl (e.g. 3-phenylpyrrolyl),
thiazolyl, isothiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, oxa-
diazolyl, thiadiazolyl, indolyl, indazolyl, tetrazolyl, pyrazi-
nyl, pyrimidinyl, pyridazinyl, oxazolyl, isoxazolyl, triazolyl,
tetrazolyl, isoxazolyl, indazolyl, indolyl, benzimidazolyl,
benzoxazolyl, benzisoxazolyl, benzthiazolyl, pyridazinyl,
quinolinyl, isoquinolinyl, pyrrolyl, purinyl, carbazolyl,
acridinyl, pyrimidyl, 2,3"-bifuryl, pyrazolyl (e.g. 3-pyrazolyl)
and isoquinolinyl groups.

[0032] The expression aralkyl refers to groups containing
both aryl and also alkyl, alkenyl, alkynyl and/or cycloalkyl
groups in accordance with the above definitions, such as, for
example, arylalkyl, arylalkenyl, arylalkynyl, arylcycloalkyl,
arylcycloalkenyl, alkylarylcycloalkyl and alkylarylcycloalk-
enyl groups. Specific examples of aralkyls are toluene,
xylene, mesitylene, styrene, benzyl chloride, o-fluorotoluene,
1H-indene, tetraline, dihydronaphthalene, indanone, phenyl-
cyclopentyl, cumene, cyclohexylphenyl, fluorene and indane.
An aralkyl group preferably contains one or two aromatic ring
systems (especially 1 or 2 rings), each containing from 6 to 10
carbon atoms and one or two alkyl, alkenyl and/or alkynyl
groups containing from 1 or 2 to 6 carbon atoms and/or a
cycloalkyl group containing 5 or 6 ring carbon atoms.

[0033] The expression heteroaralkyl refers to groups con-
taining both aryl or heteroaryl, respectively, and also alkyl,
alkenyl, alkynyl and/or heteroalkyl and/or cycloalkyl and/or
heterocycloalkyl groups in accordance with the above defi-
nitions. A heteroaralkyl group preferably contains one or two
aromatic ring systems (especially 1 or 2 rings), each contain-
ing from 5 or 6 to 9 or 10 ring carbon atoms and one or two
alkyl, alkenyl and/or alkynyl groups containing 1 or 2 to 6
carbon atoms and/or one or two heteroalkyl groups contain-
ing 1 to 6 carbon atoms and 1, 2 or 3 heteroatoms selected
from O, S and N and/or one or two cycloalkyl groups each
containing 5 or 6 ring carbon atoms and/or one or two het-
erocycloalkyl groups, each containing 5 or 6 ring atoms com-
prising 1, 2, 3 or 4 oxygen, sulfur or nitrogen atoms.
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[0034] Examples are arylheteroalkyl, arylheterocy-
cloalkyl, arylheterocycloalkenyl, arylalkyl-heterocycloalkyl,
arylalkenylheterocycloalkyl, arylalkynylheterocycloalkyl,
arylalkyl-heterocycloalkenyl, heteroarylalkyl, heteroarylalk-
enyl, heteroarylalkynyl, heteroaryl-heteroalkyl, heteroaryl-
cycloalkyl, heteroarylcycloalkenyl, heteroarylheterocy-
cloalkyl, heteroarylheterocycloalkenyl,
heteroarylalkylcycloalkyl, heteroarylalkylheterocyclo-alk-
enyl, heteroarylheteroalkylcycloalkyl, heteroarylheteroalky-
Icycloalkenyl and heteroarylheteroalkylheterocycloalkyl
groups, the cyclic groups being saturated or mono-, di- or
tri-unsaturated. Specific examples are a tetrahydroisoquino-
linyl, benzoyl, 2- or 3-ethylindolyl, 4-methylpyridino, 2-, 3-
or 4-methoxyphenyl, 4-ethoxy-phenyl, 2-, 3- or 4-carbox-
yphenylalkyl group.

[0035] As already stated above, the expressions cycloalkyl,
heterocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl,
aryl, heteroaryl, aralkyl and heteroaralkyl also refer to groups
that are substituted by fluorine, chlorine, bromine or iodine
atoms or by OH, —O, SH, —S, NH,, —NH, N; or NO,
groups.

[0036] The expression “optionally substituted” especially
refers to groups that are optionally substituted by fluorine,
chlorine, bromine or iodine atoms or by OH, —O, SH, —S,
NH,, —NH, N; or NO, groups. This expression refers fur-
thermore to groups that may be substituted by one, two, three
or more unsubstituted C,-C,, alkyl, C,-C,, alkenyl, C,-C,,
alkynyl, C,-C,, heteroalkyl, C,-C,; cycloalkyl, C,-C,, het-
erocycloalkyl, C,-C,,alkyleycloalkyl, C,-C, s heteroalkyley-
cloalkyl, C4-C, ¢ aryl, C,-C,, heteroaryl, C,-C,,, aralkyl or
C,-C,, heteroaralkyl groups. This expression refers further-
more especially to groups that may be substituted by one, two,
three or more unsubstituted C,-C; alkyl, C,-C, alkenyl,
C,-C; alkynyl, C,-C; heteroalkyl, C5-C,,, cycloalkyl, C,-C,
heterocycloalkyl, C.-C, , alkylcycloalkyl, C,-C, | heteroalky-
Ieycloalkyl, C4-C,, aryl, C,-C, heteroaryl, C,-C, , aralkyl or
C,-C,, heteroaralkyl groups.

[0037] Especially preferably at group Ar', Ar*, Ar’, Ar* and
Ar’, the expression “optionally substituted” refers to groups
that are optionally substituted by one, two or three groups
independently selected from halogen atoms, hydroxy groups,
groups of formula —O-alkyl (e.g. —O—C, ¢ alkyl such as
—OMe, —OEt, —O-nPr, —O-iPr, —O-nBu, —0O-iBu or
—O-tBu), —NH,, —NR**R%* (wherein R’® and R%* inde-
pendently from each other are a hydrogen atom or an alkyl
group such as a C,_¢ alkyl group), —SO,NH,, —CONH,,
—~CN, -alkyl (e.g. —C, 4 alkyl, —CF;), —SH, —S-alkyl
(e.g. —S—C, ¢ alkyl).

[0038] Most preferably at group Ar', Ar®, Ar’, Ar* and Ar°,
the expression “optionally substituted” refers to groups that
are optionally substituted by one, two or three groups inde-
pendently selected from F, Cl, hydroxy groups, groups of
formula—O—C,_;alkyl (especially —O—C, _, alkylsuchas
—OMe, —OEt, —O-nPr, —O-iPr, —O-nBu, —0O-iBu or
—O-tBu), and —C, alkyl (e.g. —C, ,alkyl such as —CH,
or —CF;).

[0039] Especially preferably at group Ar®, the expression
“optionally substituted” refers to groups that are optionally
substituted by one, two or three groups independently
selected from halogen atoms, hydroxy groups, groups of for-
mula —O-alkyl (e.g. —O—C, ¢ alkyl such as —OMe,
—OEFEt, —O-nPr, —O-iPr, —O-nBu, —0-iBu or —O-tBu),
—NH,, —NR>**R® (wherein R>* and R% independently
from each other are a hydrogen atom or an alkyl group such as
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a C,_¢ alkyl group), —SO,NH,, —CONH,, —CN, -alkyl
(e.g. —C, ¢ alkyl, —CF;), —SH, —S-alkyl (e.g. —S—C, ¢
alkyl) and NO,.

[0040] Most preferably at group ArS, the expression
“optionally substituted” refers to groups that are optionally
substituted by one, two or three groups independently
selected from F, Cl, hydroxy groups, —NH,, —NO,, groups
of formula—O—C, ; alkyl (especially —O—C, _,alkyl such
as —OMe, —OEt, —O-nPr, —O-iPr, —O-nBu, —O-iBu or
—O-tBu), and —C, ¢ alkyl (e.g. —C, _, alkyl such as —CH,
or —CF;).

[0041] The term halogen refers to F, Cl, Bror 1.

[0042] According to a preferred embodiment, all alkyl, alk-
enyl, alkynyl, heteroalkyl, aryl, heteroaryl, cycloalkyl, het-
erocycloalkyl, alkylcycloalkyl, heteroalkylcycloalkyl,
aralkyl and heteroaralkyl groups described herein may inde-
pendently of each other optionally be substituted.

[0043] When an aryl, heteroaryl, cycloalkyl, alkylcy-
cloalkyl, heteroalkylcycloalkyl, heterocycloalkyl, aralkyl or
heteroaralkyl group contains more than one ring, these rings
may be bonded to each other via a single or double bond or
these rings may be annulated.

[0044] Owing to their substitution, compounds of formula
(D) may contain one or more centers of chirality. The present
invention therefore includes both all pure enantiomers and all
pure diastereoisomers and also mixtures thereof in any mix-
ing ratio. The present invention moreover also includes all
cis/trans-isomers of the compounds of the general formula (I)
and also mixtures thereof. The present invention moreover
includes all tautomeric forms of the compounds of formula

@

[0045] Preferably, when Ar* is absent, also L is absent.
[0046] Further preferably, when Ar’ is absent, also L* is
absent.

[0047] Preferably, Ar' is an optionally substituted 1,4-phe-

nylene group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen.

[0048] Further preferably, Ar' is an optionally substituted
1,4-phenylene group.

[0049] Preferably, Ar” is an optionally substituted 1,4-phe-
nylene group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen.

[0050] Further preferably, Ar* is an optionally substituted
1,4-phenylene group.

[0051] Preferably, Ar® is an optionally substituted 1,4-phe-
nylene group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen.

[0052] Further preferably, Ar® is an optionally substituted
1,4-phenylene group.

[0053] Preferably, Ar* is an optionally substituted 1,4-phe-
nylene group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen.

[0054] Further preferably, Ar* is an optionally substituted
1,4-phenylene group.

[0055] Preferably, Ar’ is an optionally substituted 1,4-phe-
nylene group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroatoms
selected from oxygen, sulphur and nitrogen.
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[0056] Further preferably, Ar’ is an optionally substituted
1,4-phenylene group.

[0057] Further preferably, Ar* is absent.
[0058] Further preferably, Ar’ is absent.
[0059] The term 1,3-heteroarylene group having 5 ring

atoms including 1, 2, or 3 heteroatoms selected from oxygen,
sulphur and nitrogen especially preferably refers to one of the
following groups:

SN TN
U—V U

wherein Ais 0, Sor NH; Uis Nor CH; VisNor CH; Wis N
or CH; and X is N or CH.

[0060] Further preferably, L' is a group of formula
—CONH—, —NHCO—, —SO,NH—, —NHSO,—,
—CH=—CH—, —CR?>—CR*— or an optionally substituted
heteroarylene group having 5 ring atoms including 1, 2, or 3
heteroatoms selected from oxygen, sulphur and nitrogen,
wherein R® and R* are independently from each othera C,

alkyl group.

[0061] Further preferably, L* is a group of formula
—CONH—, —NHCO—, —SO,NH—, —NHSO,—,
—CH—CH—, —CR*-—CR*— or an optionally substituted
heteroarylene group having 5 ring atoms including 1, 2, or 3
heteroatoms selected from oxygen, sulphur and nitrogen,
wherein R? and R* are independently from each othera C,

alkyl group.

[0062] Further preferably, L* is absent or a group of for-
mula —CONH—, —NHCO—, —SO,NH—, —NHSO,—,
—CH=—CH—, —CR?>—CR*— or an optionally substituted
heteroarylene group having 5 ring atoms including 1, 2, or 3
heteroatoms selected from oxygen, sulphur and nitrogen,
wherein R? and R* are independently from each othera C,
alkyl group.

[0063] Further preferably, L* is absent or a group of for-
mula —CONH—, —NHCO—, —SO,NH—, —NHSO,—,
—CH—CH—, —CR*—CR*— or an optionally substituted
heteroarylene group having 5 ring atoms including 1, 2, or 3
heteroatoms selected from oxygen, sulphur and nitrogen,
wherein R? and R* are independently from each other a C, ¢
alkyl group.
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[0064] Further preferably, L' is NHCO (wherein the nitro-
gen atom is bound to Ar") or a group of the following formula:

OR3®
MeO.
@]
. H or
N N
1 NH
0
O U
NH,
MeO.
(@]
s H
| N
‘ NH
' 0
(@)

(wherein the NH group is bound to Ar'), wherein R*° is a
hydrogen atom or a C,_; alkyl group.

[0065] Especially preferably, L' is NHCO (wherein the
nitrogen atom is bound to Ar').

[0066] Moreover preferably, L? is NHCO (wherein the
nitrogen atom is bound to Ar?) or a group of the following
formula:

OR30
MeO.
(0]
. H or
Y N
1 NH
0
O ’
NH,
MeO
(0]
| H ;
. N
4 NH
' (0] 0
(0]

(wherein the NH group is bound to Ar®), wherein R*° is a
hydrogen atom or a C,_; alkyl group.

[0067] Especially preferably, L? is NHCO (wherein the
nitrogen atom is bound to Ar').
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[0068] Further preferably, L* is absent or a group of the
following formula:

s 0
,'I or
> 0
/ N
/ H
OMe NH,
, 0
l'l or
> 0
J/ N
/ H
OMe  OR*
OR3 0
MeO
e}
. H or
N, N
1 NH
' 0
O ’
NH,
MeO
¢}
. N
1 NH
' 0 B
0

(wherein the NH group is bound to Ar®), wherein R*° is a
hydrogen atom or a C, _jalkyl group.

[0069] Further preferably, L*is absent or NHCO (wherein
the nitrogen atom is bound to Ar*).

[0070] Moreover preferably, R*° is a hydrogen atom.
[0071] Further preferably, R' is ahydrogen atom, a halogen
atom or a group of formula —OH, —NH,, —COOH,
—SO,NH,, —CONH,, —NO,, —CN, -alkyl (e.g. —CF;),
—O0-alkyl, —O—CO-alkyl, —NH-alkyl, —NH—CO-alkyl,
or an optionally substituted heteroaryl group having 5 ring
atoms including 1, 2, 3 or 4 heteroatoms selected from oxy-
gen, sulphur and nitrogen, or an optionally substituted het-
erocycloalkyl group having 5 ring atoms including 1, 2, 3 or
4 heteroatoms selected from oxygen, sulphur and nitrogen.
[0072] Moreover preferably, R?is a hydrogen atom, a halo-
gen atom or a group of formula —OH, —NH,, —COOH,
—SO,NH,, —CONH,, —NO,, —CN, -alkyl (e.g. —CF;),
—O0-alkyl, —O—CO-alkyl, —NH-alkyl, —NH—CO-alkyl,
or an optionally substituted heteroaryl group having 5 ring
atoms including 1, 2, 3 or 4 heteroatoms selected from oxy-
gen, sulphur and nitrogen, or an optionally substituted het-
erocycloalkyl group having 5 ring atoms including 1, 2, 3 or
4 heteroatoms selected from oxygen, sulphur and nitrogen.
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[0073] Preferred examples of optionally substituted het-
eroaryl groups having 5 ring atoms including 1, 2, 3 or 4
heteroatoms selected from oxygen, sulphur and nitrogen and
of optionally substituted heterocycloalkyl groups having 5
ring atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen as groups R* and R? are isos-
teres of carboxylic acid such as groups of the following for-
mulas:

all these groups may optionally be further substituted.
[0074] Especially preferably, R' is a group of formula
—NH,, —NO,, COOR'!, or —CONR'?R"?; wherein R'!,
R'?and R'? are independently a hydrogenatomoraC,_ alkyl
group; moreover preferably, R' is a group of formula
—COOH.

[0075] Further especially preferably, R? is a group of for-
mula —NH,, —NO,, COOR'"% or —CONR'?**R"*
wherein R''%, R'** and R"*“ are independently a hydrogen
atom or aC,_¢alkyl group; moreover preferably, R? is a group
of formula —NH, or —NO,.

[0076] Further especially preferably, R' is a heteroaryl
group having 5 ring atoms including 1, 2, 3 or 4 heteroatoms
selected from oxygen, sulphur and nitrogen, and which is
substituted by a hydroxy group.

[0077] Further especially preferably, R* is a heteroaryl
group having 5 ring atoms including 1, 2, 3 or 4 heteroatoms
selected from oxygen, sulphur and nitrogen, and which is
substituted by a hydroxy group.

[0078] Especially preferred are compounds of formula (I)
@

Rl—Ar!—L!'— AP —1?— AP — 3 — A — 14— AP —R2

wherein
[0079]
group;

Ar' is an optionally substituted 1,4-phenylene
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[0080] Ar* is an optionally substituted 1,4-phenylene
group;

[0081] Ar’ is an optionally substituted 1,4-phenylene
group;

[0082] Ar* is absent or an optionally substituted 1,4-phe-
nylene group;

[0083] Ar’ is absent or an optionally substituted 1,4-phe-
nylene group;

[0084] L' is a group of formula—CONH— —NHCO—,

—SO,NH— or —NHSO,— or a group of the following

formula:
OR3 0
MeO.
@]
. or
NH
0
O ’
NH,
MeO.
@]
NH
0
O ’

X H

e
N H

X N\’r

(wherein the NH group is bound to Ar');

[0085] L?is a group of formula—CONH— —NHCO—,
—SO,NH— or —NHSO,—;

[0086] L7 is absent or a group of formula —CONH—,
—NHCO—, —SO,NH— or —NHSO,— or a group of the
following formula:
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-continued

OR3 0
MeO
0
N H or
N N
/ NH
0
O ’
NH,
MeO

(6]
\ H >

1y

. N
/ NH
‘0
O ’

(wherein the NH group is bound to Ar?);

[0087] L* is absent or a group of formula —CONH—,
—NHCO—, —SO,NH— or —NHSO,—;

[0088] R>°isahydrogen atom ora C,_; alkyl group (espe-
cially preferably, a hydrogen atom);

[0089] R'isa group of formula —NH,, —NO,, COOR™!,
or —CONR'R'!; wherein R*, R'? and R'? are indepen-
dently a hydrogen atom or a C, 4 alkyl group (especially
preferably, R* is a group of formula —COOH); and

[0090] R?is a group of formula —NH,, —NO,, COOR* !4,
or —CONR'**R'3%; wherein R''%, R'>* and R'** are inde-
pendently a hydrogen atom or a C, 4 alkyl group (especially
preferably, R? is a group of formula —NH,, or —NO,);

[0091] or a pharmaceutically acceptable salt, solvate or
hydrate or a pharmaceutically acceptable formulation
thereof.

[0092] Therein, preferably, L' is a group of formula
—CONH—, —NHCO—, —SO,NH— or —NHSO,—, and
L? is absent or a group of the following formula:
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-continued
3

OR?®
MeO
¢}
. H or
Y, N
1 NH
0
O ’
NH,
MeO
¢}
. _N

1 NH
* 0
O ’

(wherein the NH group is bound to Ar®).
[0093] Further preferred are compounds of formula (II)

an
Rl—Ar!—L!'—AP—12—AP—R?

wherein Ar', Ar®, Ar®, L', L, R' and R? are as defined above.

[0094] Moreover preferred are compounds of formula (I1I)
(1)
RZln R22m R23p
wherein
[0095] nis0,1,2,30r4;
[0096] misO,1,2,30r4;
[0097] pis0,1,2,3 0or4;

group(s) R*! are independently selected from halogen atoms,
hydroxy groups, groups of formula—O-alkyl (e.g. —O—C,_
salkyl such as —OMe, —OEt, —O-nPr, —O-iPr, —O-nBu,
—0-iBu or —O-tBu), —NH,, —NR>*R%* (wherein R>* and
R® independently from each other are a hydrogen atom or an
alkyl group such as a C, alkyl group), —SO,NH,,
—CONH,, —CN, -alkyl (e.g. —C,_salkyl, —CF;), —SH,
—S-alkyl (e.g. —S—C, 4alkyl); group(s) R?* are indepen-
dently selected from halogen atoms, hydroxy groups, groups
of formula —O-alkyl (e.g. —O—C,_salkyl such as —OMe,
—OEFEt, —O-nPr, —O-iPr, —O-nBu, —0-iBu or —O-tBu),
—NH,, —NR**R%® (wherein R** and R%® independently
from each other are a hydrogen atom or an alkyl group such as
a C,_¢ alkyl group), —SO,NH,, —CONH,, —CN, -alkyl
(e.g. —C, salkyl, —CF;), —SH, —S-alkyl (e.g. —S—C, ¢
alkyl); group(s) R** are independently selected from halogen
atoms, hydroxy groups, groups of formula —O-alkyl (e.g.
—O0—C,_salkyl such as —OMe, —OEt, —O-nPr, —O-iPr,
—O-nBu, —0-iBu or —O-tBu), —NH,, —NR>*R%
(wherein R>* and R5* independently from each other are a
hydrogen atom or an alkyl group such as a C, 4 alkyl group),
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iSOzNHz, 4CONH2, —CN, -alkyl (eg *C1_6alkyl,
—CF;), —SH, —S-alkyl (e.g. —S—C, s alkyl); and

[0098] R', R? L'andL?are as defined above.
[0099] Further preferred are compounds of formula (IV)
av)
R7
5
R RS " §

§ N \RS
HOOC o
wherein
[0100] R?is a group of formula —O—C,_salkyl;
[0101] R is a hydroxy group;
[0102] R7is a group of formula —O—C,_,alkyl; and
[0103] R® is a hydrogen atom, an alkyl, an alkenyl, an

alkynyl, a heteroalkyl, a cycloalkyl, a heterocycloalkyl, an
alkyleycloalkyl, a heteroalkylcycloalkyl, an aryl, a het-
eroaryl, an aralkyl or a heteroaralkyl group.

[0104] Preferably, R®is a hydrogen atom or a group of the
following formula:

NO,

wherein R® is COOH or CONH, and R'° is COOH or

CONH,.
[0105] Moreover preferably, R® is a group of formula
—0—C,_, alkyl and R is a group of formula —O—C, _,
alkyl.
[0106] Further preferred are compounds of formula (V)
W
R53
RSZ E
N, /D/ Y§ AL
r51—0 7/ !
7/<M¢G K
3 r# ©
RSS
wherein
[0107] R’!isahydrogen atom, or a C,_ alkyl group;
[0108] R>?is a hydrogen atom, F, Cl, a hydroxy group, a

C, ¢ alkyl group or a group of formula—O—C, ; alkyl;

May 26, 2016

[0109] R’ is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, ¢ alkyl;
[0110] R>*is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, _salkyl;
[0111] R®’ is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, ¢ alkyl;

[0112] Dis N or CR’?;
[0113] Eis Nor CRY7;
[0114] Gis Nor CR%;
[0115] M is N or CR>®;
[0116] R®°is a hydrogen atom, F, Cl, a hydroxy group, a

C,_¢ alkyl group or a group of formula —O—C, ¢ alkyl;

[0117] R*’ is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, ¢ alkyl;

[0118] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, _salkyl;

[0119] R®? is a hydrogen atom, F, Cl, a hydroxy group, a
C, ¢ alkyl group or a group of formula —O—C,_; alkyl; and

[0120] Ar®isan optionally substituted (by one, two or more
substituents such as e.g. R?, R® or NHR®) phenyl group or an
optionally substituted (by one, two or more substituents such
as e.g. R?, R® or NHR®) heteroaryl group having 5 or 6 ring
atoms including 1, 2, 3 or 4 heteroatoms selected from oxy-
gen, sulphur and nitrogen;

[0121] or a pharmaceutically acceptable salt, solvate or
hydrate or a pharmaceutically acceptable formulation
thereof.

[0122] Especially preferred are compounds of Formula (V)
wherein:

[0123] R>!is ahydrogen atom, or a C,_, alkyl group;
[0124] R>?is a hydrogen atom, F, Cl, a hydroxy group, a

C,_, alkyl group or a group of formula —O—C, _, alkyl;
[0125] R>? is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _,alkyl;
[0126] R>*is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _, alkyl;
[0127] R is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _, alkyl;

[0128] Dis Nor CR’S;
[0129] Eis Nor CR*7;
[0130] Gis Nor CR®;
[0131] Mis N or CR>S;
[0132] R®°is a hydrogen atom, F, Cl, a hydroxy group, a

C,_, alkyl group or a group of formula —O—C, _, alkyl;
[0133] R*’ is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _, alkyl;
[0134] R>®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula—O—C, _, alkyl; and
[0135] R*°is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula—O—C, _, alkyl.

[0136] Especially preferably, only one or two (especially
only one) of D, E, G and M is/are N.



US 2016/0145304 Al

[0137] Further preferred are compounds of formula (VI)

VD

R57

D \ § ArS
/ \”/
/ O
o R
(@] R

s

rs1—©.

wherein

[0138] R’!isahydrogen atom, or a C,_ alkyl group;
[0139] R>’isF,Cl, ahydroxy group,aC,_salkyl group or a
group of formula —O—C, 4 alkyl (especially preferably a
group of formula —O—C, _ alkyl);

[0140] Dis N or CR?;

[0141] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C, ¢ alkyl group or a group of formula—O—C, ; alkyl;
[0142] R*7 is a hydrogen atom, F, Cl, a hydroxy group, a
C, ¢ alkyl group or a group of formula—O—C, ; alkyl;
[0143] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C, ¢ alkyl group or a group of formula—O—C, ; alkyl;
[0144] R*° is a hydrogen atom, F, Cl, a hydroxy group, a
C, ¢ alkyl group or a group of formula —O—C,_.alkyl; and
[0145] Ar®isan optionally substituted (by one, two or more
substituents such as e.g. R, R® or NHR®) phenyl group or an
optionally substituted (by one, two or more substituents such
as e.g. R*, R® or NHR®) heteroaryl group having 5 or 6 ring
atoms including 1, 2, 3 or 4 heteroatoms selected from oxy-
gen, sulphur and nitrogen;

[0146] or a pharmaceutically acceptable salt, solvate or
hydrate or a pharmaceutically acceptable formulation
thereof.

[0147] Especially preferred are compounds of Formula
(VI) wherein:

[0148] R’!isahydrogen atom, or a C,_, alkyl group;
[0149] R>?isF,Cl, ahydroxy group,aC,_, alkyl group or a

group oif fformulla :(;):CC1_4 ?111;%1 (especially preferably a
group of formula 148 ;

[0150] Dis Nor CR%;

[0151] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C, , alkyl group or a group of formula —O—C, , alkyl;
[0152] R®’ is a hydrogen atom, F, Cl, a hydroxy group, a
C, , alkyl group or a group of formula —O—C,_,alkyl;
[0153] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula—0O—C, _, alkyl; and
[0154] R*° is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula—O0—C, _, alkyl.

[0155] Further preferred are compounds of formula (VII)
(VID)
57
R ; - NHR®
s
RSI/O RGI
o s R8s O RS0
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wherein
[0156] R’!is a hydrogen atom, or a C,_ alkyl group;
[0157] R>isF,Cl, ahydroxy group,aC,_salkyl group ora

group of formula —O—C, 4 alkyl (especially preferably a
group of formula —O—C, ; alkyl);

[0158] Dis Nor CR’S;

[0159] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, ¢ alkyl;
[0160] R>’ is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, _salkyl;
[0161] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, ; alkyl;
[0162] R’° is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, ; alkyl;
[0163] R is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, _salkyl;
[0164] R®!is a hydrogen atom, F, Cl, a hydroxy group, a
C,_¢ alkyl group or a group of formula —O—C, _galkyl; and
[0165] R® is a hydrogen atom, an alkyl, an alkenyl, an
alkynyl, a heteroalkyl, a cycloalkyl, a heterocycloalkyl, an
alkyleycloalkyl, a heteroalkylcycloalkyl, an aryl, a het-
eroaryl, an aralkyl or a heteroaralkyl group.

[0166] or a pharmaceutically acceptable salt, solvate or
hydrate or a pharmaceutically acceptable formulation
thereof.

[0167] Especially preferred are compounds of Formula
(VII) wherein:

[0168] R’!is a hydrogen atom, or a C,_, alkyl group;
[0169] R>?isF, Cl, ahydroxy group, a C,_jalkyl group or a

group of formula —O—C, _, alkyl (especially preferably a
group of formula —O—C, _, alkyl);

[0170] Dis Nor CR®;

[0171] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _,alkyl;
[0172] R’ is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C,_,alkyl;
[0173] R’®is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _, alkyl;
[0174] R’° is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula —O—C, _, alkyl;
[0175] R is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula—O—C, _, alkyl; and
[0176] R°®!is a hydrogen atom, F, Cl, a hydroxy group, a
C,_, alkyl group or a group of formula—O—C, _, alkyl.
[0177] Preferably, R® is a hydrogen atom or a group of the
following formula:

wherein R® is COOH or CONH, and R'° is COOH or
CONH,,
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[0178] Especially preferred are the following compounds:

@
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OH HN
o: : ~CO,H;

Cystobactamide A

NO,

@
OMe
HOZC O
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O

OH HN
o: : ~CO,H;

Cystobactamide B

NO,

3
LN

OH HN
)\ 0;
O
OH

Cystobactamide C

-continued

Q
.

NHZ; and

O NHO

NO,
Cystobactamide D
NH OMe
O, é NH
Oé NH
NO

Cystobactamide E

R

(R' is NH, or OH and R" is NH, or OH)
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[0179] Moreover especially preferred are the following

compounds:
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Cystobactamide G
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M
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[0180] Moreover preferred are the following compounds:
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-continued -continued
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[0181] The present invention further provides pharmaceu-
tical compositions comprising one or more compounds
described herein or a pharmaceutically acceptable salt, sol-
vate or hydrate thereof, optionally in combination with one or
more carrier substances and/or one or more adjuvants.
[0182] The present invention furthermore provides com-
pounds or pharmaceutical compositions as described herein
for use in the treatment and/or prophylaxis of bacterial infec-
tions, especially caused by E. coli, P. aeruginosa, A. bauman-
nii, other Gram-negative bacteria, and Gram-positive bacte-
ria.

[0183] Moreover preferably, the present invention provides
compounds for use in the treatment and/or prophylaxis of
bacterial infections, especially caused by Pseudomonas
aeruginosa and other Gram-negative bacteria.

[0184] It is a further object of the present invention to
provide a compound as described herein or a pharmaceutical
composition as defined herein for the preparation of a medi-
cament for the treatment and/or prophylaxis of bacterial
infections, especially caused by selected Gram-negative bac-
teria and Gram-positive bacteria.

[0185] Examples of pharmacologically acceptable salts of
sufficiently basic compounds are salts of physiologically
acceptable mineral acids like hydrochloric, hydrobromic, sul-
furic and phosphoric acid; or salts of organic acids like meth-
anesulfonic, p-toluenesulfonic, lactic, acetic, trifluoroacetic,
citric, succinic, fumaric, maleic and salicylic acid. Further, a
sufficiently acidic compound may form alkali or earth alkali

17
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metal salts, for example sodium, potassium, lithium, calcium
or magnesium salts; ammonium salts; or organic base salts,
for example methylamine, dimethylamine, trimethylamine,
triethylamine, ethylenediamine, ethanolamine, choline
hydroxide, meglumin, piperidine, morpholine, tris-(2-hy-
droxyethyl)amine, lysine or arginine salts; all of which are
also further examples of salts of the compounds described
herein. The compounds described herein may be solvated,
especially hydrated. The hydratization/hydration may occur
during the process of production or as a consequence of the
hygroscopic nature of the initially water free compounds. The
solvates and/or hydrates may e.g. be present in solid or liquid
form.

[0186] The therapeutic use of the compounds described
herein, their pharmacologically acceptable salts, solvates and
hydrates, respectively, as well as formulations and pharma-
ceutical compositions also lie within the scope of the present
invention.

[0187] The pharmaceutical compositions according to the
present invention comprise at least one compound described
herein and, optionally, one or more carrier substances and/or
adjuvants.

[0188] As mentioned above, therapeutically useful agents
that contain compounds described herein, their solvates, salts
or formulations are also comprised in the scope of the present
invention. In general, the compounds described herein will be
administered by using the known and acceptable modes
known in the art, either alone or in combination with any other
therapeutic agent.

[0189] For oral administration such therapeutically useful
agents can be administered by one of the following routes:
oral, e.g. as tablets, dragees, coated tablets, pills, semisolids,
soft or hard capsules, for example soft and hard gelatine
capsules, aqueous or oily solutions, emulsions, suspensions
or syrups, parenteral including intravenous, intramuscular
and subcutaneous injection, e.g. as an injectable solution or
suspension, rectal as suppositories, by inhalation or insuffla-
tion, e.g. as a powder formulation, as microcrystals or as a
spray (e.g. liquid aerosol), transdermal, for example via an
transdermal delivery system (TDS) such as a plaster contain-
ing the active ingredient or intranasal. For the production of
such tablets, pills, semisolids, coated tablets, dragees and
hard, e.g. gelatine, capsules the therapeutically useful product
may be mixed with pharmaceutically inert, inorganic or
organic excipients as are e.g. lactose, sucrose, glucose,
gelatine, malt, silica gel, starch or derivatives thereof, talc,
stearinic acid or their salts, dried skim milk, and the like. For
the production of soft capsules one may use excipients as are
e.g. vegetable, petroleum, animal or synthetic oils, wax, fat,
and polyols. For the production of liquid solutions, emulsions
or suspensions or syrups one may use as excipients e.g. water,
alcohols, aqueous saline, aqueous dextrose, polyols, glycerin,
lipids, phospholipids, cyclodextrins, vegetable, petroleum,
animal or synthetic oils. Especially preferred are lipids and
more preferred are phospholipids (preferred of natural origin;
especially preferred with a particle size between 300 to 350
nm) preferred in phosphate buffered saline (pH=7 to 8, pre-
ferred 7.4). For suppositories one may use excipients as are
e.g. vegetable, petroleum, animal or synthetic oils, wax, fat
and polyols. For aerosol formulations one may use com-
pressed gases suitable for this purpose, as are e.g. oxygen,
nitrogen and carbon dioxide. The pharmaceutically useful
agents may also contain additives for conservation, stabiliza-
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tion, e.g. UV stabilizers, emulsifiers, sweetener, aromatizers,
salts to change the osmotic pressure, buffers, coating addi-
tives and antioxidants.
[0190] In general, in the case of oral or parenteral admin-
istration to adult humans weighing approximately 80 kg, a
daily dosage of about 1 mg to about 10,000 mg, preferably
from about 5 mg to about 1,000 mg, should be appropriate,
although the upper limit may be exceeded when indicated.
The daily dosage can be administered as a single dose or in
divided doses, or for parenteral administration, it may be
given as continuous infusion or subcutaneous injection.
[0191] The compounds of the present invention can be pre-
pared by fermentation (e.g. by fermentation of strain
MCy8071 DSM27004) or by chemical synthesis applying
procedures known to a person skilled in the art.
[0192] Forexample the compounds of the present invention
can be prepared according to the following procedures:
[0193] Starting from the respective optionally substituted
building blocks (e.g. Ar', Ar*, Ar’, Ar* and Ar®), these build-
ing blocks can be linked to each other using acid chlorides or
coupling reagents which are known to a person skilled in the
art, e.g. according to the following reaction scheme:

RL-Ar' NH,+HOOC—Ar?-12-Ard- 13- Art- 14

Ar—R?

RL—Ar' NH,+HO;SC—Ar>-12-Ard- 13- Art-L4-
Ar—R?
[0194] If L', L? L? and/or L* is a group of formula
—CH—CH— (or another olefine group), the respective
optionally substituted building blocks (e.g. Ar', Ar*, Ar®, Ar*
and Ar®) can be linked to each other using a Wittig or a Homer
reaction, e.g. according to the following reaction scheme:

R —Ar' —CHO+BrPh;P—CH,—Ar?-L2-Ar3- 13-
Ar-LA-AP—R?

RI—Ar' —CHO+(EtO),OPCH,—Ar>-12-Ar*-1.3-
AtLEAP—R?
[0195] If L', L L? and/or L* is a heterocycloalkyl or a
heteroaryl group, the respective optionally substituted build-
ing blocks (e.g. Ar', Ar®, Ar’, Ar* and Ar’) can be linked to
each other applying similar reaction conditions.

[0196] Identification of the cystobactamide biosynthesis
gene cluster:
[0197] The genome of the cystobactamid producer has

been sequenced by shotgun-sequencing. As the main building
block of the cystobactamides is the non-proteinogenic amino
acid p-aminobenzoic acid (PABA), p-aminobenzoic acid syn-
thase (query, NP_415614) was used as query for the identi-
fication of a putative cystobactamide biosynthetic cluster in
the genome of Cbv34. Importantly, a p-aminobenzoic acid
synthase homologue could be identified (CysD, FIG. 12 and
table A), which is forming an operon with non-ribosomal
peptide synthases (CysG, H and K) in the context of an in
silico predicted ~48 kb large NRPS cluster (FIG. 12, assign-
ment: table A). The genes in this NRPS cluster have been
analysed by pfam, NCBI BLAST and phyre2. Aside the
p-aminobenzoic acid synthase homologue, two further PABA
biosynthetic enzymes can be found in the cluster: an amin-
odeoxychorismate lyase (Cysl) and a 3-deoxy-d-arabino-
heptulosonate-7-phosphate  (DAHP) synthase (CysN).
DAHP synthase (CysN) is a key enzyme for the production of
shikimate and chorismate. In the main trunk of the shikimate
pathway, D-erythrose 4-phosphate and phosphoenolpyruvate
(DAHP synthase) are converted via shikimate to chorismate.
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Cysl and CysD allow the direct biosynthesis of PABA from
chorismate. Furthermore, the cluster contains a p-aminoben-
zoic acid N-oxygenase homologue (CysR).

[0198] FIG. 12 shows the cystobactamide biosynthetic
cluster of the invention.

[0199] A recombinant biosynthesis cluster capable of syn-
thesizing a cystobactamide selected from the group consist-
ing of cystobactamide A, B, C, D, E, F, G and H, wherein the
cluster comprises all of the polypeptides, or a functional
variant thereof, according to SEQ ID NOs. 40 to 73.

[0200] The term “functional variant” as used herein
denotes a polypeptide having a sequence that is at least 85%,
90%, 95% or 99% identical to a polypeptide sequence
described herein. A “functional variant” of a polypeptide may
retain amino acids residues recognized as conserved for the
polypeptide in nature, and/or may have non-conserved amino
acid residues. Amino acids can be, relative to the native
polypeptide, substituted (different), inserted, or deleted, but
the variant has generally similar (enzymatic) activity or func-
tion as compared to a polypeptide described herein. A “func-
tional variant” may be found in nature or be an engineered
mutant (recombinant) thereof.

[0201] Theterm “identity” refers to a property of sequences
that measures their similarity or relationship. Identity is mea-
sured by dividing the number of identical residues by the total
number of residues and multiplying the product by 100.

[0202] The terms “protein”, “polypeptide”, “peptide” as
used herein define an organic compound made of two or more
amino acid residues arranged in a linear chain, wherein the
individual amino acids in the organic compound are linked by
peptide bonds, i.e. an amide bond formed between adjacent
amino acid residues. By convention, the primary structure of
aprotein is reported starting from the amino-terminal (N) end
to the carboxyl-terminal (C) end.

[0203] As used herein, “comprising”, “including”, “con-
taining”, “characterized by”, and grammatical equivalents
thereof are inclusive or open-ended terms that do not exclude
additional, unrecited elements or method steps. “Compris-
ing”, etc. is to be interpreted as including the more restrictive
term “consisting of”.

[0204] As used herein, “consisting of” excludes any ele-
ment, step, or ingredient not specified in the claim.

[0205] When trade names are used herein, it is intended to
independently include the trade name product formulation,
the generic drug, and the active pharmaceutical ingredient(s)
of the trade name product.

[0206] In general, unless defined otherwise, technical and
scientific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to which
this invention belongs, and are consistent with general text-
books and dictionaries.

[0207] Preferably, the NRPS enzyme of the invention is a
not naturally occurring NRPS. The NRPS of the invention
may also be a hybrid NRPS comprising modules, domains,
and/or portions thereof, or functional variants thereof, from
two or more NRPSs or from one or more polyketide synthase
(s) (PKSs).

[0208] The cystobactamide biosynthesis cluster of the
invention preferably includes the elements of Table A.

LTI 133 2
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TABLE A

19

Cystobactamide gene cluster of the invention. Gene and NRPS domain

annotation with the gene cluster sequence corresponding to SEQ ID NO. 1.

NRPS

location within the

gene cluster sequence

location within the
protein sequence

location within the gene cluster sequence (bp) (bp) (aa)

Name Min. Max. direction Length  aa Domains length Min. Max. length Min. Max.

Orfl 15 845 reverse 831 276

Orf2 912 1148 reverse 237 78

Orf3 1339 1827 reverse 489 162

Orf4 1907 2170 reverse 264 87

Orf5 2347 2796 reverse 450 149

CysT 3035 6838 reverse 3804 1267

CysS 7049 8977 reverse 1929 642

CysR 9086 10087 reverse 1002 333

CysQ 10162 10956 reverse 795 264

CysP 11029 11730 reverse 702 233

CysO 11764 12375 reverse 612 203

CysA 12715 12927 forward 213 70

CysB 12996 13949 forward 954 317

CysC 13959 15338 forward 138 45

CysD 15464 17662 forward 2199 732

CysE 17749 18480 forward 732 243

CysF 18503 19540 forward 1038 345

CysG 19580 25558 forward 5979 1992 AMP-binding 1451 19694 21145 483 39 521
domain
PCP domain 209 21221 21430 69 548 616
Condensation_I. 893 21485 22378 297 636 932
CL domain
AMP-binding 1451 22880 24331 483 1101 1583
domain
PCP domain 215 24404 24619 71 1609 1679
Thioesterase 788 24728 25516 262 1717 1978
domain

CysH 25626 28553 forward 2928 975 AMP-binding 1199 25737 26936 399 38 436
domain
novel domain 332 27231 27563 110 536 645
type
AMP binding 170 28032 28202 56 803 858
domain C-
terminus
PCP domain 197 28284 28481 65 887 951

CysI 28555 29373 forward 819 272

Cys] 29392 30375 forward 984 327

CysK 30450 44087 forward 13638 4545 Condensation L. 323 30459 30782 107 4 110
CL domain
AMP-binding 1505 31239 32744 501 264 764
domain
PCP domain 197 32820 33017 65 791 855
Condensation_I. 893 33072 33965 297 875 1171
CL domain
AMP-binding 1505 34461 35966 501 1338 1838
domain
PCP domain 197 36042 36239 65 1865 1929
Condensation_I. 890 36285 37175 296 1946 2241
CL domain
AMP-binding 1574 37668 39242 524 2407 2930
domain
PCP domain 359 39165 39524 119 2906 3024
Condensation_ L. 893 39579 40472 297 3044 3340
CL domain
AMP-binding 1505 40968 42473 501 3507 4007
domain
PCP domain 197 42549 42746 65 4034 4098
Condensation_I. 896 42801 43697 298 4118 4415
CL domain

CysL 44084 47155 forward 3072 1023 AMP-binding 1445 45665 47110 481 528 1008
domain

CysM 47152 47268 forward 117 38

CysN 47280 48353 forward 1074 357

Orf6 48490 50067 reverse 1578 525

Orf7 50064 50849 reverse 786 261

Orf8 50855 52156 reverse 1302 433
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Cystobactamide gene cluster of the invention. Gene and NRPS domain
annotation with the gene cluster sequence corresponding to SEQ ID NO. 1.

NRPS

location within the
gene cluster sequence

location within the
protein sequence

location within the gene cluster sequence (bp) (bp) (aa)
Name Min. Max. direction Length  aa Domains length Min. Max. length Min. Max.
Orfd 52161 54266 reverse 2106 701
Orfl0 54266 55027 reverse 762 253
Orfll 55486 56679 forward 1194 397
Orfl2 56760 57134 forward 375 124
Orfl3 57166 57504 reverse 339 112
Orfl4 57504 58418 reverse 915 304

[0209] The present invention also provides isolated, syn-
thetic or recombinant nucleic acids that encode NRPSs of the
invention. Said nucleic acids include nucleic acids that
include a portion or all of a NRPS of the invention, nucleic
acids that further include regulatory sequences, such as pro-
moter and translation initiation and termination sequences,
and can further include sequences that facilitate stable main-
tenance in a host cell, i.e., sequences that provide the function
of an origin of replication or facilitate integration into host
cell chromosomal or other DNA by homologous recombina-
tion. These NRPSs may be used as research tools or as mod-
ules in recombinant NRPS or PKS clusters.

[0210] Preferably, the invention relates to an isolated, syn-
thetic or recombinant nucleic acid comprising:

[0211] (i) asequence encoding a cystobactamide biosyn-
thesis cluster, wherein the sequence has a sequence iden-
tity to the full-length sequence of SEQ ID NO. 1 from at
least 85%, 90%, 95%, 96%, 97%, 98%, 98.5%, 99%, or
99.5% to 100%;

[0212] (ii) a sequence encoding a NRPS, wherein the
sequence has a sequence identity to the full-length
sequence of any of SEQ ID NOs. 8, 9,12 or 13 from at
least 85%, 90%, 95%, 96%, 97%, 98%, 98.5%, 99%, or
99.5% to 100%;

[0213] (iii) a sequence completely complementary to the
full length sequence of any nucleic acid sequence of (i)
or (ii); or

[0214] (iv) a sequence encoding a polypeptide according
to any of SEQ ID NOs. 46, 47, 50 or 51.

[0215] The phrases “nucleic acid” or “nucleic acid
sequence” as used herein refer to an oligonucleotide, nucle-
otide, polynucleotide, or to a fragment of any of these, to
DNA of genomic or synthetic origin which may be single-
stranded or double-stranded and may represent a sense or
antisense strand, natural or synthetic in origin. “Oligonucle-
otide” includes either a single stranded polydeoxynucleotide
or two complementary polydeoxynucleotide strands that may
be chemically synthesized. Such synthetic oligonucleotides
have no 5' phosphate and thus will not ligate to another
oligonucleotide without adding a phosphate with an ATP in
the presence of a kinase. A synthetic oligonucleotide can
ligate to a fragment that has not been dephosphorylated. A
“coding sequence” of or a “nucleotide sequence encoding” a
particular polypeptide or protein, is a nucleic acid sequence
which is transcribed and translated into a polypeptide or
protein when placed under the control of appropriate regula-

tory sequences. The nucleic acids used to practice this inven-
tion may be isolated from a variety of sources, genetically
engineered, amplified, and/or expressed/generated recombi-
nantly. Techniques for the manipulation of nucleic acids, such
as, e.g., subcloning, labeling probes (e.g., random-primer
labeling using Klenow polymerase, nick translation, amplifi-
cation), sequencing, hybridization and the like are well
described in the scientific and patent literature, see, e.g.,
Sambrook, ed., MOLECULAR CLONING: A LABORA-
TORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Harbor
Laboratory, (1989); CURRENT PROTOCOLS 1IN
MOLECULAR BIOLOGY, Ausubel, ed. John Wiley & Sons,
Inc., New York (1997); LABORATORY TECHNIQUES IN
BIOCHEMISTRY AND MOLECULAR BIOLOGY:
HYBRIDIZATION WITH NUCLEIC ACID PROBES, Part
1. Theory and Nucleic Acid Preparation, Tijssen, ed. Elsevier,
N.Y. (1993). A nucleic acid encoding a polypeptide of the
invention is assembled in appropriate phase with a leader
sequence capable of directing secretion of the translated
polypeptide or fragment thereof.

[0216] The term “isolated” as used herein means that the
material, e.g., a nucleic acid, a polypeptide, a vector, a cell, is
removed from its original environment, e.g., the natural envi-
ronment if it is naturally occurring. For example, a naturally-
occurring polynucleotide or polypeptide present in a living
animal is not isolated, but the same polynucleotide or
polypeptide, separated from some or all of the coexisting
materials in the natural system, is isolated. Such polynucle-
otides could be part of a vector and/or such polynucleotides or
polypeptides could be part of a composition and still be iso-
lated in that such vector or composition is not part of its
natural environment.

[0217] The term “synthetic” as used herein means that the
material, e.g. a nucleic acid, has been synthesized in vitro by
well-known chemical synthesis techniques, as described in,
e.g., Adams (1983) J. Am. Chem. Soc. 105:661; Belousov
(1997) Nucleic Acids Res. 25:3440-3444; Frenkel (1995)
Free Radic. Biol. Med. 19:373-380; Blommers (1994) Bio-
chemistry 33:7886-7896; Narang (1979) Meth. Enzymol.
68:90; Brown (1979) Meth. Enzymol. 68:109; Beaucage
(1981) Tetra. Lett. 22: 1859.

[0218] Theterm “recombinant” means that the nucleic acid
is adjacent to a “backbone” nucleic acid to which it is not
adjacent in its natural environment. Backbone molecules
according to the invention include nucleic acids such as clon-
ing and expression vectors, self-replicating nucleic acids,
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viruses, integrating nucleic acids and other vectors or nucleic
acids used to maintain or manipulate a nucleic acid insert of
interest. Recombinant polypeptides of the invention, gener-
ated from these nucleic acids can be individually isolated or
cloned and tested for a desired activity. Any recombinant
expression system can be used, including bacterial, mamma-
lian, yeast, insect or plant cell expression systems.

[0219] Also provided is a vector comprising at least one
nucleic acid according to the invention. The vector may be a
cloning vector, an expression vector or an artificial chromo-
some.

[0220] As used herein, the term “vector” refers to a nucleic
acid molecule capable of transporting another nucleic acid to
which it has been linked. Vectors, including cloning and
expression vectors, comprise a nucleic acid of the invention
or a functional equivalent thereof. Nucleic acids of the inven-
tion can be incorporated into a recombinant replicable vector,
for example a cloning or expression vector. The vector may be
used to replicate the nucleic acid in a compatible host cell.
Thus, the invention also provides a method of making poly-
nucleotides of the invention by introducing a polynucleotide
of the invention into a replicable vector, introducing the vec-
tor into a compatible host cell, and growing the host cell under
conditions which bring about replication of the vector. The
vector may be recovered from the host cell. Suitable host cells
are described below. The vector into which the expression
cassette or nucleic acid of the invention is inserted may be any
vector which may conveniently be subjected to recombinant
DNA procedures, and the choice of the vector will often
depend on the host cell into which it is to be introduced. A
variety of cloning and expression vectors for use with
prokaryotic and eukaryotic hosts are described by Sambrook,
et al, Molecular Cloning: A Laboratory Manual, 2nd Ed.,
Cold Spring Harbor, N. Y., (1989).

[0221] A vector according to the invention may be an
autonomously replicating vector, i.e. a vector which exists as
an extra-chromosomal entity, the replication of which is inde-
pendent of chromosomal replication, e.g. a plasmid. Alterna-
tively, the vector may be one which, when introduced into a
hostcell, is integrated into the host cell genome and replicated
together with the chromosome(s) into which it has been inte-
grated.

[0222] One type of vector is a “plasmid”, which refers to a
circular double stranded DNA loop into which additional
DNA segments can be ligated. Another type of vector is a viral
vector, wherein additional DNA segments can be ligated into
the viral genome. Certain vectors are capable of autonomous
replication in a host cell into which they are introduced (e.g.,
bacterial vectors having a bacterial origin of replication, and
episomal mammalian vectors). Other vectors (e.g., non-epi-
somal mammalian vectors) are integrated into the genome of
a host cell upon introduction into the host cell, and thereby are
replicated along with the host genome. Moreover, certain
vectors are capable of directing the expression of genes to
which they are operatively linked. Such vectors are referred to
herein as “expression vectors”. In general, expression vectors
of utility in recombinant DNA techniques are often in the
form of plasmids. The terms “plasmid” and “vector” can be
used interchangeably herein as the plasmid is the most com-
monly used form of vector. However, the invention is
intended to include such other forms of expression vectors,
such as cosmid, viral vectors (e.g., replication defective ret-
roviruses, adenoviruses and adeno-associated viruses) and
phage vectors which serve equivalent functions.
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[0223] Vectors according to the invention may be used in
vitro, for example for the production of RNA or used to
transfect or transform a host cell.

[0224] A vector of the invention may comprise two or
more, for example three, four or five, nucleic acids of the
invention, for example for overexpression.

[0225] The recombinant expression vectors of the inven-
tion comprise a nucleic acid of the invention in a form suitable
for expression of the nucleic acid in a host cell, which means
that the recombinant expression vector includes one or more
regulatory sequences, selected on the basis of the host cells to
be used for expression, which is operationally linked to the
nucleic acid sequence to be expressed.

[0226] Within a vector, such as an expression vector,
“operationally linked” is intended to mean that the nucleotide
sequence of interest is linked to the regulatory sequence(s) in
a manner which allows for expression of the nucleotide
sequence (e.g., in an in vitro transcription/translation system
or in a host cell when the vector is introduced into the host
cell), i.e. the term “operationally linked” refers to a juxtapo-
sition wherein the components described are in a relationship
permitting them to function in their intended manner. A regu-
latory sequence such as a promoter, enhancer or other expres-
sion regulation signal “operationally linked” to a coding
sequence is positioned in such a way that expression of the
coding sequence is achieved under condition compatible with
the control sequences or the sequences are arranged so that
they function in concert for their intended purpose, for
example transcription initiates at a promoter and proceeds
through the DNA sequence encoding the polypeptide.
[0227] The term “regulatory sequence” or “‘control
sequence” is intended to include promoters, operators,
enhancers, attenuators and other expression control elements
(e.g., polyadenylation signal). Such regulatory sequences are
described, for example, in Goeddel; Gene Expression Tech-
nology: Methods in Enzymology 185, Academic Press, San
Diego, Calif. (1990).

[0228] The term regulatory or control sequences includes
those sequences which direct constitutive expression of a
nucleotide sequence in many types of host cells and those
which direct expression of the nucleotide sequence only in a
certain host cell (e.g. tissue-specific regulatory sequences).
[0229] A vectoror expression construct for a given host cell
may thus comprise the following elements operationally
linked to each other in a consecutive order from the 5'-end to
3'-end relative to the coding strand of the sequence encoding
the polypeptide of the invention: (i) a promoter sequence
capable of directing transcription of the nucleotide sequence
encoding the polypeptide in the given host cell; (ii) optionally,
a signal sequence capable of directing secretion of the
polypeptide from the given host cell into a culture medium;
(iii) optionally, a sequence encoding for a C-terminal, N-ter-
minal or internal epitope tag sequence or a combination of the
aforementioned allowing purification, detection or labeling
of'the polypeptide; (iv) a nucleic acid sequence of the inven-
tion encoding a polypeptide of the invention; and preferably
also (v) a transcription termination region (terminator)
capable of terminating transcription downstream of the
nucleotide sequence encoding the polypeptide. Particular
named bacterial promoters include lad, lacZ, T3, T7, SP6,
K1F, tac, tet, gpt, lambda Py, P, and trp. Eukaryotic promot-
ers include CMV immediate early, HSV thymidine kinase,
early and late SV40, LTRs from retrovirus and mouse metal-
lothionein-I1. Selection of the appropriate vector and promoter
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is well within the level of ordinary skill in the art. Down-
stream of the nucleotide sequence according to the invention
there may be a 3' untranslated region containing one or more
transcription termination sites (e.g. a terminator). The origin
of the terminator is less critical. The terminator can, for
example, be native to the DNA sequence encoding the
polypeptide. Preferably, the terminator is endogenous to the
host cell (in which the nucleotide sequence encoding the
polypeptide is to be expressed). In the transcribed region, a
ribosome binding site for translation may be present. The
coding portion of the mature transcripts expressed by the
constructs will include a translation initiating AUG (or TUG
or GUG in prokaryotes) at the beginning and a termination
codon appropriately positioned at the end of the polypeptide
to be translated.

[0230] Enhanced expression of a polynucleotide of the
invention may also be achieved by the selection of heterolo-
gous regulatory regions, e.g. promoter, secretion leader and/
or terminator regions, which may serveto increase expression
and, if desired, secretion levels of the protein of interest from
the expression host and/or to provide for the inducible control
of'the expression of a polypeptide of the invention. It will be
appreciated by those skilled in the art that the design of the
expression vector can depend on such factors as the choice of
the host cell to be transformed, the level of expression of
protein desired, etc. The vectors, such as expression vectors,
of the invention can be introduced into host cells to thereby
produce proteins or peptides, encoded by nucleic acids as
described herein.

[0231] The vectors, such as recombinant expression vec-
tors, of the invention can be designed for expression of a
portion or all of a NRPS of the invention in prokaryotic or
eukaryotic cells. For example, a portion or all of a NRPS of
the invention can be expressed in bacterial cells such as E.
coli, Bacillus strains, insect cells (using baculovirus expres-
sion vectors), filamentous fungi, yeast cells or mammalian
cells. Suitable host cells are discussed further in Goeddel,
Gene Expression Technology: Methods in Enzymology 185,
Academic Press, San Diego, Calif. (1990). Representative
examples of appropriate hosts are described hereafter. Appro-
priate culture media and conditions for the above-described
host cells are known in the art.

[0232] As set out above, the term “control sequences” or
“regulatory sequences” is defined herein to include at least
any component which may be necessary and/or advantageous
for the expression of a polypeptide. Any control sequence
may be native or foreign to the nucleic acid sequence of the
invention encoding a polypeptide. Such control sequences
may include, but are not limited to, a promoter, a leader,
optimal translation initiation sequences (as described in
Kozak, 1991, J. Biol. Chem. 266:19867-19870), a secretion
signal sequence, a pro-peptide sequence, a polyadenylation
sequence, a transcription terminator. At a minimum, the con-
trol sequences typically include a promoter, and transcrip-
tional and translational stop signals. A stably transformed
microorganism is one that has had one or more DNA frag-
ments introduced such that the introduced molecules are
maintained, replicated and segregated in a growing culture.
Stable transformation may be due to multiple or single chro-
mosomal integration(s) or by (an) extrachromosomal element
(s) such as (a) plasmid vector(s). A plasmid vector is capable
of directing the expression of polypeptides encoded by par-
ticular DNA fragments. Expression may be constitutive or
regulated by inducible (or repressible) promoters that enable
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high levels of transcription of functionally associated DNA
fragments encoding specific polypeptides.

[0233] Expression vectors of the invention may also
include a selectable marker gene to allow for the selection of
bacterial strains that have been transformed, e.g., genes which
render the bacteria resistant to drugs such as chlorampheni-
col, erythromycin, kanamycin, neomycin, tetracycline, as
well as ampicillin and other penicillin derivatives like carbe-
nicillin. Selectable markers can also include biosynthetic
genes, such as those in the histidine, tryptophan and leucine
biosynthetic pathways.

[0234] The appropriate polynucleotide sequence may be
inserted into the vector by a variety of procedures. In general,
the polynucleotide sequence is ligated to the desired position
in the vector following digestion of the insert and the vector
with appropriate restriction endonucleases. Alternatively,
blunt ends in both the insert and the vector may be ligated. A
variety of cloning techniques are disclosed in Ausubel et al.
Current Protocols in Molecular Biology, John Wiley 503
Sons, Inc. 1997 and Sambrook et al, Molecular Cloning: A
Laboratory Manual 2nd Ed., Cold Spring Harbor Laboratory
Press (1989). The polynucleotide sequence may also be
cloned using homologous recombination techniques includ-
ing in vitro as well as in vivo recombination. Such procedures
and others are deemed to be within the scope of those skilled
in the art. The vector may be, for example, in the form of a
plasmid, a viral particle, or a phage. Other vectors include
chromosomal, nonchromosomal and synthetic polynucle-
otide sequences, derivatives of SV40; bacterial plasmids,
phage DNA, baculovirus, yeast plasmids, vectors derived
from combinations of plasmids and bacteriophage DNA,
viral DNA such as vaccinia, adenovirus, fowl pox virus and
pseudorabies.

[0235] The invention also provides an engineered or
recombinant host cell, i.e. a transformed cell comprising a
nucleic acid sequence of the invention as a heterologous or
non-native polynucleotide, e.g. a sequence encoding the cys-
tobactamide biosynthesis cluster or a NRPS of the invention,
or a vector of the invention. The host cell may be any of the
host cells familiar to those skilled in the art, including
prokaryotic cells, eukaryotic cells, such as bacterial cells,
fungal cells, yeast cells, mammalian cells, insect cells, or
plant cells.

[0236] Preferred mammalian cells include e.g. Chinese
hamster ovary (CHO) cells, COS cells, 293 cells, PerC6 cells,
hybridomas, Bowes melanoma or any mouse or any human
cell line. Exemplary insect cells include any species of
Spodoptera or Drosophila, including Drosophila S2 and
Spodoptera St-9. Exemplary fungal cells include any species
of Aspergillus. Preferred yeast cell include, e.g. a cell from a
Candida, Hansenula, Kluyveromyces, Pichia, Saccharomy-
ces, Schizosaccharomyces, or Yarrowia strain. More prefer-
ably from Kluyveromyces lactis, S. cerevisiae, Hansenula
polymorpha, Yarrowia lipolytica, or Pichia pastoris. Accord-
ing to the invention, the host cell may be a prokaryotic cell.
Preferably, the prokaryotic host cell is a bacterial cell. The
term “bacterial cell” includes both Gram-negative and Gram-
positive as well as archaeal microorganisms. Suitable bacte-
ria may be selected from e.g. Escherichia, Anabaena, Cau-
lobacter, Gluconobacter, Rhodobacter, Pseudomonas,
Paracoccus, Bacillus, Brevibacterium, Corynebacterium,
Rhizobium (Sinorhizobium), Flavobacterium, Klebsiella,
Enterobacter, Lactobacillus, Lactococcus, Methylobacte-
rium, Staphylococcus or Streptomyces. Preferably, the bacte-
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rial cell is selected from the group consisting of B. subtilis, B.
amyloliquefaciens, B. licheniformis, B. puntis, B. megate-
rium, B. halodurans, B. pumilus, G. oxydans, Caulobacter
crescentus CB 15, Methylobacterium extorquens, Rhodo-
bacter sphaeroides, Pseudomonas putida, Paracoccus zeax-
anthinifaciens, Paracoccus denitrificans, E. coli, C.
glutamicum, Staphylococcus carnosus, Streptomyces liv-
idans, Sinorhizobium melioti and Rhizobium radiobacter.
The selection of an appropriate host is within the abilities of
those skilled in the art.

[0237] The vector can be introduced into the host cells
using any of a variety of techniques, including transforma-
tion, transfection, transduction, viral infection, gene guns, or
Ti-mediated gene transfer. Particular methods include cal-
cium phosphate transfection, DEAE-Dextran mediated trans-
fection, lipofection, or electroporation (Davis, L., Dibner, M.,
Battey, 1., Basic Methods in Molecular Biology, (1986)). The
nucleic acids or vectors of the invention may be introduced
into the cells for screening, thus, the nucleic acids enter the
cells in a manner suitable for subsequent expression of the
nucleic acid. The method of introduction is largely dictated by
the targeted cell type.

[0238] Exemplary methods include CaPO, precipitation,
liposome fusion, lipofection (e.g., LIPOFECTIN™), elec-
troporation, viral infection, etc. The candidate nucleic acids
may stably integrate into the genome of the host cell (for
example, with retroviral introduction) or may exist either
transiently or stably in the cytoplasm (i.e. through the use of
traditional plasmids, utilizing standard regulatory sequences,
selection markers, etc.). As many pharmaceutically important
screens require human or model mammalian cell targets,
retroviral vectors capable of transfecting such targets can be
used.

[0239] Where appropriate, the engineered host cells can be
cultured in conventional nutrient media modified as appro-
priate for activating promoters, selecting transformants or
amplifying the nucleic acids of the invention. Following
transformation of a suitable host strain and growth of the host
strain to an appropriate cell density, the selected promoter
may be induced by appropriate means (e.g., temperature shift
or chemical induction) and the cells may be cultured for an
additional period to allow them to produce the desired
polypeptide or fragment thereof. Cells can be harvested by
centrifugation, disrupted by physical or chemical means, and
the resulting crude extract is retained for further purification.
Microbial cells employed for expression of proteins can be
disrupted by any convenient method, including freeze-thaw
cycling, sonication, mechanical disruption, or use of cell lys-
ing agents. Such methods are well known to those skilled in
the art. The expressed polypeptide or fragment thereof can be
recovered and purified from recombinant cell cultures by
methods including ammonium sulfate or ethanol precipita-
tion, acid extraction, anion or cation exchange chromatogra-
phy, phosphocellulose chromatography, hydrophobic inter-
action  chromatography, affinity  chromatography,
hydroxylapatite chromatography and lectin chromatography.
Protein refolding steps can be used, as necessary, in complet-
ing configuration of the polypeptide. If desired, high perfor-
mance liquid chromatography (HPLC) can be employed for
final purification steps. The constructs in host cells can be
used in a conventional manner to produce the gene product
encoded by the recombinant sequence. Depending upon the
host employed in a recombinant production procedure, the
polypeptides produced by host cells containing the vector
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may be glycosylated or may be non-glycosylated. Polypep-
tides of the invention may or may not also include an initial
methionine amino acid residue. Cell-free translation systems
can also be employed to produce a polypeptide of the inven-
tion. Cell-free translation systems can use mRNAs tran-
scribed from a DNA construct comprising a promoter opera-
tionally linked to a nucleic acid encoding the polypeptide or
fragment thereof. In some aspects, the DNA construct may be
linearized prior to conducting an in vitro transcription reac-
tion. The transcribed mRNA is then incubated with an appro-
priate cell-free translation extract, such as a rabbit reticulo-
cyte extract, to produce the desired polypeptide or fragment
thereof.

[0240] Host cells containing the polynucleotides of inter-
est, e.g., nucleic acids of the invention, can be cultured in
conventional nutrient media modified as appropriate for acti-
vating promoters, selecting transformants or amplifying
genes. The culture conditions such as temperature, pH and the
like, are those previously used with the host cell selected for
expression and will be apparent to the ordinarily skilled arti-
san. The clones which are identified as having the specified
enzyme activity may then be sequenced to identify the poly-
nucleotide sequence encoding a portion or all of a NRPS of
the invention.

[0241] Recombinant DNA can be introduced into the host
cell by any means, including, but not limited to, plasmids,
cosmids, phages, yeast artificial chromosomes or other vec-
tors that mediate transfer of genetic elements into a host cell.
These vectors can include an origin of replication, along with
cis-acting control elements that control replication of the
vector and the genetic elements carried by the vector. Select-
able markers can be present on the vector to aid in the iden-
tification of host cells into which genetic elements have been
introduced. Means for introducing genetic elements into a
host cell (e.g. cloning) are well known to the skilled artisan.
Other cloning methods include, but are not limited to, direct
integration of the genetic material into the chromosome. This
can occur by a variety of means, including cloning the genetic
elements described herein on non-replicating plasmids
flanked by homologous DNA sequences of the host chromo-
some; upon transforming said recombinant plasmid into a
host the genetic elements can be introduced into the chromo-
some by DNA recombination. Such recombinant strains can
be recovered if the integrating DNA fragments contain a
selectable marker, such as antibiotic resistance. Alternatively,
the genetic elements can be directly introduced into the chro-
mosome of a host cell without use of a non-replicating plas-
mid. This can be done by synthetically producing DNA frag-
ments of the genetic elements in accordance to the present
invention that also contain homologous DNA sequences of
the host chromosome. Again if these synthetic DNA frag-
ments also contain a selectable marker, the genetic elements
can be inserted into the host chromosome.

[0242] The cystobactamide biosynthesis cluster or a NRPS
of the invention may be favorably expressed in any of the
above host cells. Thus, the present invention provides a wide
variety of host cells comprising one or more of the isolated,
synthetic or recombinant nucleic acids and/or NRPSs of the
present invention. The host cell, when cultured under suitable
conditions, is capable of producing a cystobactamide selected
from the group consisting of cystobactamide A, B, C, D, E, F,
G and H that it otherwise does not produce, or produces at a
lower level, in the absence of a nucleic acid of the invention.
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[0243] The invention also relates to an isolated, synthetic or
recombinant polypeptide having an amino acid sequence
according to any of SEQ ID NOs. 40 to 73, or an amino acid
sequence encoded by a nucleic acid of the invention.

[0244] The present invention further provides a method for
the preparation of a cystobactamide selected from the group
consisting of cystobactamide A, B, C, D, E, F, G and H, said
method generally comprising: providing a host cell of the
present invention, and culturing said host cell in a suitable
culture medium under suitable conditions such that at least
one cystobactamide selected from the group consisting of
cystobactamide A, B, C, D, E, F, G and His produced. The
method may further comprise a step of isolating a cystobac-
tamide selected from the group consisting of cystobactamide
A, B, C, D, E, F, G and H, i.e. separating and retaining the
compound from the culture broth. The isolation step may be
carried out using affinity chromatography, anion exchange
chromatography, or reversed phase chromatography.

EXAMPLES
Conditions of Production

Strain for Production

[0245] The strain Cystobacter velatus MCy8071 belongs to
the order Myxococcales (Myxobacteria), suborder Cystobac-
terineae, family Cystobacteraceae, genus Cystobacter. The
comparison of the partial 16S rRNA gene sequences with
sequences of a public database (BLAST, Basic Local Align-
ment Search Tool provided by NCBI, National Center for
Biotechnology Information) revealed 100% similarity to
Cystobacter velatus strain DSM 14718.

[0246] MCy8071 was isolated at the Helmholtz Centre for
Infection Research (HZ1, formerly GBF) from a Chinese soil
sample collected in 1982. The strain was deposited at the
German Collection of Microorganisms in Braunschweig
(DSM) in March 2013 under the designation DSM 27004.

Cultivation

[0247] The strain MCy8071 grows well on yeast-agar (VY/
2:0.5% Saccharomyces cerevisiae, 0.14% CaCl,x2 H,0, 0.5
ng vitamine B,,/1, 1.5% agar, pH 7.4), CY-agar (casitone
0.3%, yeast extract 0.1%, CaCl,x2 H,0 0.1%, agar 1.5%, pH
7.2) and P-agar (peptone Marcor 0.2%, starch 0.8%, single
cell protein probione 0.4%, yeast extract 0.2%, CaCl,x2 H,O
0.1%, MgSO, 0.1%, Fe-EDTA 8 mg/l, 1.5% agar, pH 7.5).
The working culture was nurtured in liquid medium CY/H
(50% CY-medium+50 mM Hepes, 50% H-medium: soy flour
0.2%, glucose 0.8%, starch 0.2%, yeast extract 0.2%,
CaCl,x2 H,0 0.1%, MgSO,, 0.1%, Fe-EDTA 8 mg/1, Hepes
50 mM pH 7.4). Liquid cultures were shaken at 180 rpm at
30° C. For conservation aliquots a 2 ml of a three days old
culture were stored at —80° C. Reactivation, even after several
years, is no problem on the above mentioned agar plates or in
20 ml CY/H-medium (in 100 ml Erlenmeyer flasks with plugs
and aluminium-cap). After one-two days the 20 ml cultures
can be upscaled to 100 ml.

Morphological Description

[0248] After two days in liquid medium CY/H the rod-
shaped cells of strain MCy8071 have a length 0 9.0-14.5 um
and width of 0.8-1.0 um. On the above mentioned agar-plates
swarming is circular. On VY/2-agar the swarm is thin and
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transparent. Yeast degradation is visible on VY/2-agar. On
CY-agar the culture looks transparent-orange. On P-agar cell
mass production is distinctive and swarming behaviour is
reduced. The colony colouris orange-brown. Starch in P-agar
is degraded.

[0249] MCy8071 is resistant against the following antibi-
otics: ampicillin, gentamycin, hygromycin, polymycin, baci-
tracin, spectinomycin, neomycin, and fusidinic acid. Weak
growth is possible with cephalosporin and kasugamycin and
no growth is possible with thiostrepton, trimethoprin, kana-
mycin, and oxytetracycline (final concentration of all antibi-
otics was adjusted to 50 pg ml™).

Production of Cystobactamides A, B, C, D, E, F, G and H

[0250] The strain produces in complex media. He prefers
nitrogen containing nutrients like single cell protein (Pro-
bion) and products of protein decomposition like peptone,
tryptone, yeast extract, soy flour and meat extract. Here the
production is better with several of the mentioned protein-
mixtures compared to a single one.

[0251] Cystobactamides are produced within the logarith-
mical to the stationary phase of growth. After two days in 100
liter fermentation (medium E) the amount of products did not
increase anymore.

[0252] Cystobactamides are delivered to the medium and
bind to XAD-adsorber resin. XAD is sieved by a metal sieve
and eluted in acetone. Different production temperatures
were tested (21° C.,30° C.,37° C. and 42° C.) whereby at 42°
C. no production was possible. The optimal temperature was
at 30° C. with maximal aeration.

[0253] Fermentation of MCy8071 was conducted in a 150
liter fermenter with 100 liter medium E (skimmed milk 0.4%,
soy flour 0.4%, yeast extract 0.2%, starch 1.0%, MgSO,
0.1%, Fe-EDTA 8 mg/I, glycerine 0.5%; pH 7.4) and ina 100
liter fermenter with 70 liter medium M (soy-peptone 1.0%,
maltose 1.0%, CaCl,x2 H,0 0.1%, MgSO, 0.1%, Fe-EDTA
8 mg/1; pH 7.2) for four days at 30° C. The pH was regulated
with potassium hydroxide (2.5%) and sulfuric acid between
7.2 and 7.4. The stirrer speed was 100-400 rpm, aerated with
0.05 vvm compressed air. The dissolved oxygen content
within the fermentation broth was regulated by the stirrer
speed to pO, 40%. To bind cystobactamides 1% adsorber
resin was added to the fermentation broth. The fermenter was
inoculated with 5 liter of a three days old pre-culture (E or
M-medium, respectively). The production during the fermen-
tation process was checked by HPL.C-MS-analyses and serial
dilution test of the methanol extract against Escherichia coli.
The strain produces Cystobactamides A, B, C, D, E, F, G and
H.

Knock-Out Experiments

[0254] To confirm that the cystobactamide biosynthesis
gene cluster is responsible for the production of the cystobac-
tamides, aknock-out (KO) experiment was carried out, where
CysK (NRPS) and CysL (benzoyl-CoA ligase) was knocked
out, respectively. Specifically, PCR products of 1000 bp frag-
ments of CysK and CysL genes were produced from
MCy8071 genomic DNA using Taq polymerase. The primers
were designed to add 3 stop codons on the extremities of the
PCR products.



US 2016/0145304 Al

CysL KO For
TGATTGATTGATCGGCGCGATTCGGCCTCTGG

CysL KO Rev
TCAATCAATCATCGGGTCGCGGTCTCAGGCTC

CysK KO For
TGATTGATTGAAAAACAGTCGGAGGAGTTTCTTGTCC

CysK KO Rev
TCAATCAATCAACTCCCAGTGCCCTCAGCCTC

[0255] The PCR products were gel purified using the
Nucleospin® Gel and PCR Clean-up kit from Macherey-
Nagel and cloned into a pCR2.1-TOPO vector. The construct
was integrated via heat shock into chemically competent E.
coli HS996 and the selection was done on kanamycin-supple-
mented LB agar plates. Single colonies were screened for
correct constructs via alkaline lysis plasmid preparation and
restriction digest by EcoRI. The constructs were then
sequenced to ensure the sequence homology.

[0256] A correct construct for each KO was transformed
into non-methylating chemically competent E. coli SCS110.
Plasmids were prepared using the GeneJET Plasmid Mini-
prep kit from Thermo scientific and integrated into MCy8071
via electroporation. Selection of transformed clones was done
on kanamycin-supplemented CTT agar plates. KO mutants
and wild type cultures were grown in parallel in the presence
of'an adsorber resin (XAD-16) and samples of crude extracts
of the cultures were analysed.

[0257] The results showed that in the KO mutants there was
a complete absence of cystobactamide production indicating
that CysK and CysL are essential for the production of the
cystobactamides. Furthermore, the result indicates the essen-
tial nature of the cystobactamide biosynthesis gene cluster for
the production of the cystobactamides.

Structural Analysis:

[0258] HRESI(+)MS analysis of cystobactamide A (1)
returned a pseudomolecular formula ion (M+H)* consistent
with the molecular formula C,;H,sN-O, ,, requiring twenty
eight double bond equivalents (DBE). The '*C NMR
(DMSO-d,) data revealed seven ester/amide carbonyls (8.
163.7 to 169.6) and a further 30 sp? resonances (8, 114.2 to
150.8), accounting for 22 DBE. Consideration of the 1D and
2D NMR data (Table 1) revealed a set of five aromatic spin
systems, three of which were attributed to para-substituted,
1,3, 4-trisubstituted and 1,2,3,4-tetrasubstituted benzene
rings. A set of HMBC correlations from the aromatic signals
H-6,6' (8;,7.96) and the NH (8, 8.92) to the amide carbonyl
C-4 (8, 166.5); NH (3,,10.82) to C-7/7' (§,-119.8) and to the
second amide carbonyl C-10 (8 164.6); H-12/12 (5, 8.20) to
C-10 established the connectivity of two of the para-substi-
tuted aromatic ring systems (FIG. 1). Further examination of
the 'H and COSY NMR data established the connectivity of
the amide NH (8, 8.92) across to the methines H-2 (8,,4.96)
and H-1 (8 4.70). The downfield characteristic of H-1 (.~
79.4) suggested substitution by an oxygen, which was con-
firmed from a HMBC correlation from H-1 to 1-OMe (8
3.53,98,59.6). Also observed were HMBC correlations from
H-1 and H-2 to an ester/amide carbonyl (8 169.6) leading to
the construction of subunit A (FIG. 1).

[0259] For the 1,3,4 trisubstituted benzene ring HMBC
correlations were observed from H-17 (8, 7.58) to an ester/
amide carbonyl C-15 (8. 167.3), an oxy quaternary carbon
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C-18 (3 146.8), C-19 (3, 133.6) and C-21 (3, 122.9). The
isolated spin system for the 1,2,3,4 tetrasubstituted benzene
ring showed HMBC correlations from 1) H-25 (8, 7.82, d,
8.7) to an ester/amide carbonyl C-23 (8. 163.7), C-27 (8.
136.2) and a quaternary oxy carbon C-29 (8 150.8); ii) H-26
(0;7.42)to C-24 (8, 117.3) and C-28 (3 139.5) along with
the phenolic hydroxyl (8, 11.25) showing correlations to
C-24 and C-28) The tri and tetra-substituted benzene rings
were attached para to each other by HMBC correlations from
the amide NH (9, 10.98) to C-20 (3. 119.8) C-18 (8. 146.7)
and C-23 (8-163.7) (FIG. 1). The last of the para-substituted
aromatic spin system H-33/33' (6, 8.11, d, 8.3) and H-34/34'
(857.44,d, 8.3) showed attachment to the 1,2,3-trisubstituted
benzene ring by HMBC correlations of the amide NH (9,
9.88) and H-33/33' to the amide carbonyl C-31 (8. 164.3).
Additional interpretation of the COSY data revealed two sets
of isopropoxy residues (H;-39 (8, 1.38)-H-38 (8, 4.76)-H-
40 (3, 1.38)) and (H;-42 (9,, 1.25)-H-41(3,, 4.30)-H,-43(d,,
1.25). The two isopropoxy residues were confirmed to be
attached to the oxy quaternary carbons C-18 (8. 146.7) and
C-28 (8,.139.5) based on ROESY correlations from H-38/H-
39 to H-17/NH and H-42/43 to NH/29-OH/H-33/33' (FI1G. 1).
A link between subunit A and B was not established, however
based on structural similarity to cystobactamide B, the point
of attachment of subunits A and B were inferred. Having
accounted for majority of the resonances, N,O;H, and 1DBE
were left to account for. The UV spectrum of the compound
showed a v,,,. of 301 and 320 nm which suggested a conju-
gated system which was only possible to have been generated
by the attachment of'a nitro functionality para- to the aromatic
system on subunit A. The remaining MF was adjusted to
generate a carboxylic acid residue (C-15) on the 1,2,3-sub-
stituted aromatic ring in subunit B generating the 4-amino-3-
isopropoxybenzoic acid moiety leading to the construction of
the planar structure of cystobactamide A.

[0260] HRESI(+)MS analysis of cystobactamide B (2)
returned a pseudomolecular formula ion (M+H)* consistent
with the molecular formula C,;H,,NO, 5, requiring twenty
eight double bond equivalents (DBE). The NMR data (Table
2) of 2 was highly similar to (1) with now the NH (8,,10.19)
and the oxymethine H-1 (8 4.32) seeing the carbonyl C-37
(8- 168.6) confirming the point of attachment of subunits A
and B. In addition to this the only change was that the carbo-
nyl amide was now adjusted to a carboxylic acid which was
later proven by generation of cystobactamide B dimethyl
ester.

[0261] HRESI(+)MS analysis of cystobactamide C (3)
returned a pseudomolecular formula ion (M+H)* consistent
with the molecular formula C,-H, N;O,, requiring 15
(DBE). The 'H NMR data for cystobactamide C showed
aromatic signals which were reminiscent of cystobactamide
A and B, however it lacked aromatic resonances for two sets
of para-substituted aromatic units. The COSY data revealed
the existing two sets of isopropoxy residues along with one
set of para-substituted aromatic ring system. Interpretation of
the 1D and 2D NMR data (Table 3, FIG. 2) identified cysto-
bactamide C (3) bearing resemblance to the eastern part of
cystobactamide A and B, consisting of 3-isopropoxybenzoic
acid, 2-hydroxy-3-isopropoxybenzamide and a para-ami-
nobenzamide unit.
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TABLE 1
NMR (700 MHz, DMSO-d,) data for cystobactamide A (1)
Oz, mult
pos (Jin Hz) o COSY HMBC ROESY
1 4.70,d (6.9) 794 2 2, 1-OMe, 1-OMe, 3
CO,NH,
2 4.96, dd 55.6 1,3 1, 1-OMe, 3, 34
(8.2,6.9) CO,NH,, 4
3 8.92,d (8.2) 2 4 1,2,6
4 166.5
5 128.6
6,6 7.96,d (8.6) 128.9 7,7 4,6,6',8 3
7,7 7.91,d (8.6) 119.8 6,6 57,7 9
8 142.2
9 10.82,s 7,7,10 7,12
10 164.6
11 140.4
12,12 8.20,d (8.6) 1295 13,13 12,12, 10,14 9
13,13 8.39,d (8.6) 123.8 12,12 11,13,13,14
14 149.6
15 167.3
16 126.2
17 7.58,s 114.2 15, 18,19, 21, 38,40
18 146.7
19 133.6
20 8.50,d (8.2) 119.8 21 16,18 21
21 7.60,d (8.2) 122.9 20 15,17 20
22 10.98,s 18,20, 23 25,39
23 163.7
24 117.3
25 7.82,d (8.7) 125.2 26 23,24,29 22
26 7.42¢ 116.3 25 27,28 30
27 136.2
28 139.5
29 150.8
30 9.88, s 26,27, 31 33,41,42,43
31 164.3
32 134.0
33,3% 8.11,d (8.3) 129.5 34,34 31, 33,3335 30,41,42,43
34,34 7.44 125.6 33,33 34,34',32 1-OMe, 2
35 137.3
36 11.53,s
37 NO
1-OMe 3.53,s 59.6 1 1,2
38 4.76, spt (6.0) 72.1 39,40 17
39 1.38,d (6.0) 22.1 38 38,40 22
40 1.38,d (6.0) 22.1 38 38, 39 17
41 4.30, spt (6.0) 76.0 42,43 30,42,43
42 1.25,d (6.0) 224 41 41,43 30, 33
43 1.25,d (6.0) 224 41 41.42 30, 33
CO,NH, 169.6
29-OH 11.25,s 27,28
“Overlapping signals,
*Assignments supported by HSQC and HMBC experiments.
TABLE 2
NMR (700 MHz, DMSO-d,) data for cystobactamide B (2)
Oz, mult
pos (Jin Hz) dc COSY HMBC ROESY
1 431, m? 82.0 2 2,37,CO,H, 2, 3,36,
1-OMe, 1-OMe
2 5.07,dd 544 1,3 CO,H 1,1-OMe, 3,
(8.1,5.6) 36
3 8.50° 2 4 1,2,6'
4 166.0
5 129.3
6,6 7.90, m® 128.6 7,7 6,68
7,7 7.90, m° 119.8 6,6 7,7 9
8 141.7
9 10.79, s 7,7,10 7,12

May 26, 2016
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TABLE 2-continued
NMR (700 MHz, DMSO-d,) data for cystobactamide B (2)
Oz, mult
pos (J'in Hz) 8¢ COSY HMBC ROESY
10 164.5
11 140.5
12,12 8.20,d (8.3) 1296 13,13 12,12, 14,10 9
13,13 8.38,d (8.3) 1238 12,12 11,14,13,13'
14 149.6
15 167.2
16 125.9
17 7.58,s 1142 15, 18,19, 21, 38,40
18 146.6
19 133.5
20 8.50%, d (8.4) 119.9 21 16, 18 21
21 7.59,d (8.4) 123.0 20 15,17
22 10.98, s 20 25,39
23 163.9
24 116.8
25 7.81,d (8.7) 125.2 26 23,29 22
26 7.52,d (8.7) 115.6 25 27,28 30
27 138.8
28 NO
29 150.7
30 9.62,s 31 33,33, 26,
41,43
31 164.5
32 129.3
33,33’ 7.97,d (8.4) 128.6 34,34 31, 33,33 30, 41,42, 43
34, 34' 7.90, m® 1198 33,33 34, 34,32 1-OMe
35 141.7
36 10.20, s 34,37 1,2, 1-OMe
37 168.6
1-OMe 3.49,s 59.3 1 1,2, 34,36
38 475, spt (6.0) 721 39,40 17
39 1.38,d (6.0) 22.1 38 38,40 22
40 1.38,d (6.0) 22.1 38 38, 39 17
41 430, m* 761 42,43 30,42, 43
42 1.25,d (6.0) 224 41 41,43 OH
43 1.25,d (6.0) 224 41 41.42 OH, 30, 33'
CO,H 170.7
OH 1122, 28, 29
TABLE 3 TABLE 3-continued

NMR (500 MHz, DMSO-d) data for cystobactamide C (3)

NMR (500 MHz, DMSO-d) data for cystobactamide C (3)

Oy, mult Oz, mult

pos (T in Hz) [ COSY HMBC pos (T in Hz) [ COSY HMBC

1 167.3 25 433, m 75.8 26/27

2 126.1 26/27 1.28,d (6.1) 22.5 25 26/27

3 7.57,8 114.1 1,5 OH 11.23,s 25 10

4 146.8

5 133.6 NO—Not Observed,

6 8.49,d (8.4) 120.0 7 2,4 *Assignments supported by HSQC and HMBC experiments

7 7.58,d (8.4) 123.0 6 1,3,5

5o 10 L640 6 [0262] HRESI(+)MS analysis of cystobactamide D (4)
10 116.0 revealed a pseudomolecular ion ([M+H]") indicative of a
11 1505 molecular formula (C,,H;,0,,N.) requiring twenty eight
g ! i] 25 double bond equivalents. Interpretation of the NMR (DMSO-
" 7.65,d (8.7) 1145 s 10.12 d,) data (Table 4) revealed magnetically equivalent aromatic
15 7.78: d(8.7) 1253 14 9: 11 protons H-12'12 (61_1 817, d, 80) and H-13/13' (6H 836, d,
16 9.12, 14,17 8.0) accounting for the first para-substituted benzene ring.
17 164.7 Further interpretation of the *H-'H COSY data revealed the
18 ' 1204 ' ' presence of two additional para-substituted benzene rings,

o T Egg; L A AT (H-35/35") (8,,7.80, d, 8.1) and H-36/36' (5,,7.94,d, 8.1); the
o1 ’ 1528 ’ second set of aromatics were heavily overlapped (H-6/6") and
2 475, m 72.0 23/24 (H-7/7" (8, 7.88). Diagnostic HMBC correlations of the aro-
23/24 1.37,d(6.0) 22.1 22 23/24 matic protons (H-12/12") to an amide carbonyl C-10 (8 165.

1) along with the exchangable (NH) (3 10.82) coupled to
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C-10, C-7/7" established the connectivity of the two para-
substituted aromatic rings (FIG. 3), which was further cor-
raborated by ROESY correlations between NH/H-12 and
NH/H-7. The COSY data revealed an additional spin system
from an oxymethine H-1 (8,,4.08, d, 8.0) through an a-proton
H-2(8,4.91, dd, 8.0, 7.7) to an exchangable proton (NH) O,
8.47). HMBC correlations from (i) H-2 to three amide carbo-
nyls C-4 (3,166.4),C-15 (d,-171.8)and C-32 (5 169.2), (ii)
NH (§,; 8.48) to C-4, (iii) NH (§,, 10.54) to C-35/35' (3.
119.5), (iv) H-6/6'to C-4 further extended the partial structure
of cystobactamide D (4). Consideration of the 1-D and 2-D
NMR data revealed an additional 1,3,4-trisubstituted and a
1,2,3,4-tetrasubstituted benzene ring. HMBC correlations
were observed from the aromatic protons H-27 (8,,7.55) and
H-29 (8 7.60) to the carbonyl C-31 (8, 167.8) and the qua-
ternary carbon C-25 (3. 133.0), while H-30 (8., 8.47,d, 7.0)
and a methoxy signal (8, 3.96) were coupled to an oxygen
bearing carbon C-26 (8. 149.1), hence revealing a 4-amino-
3-methoxybenzoic acid moiety, which was later confirmed by
esterification. Moreover, HMBC correlations were observed
from the exchangeable proton (NH) (8, 7.46) to the oxygen
bearing carbons C-1 (.. 80.8), C-18 (8. 141.0) and the aro-
matic carbon C-22 (8. 116.2), while H-22 (8, 7.48, d, 8.8)
and the methoxy showed couplings to C-18 and H-21 (8,
7.77, d, 8.8) coupled to an amide carbonyl C-23 (8. 164.8).
The presence of a hydroxyl functionality ortho to the meth-
oxy was later confirmed by esterification (4a) (FIG. 4),
revealing the presence of a 4-amino-2-hydroxy-3-methoxy-
benzamide. The attachment of the 4-amino-3-methoxyben-
zoic acid and 4-amin0-2-hydroxy-3-methoxybenzamide sub-
stituents were confirmed by ROESY and HMBC correlations
from the exchangeable NH’s observed from the cystobacta-
mide D dimethyl ester (4a). The missing substituents were to
be assigned at C-14 (8. 150.0) and the carbonyl C-38. The
A (320 nm) and the downfield chemical shift of C-14 was
suggestive of a nitro substituent at C-14 and the primary
amine attached to the carbonyl C-38, generating the planar
structure of 4.

TABLE 4

NMR (700 MHz, DMSO-d,) data for cystobactamide D (4)

Oz, mult
pos (7 in Hz) 8. COSY  ROESY HMBC
1 408,d(80) 807 2 32
2 491, dd 564 1,3 33 1,4,15,32
(8.0,7.7)
3 8.47¢ 2 4
4 166.4
5 129.5
66  7.91,m® 1290 77 4,8, 6/6
77T 791, m? 1204 6/6° 5,77
8 142.4
9 10.82,s 1212, 77 7,10
10 165.1
11 140.9
12/12 8.17,d (8.0) 1299 13/1% 9 10, 12/12, 14
13/13' 8.36,d (8.0) 1243 12/12 9 11, 13/13, 14
14 150.0
15 171.8
16 NO
17 129.5
18 141.0
19 NO
20 116.5
21 7.77,d (8.8) 125.8 22 23

22 7.48,d (8.8) 115.3 21 18,20
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TABLE 4-continued

NMR (700 MHz, DMSO-d,) data for cystobactamide D (4)

Oz, mult
pos (7 in Hz) 8. COSY  ROESY HMBC
23 164.8
24 NO
25 133.0
26 149.1
27 7.55,8 111.7 25,26, 31
28 126.3
29 7.60°,d 1233 30 25,27,31
(7.0)
30 847°,d, 1201 29 26, 28
(7.0)
31 167.8
32 169.2
33 10.54,s 2,35/35"
34 142.7
35/35 7.80, d, 119.5  36/3¢' 33 35/35', 37
(8.1)
36/36 7.94,d, 129.3  35/35 34,36/36', 38
(8.1)
37 1294
38 165.5
1-OMe  3.30,s 58.4 1
18-OMe 3.76,s 61.0 18
26-OMe 3.95,s 56.8 26

@b¢overlapping signals,
13C shifts obtained from 2D HSQC and HMBC experiments.
NO—not observed

TABLE 5

NMR (700 MHz, DMSO-dg) data for cystobactamide
D dimethyl ester (4a)

Oz, mult

pos (7 in Hz) 8. COSY  ROESY HMBC

1 4.10¢ 80.4 2 3 2

2 4.92,dd 561 1,3 3,33 1,32

(8.0,7.8)

3 8.50, d(7.8) 2 1,2, 6/6

4 165.6

5 1294
6/6' 791, m? 1288 77 3 4,8
7T 791, m® 120.1 6/6'

8 142.0

9 10.82, s 12,12, 7/7 v
10 164.8

11 140.8

12/12 8.21,d(8.7) 129.7 13/1% 9,13/13 10,12/12, 14
13/13 8.39,d (8.7) 1240 12/12 12/12 11,13/13, 14
14 149.9

15 NO

16 9.65,s 18-OMe, 38

36/36

17 129.5

18 144.7

19 152.1
20 121.8
21 7.88,d (8.8) 126.1 22 19,23
22 7.95,d(8.8) 118.9 21 18,20
23 162.6
24 10.94, s 19-OMe 30
25 132.8
26 148.3
27 7.60, s 111.2 26-OMe 25,29,31
28 124.9
29 7.67,d (8.6) 123.2 30 30 27
30 8.61,d (8.6) 119.1 29 29
31 166.4
32 169.2
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TABLE 5-continued

May 26, 2016

TABLE 6-continued

NMR (700 MHz, DMSO-d) data for cystobactamide

D dimethyl ester (4a)
Oz, mult
pos (7 in Hz) 8. COSY  ROESY HMBC
33 10.59, s 2,35/35'
34 142.8
35/35 7.83,d, 119.2  36/3¢ 33 35/35', 37
(8.1)
36/36' 7.97,d, 1291 35/35 16 34, 36/36, 37,
(8.1) 38
37 129.3
38 165.5
1-OMe 3.31 58.1
18-OMe  391,s 61.2 16 18
19-OMe  4.104, s 62.0 24 19
26-OMe 4.05 56.7 27
CO,Me 3.86,s 52.4 31

"’boverlapping signals,
3¢ shifts obtained from 2D HSQC and HMBC experiments.
NO—not observed

[0263] HRESI(+)MS analysis of cystobactamide E (5)
revealed a pseudomolecular ion ([M+H]*) indicative of a
molecular formula (C,H,;0,N5) requiring eighteen double
bond equivalents. The 'H NMR spectrum was similar to
cystobactamide D with the principle difference being the
absence of signals reminiscent for the 4-amino-3-methoxy-
benzoic acid and 4-amino-2-hydroxy-3-methoxybenzamide
moieties. Detailed analysis of the 1-D and 2-D NMR data
(Table 6) lead to the planar structure of cystobactamide E (5).

TABLE 6

NMR (700 MHz, DMSO-d®) data for cystobactamide E (5)

NMR (700 MHz, DMSO-d®) data for cystobactamide E (5)

Oz, mult
pos (7 in Hz) 8. COSY  ROESY HMBC
17 10.54, s 2,19/19", 16, 19/19'

20/20°

18 142.8
19/19' 7.77,d (8.2) 119.0 20/20 17 19/19', 21
20720 7.90, m* 130.6  19/19' 17 18, 20/20', 22
21 125.6
22 167.2
1-OMe 3.29 58.1 1

“overlapping signals,
13¢C shifts obtained from 2D HSQC and HMBC experiments

[0264] HRESI(+)MS analysis of cystobactamide F (6)
returned a pseudomolecular ion (M+H)* consistent with the
molecular Formula C,;H;,N,O, 5, requiring 28 DBE. Inter-
pretation of the NMR (DMSO-d,) data (Table 7) revealed
three sets of magnetically equivalent aromatic protons which
could be connected via COSY (6/6' and 7/7', 12/12' and
13/13', 33/33" and 34/34") and additionally in contrast to all
other cystobactamides a set of magnetically equivalent aro-
matic protons (26/26' and 27/27') which could be also con-
nected via COSY. These four sets accounted for four para-
substituted benzene rings in the molecule instead of three as
found in all other cystobactamides. Only one 1,2,3,4-tetra-
subsituted benzene ring could be detected where HMBC cor-
relations of the aromatic proton H-22 (d,, 7.22) could be
observed to the carbon C-18 (d 137.1) and C-20 (d,, 114.0)
and from the aromatic proton H-21 (d, 7.51) to C-23 (d
167.3). Protons H-21 and H-22 could be connected via COSY
correlations. Since carbons C-17, C-19 and C-22 were not
observable, the HR-MS/MS mass of all peptide-fragments
has been established and revealed the presence of 7 carbons,

8y, mult 11 protons, one nitrogen and three oxygen in the respective
pos (7 in Hz) 8- COSY  ROESY HMBC fragment, confirming the presence of a 1,2,3,4 substituted
8482 %02 > oMe.o para-amino benzene moiety on this positiqn (see FIG. 1).
4,90, dd 61 13 17 L 41516 HMBC data further confirmed the connection of H-37 (d
(8.2,7.7) ’ U 4.93) to C-18 (d 137.1). HMBC and COSY data confirmed
3 8.50,d (7.7) 2 6/6' 4 an identical linker between the two aromatic parts of the
4 165.5 molecule as found in cystobactamide D. HMBC correlations
5 ; 129.2 ' ' from the exchangeable protons H-9 (d, 10.82) to C-10 (d
oe ToLm s ; Hoos 163.9)and C-7/7'(d119.4), H-3 (d,,8.49) to C-4 (d . 165.1),
3 o 142.0 ’ H-31 (d;; 10.56) to C-30 (d 168.3) and C-32 (d 141.5) and
9 10.82, s 77, 12/12' 7/7', 10 H-16 (dH 8.91) to C-36 (dC 163.1) and C-18 (dC 137.1) and
10 164.6 COSY correlations from H-2 (d,; 4.92) to the exchangeable
11 140.5 proton H-3 (d, 8.49) as well as HRMS fragment data estab-
1212 8.21,d(8.4) 129.6 1313 o 10,12112', 14 lished the serial connectivity of all fragments. The location of
13/13' 8.38,d (8.4) 1239 1212 11,1313, 14 - : -
14 149.9 the nitro-group and the presence of the free amide group inthe
15 171.2 linker between the aromatic chains was established using
16 168.9 HR-MS/MS fragments to generate the sum-formula of the
respective fragments.
TABLE 7
NMR (700 MHz, DMSO-d,) data for cystobactamide F (6)
8y, mult
pos (I in Hz) d+  COSY ROESY HMBC
1 4.10, d(8.08) 79.7 2 1-OMe,3  1-OMe, 2, 15,30
2 4.92, 559 1,3 31 1,4,15,30
dd(4.10, 4.10)
3 8.49, d(8.14) 2 1 1,2,4
4 165.1
5 1287
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TABLE 7-continued
NMR (700 MHz, DMSO-d,) data for cystobactamide F (6)
8y, mult

pos (I in Hz) 8+  COSY ROESY HMBC
6/6' 7.91, m* 1281 7 4,6/6,8
v 791, m* 1194 6/6' 9 5, 7T

8 141.6

9 10.82, s 77, 12112 77, 8, 10
10 163.9
11 140
12/12 8.21, d(8.71) 129.1 13/13' 9 10, 12/12, 14
13/13 8.39, d(8.71) 123.3 12/12 11, 13/13’
14 149
15 170.6
16 8.91,s 34/34',38/38' 18, 36
17 NO
18 137.1
19 NO
20 114.9
21 7.51,d(9.02) 127.5 22 23
22 7.22,d(9.02) NO 21 18,20
23 167.3
24 15 very broad s
25 144.5
26/26' 7.78. d(8.57) 118.4 27/27 26/26', 28
27727 7.86, m* 130.1 26/26' 25,27/27", 29
28 1234
29 167.3
30 168.3
31 10.56, s 2,33/33 30, 33/33'
32 141.5
33/33 7.83, m? 118.9 34/34' 33/33, 35
34/34' 7.87, m* 127.5 33/33 16 32, 34/34', 36
35 129.2
36 163.1
37 4.93, m? 71 38/3% 18
38/3% 1.21, d(6.18) 224 37 16 37
1-OMe 3.31,s 574 1 1

“Overlapping signals,
NO = Not Observed,
*Assignments supported by HSQC and HMBC experiments.

[0265] HRESI(+)MS analysis of cystobactamide G (7)
returned a pseudomolecular ion (M+H)* consistent with the
molecular Formula C,,H, N-O, ,, requiring 28 DBE. Due to
overlapping aromatic signals in DMSO-d, the NMR data
acquired in Methanol-d, was used to establish the partial
structures of the aromatic and the linker fragment (Table 8).
The para-substituted benzene rings could be established via
COSY, HSQC and HMBC correlations. The configuration of
the 1,3,4-trisubstituted benzene ring (4-amino-3methoxy-
benzamide) and the methoxy-substituent (1-OMe, (d. 55.2,
d; 3.50) was established via HSQC, COSY and HMBC cor-
relations. Since not all signals on the 1,2,3,4-substituted ben-
zene moiety could be detected in methanol-d, the NMR data
measured in DMSO-d, was interpreted to establish a
4-amino-3-isopropoxy-2-hydroxy-benzamide and an identi-
cal linker between the aromatic parts as identified in cysto-
bactamide D. The connection between C-39 (d 74.4) and the
carbons C-40/40' (d 22.7) was established by COSY corre-
lations of H-39 (d, 4.82) and H-40/40' (d; 1.31) and the
connectivity between the 1,2,3,4-substituted benzene ring
and H-39 (d; 4.82) was established via HMBC correlations of
h-39 to C-18 (d 137.3 in DMSO-d,). The configuration of
this benzene moiety was further confirmed with HMBC cor-
relations in DMSO-dg of H-22 (d,; 7.04) to C-18 (d- 137.3)
and C-20 (d. 116.1) and HMBC correlations of H-21 (d
7.45)to C-23 (d- 165.4) as well as COSY correlations from

H-21 to H-22. The overall sequence, the location of the nitro-
group and the presence of the free amide group in the linker
between the aromatic chains was established using HR-MS/
MS fragments to generate the sum-formula of the respective
fragments.

TABLE 8

NMR (700 MHz, Methanol-d,) data for cystobactamide G (7), including
(700 MHz, DMSO-d,.) data for dos. 17-23 and 39-40/40'".

8, mult
pos (7 in Hz) 8. COSY ROESY HMBC
1 4.17,4(7.45) 821 2 1-OMe, 2, 15, 32
2 5.08,d(7.37)  57.2 1 1,4,15,32
3 NO
4 168.9
5 130.5
6/6' 7.93, m* 1294 1T 4,6/6', 8
T 7.89,d(8.83) 121.1 6/6' 5, 7T
8 142.9
9 NO
10 166.5
11 141.6
12/12' 8.16,d(8.77) 1299 13/13' 10, 12/12', 14
13/13' 8.38,d(8.74) 1245 12/12 11, 13/13'
14 150.9
15 174.4
16 NO
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TABLE 8-continued

NMR (700 MHz, Methanol-d,) data for cystobactamide G (7), including
(700 MHz, DMSO-d,) data for dos. 17-23 and 39-40/40".
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TABLE 8-continued

NMR (700 MHz, Methanol-d,) data for cystobactamide G (7), including
(700 MHz, DMSO-d,) data for dos. 17-23 and 39-40/40'".

Oz, mult
8, mult pos (J in Hz) 8.* COSY ROESY HMBC

pos (I in Hz) d-* COSY ROESY HMBC

39 5.05,m 69.7  40/40' 18, 40/40'
17 1394 40/40' 1.17,d(5.98) 225 39 39
18 NO NO “Overlapping signals,
19 NO NO = Not Observed,
20 NO *Assignments supported by HSQC and HMBC experiments.
- PR Ame = 2317 [0266] HRESI(+)MS analysis of cystobactamide H (8)
23 o 1687 returned a pseudomolecular ion (M+H)* consistent with the
i XO : molecular Formula C,;H;N-O,,, requiring 28 DBE. The

linker configuration between the aromatic chains was found
2 133.5 to be identical as the one found in cystobactamide D. inter-
26 149.9 pretation of HSQC, HMBC and COSY data acquired in
27 7.67,s 127 25,26,28.29,31 DMSO-d, revealed three para-substituted benzene units as
28 131.8 found in cystobactamide A, B, D, F and G. Further interpre-
29 7.61,d(8.22) 1299 30 27,30, 31 tation of the COSY, HSGC and HMBC data revealed a iden-
30 845, broadd 1205 29 tical 1,3,4-trisubstituted benzene moiety which showed
31 174.8 HMBC correlations to a methoxy group as found in all other
32 169.5 cystobactamides except cystobactamide F (confirmed by
33 NO HMBC correlation of 1-OMe (d,; 3.27) to C-26 (d 147.4)).
34 142.8 Analysis of the NMR data revealed—in accordance with the
35/35" 7.83,d(8.64) 1208 36/36' 3535, 37 other cystobactamides—a 1,2,3,4-substituted benzene moi-
36/36' 7.93, m* 1289 35/35' 34,36/36', 38 ety. Slgmﬁcant Change came from the establishment of a
37 1312 ethoxy unit via COSY correlation of methylene protons H-39
38 166.4 (dgy 4.17) to methyl group H-40 (d, 1.27) and the HMBC
19 482, 744 A0/40 40 correlations of methylene group H-39. (dg 4.17)to C-18 (d

139.5) expanding thereby the substitution pattern of the

water peak . . .

: 4-amino-2-hydroxy-3-X-benzamide moiety to X=methoxy,
40/40 131,d(6.13) 227 39 39 . .. .
LOme 350 5o . 1SOpProropoxy or ethoxy. on position 3. The sequential

’ sequence of cystobactamide H was established by HMBC
26-Ome 4025 339 %6 correlations of the exchangeable protons H-9 (d,, 10.93) to
17 NO C-10 (d, 163.9) and C-7/7' (d,. 119.6), H-33 (d,, 10.85) to
18 1373 C-32 (d. 168.7) and C-35/35' (d 118.8), H-16 (d,, 8.91) to
19 NO C-38 (d 163.1), C-18 (d 139.5) and C-22 (d 100.4) and
20 116.1 H-24 (d,; 14.71) to C-20 (d 116.1), C-25 (d 131.0), C-26
21 7.45,d(8.83) 1239 22 23 (d147.4) and C-30 (d~ 118.5) and H-2 (d,, 4.85) to C-4 (d
22 7.04,d(8.66)  99.7 21 18,20 165.5) as well as HR-MS2 fragmentation-data which also
23 165.4 enabled the localisation of the nitro-group and the establish-

ment of the free amide group in the linker moiety.
TABLE 9
NMR (700 MHz, DMSO-d,) data for cystobactamide H (8)
Az, mult

pos (T inHz) 8+  COSY  ROESY HMBC

1 422, d (8.60) 79.8 2 3,33 2,32, 1-OMe

2 4.85, 56.3 1,3 3,33 1,4,15,32

dd (8.42, 8.42)

3 9.02s 2

4 165.5

5 1288
6/6' 7.93 m” 1283 77 4,6/6',8
T 7.91 m* 119.6  6/6 5,77

8 141.7

9 10.93 s 77, 12112
10 163.9
11 140.3
1212 8.22,d(8.72) 1294 13/13' 10,1212, 14
13/13' 8.38,d(8.72) 1235 12/12 11,1313’
14 149.2
15 170.7
16 8.91s 22,39, 40 18,22,38
17 NO
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TABLE 9-continued
NMR (700 MHz, DMSO-d,) data for cystobactamide H (8)
Az, mult
pos (7 in Hz) 8+ COSY  ROESY HMBC
18 139.5
19 NO
20 116.1
21 7.45,d(8.63) 124.1 22 18, 23
22 6.95, d(8.66) 100.4 21 16 18
23 165.8
24 14.71s 26-OMe, 39 23,25, 26, 30
25 131.0
26 147.4
27 7.46, s 111.1 25,26, 29, 28, 31
28 133.9
29 7.38, m® 1213 30 27,28, 30
30 8.44, d(8.29) 1185 29 25,26, 28,
31 169.9
32 168.7
33 10.85 s 1, 2,35/35 35/35"
34 141.9
35/35 7.85, m* 118.8 36/36" 37
36/36 7.85, m* 127.7 35/35 34, 38
37 129.5
38 163.1
39 4.17,9(7.03) 654 40 18, 40
40 1.27,t(7.07) 15.7 39 39
1-Ome 3.27,s 574 1
26-Ome 3.84,s 55.2 26

“Overlapping signals,
NO = Not Observed,
*Assignments supported by HSQC and HMBC experiments.

FIGURES

[0267] FIG. 1: Key 2D NMR correlations (700 MHz,
DMSO-dy) for cystobactamide A (1)

[0268] FIG. 2: Key 2D NMR correlations (500 MHz,
DMSO-dy) for cystobactamide C (3)

[0269] FIG. 3: Key 2D NMR correlations (700 MHz,
DMSO-dy) for cystobactamide D (4)

[0270] FIG. 4: Key 2D NMR correlations of cystobacta-
mide D dimethyl ester (4a)

[0271] FIG. 5: Key 2D NMR correlations of cystobacta-
mide E (5)

[0272] FIG. 6: Key 2D NMR correlations (700 MHz,
DMSO-d,) of cystobactamide F (6)

[0273] FIG. 7: Key 2D NMR correlations (700 MHz,
MeOH-d,) of cystobactamide G (7)

[0274] FIG. 8: Key 2D NMR correlations (700 MHz,
DMSO-dy) of cystobactamide H (8)

BIOLOGICAL EVALUATION OF
CYSTOBACTAMIDES

[0275] As summarized in Tables 10a/b, cystobactamides
were evaluated against several microorganisms and cell lines.
All derivatives demonstrated a potent inhibitory effect on
various E. coli strains, including a nalidixic acid resistant
(NAL?) isolate. Overall potency (average MIC values) of the
tested derivatives increased in the following order: CysAl,
CysC<CysB<CysA, CysG<CysF. Importantly, the patho-
genic Gram-negative strains 4. baumannii and P. aeruginosa
were also inhibited by the most active derivatives, CysA,
CysB, CysG, and CysF, in the low pg/ml range, which is in
terms of MIC values only by one order of magnitude higher
than for the reference drug ciprofloxacin.

[0276] Average MIC values on Gram-positive bacteria,
suchas E. faecalis, S. aureus, and S. pneumonia were partly in
the sub-pg/ml range and the average potency of CysA and
CysB exceeded that of ciprofloxacin.

[0277] Furthermore, it was shown that cystobactamides do
not inhibit the growth of yeast and mammalian cells, respec-
tively. Thus, the cystobactamides did not cause apparent cyto-
toxicity.

Susceptibility of Mutant E. coli Strains to Cystobactamides

[0278] Quinolones are a widely used class of antibiotics
that target the type Il topoisomerases, DNA gyrase and topoi-
somerase IV. Resistance to quinolones is thereby often medi-
ated by mutations in chromosomal genes that lead to alter-
ations in the drug targets. In GyrA the quinolone-resistance
determining region (QRDR) is located between amino acids
67 and 106, whereas amino acids 83 (Ser) and 87 (Asp) are
most often involved.[*! In analogous regions of ParC, the
secondary target of quinolones, changes of amino acid 80
(Ser) are found to confer quinolone resistance.**!

[0279] Cystobactamides were screened using a panel of £.
coli strains with typical mutations in gyrA and parC genes
(Table 11). With ciprofloxacin the MIC values increase
approximately by factor 30 for the single-step gyrA muta-
tions (strain MI and WT-3.2). However, a combination of both
gyrA mutations (strain WT-3) results already in nearly clini-
cal resistance (1 mg/L). A parC mutation (strain WT-4 M2.1)
leads to a two-fold increase of the MIC of ciprofloxacin.
However, MIC values for cystobactamides did not or only
marginally increase for gyrA and parC mutant E. coli strains,
which suggests that cystobactamides might interfere with
amino acids 87 and 83 of GyrA and amino acid 80 of ParC to
a lower extent than observed for ciprofloxacin.

[0280] High-level quinolone resistance often results from a
combination of several target site mutations and altered efflux
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mechanisms. The in vitro selected mutant WT III (marR A74
bp) does not produce functional MarR, which acts as a repres-
sor of marA expression. This, in turn, leads to overproduction
of MarA and AcrAB and overexpression of the AcrAB efflux
pump is associated with the MAR (multiple antibiotic resis-
tance) phenotype.’! E. coli strain WT III was less susceptible
to ciprofloxacin treatment by a factor of ca. 4 (cp. E. coli WT).
In comparison, MIC values of cystobactamides B, F, and G
were still in the pg/ml range. Notably, the MIC of CysF on
strain E. coli WT III only increased by factor 2 compared to
wildtype E. coli DSM-1116, whereas the MIC of ciprofloxa-
cin increased by ca. factor 10.

TABLE 10a

Antimicrobial activity of cystobactamides (Cys).

CysA CysAl CysB CysC
Test organism MIC [pg/ml]

Acinetobacter baumannii 7.4 58.9 3.7 32.5
DSM-30008

Burkholderia cenocepacia >59 >59 >59 >65
DSM-16553

Chromobacterium violaceum >59 >59 14.7 16.3
DSM-30191

Escherichia coli DSM-1116 0.9 14.7 1.8 16.3
Escherichia coli DSM-12242 0.9 29.4 3.7 8.1
(NALR)

Escherichia coli DSM-26863 (tolC3) 0.5 74 1.8 4.1
Escherichia coli ATCC35218 0.9 14.7 1.8 16.3
Escherichia coli ATCC25922 0.5 74 0.9 8.1
Enterobacter aerogenes DSM-30053 >59 >59 >59 >33
Klebsiella pneumoniae DSM-30104 >59 >59 >59 65
Pseudomonas aeruginosa PA14 >59 58.9 14.7 65
Pseudomonas aeruginosa >59 58.9 14.7 65
ATCC27853

Mycobacterium smegmatis >59 >59 >59 >65
mc?155 ATCC700084

Bacillus subtilis DSM-10 0.12 1.8 0.46 2.0
Enterococcus faecalis ATCC29212 0.06 3.7 0.23 4.1
Micrococcus luteus DSM-1790 0.06 74 0.23 4.1
Staphylococcus aureus ATCC29213 0.12 14.7 0.12 8.1
Streptococcus pneumoniae 0.23 14.7 0.46 8.1
DSM-20566

Candida albicans DSM-1665 >59 >59 >59 >65
Pichia anomala DSM-6766 >59 >59 >59 >65

Test organism CysF CysG CIP

Acinetobacter baumannii — — 0.2
DSM-30008

Burkholderia cenocepacia — — 6.4
DSM-16553

Chromobacterium violaceum — — 0.006
DSM-30191

Escherichia coli DSM-1116 0.4 0.9 0.006
Escherichia coli DSM-12242 — 0.05
(NALR)

Escherichia coli DSM-26863 (tolC3) 0.4 0.9 =0.003
Escherichia coli ATCC35218 — — 0.006
Escherichia coli ATCC25922 — — =0.003
Enterobacter aerogenes DSM-30053 — — 0.2
Klebsiella pneumoniae DSM-30104 — — 0.025
Pseudomonas aeruginosa PA14 3.4 7.1 0.1
Pseudomonas aeruginosa — — 0.1
ATCC27853

Mycobacterium smegmatis — — 0.4
mc?155 ATCC700084

Bacillus subtilis DSM-10 — — 0.1
Enterococcus faecalis ATCC29212 — — 0.8
Micrococcus luteus DSM-1790 — — 1.6
Staphylococcus aureus ATCC29213 — — 0.1
Streptococcus pneumoniae — — 1.6
DSM-20566
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TABLE 10a-continued

Antimicrobial activity of cystobactamides (Cys).

Candida albicans DSM-1665 — — >6.4
Pichia anomala DSM-6766 — — >6.4

CIP reference antibiotic ciprofloxacin
— not determined

TABLE 10b

Cytotoxicity of cystobactamides (Cys).

Glso [uM]
Cell lines and primary cells CysA CysAl CysB
CHO-K1 (Chinese hamster ovary) 37-111 >111 >111
HCT-116 (human colon carcinoma) — — >50
HUVEC (human umbilical vein — — >50
endothelial cells)

Glso [uM]
Cell lines and primary cells CysC CysF CysG

CHO-K1 (Chinese hamster ovary) ca. 111 >111 37-111
HCT-116 (human colon carcinoma) — — —
HUVEC (human umbilical vein — — —
endothelial cells)

— not determined

TABLE 11

Antimicrobial activity of cystobactamides
(Cys) against E. coli mutant strains.

CysA CysAl CysB CysC

Test organism [resistance mutations] MIC [pg/ml]
Escherichia coli WT 0.5 14.7 1.8 8.1
Escherichia coli MI [gyrA(S83L)] 3.7 294 37 16.3
Escherichia coli WT-3.2 [gyrA(D87G)] 3.7 294 37 325
Escherichia coli WT-3 147  >59 74 >33

[gyrA(S83L, D87G)]
Escherichia coli WT-4M2.1 [parC(S80D)] 0.5 147 18 81

Escherichia coli MI-4 [gryM(S83L), 0.5 14.7 1.8 16.3
parC(S80I)]
Escherichia coli WTIII [marRA74bp] 14.7 589 3.7 65
CysF CysG CIP
Test organism [resistance mutations] MIC [pg/ml]
Escherichia coli WT — — 0.013
Escherichia coli MI [gyrA(S83L)] — — 0.4
Escherichia coli WT-3.2 [gyrA(DR7G)] — — 0.4
Escherichia coli WT-3 — — 0.8
[gyrA(S83L, D87G)]
Escherichia coli WT-4 M2.1 [parC(S80I)] — — 0.025
Escherichia coli MI-4 [gyrA(S83L), — — 0.4
parC(S80I)]
Escherichia coli WTIII [marRA74bp] 0.9 3.6 0.05

CIP reference antibiotic ciprofloxacin
— not determined

Experimental Procedures Cell-Based Assays

[0281] Cell lines and primary cells. Human HCT-116 colon
carcinoma cells (CCL-247) were obtained from the American
Type Culture Collection (ATCC) and Chinese hamster ovary
CHO-K1 cells (ACC-110) were obtained from the German
Collection of Microorganisms and Cell Cultures (DSMZ).
Both cell lines were cultured under the conditions recom-
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mended by the respective depositor. Primary HUVEC (hu-
man umbilical vein endothelial cells; single donor) were pur-
chased from PromoCell (Heidelberg, Germany) and cultured
in Endothelial Cell Growth Medium (PromoCell) containing
the following supplements: 2% FCS, 0.4% ECGS, 0.1 ng/ml
EGF, 1 ng/ml bFGF, 90 pg/ml heparin, 1 pg/ml hydrocorti-
sone.

[0282]

[0283] Bacterial wildtype strains used in susceptibility
assays were either part of our strain collection or purchased
from the German Collection of Microorgansims and Cell
Cultures (DSMZ) or from the American Type Culture Col-
lection (ATCC). E. coli strain WT'! and E. coli mutants were
kindly provided by Prof. Dr. P. Heisig, Pharmaceutical Biol-
ogy and Microbiology, University of Hamburg.

[0284]

[0285] Cells were seeded at 6x10° cells per well of 96-well
plates (Corning CellBind®) in complete medium (180 pl) and
directly treated with cystobactamides dissolved in methanol
in a serial dilution. Compound were tested in duplicate for 5
d, as well as the internal solvent control. After 5 d incubation,
5 mg/ml MTT in PBS (20 ul.) was added per well and it was
further incubated for 2 h at 37° C.1"1 The medium was then
discarded and cells were washed with PBS (100 pl) before
adding 2-propanol/10N HCI (250:1, v/v; 100 pl) in order to
dissolve formazan granules. The absorbance at 570 nm was
measured using a microplate reader (EL808, Bio-Tek Instru-
ments Inc.).

[0286]

[0287] MIC values were determined in microdilution
assays. Overnight cultures were diluted in the appropriate
growth medium to achieve an inoculum of 10*-10° cfu/mL.
Yeasts were grown in Myc medium (1% phytone peptone, 1%
glucose, 50 mM HEPES, pH 7.0), S. preumonia and E. faeca-
lis in tryptic soy broth (TSB: 1.7% peptone casein, 0.3%
peptone soymeal, 0.25% glucose, 0.5% NaCl, 0.25%
K,HPO,; pH 7.3); M. smegmatis in Middlebrook 7H9
medium supplemented with 10% Middlebrook ADC enrich-
ment and 2 ml/1 glycerol). All other listed bacteria were grown
in Miiller-Hinton broth (0.2% beef infusion solids, 1.75%
casein hydrolysate, 0.15% starch, pH 7.4). Cystobactamides
and reference drugs were added directly to the cultures in
sterile 96-well plates as duplicates and serial dilutions were
prepared. Microorganisms were grown on a microplate
shaker (750 rpm, 30-37° C., 18-48 h), except S. pneumonia,
which was grown at non-shaking conditions (37° C., 5% CO.,,
18 h). Growth inhibition was assessed by visual inspection
and the MIC was defined as the lowest concentration of
compound that inhibited visible growth.

Bacterial Strains.

Cytotoxicity Assay.

Susceptibility Testing.

Target Identification

[0288] To test the anti-gyrase activity of cystobactamides,
commercial E. coli gyrase supercoiling kits (Inspiralis) were
used. Cystobactamide A inhibited the E. coli gyrase (20.5 nM
eq. 1 unit) showing an apparent IC,, of 6 uM. Cystobactamide
Al inhibited the F. coli gyrase (20.5 nM eq. 1 unit) showing
an apparent IC, of 2.5 uM. Cystobactamide D inhibited the
E. coli gyrase (20.5 nM eq. 1 unit) showing an apparent ICs,
of 1 uM. Cystobactamide C inhibited the E. coli gyrase (20.5
nM eq. 1 unit) showing an apparent IC,, of 7.7 uM. Cysto-
bactamides thus are novel inhibitors of bacterial DNA gyrase.
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[0289] IC,, values of cystobactamide A-D in the Gyrase
inhibition assay:

Compound IC5¢/uM
cystobactamide A 6+/-14
cystobactamide Al 2.54/-08
cystobactamide C 7.2 4/-0.74
cystobactamide D 0.7+-04

[0290] FIG. 9a show the results of the Gyrase inhibition
assay. The gyrase reactions were titrated with varying con-
centrations of cystobactamide A, A1, C and D and resolved by
agarose gel electrophoresis. For ICs, determination the band
intensity of the supercoiled plasmid was determined using
Adobe Photoshop, plotted vs. [cystobactamide] and fitted
using Hill’s equation.

[0291] Prokaryotic DNA gyrase and topoisomerase IV
share a high degree of homology and gyrase inhibitors typi-
cally show a topoisomerase IV inhibitory activity.® To test the
influence of the cystobactamides on topoisomerase [V a com-
mercial E. coli topoisomerase IV kit (Inspiralis) was used.

[0292] Cystobactamide A inhibited the activity of . coli
topo IV only at the highest tested concentration of 815 pM.
Cystobactamide A1 inhibited E. colitopo IV showing an IC,
value of 6.4+/-1.8 uM. Cystobactamide C inhibited the activ-
ity of £. coli topo IV only at the highest tested concentration
of'300 uM. Cystobactamide D inhibited . coli topo IV show-
ing an IC;, value of 10+/-3 uM.

[0293] IC,, values for cystobactamide A-D in the E. coli
Topoisomerase IV inhibition assay:

Compound IC5¢/uM
cystobactamide A >160
cystobactamide Al 64 +/-1.8
cystobactamide C >60
cystobactamide D 10 +/-3

[0294] FIG. 96 shows the result of the Topoisomerase IV
inhibition assay. The topo IV reactions were titrated with
varying concentrations of A-D and resolved by agarose gel
electrophoresis. For IC,, determination the band intensity of
the supercoiled plasmid was determined using Adobe Photo-
shop, plotted vs. [cystobactamide] and fitted using Hill’s
equation.

[0295] Prokaryotic DNA topoisomerase [V and eukaryotic
topoisomerase II share a high degree of homology (type Ila
topoisomerases) and inhibitors of the prokaryotic enzyme
often also inhibits the eukaryotic counterpart.® To test the
influence of the cystobactamides on eukaryotic topoi-
somerase [V a commercial H. sapiens topoisomerase I kit
(Inspiralis) was used.

[0296] Cystobactamide A inhibited the activity of human
topo II only at the highest tested concentration of 815 puM.
Cystobactamide A1 inhibited human topo II showing an IC,
value of 9+/-0.03 uM. Cystobactamide C inhibited the activ-
ity ofhuman topo Il only at the highest tested concentration of
300 pM. Cystobactamide D inhibited human topo II showing
an IC,, value of 41.24/-3 uM
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[0297] IC,, values for cystobactamide A-D in the H. sapi-
ens Topoisomerase 11 inhibition assay:

Compound IC50/uM
cystobactamide A >160
cystobactamide Al 9 +/-0.03
cystobactamide C >60
cystobactamide D 412 +/-3

[0298] FIG. 9¢ shows the result of the Topoisomerase 11
inhibition assay. The topo Il reactions were titrated with vary-
ing concentrations of A-D and resolved by agarose gel elec-
trophoresis. For IC,, determination the band intensity of the
supercoiled plasmid was determined using Adobe Photoshop,
plotted vs. [cystobactamide] and fitted using Hill’s equation.
[0299] Aside the ATP-dependent type Ila topoisomerases
like E. coli gyrase, topolV and human topoll, the activity of
cystobactamides on the ATP-independent human topoi-
somerase | was tested as well.

[0300] IC,, values for cystobactamide A-D in the A. sapi-
ens Topoisomerase I inhibition assay:

Compound IC5¢/uM
cystobactamide A ~10
cystobactamide Al ~0.7
cystobactamide C ~6
cystobactamide D ~33.6

[0301] FIG. 9d shows the result of the Topoisomerase |
inhibition assay. The topo I reactions were titrated with vary-
ing concentrations of A-D and resolved by agarose gel elec-
trophoresis. For IC,, determination the band intensity of the
supercoiled plasmid was determined using Adobe Photoshop,
plotted vs. [cystobactamide] and fitted using Hill’s equation.
[0302] IC,,(gyrase) vs. ICs(topoisomerase IV) value
comparison of cystobactamide A-D:

1Cs/uM ratios
ratios gyrase  Topo IV ICsu(topo IV)/ICso(gyrase)
cystobactamide A 6 ~815 ~136
cystobactamide Al 2.5 6.4 ~2.6
cystobactamide D 0.7 10 ~14
cystobactamide C 7.2 ~300 ~42
[0303] Cystobactamides A and C show a strong preference

for gyrase as molecular target (40-100 fold stronger prefer-
ence for gyrase). Al and D both target gyrase and topoi-
somerase [V almost equally well (2.6-10 fold stronger pref-
erence for gyrase).

[0304] Generally, there are two described inhibition
modes/binding sites for gyrase inhibitors:

[0305] 1. Compounds like the fluoroquinolones bind to the
GyrA DNA complex and avoid the religation of the nicked
dsDNA (gyrase poisoning); and

[0306] 2. Aminocoumarins on the other hand bind to the
ATP binding pocket on GyrB (competitive inhibition).8
[0307] To test if cystobactamides follow any of those two
inhibition modes, DNA/gyrase complex linearization assays
(A) and ATP competition assays (B) were performed using
cystobactamide D. (A) Here, the complex of DNA and gyrase
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is trapped using SDS and the gyrase is digested using pro-
teinase K. If the gyrase/DNA complex is trapped by a gyrase
inhibitor of type 1 this will lead to the formation of linearized
plasmid (as the religation is inhibited). Type 2 inhibitor-
bound or compound-free samples will not show the formation
of linearized plasmids. The results of the assay are shown in
FIG. 10a. Ciprofloxacin (a known gyrase/DNA stabilizer)
and cystobactamide D show the formation of linearized plas-
mid after proteinase K treatment. This effect is not seen for
the untreated control. Therefore, it appears likely that cysto-
bactamides stabilize the covalent GyrA-DNA complex in a
fashion comparable to the fluoroquionolones. (B) Here, stan-
dard gyrase reactions were inhibited using a constant amount
of cystobactamide D and titrated with increasing amounts of
ATP. If ATP and cystobactamide D would compete for bind-
ing at the ATP binding pocket on the gyrase GyrB subunit,
increasing amounts of ATP would lead to the formation of
supercoiled plasmid in the assay. FIG. 105 shows the assay
results. Even at the highest ATP concentration of 10 mM
(2000 fold cystobactamide concentration) the gyrase activity
is not regained, indicating that the ATP binding pocket is not
the binding site of the cystobactamides. This result is in line
with the linearization assay results.

[0308] FIG. 11 shows the results of the DNA/gyrase com-
plex linearization assay.

Experimental Procedures

Gyrase Supercoiling Assay

[0309] To test the anti-gyrase activity of cystobactamides,
commercial . coli gyrase supercoiling kits (Inspiralis, Nor-
wich, UK) were used.3 For standard reactions 0.5 ug relaxed
plasmid were mixed with 1 unit (~20.5 nM) E. coli gyrase in
1x reaction buffer (30 pl final volume, see kit manual) and
incubated for 30 minutes at 37° C. The reactions were
quenched by the addition of DNA gel loading bufter contain-
ing 10% (w/v) SDS. The samples were separated on 0.8%
(w/v) agarose gels and DNA was visualized using Roti-Gel-
Stain (Carl Roth).

[0310] All natural products stock solutions and dilutions
were prepared in 100% DMSO and added to the supercoiling
reactions giving a final DMSO concentration of 5% (v/v).
Ciprofloxacin stock solutions and Dilutions were prepared in
10 mM HCl and 50% DMSO and used 1:10 in the final assay.

[0311] Following natural product concentrations were used
in the assay:
[0312] Cystobactamide A: 815.8 uM; 163 uM; 80 uM, 16

uM; 8 uM; 1.6 uM; 0.8 uM; 0.16 uM; 0.08 uM; 0.016 pM
[0313] Cystobactamide Al: 543.5 uM; 108.7 uM; 54 uM;
10.8 uM; 5.4 uM; 1.087 uM; 0.54 uM; 0.108 uM; 0.054 uM;
0.0108 uM

[0314] Cystobactamide C: 300 pM; 60 uM; 30 uM; 6 uM; 3
uM; 0.6 uM; 0.3 uM; 0.06 uM; 0.03 uM; 0.006 pM

[0315] Cystobactamide D: 347 uM; 173.5 uM; 86.75 uM;
43.38 uM; 21.69 uM; 10.84 uM; 5.42 uM; 2.71 pM; 1.36 uM;
0.68 uM; 0.34 uM; 0.17 uM; 0.085 uM; 0.042 uM; 0.021 uM;
0.0106 pM; 0.0053 pM

[0316] Control reactions were: no enzyme and a standard
reaction in presence of 5% (v/v) DMSO.

[0317] All reaction samples were equilibrated for 10 min-
utes at room-temperature in the absence of DNA. Then the
relaxed plasmid was added to start the reaction.

Proteinase K Linearization Assay

[0318] To test if cystobactamides stabilize the covalent
complex between DNA gyrase and the nicked DNA substrate,
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proteinase K linearization assay were performed (see a).
Standard gyrase supercoiling assays were run in the presence
of cystobactamide D (18 uM; 1.8 uM). Control reactions
contained no gyrase, no inhibitor or the known gyrase/DNA
complex stabilizer ciprofloxacin (1 uM). The reactions were
quenched by the addition of Y10 volume of 10% SDS. To
linearize the nicked DNA-gyrase complexes, 50 pug/ml pro-
teinase K were added to the reactions and incubated for 30
minutes at 37° C. The samples were separated on 0.8% (w/v)
agarose gels and DNA was visualized using Roti-GelStain
(Carl Roth). To detect linearized plasmid bands the relaxed
plasmid was digested by the single-cutting restriction enzyme
Ndel.

Gyrase Supercoiling Assay with Varying ATP Concentrations

[0319] To test if cystobactamides compete with ATP for
binding to the ATP binding pocket on GyrB, standard gyrase
supercoiling assays (see a) with varying ATP concentrations
were performed. Standard reaction mixes (1 mM ATP) were
supplemented with ATP (0.5M ATP stock solution, ATP was
purchased from Sigma-Aldrich) to final ATP concentrations
of'2.5; 5 and 10 mM. All reactions were performed in tripli-
cates.

Topoisomerase IV Relaxation Assay

[0320] To test the anti-topoisomerase IV activity of cysto-
bactamides, commercial E. coli topoisomerase IV relaxing
kits (Inspiralis, Norwich, UK) were used.4 For standard reac-
tions 0.5 pg supercoiled plasmid were mixed with 1 unit
(~20.5 nM) E. coli topoisomerase [V in 1x reaction buffer
(see kit manual) and incubated for 30 minutes at 37° C. The
reactions were quenched by the addition of DNA gel loading
buffer containing 10% (w/v) SDS. The samples were sepa-
rated on 0.8% (w/v) agarose gels and DNA was visualized
using Roti-GelStain (Carl Roth).

[0321] Following natural product concentrations were used
in the assay:
[0322] Cystobactamide A: 815.8 uM; 163 uM; 80 uM, 16

uM; 8 uM; 1.6 uM; 0.8 uM; 0.16 pM; 0.08 uM; 0.016 uM
[0323] Cystobactamide Al: 543.5 uM; 108.7 uM; 54 uM;
10.8 uM; 5.4 uM; 1.087 uM; 0.54 uM; 0.108 uM; 0.054 uM;
0.0108 uM

[0324] Cystobactamide C: 300 uM; 60 uM; 30 uM; 6 uM; 3
uM; 0.6 uM; 0.3 uM; 0.06 uM; 0.03 uM; 0.006 pM

[0325] Cystobactamide D: 347 uM; 173.5 uM; 86.75 uM;
43.38 uM; 21.69 uM; 10.84 uM; 5.42 uM; 2.71 uM; 1.36 uM;
0.68 uM; 0.34 uM; 0.17 uM; 0.085 uM; 0.042 uM; 0.021 uM;
0.0106 pM; 0.0053 pM

[0326] Control reactions were: no enzyme and a standard
reaction in presence of 5% (v/v) DMSO. All reaction samples
were equilibrated for 10 minutes at room-temperature in the
absence of DNA. Then the relaxed plasmid was added to start
the reaction.

Topoisomerase 11 Relaxation Assay

[0327] To test the anti-topoisomerase 1l activity of cysto-
bactamides, commercial human topoisomerase [V relaxing
kits (Inspiralis, Norwich, UK) were used.4 For standard reac-
tions 0.5 pg supercoiled plasmid were mixed with 1 unit
(~20.5nM) E. coli topoisomerase 11 in 1x reaction bufter (see
kit manual) and incubated for 30 minutes at 37° C. The
reactions were quenched by the addition of DNA gel loading
buffer containing 10% (w/v) SDS. The samples were sepa-
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rated on 0.8% (w/v) agarose gels and DNA was visualized
using Roti-GelStain (Carl Roth).

[0328] Following natural product concentrations were used
in the assay:
[0329] Cystobactamide A: 815.8 uM; 163 uM; 80 uM, 16

uM; 8 uM; 1.6 uM; 0.8 uM; 0.16 uM; 0.08 uM; 0.016 pM
[0330] Cystobactamide Al: 543.5 uM; 108.7 uM; 54 uM;
10.8 uM; 5.4 uM; 1.087 uM; 0.54 uM; 0.108 uM; 0.054 uM;
0.0108 uM

[0331] Cystobactamide C: 300 pM; 60 uM; 30 uM; 6 uM; 3
uM; 0.6 uM; 0.3 uM; 0.06 uM; 0.03 uM; 0.006 pM

[0332] Cystobactamide D: 347 uM; 173.5 uM; 86.75 uM;
43.38 uM; 21.69 uM; 10.84 uM; 5.42 uM; 2.71 pM; 1.36 uM;
0.68 uM; 0.34 uM; 0.17 uM; 0.085 uM; 0.042 uM; 0.021 uM;
0.0106 pM; 0.0053 pM

[0333] Control reactions were: no enzyme and a standard
reaction in presence of 5% (v/v) DMSO. All reaction samples
were equilibrated for 10 minutes at room-temperature in the
absence of DNA. Then the relaxed plasmid was added to start
the reaction.

Topoisomerase I Relaxation Assay

[0334] To test the anti-topoisomerase 11 activity of cysto-
bactamides, commercial H. sapiens topoisomerase | relaxing
kits (Inspiralis, Norwich, UK) were used.4 For standard reac-
tions 0.5 pg supercoiled plasmid were mixed with 1 unit
(~20.5 nM) H. sapiens topoisomerase | in 1x reaction buffer
(see kit manual) and incubated for 30 minutes at 37° C. The
reactions were quenched by the addition of DNA gel loading
buffer containing 10% (w/v) SDS. The samples were sepa-
rated on 0.8% (w/v) agarose gels and DNA was visualized
using Roti-GelStain (Carl Roth).

[0335] Following natural product concentrations were used
in the assay:

[0336] Cystobactamide A: 815 uM; 81.5 uM; 8.15 uM
[0337] Cystobactamide Al: 543 uM; 54.3 uM; 5.43 uM
[0338] Cystobactamide C: 300 uM; 30 uM; 3 uM

[0339] Cystobactamide D: 277 uM; 27.2 uM; 2.77 uM
[0340] Control reactions were: no enzyme and a standard

reaction in presence of 5% (v/v) DMSO. All reaction samples
were equilibrated for 10 minutes at room-temperature in the
absence of DNA. Then the relaxed plasmid was added to start
the reaction

Quantification and Analysis

[0341] To determine IC50 values, the formation of super-
coiled (gyrase) or relaxed (topoisomerase I, II IV) plasmid
was quantified using Adobe Photoshop (Histogram mode).
Plotting of these values versus the compound concentration
yielded sigmoidal shaped curves, which were fitted using
Hill’s equation (Origin Pro 8.5). All determined IC50 values
are the averages of three independent experiments.
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Synthesis of Cystobactamide A and C

[0350] First, the synthesis of cystobactamide C is described
which can further be elaborated to the other cystobactamides.

1.1. Cystobactamide C

[0351] Thefollowing Schemes 1 and 2 provide an overview
on the synthesis of individual aromatic building blocks fol-
lowed by assembling these to generate cystobactamide C.
[0352] Alternatively, step e) in Scheme 1 can be modified
by using another alcohol (R'OH) instead of ‘PrOH. If for
example EtOH is used, building blocks of cystobactamide H
can be prepared. The same applies for step b) in the second
reaction sequence given in Scheme 1. Here, also "PrOH can be
exchanged by any other alcohol (R'OH). If for example
MeOH is used, building blocks of cystobactamides C, G and
H can be prepared. For the preparation of cystobactamide F,
p-amino-benzoic acid derivatives such as p-aminobenzoic
acid or corresponding N-protected aminobenzoic acid deriva-
tives and p-nitrobenzoic acids are employed instead of build-
ing block B.

Scheme 1: Syntheses of arenes A and B followed by amide coupling.

(central aromatic moiety)

Br o] Br
B a0 j\ d-
B —— B ———
OH (@) Ph
OMe OMe
)O\ g)-D)
—
0,N 0 Ph

0
OH DD OH
AN
O,N oH O,N OBn
O\(

A
a) BBr3, CH,Cb, -40° C.-1t, 17 h (95%); b) NaBH,, THF, -40° C.-t, 30 min (91%);
¢) PhCH(OMe),, pTSA=H,O, THF, 1t, 5 days (56%); d) Ni(NO3),*SH,0, pTsOH-H,0,
acetone, 1t, 2.5 h (74%); ¢) ‘PrOH, DEAD, PPh,, THF, 1t, 17 h (85%); f) Pdy(dba)s,
(PhO);P, 'PrOH, dioxane, 80° C., 1.5 h (70%); g) Camphor-10-sulfonic acid,
CH,Cl/MeOH (1:2), 0° C.-rt, 17 h (90%); h) MnO,, CH>Cly, 1t, 17 h (81%); 1) 2-
methyl-2-butene, NaCl0,/NaH,POy, ‘BuOH, 1t, 17 h (75%); j) TMSCHN,,
MeOH/PHME, 0° C.-1t, 30 min (57%); k) BnOH, DEAD, PPh;, THF, 1t, 17 h (90%); 1)
LiOH, THE/H,O (1:1), rt, 17 h (99%).

(terminal trisubstituted aromatic moiety)
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-continued

CO.H CO,Me
a)-c)
—_—
0,N H,N
OH OY
B

a) TMSCHN,, MeOH/PhMe, 0° C.-1t, 30 min (90%); b) ‘PrOH, DEAD, THF, 1t, 17 h
(quant); ¢) Pd/C, MeOH, H; atm., rt, 17 h (quant).

(merging aromatic moieties A and B)

05N
o: ; SCOH + HpN” ;
)\ OBn o)

CO,Me
a)
—_—
) \(

B

COMe
Y OH O
0
N
i
0
ON Y

a) L. A, Goshez's reagent, CH,Cl5, 40° C., 3 h; II. B, DIPEA, CH,Cly, 1t, 10 min, thenI.,
40° C., 2 days (68%)

Scheme 2: Finalization of cystobactamide C synthesis.

Cystobactamide C (finalization of synthesis)

CO,Me
0
it .
0-N OBn

he

O\(
COMe
)
N +
H
o
N OBn Y
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-continued
CO,H
b)-d)
—_—

29

T

BocHN

[0}
0 N
H
N OH
H
OY

Cystobactamide C

CO,H

LN

a) Pd/C, MeOH, H, atm., 1t, 3 h (96%); b) I. 4-Boc aminobenzoic acid, Goshez's
reagent, CH,Cly, rt, 1 h; IL. B. DIPEA, CH,Cl; then L, 1t, 1 day (72%); ¢) TFA/CH,Cl,
(10:1), 1t, 17 h (quant.); d) LiOH, THE/H,O (1:1), rt, 17 h (99%).

1.2 Cystobactamide A
[0353] The more complex cystobactamides consist of the
bisamide that represents cystobactamide C, a bisarylamide
(fragment C) and a chiral linker element. In this section frag-
ment C and the chiral linker element are reported first which

is followed by the assembling of all three elements to provide
cystobactamide A.

Scheme 4: Synthesis of carboxylic acid D starting from methylcinnamate.

OH
CO;Me CO,Me b
Ph/\/ 2 A, Ph)ﬁ/ 2 o,

OH

N3 N3 (¢]
COMe  f),g)

P —™ Pi

OMe OMe

k)

O

38

Wi

: COMe ¢
Ph/Y e
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1.2.1 Synthesis of Bisarene C.
[0354]

Scheme 3: Synthesis of activated fragment C.

Fragment C
COMe CO;Me
a)-c)
+ —_
HN O,N
O
O 0
0,N o OEt

C
a) P(OMe)3, [, THEF, 3 days (75%); b) LiOH, THE/H,O (1:1), 1t, 17 h (80%); ¢) ethyl
chloroformate, EtsN, CH3CN, 0° C. 30 min (67%).

1.2.2 Synthesis of the Chiral Building Block D with Bisarene
C Attached

[0355] The synthesis starts from methyl cinnamate and
chirality is introduced by the Sharpless asymmetric dihy-
droxylation. The phenyl ring serves as protecting group for
the second carboxylate which is oxidatively liberated.
Finally, building block C is attached to the free amino group.
The corresponding enantiomeric fragment (ent)-D was pre-
pared using AD mix a instead of AD mix f3.

T

N3
COMe  d), e)
Ph —_—
OAc

OAc

N; 0
h) i) )
—  HO,C (o) —
OMe
@]
O o)
N © /(
0N N OEt
C

NH, [0}
MeozC/H)‘\O%
OMe

(@]
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/Q/(NH i
N

MeO,C

)

OMe
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[@] 2 @] 2
N NH O N I%TH O
0N H 0N H /\)k
MeO,C OH MeO,C ; OH
OMe (E)Me
D ent-D

a) AD mix f3, MeSO,NH,, tBuOH/H,O (1:1), 0° C., 12 h, then 25° C,, 12 h, (79%, ee > 99%); b) 33% HBr/HOAc, 45° C., 30 min,. (71%); ¢) NaN3, DMF, 25° C., 3 h, then40° C., 2 h
(89%); d) KOH, THE/H,O; ¢) 2. Mel, AgyO, CaSO4 (74% for two steps); ) KOH, THE/H,O; g)MeoN —CH(OtBu),, toluene, 80° C. (87% for two steps); h) RuClz*H,O, NalOy,
CHCI3/CHO30CN/H,0, 70° C.; i) Mel, Ag,O, CaSOy; j) PhyP, THE/H,O, 50° C., k) DMF (16% for four steps); 1) CF3CO,H, CH,Cl,, (quant).

Scheme 5: Finalization of cystobactamide A synthesis.
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Cystobactamide A (finalization of synthesis)
(Fragment A + Fragment B)
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-continued
o} OMe

O

NO,

a) HOAt, EDCHCI, DIPEA, CH,Cly, tt, 17 h (75%); b) LiOH, THE/H,O(1/1), tt, (95%).

2. EXPERIMENTALS

2.1 General Experimental Information

[0356] All reactions were performed in oven dried glass-
ware under an atmosphere of nitrogen gas unless otherwise
stated. 'H-NMR spectra were recorded at 400 MHz with a
Bruker AVS-400 or at 500 MHz with a Bruker DRX-500.
13C-NMR spectra were recorded at 100 MHz with a Bruker
AVS-400 and at 125 MHz with a Bruker DRX-500. Multi-
plicities are described using the following abbreviations:
s=singlet, d=doublet, t=triplet, gq=quartet, m=multiplet,
b=broad. Chemical shift values of 'H and >*C NMR spectra
are commonly reported as values in ppm relative to residual
solvent signal as internal standard. The multiplicities refer to
the resonances in the off-resonance decoupled spectra. These
were elucidated using the distortionless enhancement by
polarization transfer (DEPT) spectral editing technique, with
secondary pulses at 90° and 135°. Multiplicities are reported
using the following abbreviations: s=singlet (due to quater-
nary carbon), d=doublet (methine), t=triplet (methylene),
gq=quartet (methyl). Mass spectra (EI) were obtained at 70 eV
with a type VG Autospec spectrometer (Micromass), with a
type LCT (ESI) (Micromass) or with a type Q-TOF (Micro-
mass) spectrometer in combination with a Waters Aquity
Ultraperformance LC system. Analytical thin-layer chroma-
tography was performed using precoated silica gel 60 F,s,
plates (Merck, Darmstadt), and the spots were visualized with
UV light at 254 nm or alternatively by staining with potas-
sium permanganate, phosphomolybdic acid, 2,4-dinitrophe-
nol or p-anisaldehyde solutions. Tetrahydrofuran (THF) was
distilled under nitrogen from sodium/benzophenone. Dichlo-
romethane (CH,Cl,) was dried using a Solvent Purification
System (SPS). Commercially available reagents were used as
supplied. Preparative high performance liquid chromatogra-
phy using a Merck Hitachi LaChrom system (pump [.-7150,
interface D-7000, diode array detector [.-7450 (A=220-400
nm, preferred monitoring at A=230 nm)) with column (abbre-
viation referred to in the experimental part given in parenthe-
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O
HN
)\ o
O
OH HN
)\o: : ~COH
Cystobactamide A

ses): Trentec Reprosil-Pur 120 C18 AQ 5 um, 250x8 mm,
with guard column, 40x8 mm (C18-SP). Flash column chro-
matography was performed on Merck silica gel 60 (230-400
mesh). Eluents used for flash chromatography were distilled
prior to use. Melting points were measured using a SRS
OptiMelt apparatus. Optical rotations [] were measured on
a Polarimeter 341 (Perkin Elmer) at a wavelength of 589 nm
and are given in 107" deg cm® g~*.

2.2 Specific Procedures

4-Aminomethylbenzoate

[0357]
COMe
NH;
[0358] MeOH (200 mL) was provided in a flask and acetyl

chloride (2.6 mL,, 36.5 mmol, 1 eq) was slowly added. Then
4-aminobenzoic acid (5.00 g, 36.5 mmol) was added and the
solution was stirred 7 days at room temperature. The solvent
was removed under reduced pressure and 4-aminomethyl-
benzoate (5.38 g, 35.59 mmol, quantitative) was obtained as
a beige solid.

[0359] The titled compound decomposes before reaching
its melting point.

[0360] ATR-IR (neat): i=2828, 2015, 1724, 1612, 1558,
1508, 1430, 1316, 1280, 1181, 1109, 1072, 1022, 984, 959,
853, 786, 757, 686, 653 cm™".

[0361] 'H-NMR (400 MHz, CD,0D): 8 8.19-8.13 (m, 2H),
7.53-7.48 (m, 2H), 3.93 (s, 3H) ppm.

[0362] '*C-NMR (100 MHz, CD,OD): 8 167.2 137.0, 132.
4,131.7,124.2, 53.0 ppm
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[0363] HRMS (ESI): Calculated for CgH,,\NO, (M+H)™:
152.0712. found: 152.0706.

4-(4-Nitrobenzamido)methyl benzoate

[0364]
COOMe
(€]
N
H
NO5
[0365] A solution of P(OMe); (3.5 mL, 29.8 mmol) in

CH,Cl, (100 mL) was cooled with an ice bath, then 1, (7.56 g,
29.8 mmol) was added. After the solid iodine was completely
dissolved, p-nitrobenzoic acid (5.52 g, 29.8 mmol) and Et;N
(4.70 mL, 33.7 mmol) were added in sequential order, and the
solution was stirred for 10 minutes in a cooling bath. 4-ami-
nomethylbenzoate (3.00 gr, 19.9 mmol) was added and the
mixture was stirred for 10 minutes. After removing the cool-
ing bath, the reaction mixture was stirred for 3 days at room
temperature, then diluted with saturated aqueous NaHCO,
and extracted with dichloromethane (3x). The combined,
organic layer was sequentially washed with H,0, 1 M HCI,
H,0, and brine. The combined organic layers were dried with
anhydrous MgSO, and the solvent concentrated in vacuo,
yielding the title compound (4.4 g, 14.65 mmol, 75%) as a
beige solid. mp: 245-246° C.

[0366] 'H NMR (400 MHz, DMSO) 8 10.87 (s, 1H,z),
8.39 (d, J=8.8 Hz, 2H), 8.20 (d, J=8.8 Hz, 2H), 7.99 (d, J=8.8
Hz, 2H), 7.95 (d, J=8.8 Hz, 2H), 3.84 (s, 3H,,.) ppm.
[0367] '*C NMR (100 MHz, DMSO) 8 166.2, 164.9, 149.
77,143.6,140.7,130.7,129.8,125.3,124.2,120.2, 52.4 ppm.

[0368] HRMS (ESI): Calculated for C, H,;N,O,Na
(M+H)*: 301.0824. found: 301.0828.

4-(4-Nitrobenzamido)benzoate

[0369]
COOH
(€]
N
H
NO5
[0370] 4-(4-Nitrobenzamido)methyl benzoate (4.32 g,

14.38 mmol) was dissolved in a mixture 1/1 of THF/H,O
(77/77 mL). Then, solid LiOH (5.16 g, 215.66 mmol) was
added and the system was stirred at room temperature for 17
hours. 1M HCI was added until pH-1 and the resulting solid
was filtered and dried in vacuo. The title compound (3.3 g,
11.54 mmol, 80%) was obtained as a pale yellow solid. mp:
322-324°C.

[0371] 'H NMR (400 MHz, C4Dy) 8 10.83 (s, 1He 007,
8.34 (d, J=8.6 Hz, 1H), 8.29 (d, J=8.6 Hz, 1H), 8.13 (d, J=8.6
Hz, 1H), 8.06 (d, J=8.6 Hz, 1H), 7.75 (s, 1H,,;,) ppm.
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[0372] '*CNMR (100 MHz, CsDy) 8 168.2, 164.6, 162.2,
149.7,143.9, 141.1, 131.1, 129.8, 123.5, 120.4 ppm.

[0373] HRMS (ESI): Calculated for C, ,H,N,Os(M-H)™:
285.0511. found: 285.0506.

(Ethyl carbonic) 4-(4-nitrobenzamido)benzoic
anhydride

[0374]

0 0
LT
jon
H
0N

[0375] To a stirred solution of 4-aminobenzoic acid (1.5 g,
10.9 mmol) and N, N-dimethylaniline (2.0 g, 10.9 mmol) in
acetone was added 4-nitrobenzoyl chloride at 0° C. Then, the
reaction mixture was allowed to warm to room temperature
and stirred for another hour. The resulting solid was filtered
and purified by recrystallization in DMF to aftord 4-(4-nitro-
benzoylamino)-benzoic acid (2.75 g, 88%).

[0376] 4-(4-Nitro-benzoylamino)-benzoic acid (0.6 g, 2.1
mmol) was dissolved in 14 ml CH,CN. Then Et;N (0.31 ml,
2.2 mmol) was added at 0° C. To this resulting solution ethyl
chloroformate was added. After stirring for 30 min at 0° C.,
the white precipitate was filtered and washed with cold
CH,CN, then dried under high vacuum at room temperature
to afford the title anhydride 0.5 g, 67%.

[0377] 'H-NMR (400 MHz, DMSO, DMS0=2.50 ppm):
8=1.33 (dd, I=7.2 Hz, 3H), 4.37 (q, J=7.2 Hz, 2H), 8.02-8.09
(m, 4H), 8.21 (d, J=8.8 Hz, 2H), 8.40 (d, J=8.8 Hz, 2H), 11.01
(s, 1H).

3-Hydroxy-4-nitromethylbenzoate

[0378]
CO,Me
O>N
OH
[0379] TMSCHN, (2.0 M in Et,0, 13.20 mL, 26.48 mmol)

was added to a solution of 3-hydroxy-2-nitrobenzoic acid
(2.50 g, 13.65 mmol) in a mixture of toluene/methanol (81/36
ml) at 0° C. After stirring at 0° C. for 30 minutes, the solvent
was evaporated in vacuo to give an oily residue, which was
purified by flash chromatography (petroleum ether/ethyl
acetate=9:1) to yield the title compound (2.43 g, 12.33 mmol,
90%) as a yellow solid.

[0380] mp: 91-92°C.

[0381] 'H NMR (400 MHz, CDCI,) 8 10.49 (s, 1H_ ),
8.17 (d, J=8.8 Hz, 1H), 7.83 (d, J=1.8 Hz, 1H), 7.61 (dd,
J=8.8, 1.8 Hz, 1H), 3.96 (s, 3H) ppm. '*C NMR (100 MHz,
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CDCl;) § 165.0, 154.8, 138.1, 125.4, 121.8, 120.74, 53.1
ppm. HRMS (ESI): Calculated for CZH,NO; (M-H)™: 196.
0246. found: 196.0249.

3-Isopropoxy-4-nitromethylbenzoate

[0382]
CO,Me
0,N
O\(
[0383] 3-Hydroxy-4-nitromethylbenzoate (2.30 g, 10.89

mmol) was dissolved in THF (100 mL). ‘PrOH (1.10 mL,
14.16 mmol) and PPh; (3.90 g, 14.70 mmol) were added, and
the mixture was stirred until all components were dissolved.
DEAD (2.2 M in toluene, 14.16 mmol, 6.50 ml) was added
and the mixture was stirred at room temperature 17 hours. The
solvent was evaporated in vacuo to give an oily residue, which
was purified by flash chromatography (petroleum ether/ethyl
acetate=95:5) to yield the title compound (2.61 g, 10.91
mmol, quantitative) as a yellow oil.

[0384] 'H NMR (400 MHz, CDCl,) 8 7.75 (d, 1=8.4 Hz,
2H), 7.64 (dd, J=8.3, 1.6 Hz, 1H), 4.77 (hept, J=6.1 Hz, 1H),
3.95 (s, 3H), 1.41 (s, 3H), 1.40 (s, 3H) ppm.

[0385] '>C NMR (100 MHz, CDCL,) 8 165.5,150.9, 134.6,
125.2,121.2, 117.1,73.2, 52.9, 21.9 ppm.

[0386] HRMS (Qtof): Calculated for CZH,NOS (M+Na)*:
262.0691. found: 262.0700.

3-Isopropoxy-4-aminomethylbenzoate

[0387]
CO>Me
HN
OY
[0388] 3-Isopropoxy-4-nitromethylbenzoate (2.60 g, 10.87

mmol) was dissolved in MeOH (91.0 mL.) and degassed. Pd/C
(10% wt., 0.58 g, 0.54 mmol) was added and vacuum was
applied under cooling to remove air. The flask was flushed
with H, and the suspension was stirred for 17 hours at room
temperature. The catalyst was filtered over Celite®, washed
with MeOH and the solvent was removed under reduced
pressure. The crude product was purified by flash chromatog-
raphy (petroleum ether/EtOAc=7/3). 3-Isopropoxy-4-ami-
nomethylbenzoate was obtained (2.27 g, 10.85 mmol, quan-
titative) as a light orange solid.
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[0389] mp: 55-57°C.

[0390] 'H NMR (400 MHz, CDCl;) 8 7.51 (dd, J=8.2, 1.7
Hz, 1H), 7.46 (d, J=1.7 Hz, 1H), 6.66 (dd, ]=8.2, 5.1 Hz, 1H),
4.63 (sept, J=5.1 Hz, 1H), 3.85 (s, 3H), 1.36 (s, 3H), 1.35 (s,
3H) ppm.

[0391] '*CNMR (100 MHz, CDCl,) § 167.5, 144.24, 142.
3,124.0,119.5, 114.1, 113.5, 70.9, 51.8, 22.3 ppm.

[0392] HRMS (ESI): Calculated for C, ;H, ;NO; (M+H)":
210.1130. found: 210.1126.

6-Bromo-2,3-dihydroxybenzaldehyde

[0393]
Br (€]
H
OH
OH
[0394] To a solution of 6-bromo-2-hydroxy-3-methoxy-

benzaldehyde (25.0 g, 108.2 mmol) in CH,CI, (270 mL) at
-30° C. was slowly added BBr; (1 M in CH,Cl,, 200.0 mL,
200.0 mmol) via additional funnel over a period of 45 min-
utes. The solution was allowed to warm to room temperature
and stirred 17 hours. H,O was added and the reaction mixture
was stirred for additional 30 minutes. The solution was then
extracted with EtOAc (3x) and washed with H,O. The com-
bined, organic layers were dried over anhydrous MgSO,,
filtered and concentrated in vacuo to give the title compound
(22.16 g,102.11 mmol, 95%) as a yellow solid. mp: 135-136°
C.

[0395] 'H NMR (400 MHz, CDCl,) § 12.13 (d, J=0.5 Hz,
1H_ o), 10.27 (s, 1H__py0), 7.07 (d, J=8.5 Hz, 1H), 7.02
(dd, J=8.5, 0.5 Hz, 1H), 5.67 (s, 1H__ ;) ppm.

[0396] '*CNMR (100 MHz, CDCl,)198.4,151.2,145.0,
124.4,122.0,117.5,116.1 ppm. HRMS (ESI): Calculated for
C. H,BrO; (M-H)™: 214.3943. found: 214.9344.

4-Bromo-3-hydroxymethylbenzene-1,2-diol

[0397]
Br
OH
OH
OH
[0398] A solution of 6-bromo-2,3-dihydroxybenzaldehyde

(22.16 g, 102.10 mmol) in THF (650 mL) at -40° C. was
treated with NaBH,, (3.86 g, 102.10 mmol) portion wise (3x).
The resulting mixture was stirred for 30 minutes at room
temperature. A saturated aqueous solution of NH,CI was
added and the mixture was stirred for another 10 minutes,
before being finally treated with 1M HCI. After 10 minutes of
additional stirring, the aqueous phase was extracted with
EtOAc (3x). The combined, organic extracts were dried over
anhydrous MgSO, and filtered. The solvent was removed
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under reduced pressure to yield the title compound (20.27 g,
92.53 mmol, 91%) as a colorless solid.

[0399] mp: 90-92° C.

[0400] 'H NMR (400 MHz, MeOD) § 6.88 (d, 1=8.5 Hz,
1H), 6.64 (d, J=8.5 Hz, 1H), 4.82 (s, 2H) ppm.

[0401] '*CNMR (100 MHz, MeOD) 8 147.1, 146.1, 126.9,
123.9,116.6, 114.4, 61.1 ppm. HRMS (ESI): Calculated for
C,HBrO; (M-H)™: 216.9500. found: 216.9505.

5-Bromo-2-phenyl-4H-benzo-[ 1,3]-dioxin-8-ol
[0402]

A

(6] Ph

OH

[0403] A solution of 4-bromo-3-hydroxymethylbenzene-1,
2-diol (20.27 g, 92.53 mmol) in THF (550 mL) was treated
with PhCH(OMe), (20.8 mL, 138.8 mmol) and pTSA.H,O
(0.19 g, 1.02 mmol). The mixture was stirred at room tem-
perature for 5 days. CH,Cl, was added and then washed
successively with 5% aqueous NaHCO,; and brine. The aque-
ous phase was extracted with EtOAc (3x). The combined,
organic extracts were dried over anhydrous MgSO,,, filtered
and the solvent was removed under reduced pressure. Purifi-
cation by flash chromatography (petroleum ether/EtOAc=95/
5) afforded 5-bromo-2-phenyl-4H-benzo-[1,3]-dioxin-8-0l
(16.02 g, 52.16 mmol, 56%) as a colorless solid.

[0404] mp: 89-91° C.

[0405] 'H NMR (400 MHz, CDCl,) & 7.62-7.55 (m, 2H),
7.50-7.43 (m, 3H), 7.07 (d, J=8.6 Hz, 1H), 6.78 (d, J=8.6 Hz,
1H), 5.97 (s, 1H), 5.40 (s, IH__ ), 4.99 (s, 2H) ppm.
[0406] '*CNMR (100 MHz, CDCl,) 8 144.0, 141.8, 136.1,
130.1, 128.8, 126.7, 124.9, 121.0, 115.0, 109.4, 100.0, 67.8
ppm.

[0407] HRMS (ESI): Calculated for C, ,H, ,BrO; (M-H)™:
304.9813. found: 304.9813.

5-Bromo-7-nitro-2-phenyl-4H-benzo-[1,3]-dioxin-8-

ol
[0408]
Br
O
0,N o)\ Ph
OH
[0409] 5-Bromo-2-phenyl-4H-benzo-[1,3]-dioxin-8-ol

(6.00 g, 19.54 mmol; max. amount) was dissolved in acetone
(250 mL). Then, Ni(NO,),.5H,O (5.68 g, 19.54 mmol) and
pTSA.H,O (3.72 g, 19.54 mmol) were added. The mixture
was stirred at room temperature for 2.5 h. The reaction mix-
ture was filtered over Celite®, washed with CH,Cl, and con-
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centrated in vacuo. Purification by flash chromatography (dry
load: SiO,+CH,Cl,; petroleum ether/ethyl acetate=9:1)
yielded the titel compound (5.08 g, 14.43 mmol, 74%) as a
bright yellow solid.

[0410] mp: 154-156° C.

[0411] 'H NMR (400 MHz, CDCl,) 8 10.60 (s, 1TH_ ),
7.96 (s, 1H), 7.65-7.57 (m, 2H), 7.48-7.42 (m, 3H), 6.02 (s,
1H), 4.99 (s, 2H) ppm.

[0412] '*CNMR (100 MHz, CDCl,) 8 144.9,135.5,133.2,
130.2, 129.0, 128.9, 126.7, 119.2, 109.2, 99.9, 67.4 ppm.
[0413] HRMS (ESI): Calculated for C,,H,;BrNOs
(M-H)": 359.9664. found: 349.9660.

5-Bromo-8-isopropoxy-7-nitro-2-phenyl-4H-benzo-
[1,3]-dioxine

[0414]
Br
(6]
O>N o)\ Ph
O\(
[0415] 5-Bromo-7-nitro-2-phenyl-4H-benzo-[1,3]-dioxin-

8-01 (13.79 g, 39.16 mmol) was dissolved in THF (429 mL).
iPrOH (4.00 mL, 50.91 mmol) and PPh, (13.87 g, 52.87
mmol) were added, and the mixture was stirred until all
components were dissolved. DEAD (2.2 M in toluene, 23.1
ml, 50.91 mmol) was slowly added (via syringe pump) and
the mixture was stirred at room temperature 17 hours. The
solvent was evaporated in vacuo to give an oily residue, which
was purified by flash chromatography (petroleum ether/ethyl
acetate=96:4) to yield the title compound (13.08 g, 33.18
mmol, 85%) as a colorless solid.

[0416] mp: 87-89° C.

[0417] 'HNMR (400 MHz, CDCl,) 8 7.59 (s, 1H), 7.59-7.
54 (m, 2H), 7.50-7.43 (m, 3H), 5.97 (s, 1H), 5.00 (s, 2H), 4.69
(hept, J=6.2 Hz, 1H), 1.31 (d, J=6.2 Hz, 3H), 1.28 (d, J=6.2
Hz, 3H) ppm.

[0418] '*CNMR (100 MHz, CDCl,) 8216.8, 149.0, 144.5,
139.9, 135.7, 130.1, 128.8, 126.4, 126.2,119.8, 112.7, 99.7,
78.1, 67.6, 22.6, 22.4 ppm.

[0419] HRMS (Qtof): Calculated for C, ,H,;BrNOs
(M+Na)*: 416.0110. found: 416.0101.

8-Isopropoxy-7-nitro-2-phenyl-4H-benzo-[1,3]-di-

oxin, 73
[0420]
0
0,N o)\ Ph
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[0421] 5-Bromo-8-isopropoxy-7-nitro-2-phenyl-4H-
benzo-[1,3]-dioxine 72 (4.00 g, 10.15 mmol), Pd,(dba),
(0.93 g, 1.01 mmol), (PhO),P (0.53 mL, 2.03 mmol), Cs,CO,
(4.30 g, 13.19 mmol) and ‘PrOH (4.7 mL, 60.88 mmol) were
dissolved in 1,4-dioxane (28 mL). The oil bath was preheated
to 60° C. and the mixture was stirred at 80° C. for 1.5 hours.
The reaction mixture was filtered through Celite® and
washed with EtOAc. The combined, organic extracts were
dried over anhydrous MgSO,, and concentrated in vacuo. The
crude material was purified by flash chromatography (petro-
leum ether/ethyl acetate=96:4) to yield the title compound
(2.24 g, 7.10 mmol, 70%) as a pale yellow solid.

[0422] mp: 80-82° C.

[0423] 'H NMR (400 MHz, CDCl,) 8 7.65-7.55 (m, 2H),
7.51-7.41 (m, 3H), 7.37 (d, J=8.5 Hz, 1H), 6.81 (d, J=8.5 Hz,
1H), 6.01 (s, 1H),5.19 (d, I=15.5Hz, 1H), 5.03 (d,J=15.5 Hz,
1H), 4.71 (hept, J=6.2 Hz, 1H), 1.32 (d, J=6.2 Hz, 3H), 1.28
(d, J=6.2 Hz, 3H) ppm.

[0424] '*C NMR (100 MHz, CDCL,) 8 147.67, 144.27,
140.55,136.26,129.85,128.72,126.54,126.34,118.82, 116.
69, 99.61, 77.71, 66.44, 22.65, 22.41 ppm. HRMS (QTo?):
Calculated for C,,H,;,NOsNa (M+Na)*: 338.1004. Found:
338.1003.

6-Hydroxymethyl-2-isopropoxy-3-nitrophenol

[0425]
OH
O>N OH
O\(
[0426] To a mixture of 8-isopropoxy-7-nitro-2-phenyl-4H-

benzo[1,3]-dioxine (4.24 g, 13.43 mmol) in MeOH (102 mL)
and CH,Cl, (42 mL) at 0° C. was added camphor sulfonic
acid (3.12 g, 13.43 mmol). The mixture was stirred at room
temperature for 17 hours. The reaction mixture was quenched
with Et;N until pH-8, concentrated in vacuo and purified by
flash chromatography (petroleum ether/ethyl acetate=7:3) to
yield the title compound (2.75 g, 12.09 mmol, 90%) as a
brownish solid.

[0427] mp: 39-41° C.

[0428] 'H NMR (400 MHz, CDCL,) & 7.46 (d, I=7.4 Hz,
1H), 7.12 (d, I=7.4 Hz, 1H), 6.61 (s, 1HL_,,), 4.81 (d, I=3.5
Hz, 21), 4.39 (hept, I=7.4 Hz, 1H), 1.36 (s, 3H), 1.35 (s, 3H)
[0429] 3C NMR (100 MHz, CDCI,) 5 148.9, 138.5, 132.4,
1221, 116.5, 79.2, 61.3, 22.5 ppn1.

[0430] HRMS (ESI): Calculated for C, ,H,,NO; (M-H)™:
226.0715. found: 226.0717.
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2-Hydroxy-3-isopropoxy-4-nitrobenzaldehyde
[0431]

O,N OH

O\(
[0432] 6-Hydroxymethyl-2-isopropoxy-3-nitrophenol
(2.97 g, 13.05 mmol) was dissolved in CH,Cl, (58 mL.). Then
MnO, (11.35 g, 130.53 mmol) was added and the mixture was
stirred at rt 17 h. The mixture was filtered over Celite® and
washed with CH,Cl,. The solvent was concentrated to give
the title compound (2.38 g, 10.57 mmol, 81%) as a brown oil.
[0433] 'HNMR (400 MHz, CDCl,) 8 11.44 (s, 1TH__ (),
9.97 (s, 1H_ o)), 7.39 (d, J=8.4 Hz, 1H), 7.23 (d, J=8.4 Hz,
1H), 4.88 (hept, I=6.2Hz, 1H), 1.33 (s, 3H), 1.32 (s, 3H) ppm.
[0434] '°C NMR (100 MHz, CDCl,) § 196.39, 156.53,
149.36, 139.74, 127.28, 122.57,114.32,77.42, 77.16,22.51.
ppm.

[0435] HRMS (ESI): Calculated for C, ,H,,NO5 (M-H)™:
224.0559. Found: 224.0535.

2-Hydroxy-3-isopropoxy-4-nitrobenzoic acid

[0436]
(€]
OH
0,N OH
OY
[0437] 2-Hydroxy-3-isopropoxy-4-nitrobenzaldehyde

(2.36 g, 10.49 mmol) was dissolved in tert-buthanol (71 mL).
2-Methyl-2-butene (2M in THF, 36.7 mL, 73.45 mmol) and a
solution of NaClO, (2.85 g, 31.48 mmol) and NaH,PO, (6.32
g, 47.22 mmol) in H,O (51 mL) were added in sequential
order. The reaction mixture was stirred at room temperature
for 17 hours. 6M NaOH was added until ph-10 and the solvent
was concentrated in vacuo. H,O was added and the organic
layer was extracted with petroleum ether (2x). The aqueous
layer was acidified with 6M HCI until pH-1 and extracted
with ethyl acetate (3x). The organic extracts were combined,
dried over MgSO, and filtered. The solvent was concentrated
in vacuo to yield the title compound (1.90 g, 7.87 mmol, 75%)
as a dark wax.

[0438] 'H NMR (400 MHz, MeOD) § 7.72 (d, 1=8.7 Hz,
1H), 7.15 (d, J=8.7 Hz, 1H), 4.86-4.82 (m, 1H), 1.28 (s, 3H),
1.26 (s, 3H) ppm.

[0439] '*CNMR (100 MHz, MeOD) § 172.7, 158.0, 140.0,
125.8,117.4,113.8, 77.5, 22.6 ppm.
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[0440] HRMS (ESI): Calculated for C, ,H,,NOg; (M-H)™:
240.0508. found: 240.0510.

2-Hydroxy-3-isopropoxy-4-nitrobenzoate

[0441]
O
OMe
0,N OH
OY
[0442] TMSCHN, (2.0 M in Et,0, 0.87 mL, 1.75 mmol)

was added to a solution of 2-hydroxy-3-isopropoxy-4-ni-
trobenzoic acid (0.32 g, 1.35 mmol) in a mixture of toluene/
methanol (10.4/2 mL) at 0° C. After stirring at 0° C. for 30
minutes, the solvent was evaporated in vacuo to give an oily
residue, which was purified by flash chromatography (SiO,.
Et;N; petroleum ether/ethyl acetate=95:5) to yield the title
compound (0.24 g, 0.94 mmol, 57%) as a yellow oil.

[0443] 'H NMR (400 MHz, CDCl,) 8 11.29 (s, 1H_ ),
7.63 (d, J=8.8 Hz, 1H), 7.12 (d, J=8.8 Hz, 1H), 4.84 (hept,
J=6.2 Hz, 1H), 4.00 (s, 3H), 1.32 (s, 3H), 1.31 (s, 3H) ppm.
[0444] '*CNMR (100 MHz, CDCl,) 8198.2,188.9,176.1,
170.0, 157.0, 149.2, 139.8, 123.9, 115.7, 113.4, 77.4, 53.2,
22.5 ppm.

[0445] HRMS (ESI): Calculated for C, H,,NO, (M-H)™:
254.0665. found: 254.0666.

2-Benzyloxy-3-isopropoxy-4-nitrobenzoate

[0446]
(€]
OMe
0,N OBn
OY
[0447] 2-Hydroxy-3-isopropoxy-4-nitrobenzoate (0.17 g,

0.69 mmol) was dissolved in THF (7.5 mL). BnOH (92.6 uL,
0.89 mmol) and PPh; (0.24 g, 0.93 mmol) were added, and the
mixture was stirred until all components are dissolved.
DEAD (2.2 M in toluene, 0.41 mL, 0.89 mmol) was slowly
added (via syringe pump) and the mixture was stirred at room
temperature 17 hours. The solvent was evaporated in vacuo to
give an oily residue, which was purified by flash chromatog-
raphy (petroleum ether/ethyl acetate=95:5) to yield the title
compound (0.20 g, 0.58 mmol, 85%) as a colorless oil.
[0448] 'H NMR (400 MHz, CDCl,) 8 7.53 (d, J=8.6 Hz,
1H), 7.50(d, J=8.6 Hz, 1H), 7.48-7.44 (m, 2H), 7.42-7.35 (m,
3H), 5.14 (s, 2H), 4.74 (hept, J=6.2 Hz, 1H), 3.86 (5, 3H), 1.28
(s, 3H), 1.26 (s, 3H) ppm.
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[0449] "“CNMR (100 MHz, CDCl,) 8 165.3,153.4,148.4,
145.7,136.4, 130.9, 128.7, 128.7,128.7, 125.1, 119.3, 78.2,
76.4,52.8,22.5 ppm.

[0450] HRMS (QTof): Calculated for C,;H ;NO(Na
(M+Na)*: 368.1110. found: 368.1112.

2-Benzyloxy-3-isopropoxy-4-nitrobenzoic acid

[0451]

OH

0,N OBn

OY
[0452] 2-Benzyloxy-3-isopropoxy-4-nitrobenzoate (0.23
g, 0.67 mmol) was dissolved in a mixture 1/1 of THF/H,O
(3.5/3.5 mL). Then, solid LiOH (0.16 g, 6.67 mmol) was
added and the reaction mixture was stirred at room tempera-
ture for 17 hours. The aqueous layer was acidified with 1M
HCl until pH-1 and extracted with EtOAc (3x). The organic
extracts were combined, dried over anhydrous MgSO, and
filtered. The solvent was concentrated in vacuo to yield the
title compound (0.21 g, 0.63 mmol, 95%) as a yellow wax.
[0453] 'H NMR (400 MHz, CDCl,) 8 7.91 (d, 1=8.7 Hz,
1H), 7.58 (d, J=8.7 Hz, 1H), 7.41 (s, 5H), 5.35 (s, 2H),
4.71-4.62 (m, 1H), 1.36 (s, 3H), 1.35 (s, 3H) ppm.
[0454] '*CNMR (100 MHz, CDCl,) 8 164.3,152.8,149.7,
144.7,134.1, 129.8, 129.4, 129.2, 126.98, 120.0, 79.1, 77.7,
22.5 ppm.

[0455] HRMS (ESI): Calculated for C,,H, ;NO, (M-H)™:
330.0978. found: 330.0976.

4-(2-(Benzyloxy)-3-isopropoxy-4-nitrobenzamido)-
3-isopropoxybenzoate

[0456]

CO>Me

N
i
0
0N OBn \(
o\(

[0457] 2-Benzyloxy-3-isopropoxy-4-nitrobenzoic  acid
(51.5 mg, 0.16 mmol) was dissolved in CH,Cl, (8 mL) and
preactivated with Ghosez’s reagent (66.0 uL., 0.50 mmol) for
3 hours at 40° C. 3-Isopropoxy-4-aminomethylbenzoate
(0.12 g, 0.55 mmol) was dissolved in CH,Cl, (8 mL) and
N,N-diisopropylethylamine (DIPEA) was added (0.20 mlL,,
1.12 mmol). The solution containing the acid chloride was
then added and the reaction mixture stirred for 2 days at 40°
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C. The solvent was then removed and the crude product was
purified by preparative HPLC (RP-18; run time 100 min;
H,0/MeCN=100:0—0:100; tr=80 min) providing the title
compound (56.9 mg, 0.11 mmol, 68%) as a light yellow oil.

[0458] 'H NMR (400 MHz, CDCI5) 8 10.33 (s, 1H_z),
8.55 (d, J=8.5 Hz, 1H), 7.85 (d, J=8.7 Hz, 1H), 7.70 (dd,
J=8.5,1.7Hz, 1H), 7.59 (d,J=8.7 Hz, 1H), 7.57 (d, J=1.7 Hz,
1H), 7.25-7.12 (m, 5H), 5.25 (s, 2H), 4.75-4.67 (m, 1H),
4.67-4.59 (m, 1H), 3.93 (s, 3H), 1.40 (d, J=6.2 Hz, 6H), 1.28
(d, J=6.0 Hz, 6H) ppm.

[0459] '>C NMR (100 MHz, CDCL,) 8 167.0,161.4,151.1,
147.9,146.1,145.2, 134.1,132.9, 132.9, 130.0, 129.4, 128 7,
125.79, 125.6, 123.3, 120.1, 119.5, 113.3, 78.9, 77.4, 717,
52.3,22.6,22.1 ppm.

[0460] HRMS (ESI): Calculated for C,gH;  N,Og (M+H)™:
523.2080. found: 523.2075.

4-(4-Amino-2-hydroxy-3-isopropoxybenzamido)-3-
isopropoxybenzoate

[0461]

CO,Me

N
H
0
HN OH Y
OY

[0462] 4-[2-(Benzyloxy)-3-isopropoxy-4-nitrobenza-
mido]-3-isopropoxy-benzoate (7.9 mg, 0.015 mmol) was dis-
solved in MeOH (0.5 mL) and degassed. Pd/C (10% wt., 2
mg, 0.0014 mmol) was added and vacuum was applied under
cooling to remove air. The flask was flushed with H, and the
suspension was stirred for 3 hours at room temperature. The
catalyst was filtered off over Celite®, washed with MeOH
and the solvent was removed under reduced pressure. The
crude product was purified by flash chromatography (petro-
leum ether/ethyl acetate=7:3) and the title compound was
obtained (5.8 g, 0.014 mmol, 96%) as a yellow oil.

[0463] 'H NMR (400 MHz, CDCl,) 8 12.21 (s, IH_ ),
8.81 (s, IH__5;y), 8.49 (d, I=8.5 Hz, 1H), 7.69 (dd, I=8.5, 1.8
Hz, 1H), 7.58 (d, J=1.7 Hz, 1H), 7.07 (d, J=8.8 Hz, 1H), 6.28
(d, J=8.7Hz, 1H), 4.80-4.72 (m, 1H), 4.72-4.63 (m, 1H), 4.28
(s, 2H__nz0), 3.91 (s, 3H), 1.44 (d, J=6.1 Hz, 6H), 1.34 (d,
J=6.2 Hz, 7TH) ppm.

[0464] '*CNMR (100 MHz, CDCl,) 8 168.5,166.9, 156.4,

146.5, 146.0, 132.7, 132.0, 125.1, 123.40, 121.5, 119.1, 113.
4,106.5,106.3, 77.4, 74.4, 72.0, 52.3, 22.9, 22.4 ppm.

[0465] HRMS (ESI): Calculated for C,,H,sN,O4 (M-H)™:
401.1713. found: 401.1716.
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4-(tert-butoxycarbonylamino)benzoic acid

[0466]
CO,H
BocHN
[0467] 4-Aminobenzoic acid (1.00 g, 7.29 mmol) was dis-

solved in 1,4-dioxane (15 mL) and H,O (7 mL). Et;N (2.0
ml, 14.58 mmol) was added to the solution and the reaction
mixture was stirred for 5 minutes at room temperature. Di-
tert-butyl dicarbonate (3.18 g, 14.58 m mol) was then added
to the solution in one portion and the reaction mixture was
stirred for 24 hours. Following removal of the solvent in
vacuo, 3M HCI was added to the residue yielding a white
precipitate. The slurry was then filtered and washed with H,O
before drying in under high vacuum. Recrystallization from
hot methanol yielded the titled compound as a colorless solid
(1.63 g, 6.85 mmol, 94% yield).

[0468] mp: 192-194° C.

[0469] 'HNMR (400 MHz, DMSO) 8 9.73 (s, 1H__¢7)s
7.83 (d, 2H, J=8.9 Hz), 7.55 (d, 2H, J=8.9 Hz), 1.47 (s, 9H)
ppm.

[0470] '*CNMR (100 MHz, CDCl,) 8 167.1,152.6, 143.8,
1304, 124.0,117.2,79.7, 28.1 ppm.

[0471] HRMS (ESI): Calculated for C,,H;sNnaO,
(M+Na)*: 260.0893. found: 260.0897.

[0472] The spectroscopic data are in accordance with those
reported in the literature (J. Am. Chem. Soc. 2012, 134, 7406-
7413).

Methyl-4-(4-(4-(tert-butoxycarbonyl)amino)benza-
mido)-2-hydroxy-3-isopropxybenzamido)-3-isopro-
poxybenzoate

[0473]

CO>Me
0
0 N
i1
o)
N oH
i1
OY

[0474] 4-(Tert-butoxycarbonylamino)benzoic acid (40.0
mg, 0.17 mmol) was dissolved in CH,Cl, (8.4 mL) and pre-
activated with Ghosez’s reagent (22.5 pl, 0.17 mmol) for 2
hours at room temperature. 4-(4-Amino-2-hydroxy-3-isopro-
poxybenzamido)-3-isopropoxybenzoate (68.4 mg, 0.17
mmol) was dissolved in CH,Cl, (8.4 mL) and N,N-diisopro-
pylethylamine (DIPEA) was added (59.2 pL, 0.34 mmol).
The solution containing the acid chloride was then added and
the reaction mixture stirred for 1 day at room temperaturet.
The solvent was then removed and the crude product was
purified by preparative HPL.C (RP-18; run time 100 min;
H,0/MeCN=100:0—0:100; tr=70 min) providing the title
compound as a light yellow oil (47.3 mg, 0.076 mmol, 72%).

BocHN
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[0475] 'H NMR (400 MHz, CDCL,) § 7.98 (d, I=7.5 Hz,
2H),7.78 (d, J=1.4 Hz, 1H), 7.72 (dd, J=7.5, 1.4 Hz, 11), 7.69
(s, 1H_,,,), 7.68 (d, =7.3 Hz, 3H), 7.56 (d, I=7.5 Hz, 1H),
7.17 (d, I=7.5 Hz, 1H), 5.72 (s, 1H_;,), 5.49 (s, 1H__rz).
4.02-3.96 (m, 2H), 3.95 (d, J=3.7 Hz, 3H), 1.49 (s, 9H), 1.46
(d, J=5.6 Hz, 6H), 1.41 (d, J=5.5 Hz, 6H) ppm.

[0476] 3C NMR (100 MHz, CDCl,) & 166.89, 166.67,
166.61, 158.88, 154.93, 146.90, 141.47, 135.07, 134.68, 131.
70, 130.38, 130.38, 127.26, 127.17, 123.25, 121.40, 120.63,
120.63, 115.87, 114.85, 113.39, 106.06, 80.65, 75.89, 74.13,
52.08, 28.41, 28.41, 28.41, 21.80, 21.80, 21.80, 21.80 ppm.

[0477] HRMS (ESI): Calculated for C5;H; N;Og (M-H)™:
620.2687. found: 620.2689.

Methyl-4-(4-(4-aminobenzamido)-2-hydroxy-3-iso-
propxybenzamido)-3-isopropoxybenzoate

; _CO,Me
o)

T

[0478]

)
) N
i
N on
i
0
LN Y

[0479] Methyl-4-(4-(4-(tert-butoxycarbonyl)amino)ben-
zamido)-2-hydroxy-3-isopropxybenzamido)-3-isopropoxy-
benzoate (40.0 mg, 0.064 mmol) was dissolved in a mixture
10/1 dichloromethane/trifluoroacetic acid (1 mL) and stirred
17 hours at room temperature. The solvent was removed
under reduced pressure and the residual acid was removed
under high vacuum to give the titled compound (33.4 mg,
0.064 mmol, quantitative) as yellow oil.

[0480] 'H NMR (400 MHz, CDCl,) 8 7.86 (d, J=1.4 Hz,
1H), 7.83 (s, IH ), 7.79 (dd, J=7.5, 1.4 Hz, 1H), 7.75 (d,
J=7.5Hz, 1H),7.70 (d, J=7.5 Hz, 2H), 7.65 (d, J=7.5 Hz, 1H),
7.05 (d, J=7.5 Hz, 1H), 6.94 (s, IH_ 5;), 6.75 (d, J=7.5 Hz,
2H), 6.09 (s, 1H_ ), 4.02-3.97 (m, 1H), 3.95-3.89 (s, 3H),
3.92 (m, 1H), 3.85 (s, 2H__,;,), 1.47 (d, J=5.7 Hz, 6H), 1.40
(d, J=5.5 Hz, 6H) ppm.

[0481] '>C NMR (100 MHz, CDCL,) 8 166.89, 166.67,
166.61, 158.88, 152.59, 146.90, 135.07, 134.68, 131.70, 130.
93, 130.93, 127.17, 123.25, 122.42, 121.40, 115.87, 114.85,
114.35, 114.35, 113.39, 106.06, 75.89, 74.13, 52.08, 21.80,
21.80, 21.80, 21.80 ppm.

[0482] HRMS (ESI): Calculated for C,H;,N;O,(M+H)™:
522.2162. found: 522.2160.
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Cystobactamide C
[0483]
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[0484] Methyl-4-[4-(4-aminobenzamido)-2-hyd roxy-3-
isopropxybenzamido]-3-isopropoxybenzoate  (30.0 mg,
0.058 mmol) was dissolved in a mixture 1/1 of THF/H,O
(0.3/0.3 mL). Then, solid LiOH (13.9 mg, 0.58 mmol) was
added and the reaction mixture was stirred at room tempera-
ture for 17 hours. The aqueous layer was acidified with 1M
HCI until pH-1 and extracted with ethyl acetate (3x). The
organic extracts were combined, dried over anhydrous
MgSO, and filtered. The solvent was concentrated in vacuo to
yield the title compound (27.4 mg, 0.054 mmol, 93%) as a
yellow oil.

[0485] 'H NMR (400 MHz, CDCl,) 8 7.91 (d, J=1.4 Hz,
1H),7.87(dd,J=7.5,1.4Hz, 1H),7.70(d, J=7.5 Hz, 2H), 7.65
(d, J=7.5 Hz, 1H), 7.53 (d, J=7.5 Hz, 1H), 7.05 (d, J=7.5 Hz,
1H), 6.95 (s, 1H__ ), 6.77 (s, 1H_;)), 6.75 (d, J=7.5 Hz,
2H), 6.12 (s, 1H__ ), 3.97-3.89 (m, 2H), 3.85 (s, 2H_ ),
1.40 (d, J=5.5 Hz, 6H), 1.39 (d, J=5.5 Hz, 6H) ppm.

[0486] '*C NMR (100 MHz, CDCl,) 8 167.79, 166.67,
166.61,158.88,152.59,149.81, 136.38, 135.07, 134.68, 130.
93, 130.93, 125.08, 123.25, 122.80, 122.42, 120.37, 114.35,
114.35, 113.76, 113.39, 106.06, 75.89, 74.13, 21.80, 21.80,
21.80, 21.80 ppm.

[0487] HRMS (ESI): Calculated for C,H;,N;0, (M+H)™:
508.2006. found: 508.2008.

(28,3R)-Methyl 2,3-dihydroxy-3-phenylpropanoate
[0488]

OH (6]

OMe

OH

[0489] AD mix f§ (20.0 g) was dissolved in a mixture of
tBuOH/H,O (1:1; 142 ml) at 25° C. Afterwards,
CH;SO,NH, (1.36 g, 14.3 mmol, 1.0 eq.) was added and the
reaction mixture cooled to 0° C. Then, methylcinnamate
(2.31 g, 14.3 mmol, 1.0 eq.) was added and the resulting
mixture was vigorously stirred for 16 h at 0° C. Stirring was
continued for additional 6 h at 25° C. The reaction mixture
was hydrolyzed by addition of an aqueous Na,SO; solution
(21.4 g, 170 mmol, 12.0 eq.) and stirring was continued for
additional 2.5 h. The reaction mixture was diluted with ethyl
acetate and the layers were separated. The aqueous layer was
extracted with EtOAc (3x). The combined organic layers
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were washed with H,O (1x) and dried over Na,SO,, filtered
and concentrated under reduced pressure. Purification by
flash chromatography (petroleum ether/ethyl acetate=1:1)
afforded the desired diol (2.21 g, 11.3 mmol, 79%) as a
colorless solid. The spectroscopic data are in accordance with
those reported in the literature.

[0490] R~0.38 (PE/EtOAc 1:1); m.p.~84-85° C. (lit: m.p.
=80-81° C.); [a] ,2°==9.8° (¢ 1.28, CHCI,) {lit.: [] ,2°==9.
8° (¢ 1.07, CHCL,)};

[0491] 'H-NMR (400 MHz, CDCl,, CHC1;=7.26 ppm):
8=7.42-7.29 (5H, m, ArH), 5.03 (1H, dd, J=2.7, 7.2 Hz, H-3),
438 (1H,dd,J=2.7,6.0Hz, H-2),3.82 (3H, s, H-8),3.12 (1H,
d, J=6.0 Hz, OH-[1), 2.76 (1H, d, J=7.2 Hz, OH-f) ppm;
[0492] '3C-NMR (100 MHz, CDCl,, CHC1,=77.16 ppm):
8=173.3 (q, C-1), 140.1 (q, C-4), 128.6 (2C, t, C-6), 128.3 (t,
C-7),126.3 (2C, t, C-5), 74.8 (t, C-2), 74.6 (1, C-3), 53.1 (p,
C-8) ppm; HRMS (ESI): m/z calculated for C,,H,,0,Na
[M+Na]*: 219.0633. found 219.0633.

(2R,38)-Methyl
2-acetoxy-3-bromo-3-phenylpropanoate (3)

[0493]

[0494] To (2S,3R)-Methyl 2,3-dihydroxy-3-phenylpro-
panoate (2.15 g, 10.9 mmol, 1.0 eq.) was added HBryHOAc
(33%; 16.9 mL) dropwise at 25° C. The resulting mixture was
heated to 45° C. and stirred for 30 min. Then, the reaction
mixture was cooled to 25° C. and poured into an ice-cooled
NaHCO;-solution (40 mL). The aqueous layer was extracted
with Et,O (3x). The combined organic layers were washed
with H,O (1x) and with brine. Then, the combined organic
layers were dried over Na,SO,, filtered and concentrated
under reduced pressure. Purification by flash chromatogra-
phy (petroleum ether/ethyl acetate=12.5:1) gave the title
compound (2.32 g, 7.71 mmol, 71%) as a colorless solid. The
spectroscopic data are in accordance with those reported in
the literature.

[0495] R~0.79 (PE/EtOAc 1:1); m.p.~78-82° C. (lit: m.p.
=78-79° C.); [0] ,>°=+89.9° (¢ 1.74, CHCL,) {Lit.: [a] p>°=+
100.3° (¢ 1.36, CHCl,)}:

[0496] 'H-NMR (400 MHz, CDCl,, CHC1,=7.26 ppm):
8=7.46-7.44 (2H, m, H-6), 7.36-7.30 (3H, m, H-5, H-7), 5.65
(1H, d,J=6.3 Hz, H-3),5.35 (1H, d, J=6.3 Hz, H-2),3.71 (3H,
s, H-9), 2.11 (3H, s, H-10) ppm;

[0497] '*C-NMR (100 MHz, CDCl,, CHC1,=77.16 ppm):
8=169.7 (q, C-1), 167.5 (g, C-8), 136.8 (q, C-4), 1293 (t,
C-7),128.7 (4C,1,C-5,C-6),75.4 (t,C-3),52.9 (p,C-9),49.3
(t, C-2), 20.6 (p, C-10) ppm;

[0498] HRMS (ESI): m/z calculated for C,,H,;0,BrNa
[M+Na]: 322.9895. found 322.9891.
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(25,3R)-Methyl
2-acetoxy-3-azido-3-phenylpropanoate

[0499]

OMe

OAc

[0500] (2S,3R)-Methyl 2-acetoxy-3-azido-3-phenylpro-
panoate (2.27 g, 7.55 mmol, 1.0 eq.) was dissolved in DMF
(27.0 mL) at 25° C. Then, NaNj (1.96 g, 30.2 mmol, 4.0 eq.)
was added and the resulting mixture was heated up to 40° C.
for 3 h. After cooling the reaction mixture was cooled to 25°
C. and EtOAc was added. The organic layer was washed with
H,O (2x), followed by brine (1x). The combined, organic
phases were dried over Na,SO,, filtered and concentrated
under reduced pressure. Purification by flash chromatogra-
phy (petroleum ether/ethyl acetate=10:1) afforded the title
compound (1.77 g, 6.71 mmol, 89%) as yellow oil. The spec-
troscopic data are in accordance with those reported in the
literature.

[0501] R~0.24 (PE/EtOAc=10:1); [o] 5>°==97.8° (¢ 2.3,
CHCL); {lit.: [a] ,79=-104.2° (¢ 2.33, CHCL,)};

[0502] IR: ¥=2955 (w), 2103 (s, azide), 1747 (s, C—=0),
1495 (w), 1454 (m), 1437 (m), 1373 (m), 1210 (s), 1099 (m),
1030 (m), 910 (m), 751 (m), 701 (s) cm™;

[0503] 'H-NMR (400 MHz, CDCl,, CHCL,=7.26 ppm):
8=7.42-7.33 (5H, m, ArH), 5.24 (1H, d, J=4.8 Hz, H-2), 5.07
(1H, d, I=4.8 Hz, H-3), 3.69 (3H, s, H-9), 2.14 (3H, 5, H-10)
ppmy;

[0504] '*C-NMR (100 MHz, CDCl,, CHC1,=77.16 ppm):
8=169.9 (q, C-1), 168.0 (q, C-8), 134.6 (q, C-4), 129.3 (t,
C-7),129.0 (2C, t,C-6),127.6 (2C,1,C-5), 74.9 (t, C-2), 65.4
(t, C-3), 52.8 (p, C-9), 20.5 (p, C-10) ppm;

[0505] HRMS (ESI): m/z calculated for C,,H,;N;O,Na
[M+Na]*: 286.0804. found 286.0805.

(25,3R)-Methyl
3-azido-2-methoxy-3-phenylpropanoate

[0506]

OMe

OMe

[0507] (2S,3R)-Methyl 2-acetoxy-3-azido-3-phenylpro-
panoate (2.5 g, 1.0 eq) was dissolved in 190 ml THF at 0° C.
Then a solution of KOH (0.5M, 10.0 eq) was added dropwise
and the reaction mixture was stirred at 0° C. for 5 h. After-
wards, aqueous 2N HCl was added to the reaction mixture and
the aqueous phase was extracted with ethyl acetate. The
organic phases were combined and dried over Na,SO,, fil-
tered and concentrated under reduced pressure to afford the
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crude acid which was directly used for the next step without
further purification. The crude material (0.5 g, 1.0 eq) was
dissolved in 17 ml methyl iodide. Then, CaSO, (2.6 g, 8.0 eq)
and Ag,O (1.7 g, 3.0 eq) were added and stirring of the
suspension was carried out in the dark at room temperature
for 22 h. Then, the crude mixture was filtered and concen-
trated in vacuum to give the title compound (70% yield)
which can be directly used in the next step without further
purification.

[0508] [o],2°=-143.7° (c 1.1, CHCL,);

[0509] 'H-NMR (400 MHz, CDCl,, CHCl,=7.26 ppm):
0=3.44 (s, 3H), 3.61 (s, 3H), 3.94 (d, J=6.4 Hz, 1H), 4.79 (d,
J=6.4 Hz, 1H), 7.35-7.36 (m, SH);

[0510] '*C-NMR (100 MHz, CDCl,, CHC1,=77.0 ppm):
8=52.2, 59.1, 66.9, 84.7, 1277, 128.7, 128.9, 135.1, 170.0;

[0511] HRMS (ESI): m/z calculated for C, H,;N;O;Na
[M+Na]*: 258.0855. found 258.0852.

(28,35)-tert-Butyl
3-azido-2-methoxy-3-phenylpropanoate

[0512]
N; 0
Ph o—é
OMe
[0513] To a stirred solution of (2S,3R)-Methyl 3-azido-2-

methoxy-3-phenylpropanoate (1.2 g, 1.0 eq) in 100 ml THF
was added an aqueous solution of KOH (0.5 M, 10.0 eq)
dropwise. The reaction mixture was stirred for 5 h at rt and
hydrolyzed by addition of 2N HCI. The aqueous phase was
extracted with ethyl acetate and the combined organic phases
were dried over Na,SO, and concentrated under reduced
pressure to give carboxylic acid (1.2 g, 98% yield) which was
subjected to the next reaction without further purification.
Crude acid (0.3 g, 1.0 eq) and 3.9 ml dimethylformamide
di-tert-butyl acetal (3.9 ml, 12 eq) were dissolved in 8 ml
toluene at room temperature. The resulting reaction mixture
was heated up to 80° C. and stirred for 7 h. The solvent was
removed under reduced pressure and the crude product was
purified by flash column chromatography (petroleum ether/
ethyl acetate=30:1) to afford the title compound (0.34 g, 89%
yield).

[0514] [c],*°=-113.3° (c 1.0, CHCL,);

[0515] 'H-NMR (400 MHz, CDCl,, CHC1,=7.26 ppm):
8=1.26 (s, 9H), 3.45 (s, 3H), 3.85 (d, J=7.2 Hz, 1H), 4.70 (d,
J=7.2 Hz, 1H), 7.34-7.35 (m, 5H);

[0516] '*C-NMR (100 MHz, CDCl,, CHC1,=77.0 ppm):

3=27.7, 58.6, 67.2, 82.3, 85.1, 128.2, 128.6, 128.9, 135.2,
168.5;

[0517] HRMS (ESI): m/z calculated for C, ,H,,;O;N;Na
[M+Na]*: 300.1324. found 300.1332.
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(28,35)-4-tert-Butyl 1-methyl
2-azido-3-methoxysuccinate

[0518]

A

OMe OMe

[0519] To a stirred solution of (2S,3S)-tert-butyl 3-azido-
2-methoxy-3-phenylpropanoate (310 mg, 1.0 eq) in a solvent
mixture of 3 ml CHCl;, 13 ml CH,CN and 26 ml H,O NalO,
(7.2 g,30 eq) and RuCl; (0.3 eq, 69 mg) were added portion-
wise at room temperature. The reaction mixture was heated
under refluxing conditions for 3 h. A white precipitate formed
upon cooling to room temperature. The solid was filtered off
and the filtrate was extracted with diethyl ether. The com-
bined organic phases were concentrated under reduced pres-
sure to yield the crude product. This material was dissolved in
9 ml methyl iodide. Then, CaSO, (1.2 g, 8.0 eq) and Ag,O
(778 mg, 3.0 eq) were added and the reaction mixture was
stirred in the dark at room temperature for 22 h. After filtration
the filtrate was concentrated under reduced pressure to afford
the title compound in pure form so that it can directly be
employed in the next step without further purification.

[0520] 'H-NMR (400 MHz, CDCl,, CHCl,=7.26 ppm):
8=1.51 (s, 3H), 3.48 (s, 3H), 4.15 (d, J=3.6 Hz, 1H), 4.21 (d,
J=4.0 Hz, 1H);

[0521] '*C-NMR (100 MHz, CDCl,, CHCL=77.0 ppm):
5-28.1, 53.0, 59.5, 63.4, 81.2, 83.0, 167.7, 168.3.

(2S,3R)-1-tert-Butyl 4-methyl 2-methoxy-3-[4-(4-
nitrobenzamido)benzamido|succinate

[0522]
o (6]
NH (€]
0,N §
MeO,C o%
OMe
[0523] The crude mixture (2S,3S)-4-tert-butyl 1-methyl

2-azido-3-methoxysuccinate was dissolved in 12 ml THF,
then 0.5 ml water and PPh, (881 mg, 3.0 eq) were added. The
resulting reaction mixture was warmed up to 50° C. and
stirring was continued for 12 hours. Then, the solvent was
removed under reduced pressure to afford the crude product
which was pure enough to be used directly in the next step.
The crude product was dissolved in 5 ml DMF and (ethyl
carbonic) 4-(4-nitrobenzamido)benzoic anhydride (481 mg,
1.2 eq) was added at room temperature. After stirring for 20 h,
water was added and the aqueous solution was extracted with
ethyl acetate. The combined organic phases were concen-
trated under reduced pressure. Purification by flash column
chromatography (petroleum ether/ethyl acetate=2:1)
afforded the title compound (81 mg, 16% over four steps).
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[0524] [o],>°=-11.8° (c 1.1, CHCl,);

[0525] 'H-NMR (400 MHz, CDCl,, CHCL,=7.26 ppm):
5=1.41 (s, 9H), 3.45 (s, 3H), 3.78 (s, 3H), 4.34 (d, I=2.4 Oz,
1H), 5.29 (dd, I=2.4, 9.6 Hz, 1H), 6.76 (d, J=9.6 Hz, 1H),
7.27-7.35 (m, 4H), 8.07 (d, ]=8.8 Hz, 2H), 8.26 (2, J=8.8 Hz,
2H), 8.83 (s, 1H);

[0526] '*C-NMR (100 MHz, CDCl,, CHC1,=77.0 ppm):
3=27.9, 52.9, 54.8, 59.1, 79.8, 83.2, 120.1, 123.8, 1283,
128.7,129.6,140.3, 141.1,149.7, 164.1,166.9, 168.0, 169.7.

[0527] HRMS (ESI): m/z calculated for C,,H,,0O,N;Na
[M+Na]*: 524.1645. found 524.1647.

NH (€]

Tz

O.N
MeO,C oH

OMe

[0528] To a stirred solution of (2S,3R)-1-tert-Butyl 4-me-
thyl 2-methoxy-3-[4-(4-nitrobenzamido)benzamido]succi-
nate (74.3 mg, 0.15 mmol) in 2.5 ml CH,Cl, was added 1.5 ml
TFA at room temperature. After stirring for 5 h, the reaction
mixture was added water and extracted with ethyl acetate.
The combined organic phases were washed with water (three
times), dried over Na,SO, and concentrated under reduced
pressure to give the title compound in quantitative yield (65.9
mg, quant.).

[0529] [0],2°=-16.4° (c 1.1, BtOAC);

[0530] 'H-NMR (400 MHz, DMSO, DMSO=2.50 ppm):
8=3.37 (s, 3H), 3.69 (s, J=3H), 4.34 (d, J=4.4 Hz, 1H), 5.09
(dd, J=4.8, 8.8 Hz, 1H), 7.89-7.90 (m, 4H), 8.21 (dd, J=2, 6.8
Hz, 1H), 8.39 (dd, J=2, 6.8 Hz, 1H), 8.55 (d, ]=8.8 Hz, 1H),
10.8 (s, 1H).

[0531] '*C-NMR (100 MHz, DMSO, DMS0O=40.0 ppm):
8=52.9, 54.8, 58.7,79.5, 120.0, 124.1, 129.0, 129.2, 129.8,
140.8,142.2,149.8,164.7,166.6,170.2,170.9. HRMS (ESI):
m/z calculated for C, H,,0,N;Na [M+Na]*™: 468.1019.
found 468.1016.

[0532] Optical rotation of other enantiomer:
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[0533] [0],2°=+13.9° (c 1.1, BtOAC);
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[0534] Methyl-4-(4-(4-((28S,3S)-2,4-dimethoxy-3-(4-(4-
nitrobenzamido )benzamido)-4-oxobutanamido )benza-
mido)-2-hydroxy-3-isopropxybenzamido)-3-isopropoxy-
benzoate

oy,
©

NH

OH HN
: : ~CO,Me

[0535] Methyl-4-[4-(4-aminobenzamido)-2-hydroxy-3-

isopropoxybenzamido]-3-isopropoxybenzoate (15.3 mg,
0.029 mmol) and (2S,3R)-2,4-dimethoxy-3-[4-(4-nitroben-
zamido)benzamido|succinate (14.2 mg, 0.032 mmol) were
dissolved in CH,Cl, (3.4 mL) and cooled to 0° C. Then, HOAt
(5.9 mg, 0.044 mmol), DIPEA (7.7 uL, 0.044 mmol), and
EDC.HCI (6.9 mg, 0.036 mmol) were added. The mixture
was stirred from 0° C. to room temperature for 17 hours. The

O

solvent was concentrated in vacuo to give an oily residue,
which was purified by flash chromatography (petroleum
ether/ethyl acetate=94/6) to yield the title compound (20.1
mg, 0.021 mmol, 73%) as a colourless oil.

[0536] 'H NMR (400 MHz, CDCL,) 8 9.07 (s, 1H__ ).
8.37 (d, I=7.5 Hz, 2H), 8.20 (d, J=7.5 Hz, 2H), 8.11 (s,
1H_,). 8.02 (s, 1HL_,,,), 8.01 (d, J=1.4 Hz, 2H), 7.98 (d,
J=7.5Hz,2H),7.90 (d,J=1.3 Hz, 1H),7.81 (dd, I=7.5,1.4 Hz,
1H), 7.78 (d, J=7.4 Hz, 1H), 7.69 (d, 1=7.5 Hz, 1H), 7.61 (d,
J=7.5 Hz, 2H), 7.55 (s, 1H), 7.54 (s, 1H__,)), 7.53 (s, 1H),
7.41 (d, I=7.5 Hz, 1H), 5.72 (s, IH_;). 5.63 (s, 1H_rz).
5.10(d, J=3.8 Hz, 1H), 4.76 (d, J=3.8 Hz, 1H), 4.04-3.98 (m,
2H),3.97 (s, J=3.1 Hz, 3H), 3.74 (s, 3H), 3.32 (s, 3H), 1.47 (d,
J=5.7 Hz, 6H), 1.39 (d, J=5.7 Hz, 6H) ppm.

[0537] '3C NMR (100 MHz, CDCl,) & 173.30, 168.15,
168.07,167.77,166.93, 166.88, 166.82, 158.83, 151.01, 146.
97, 140.78, 139.42, 138.71, 134.97, 134.55, 131.57, 130.00,
130.00, 129.41, 129.41, 129.39, 129.39, 128.12, 127.53, 127.
24, 124.17, 124.17, 123.28, 122.61, 122.61, 121.78, 121.78,
121.44, 115.94, 114.88, 113.30, 106.09, 78.00, 75.89, 74.13,
58.51, 56.50, 52.17, 52.08, 21.80, 21.80, 21.80, 21.80 ppm.

[0538] HRMS (ESI): Calculated for
(M-H)": 947.3178. found: 947.3175.

CasHarNGO, 5
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Cystobactamide A
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NO,

H
O, O

OH HN
)\o: : ~COH

[0540] Methyl-4-4-[4-((28S,3S)-2,4-dimethoxy-3-(4-(4-ni-
trobenzamido )benzamido)-4-oxobutanamido |benzamido)-
2-hydroxy-3-isopropxybenzamido)-3-isopropoxybenzoate
(15.2 mg, 0.016 mmol) was dissolved in a mixture 1/1 of
THF/H,O (0.2/0.2 mL). Then, solid LiOH (3.8 mg, 0.16
mmol) was added and the reaction mixture was stirred at
room temperature for 17 hours. The aqueous layer was acidi-
fied with 1M HCl until pH-1 and extracted with ethyl acetate
(3%). The organic extracts were combined, dried over MgSO,,
and filtered. The solvent was concentrated in vacuo to yield
the title compound (13.3 mg, 0.014 mmol, 90%) as a yellow
wax.

[0541] [c],,2°==19.1° (¢ 1.1, EtOAc)

[0542] 'H NMR (400 MHz, CDCL,) & 8.35 (d, I=7.5 Hz,
2H), 8.15 (d, 1=7.5 Hz, 2H), 8.00 (d, J=1.8 Hz, 2H), 7.98 (d,
J=1.8 Hz, 2H), 7.90 (d, J=1.8 Hz, 1H), 7.86 (dd, I=7.5, 1.8 Hz,
1H), 7.78 (d, J=7.5 Hz, 1H), 7.65 (s, 1H), 7.63 (d, J=7.5 Hz,
2H), 7.58 (s, 1H_,H), 7.54 (d, I=7.5 Hz, 2H), 7.51 (s,
1H_z). 7.10 (s, 1H_;), 7.03 (d, I=7.5 Hz, 1H), 6.35 (s,
1H_). 5.57 (s, 1H ), 5.42 (s, 1H_ o). 4.93 (s, 1H),
4.70 (s, 1H), 4.01 (hept, J=5.6 Hz, 1H), 3.95 (hept, J=5.6 Hz,
1H), 3.38 (s, 3H), 1.48 (s, 6H), 1.47 (s, 6H) ppm.

[0543] '>C NMR (100 MHz CDCL,)  173.30, 169.54, 168.
18, 168.07, 167.77, 166.88, 166.82, 158.83, 151.01, 149.88,
140.78, 139.42, 138.71, 136.26, 134.97, 134.55, 130.00, 130.
00, 129.41, 129.41, 129.39, 129.39, 128.12, 127.53, 125.15,
124.17,124.17,123.28, 122.84,122.61,122.61, 121.78, 121.
78, 120.41, 113.82, 113.30, 106.09, 77.86, 75.89, 74.13,
58.51, 54.58, 21.80, 21.80, 21.80, 21.80 ppm1.

[0544] HRMS (ESI): Calculated for
(M-H)": 920.2865. found: 920.2866.

C46H43N6O 15
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Synthesis of Cystobactamide C Derivatives

[0545]
(la)
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O HN
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O HN
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0 Y
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0N
0

OH HN
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O
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1.1. Synthesis of the Different Used Individual Rings

[0546] The preparation of the different individual rings that
were used during the synthesis of the cystobactamide C
derivatives is described here.
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Preparation of Ring C -continued
[0547]
O
ON O:‘Y \OH
a)
—_—
HO COOH B1
0,N
0,N
O\( 9, b)
O —_—
)\ o HO COOH
H,N. O,N O;N
o) O OH
o Y O:‘Y ~ L), O:‘\’(
L7rr '
B2
C1
05N

b) 0N |
—_—
HO COOH Ij\ D Yy - o,
0N

cl cl )\

o o\ <)
/
o B |
H,N h)
/ N COOH
o ~
O
C2
a) BrCH(CHj),, K,CO3, DMF, 90° C., overnight; b) SO»(OMe),, K,CO3, DMF,
90° C., overnight; ¢) Fe, NH4Cl, EtOH/H,O, reflux, 2 hours
(@] CHO —’ CHO _>
Preparation of Ring B 0N
[0548]
(@] CHO
OAc
O,N
a)
—_—
HO COOH @) COOH
O,N.

a) BrCH(CHj3), K,CO3, DMF, 90° C., overnight; b) SO(OMe),, K2C03, DME, 90° C.,
O. overnight; d) NaOH/MeOH, 45° C., overnight; ¢) KOH, MeOH/H,O; f) i-PrOH/NaH;
@) ¢) H,C==CHSn(Bu)3, Pd[(Ph)3P]; h) KMnOj; i) AcCl/pyridine; j) KNO3/TFAA,
o k) NaOH, 1) AgNO3/NaOH
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Preparation of Ring A

[0549]

O>N

a)
—_—
COOH
OH
O>N

0
\( d4)
\(O O

0:N

OH

YO O
Al
a) BrCH(CHj3),, K,CO3, DMF, 90° C., overnight; d) NaOH/MeOH, 45° C., overnight

1.2. Coupling of Ring B and C to Give the Different
Prepared BC Fragments

[0550]

0N

COOH

OH
H,N
O m)
0 \( —
N
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H
N
’W C)
OH O 0
0 \(
S8
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(@]
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)\ ©

BC7

¢) Fe, NH,Cl, EtOH/H,O, reflux, 2 hours; m) PCly, CH,Cl,, Xylene, 145° C.,, 2 hours;
n) CLPPh;, CHCl3; o) EDC, HOBT

1.3. Coupling of Ring a with BC Fragments

[0551] 1.3.1. Coupling of Ring A with BC Fragments
(BC1, BC2, BC3, BCS, BC6, BC7) to Synthesize the Cysto-
bactamide C Derivatives (1a)-(23a)
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N\
R3/ X COOH

O,N
=z \g( m( m) orm)
A |

s

Fra,

0 SR
R, 0
c) I
d)
H,N. 0N
/
A | I
\/\ N /
R; B | - R3
(6] \/\ N
R,
O o)
| o
R, 0
I I
H,N
/\
Rs
/\
R,
v
¢) Fe, NH4Cl, EtOH/H,0, reflux, 2 hours; d) NaOH/MeOH, 45° C., overnight; m) PCl3, CH,Cl,, Xylene,
145° C., 2 hours; n) CLPPhs, CHCly
-continued
Compound Scaffold R R, R, R;
C d Scaffold R R R R
(1a) I iPr iPr 2-0H H omporm ce ! 2 3
(22) I iPr  iPr 2-CH 2-OH (11a) I iPr iPr 2-0H H
(3a) I iPr iPr 2-OH 2-OiPr (12a) III iPr  iPr 2-OH 2-OH
(4a) I iPr iPr 2-OH 2-F (13a) III iPr iPr 2-OH 2-OiPr
(5a) I iPr iPr 3-OiPr 2-OH (14a) I iPr iPr 3-OiPr 2-OH
(6) I —  iPr 2-OH H (15a) v —  iPr 2-OH H
(72) I —  iPr 2-OH 2-OH (16a) v —  iPr 2-OH 2-OH
(8a) I —  iPr 2-OH 2-OiPr (172) v —  iPr 2-OH 2-OiPr
(92) I —  iPr 2-OH 2-OMe (18a) v —  iPr 3-OiPr H

(10a) I — P 3-OiPr 2-0H (19a) v — Me 3-OMe H
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Compound Scaffold R R, R, R, Compound Scaffold R3
(25a) v
(208) I — Me 2-OH, H \
30Me P
(21a) v —  Me 2-OH, H N
30Me
(222) v —  Me 2-OMe, H
(26a) v
30H
(232) v — it 2,3-diOMe H Q?/
1.3.2. Coupling of Ring a with BC1 Fragment to Synthesize OH
the Cystobactamide C Derivatives (24a)-(31a) (272) v OH
Rs
“coon I }‘
N
OH
\,\n/§ (28a) VI / \
m)
OH O 0 — N
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)\ 0 (292) VI X
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OH
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T "
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\,\’( 1.3.3. Coupling of Ring a with BC4 Fragment to Synthesize
OH (6] OH
O
AL e

H

the Cystobactamide C Derivatives (32a)-(33a)

O,N
VI n
d) NaOH/MeOH, 45° C., overnight; m) PCl3, CH,Cl,, Xylene, 145° C., 2 hours
COCl
H>N.
/
B | I
S N.
Compound Scaffold R3 [e) N P
— -
(24a) A\ O O
/\ 0 Y
N
H )\ O
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(@] ™ N
O N
)\ o O
0 Y
Ao 0
(32a)

(332)
d) NaOH/MeOH, 45° C., overnight; p) CH,Cl,, pyridine, 1t, overnight

2. EXPERIMENTAL

2.1. General Experimental Information

[0552] Starting materials and solvents were purchased
from commercial suppliers, and used without further purifi-
cation. All chemical yields refer to purified compounds, and
not optimized. Reaction progress was monitored using TLC
Silica gel 60 F,s, aluminium sheets, and visualization was
accomplished by UV at 254 nm. Flash chromatography was
performed using silica gel 60 A (40-63 um). Preparative
RP-HPLC was carried out on a Waters Corporation setup
contains a 2767 sample manager, a 2545 binary gradient
module, a 2998 PDA detector and a 3100 electron spray mass
spectrometer. Purification was performed using a Waters
XBridge column (C18, 150x19 mm, 5 pm), a binary solvent
system A and B (A=water with 0.1% formic acid; B=MeCN
with 0.1% formic acid) as eluent, a flow rate of 20 m[./min
and a gradient of 60% to 95% B in 8 min were applied.
Melting points were determined on a Stuart Scientific melting
point apparatus SMP3 (Bibby Sterilin, UK), and are uncor-
rected. NMR spectra were recorded either on Bruker DRX-
500 (*H, 500 MHz; '3C, 126 MHz), or Bruker Fourier 300
(*H, 300 MHz; '*C, 75 MHz) spectrometer at 300 K. Chemi-
cal shifts are recorded as 6 values in ppm units by reference to
the hydrogenated residues of deuterated solvent as internal
standard (CDCl;: §=7.26, 77.02; DMSO-d,: 6=2.50, 39.99).
Splitting patterns describe apparent multiplicities and are
designated as s (singlet), br s (broad singlet), d (doublet), dd
(doublet of doublet), t (triplet), q (quartet), m (multiplet).
Coupling constants (J) are given in Hertz (Hz). Purity of all
compounds used in biological assays was 95% as measured
by LC/MS Finnigan Surveyor MSQ Plus (Thermo Fisher
Scientific, Dreieich, Germany). The system consists of LC
pump, autosampler, PDA detector, and single-quadrupole
MS detector, as well as the standard software Xcalibur for
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operation. RP C18 Nucleodur 100-5 (125x3 mm) column
(Macherey-Nagel GmbH, Diihren, Germany) was used as
stationary phase, and a binary solvent system A and B
(A=water with 0.1% TFA; B=MeCN with 0.1% TFA) was
used as mobile phase. In a gradient run the percentage of B
was increased from an initial concentration of 0% at 0 min to
100% at 15 min and kept at 100% for 5 min. The injection
volume was 10 pl. and flow rate was set to 800 pul./min. MS
(ESI) analysis was carried out at a spray voltage of 3800V, a
capillary temperature of 350° C. and a source CID of 10 V.
Spectra were acquired in positive mode from 100 to 1000 m/z
and at 254 nm for UV tracing.

2.2. LC/MS Data for the Triaryl Derivatives
[0553]

Compound LC/MS m/z (EST+)
(la) 521.99 M + H]*
(2a) 537.87 M + H]*
(3a) 579.90 [M + H]*
(4a) 540.07 [M + H]*
(5a) 580.11 [M + H]*
(6a) 479.98 [M + H]"
(7a) 496.02 [M + H]"
(8a) 537.99 M + H]*
(9a) 509.98 [M + H]*

(10a) 538.11 [M + H]*

(11a) 492.02 [M + H]"

(12a) 508.01 [M + H]*

(13a) 550.02 [M + H]*

(14a) 550.13 [M + H]*

(13a) 449.87 [M + H]*

(16a) 465.93 [M + H]"

(17a) 508.07 [M + H]*

(18a) 492 M + H]*

(19a) 435 [M]*

(20a) 482 [M + H]*

(21a) 452 M+ H]*

(22a) 452 M+ H]*

(23a) 494 M + H]*

(24a) 466.20 [M + H]*

(25a) 478.07 [M + H]"

(26a) 493.17 [M + H]"

(27a) 509.12 [M + H]*

(28a) 423.53 [M + H]"

(29a) 436.13 [M + H]"

(30a) 451.10 [M + H]"

(31a) 467.11 [M + H]"

(32a) 535 M + H]+

(33a) 493 [M + H]+

2.3 General Synthetic Procedures

[0554] a) A mixture of the acid (25 mmol), isopropyl bro-
mide (52 mmol) and potassium carbonate (52 mmol) in 100
ml DMF were heated overnight at 90° C. Excess DMF was
then removed under reduced pressure and the remaining resi-
due was partitioned between water and ethyl acetate. The
organic layer was dried over sodium sulphate and the excess
solvent was then removed under reduced pressure to give the
pure product.

[0555] c¢) To a stirred solution of the nitro derivative (10
mmol) in EtOH (60 mL), iron powder (2.80 g, 50 mmol) was
added at 55° C. followed by NH,Cl (266 mg, 5 mmol) solu-
tion in water (30 mL). The reaction was refluxed for 1-2 h,
then iron was filtered while hot and the filtrate was concen-
trated under vacuum till dryness. The residue was diluted with
water (30 mL) and basified by NaHCO; (saturated aqueous
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solution) to pH 7-8. The mixture was extracted with EtOAc.
The combined organic extract was washed with brine, dried
(MgS0O,), and the solvent was removed by vacuum distilla-
tion. The obtained crude material was triturated with n-hex-
ane, and collected by filtration.

[0556] d) Ester hydrolysis was done according to the fol-
lowing reported procedure.! The ester (0.1 mmol), sodium
hydroxide 1M (3 mL) and anhydrous methanol were heated
overnight at 45° C. On cooling, the reaction mixture was
acidified to pH 1 (3 mL, hydrochloric acid 1 M) and extracted
with dichloromethane (3x150 mL). The organic was dried
over sodium sulphate and the solvent removed under reduced
pressure to leave give the pure product.

[0557] m) Amide formation was done according to the fol-
lowing reported procedure.? A boiling solution of the acid (1
mmol) and the amine (1 mmol) in Xylenes 2.5 ml was treated
with a 2M solution of PCl; in CH,Cl, (0.4 mmol). After 2
hours the excess solvent was evaporated and the residue was
purified using column chromatography.

[0558] n) To astirred solution of the acid (2 mmol), amine
(2.4 mmol) in anhydrous CHCI, (50 mL) under a nitrogen
atmosphere, dichlorotriphenylphosphorane (3.0 g, 9 mmol)
was added. The reaction was heated at 80° C. for 5 h. Solvent
was removed by vacuum distillation. The residue was then
purified using flash chromatography.

2.4 Specific Synthetic Procedures

Methyl 3-methoxy-4-nitrobenzoate

[0559]
O>N
0 ~
| :
[0560] To a stirred mixture of 3-hydroxy-4-nitrobenzoic

acid (9.16 g, 50 mmol) and K,CO; (15.2 g, 110 mmol) in
DMF (150 mL), dimethyl sulfate (25.2 g, 200 mmol) was
added portion wise then the reaction was stirred at 90° C.
overnight. After cooling the mixture was poured on to ice
cooled water (400 mL), the precipitate was filtered, washed
with cold water then n-hexane.

[0561] Yield 95% (pale yellow solid), m/z (ESI+) 212
[M+H]™".
3-Methoxy-4-nitrobenzoic acid
[0562]
O>N
OH

(@)

| :
[0563] To a stirred solution of methyl 3-methoxy-4-ni-

trobenzoate (2.11 g, 10 mmol) in MeOH (30 mL), KOH (1.68
g, 30 mmol) in water (30 mL) was added. The reaction was
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refluxed for 2 h then MeOH was evaporated by vacuum dis-
tillation. The residue was diluted with water (20 mL). The
solution was cooled in an ice bath and acidified by KHSO,
(saturated aqueous solution) to pH 3-4. The precipitated solid
was collected by filtration, washed with cold water then
n-hexane.

[0564] Yield 96% (off-white solid), m/z (ESI+) 198
[M+H]".
6-Chloro-2-isopropoxy-3-nitropyridine

[0565]

O,N

2 / |
X

)O\ N Cl

[0566] To astirred solution of 2,6-dichloro-3-nitropyridine

(3.86 g, 20 mmol) in toluene (30 mL), isopropanol (1.44 g, 24
mmol) was added. The mixture was stirred at 0° C. for 15 min.
then NaH (50-60% in mineral oil, 1.22 g, 28 mmol) was added
portion wise under a nitrogen atmosphere, and the reaction
was allowed to stir at room temperature overnight. The reac-
tion was quenched with brine, then diluted with water and
extracted with EtOAc. The combined organic extract was
washed with brine, dried (MgSO,), and the solvent was
removed by vacuum distillation. The residue was dissolved in
toluene and purified using flash chromatography (SiO,,
n-hexane-EtOAc=5:1).

[0567] Yield 70% (yellowish white crystals), m/z (ESI+)
217 [M+H]".
2-Isopropoxy-3-nitro-6-vinylpyridine
[0568]
O,N
2 / |
o
[0569] To a stirred solution of 6-chloro-2-isopropoxy-3-

nitropyridine (650 mg, 3 mmol), and tributyl(vinyl)tin (1.0 g,
3.15 mmol) in toluene (20 mL) under a nitrogen atmosphere,
tetrakis(triphenylphosphine) palladium(0) (180 mg, 5% eq.)
was added. The reaction was refluxed overnight. Brine was
added, and the reaction was extracted with EtOAc. The com-
bined organic extract was washed with brine, dried (MgSO,,),
and the solvent was removed by vacuum distillation. The
crude product was used directly in the next step without
further purification. Yield 90% (yellow liquid), m/z (ESI+)
208 [M]".
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6-Isopropoxy-5-nitropyridine-2-carboxylic acid
[0570]

O>N > |
x
)O\ N COOH
[0571] To a stirred solution of 2-isopropoxy-3-nitro-6-vi-

nylpyridine (625 mg, 3 mmol) in acetone (10 mL), KMnO,
(1.9 g, 12 mmol) solution in 50% aq. acetone (50 mL) was
added. The reaction was stirred at room temperature for 24 h.
NaOH 0.5 M (5 mL) was added, then the mixture was filtered
and filtrate was concentrated under vacuum. The residue was
cooled in an ice bath and carefully acidified by KHSO, (satu-
rated aqueous solution) to pH 4-5, then extracted with EtOAc.
The combined organic extract was washed with brine, dried
(MgS0O,), and the solvent was removed by vacuum distilla-
tion. The obtained crude material was triturated with n-hex-
ane, and collected by filtration.

[0572] Yield 75% (beige solid), m/z (ESI+) 227 [M+H]*.

Isopropyl 3-isopropoxy-4-{[(6-isopropoxy-5-nitro-
pyridin-2-yl)carbonyl]amino} benzoate

[0573]
O>N /
I =
X N
] N
PN
O

[0574] To a stirred solution of 6-isopropoxy-5-nitropyri-
dine-2-carboxylic acid (226 mg, 1 mmol), and isopropyl
4-amino-3-isopropoxybenzoate (237 mg, 1 mmol) in a mix-
ture of anhydrous CHCI, (50 mL) and DMF (1 mL) under a
nitrogen atmosphere, HOBt (676 mg, 5 mmol) was added at
0° C. followed by EDC.HCI1 (958 mg, 5 mmol). The reaction
was allowed to stir at 0° C. for 2 h. then at room temperature
overnight. Solvent was removed by vacuum distillation. The
residue was dissolved in toluene and purified using flash
chromatography (SiO,, n-hexane—FEtOAc=2:1). Yield 70%
(pale yellow solid), m/z (ESI+) 446 [M+H]™".

2-formyl-6-methoxyphenyl acetate
[0575]

CHO

OAc
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[0576] To a stirred solution of 3-methoxysalicylaldehyde
(4.56 g, 30 mmol), and pyridine (2.43 mL, 30 mmol) in DCM
(40 mL), acetyl chloride (2.36 g, 30 mmol) was added drop
wise. The reaction was stirred at room temperature overnight
then the solvent was removed by vacuum distillation. The
residue was triturated in cold dil. HCI and filtered, washed
with cold water then n-hexane.

[0577] Yield 94% (off-white solid), m/z (ESI+) 195
[M+H]".

6-formyl-2-methoxy-3-nitrophenyl acetate
[0578]

0,N

CHO

| OAc

[0579] To a stirred ice-cooled suspension of 2-formyl-6-
methoxyphenyl acetate (1.94 g, 10 mmol), and KNO, (1.01 g,
10 mmol) in CHCI, (15 mL), trifluoroacetic anhydride (12
ml.) was added. The reaction was stirred in an ice bath for 2
h. then at room temperature overnight. The reaction was
diluted very carefully with water (50 mL) and extracted with
CHCI;. The combined organic extract was dried (MgSO,),
and the solvent was removed by vacuum distillation. The
residue was dissolved in toluene and purified using flash
chromatography (SiO,, n-hexane—FEtOAc=3:1). Yield 45%
(vellow semisolid), m/z (ESI+) 239 [M]™*.

2-hydroxy-3-methoxy-4-nitrobenzaldehyde

[0580]
0,N
O CHO
| OH
[0581] To a stirred suspension of 6-formyl-2-methoxy-3-

nitrophenyl acetate (957 mg, 4 mmol) in water (30 mL),
NaOH (0.8 g, 20 mmol) was added. The reaction was refluxed
for 2 h then allowed to stir at room temperature overnight. The
solution was cooled in an ice bath and acidified by HC12 M to
pH 3-4. The precipitated solid was collected by filtration,
washed with cold water then n-hexane.

[0582] Yield 90% (yellowish brown solid), m/z (ESI+) 197
[M]*.
2-hydroxy-3-methoxy-4-nitrobenzoic acid
[0583]
O,N

COOH

OH
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[0584] To a stirred solution of 2-hydroxy-3-methoxy-4-ni-
trobenzaldehyde (788 mg, 4 mmol), and NaOH (0.8 g, 20
mmol) in water (50 mL), AgNO; (3.4 g, 20 mmol) was added
portion wise. The reaction was refluxed overnight, then
allowed to cool and filtered through celite. Filtrate was cooled
in an ice bath and acidified with HCI 37% to pH 3-4. The
precipitated solid was collected by filtration, washed with
cold water then n-hexane.

[0585] Yield 65% (beige solid), m/z (ESI+) 213 [M]™*.

Isopropyl 3-isopropoxy-4[({6-isopropoxy-5-[(4-
nitrobenzoyl)amino]pyridin-2-yl}carbonyl)amino]

benzoate
[0586]
0,N
O
HN
AN
L,

May 26, 2016

[0587] To a stirred solution of isopropyl 4-{[(5-amino-6-
isopropoxypyridin-2-yl)carbonyl]amino } -3-isopropoxyben-
zoate (207 mg, 0.5 mmol), and pyridine (0.1 mL) in DCM (20
mL), 4-nitrobenzoyl chloride (185 mg, 1 mmol) was added.
The reaction was stirred at room temperature overnight then
the HC1 2 M (20 mL) was added. The mixture was extracted
with DCM then EtOAc. The combined organic extract was
dried (MgSO,), and the solvent was removed by vacuum
distillation. The residue was dissolved in toluene and purified
using flash chromatography (SiO,, n-hexane—FEtOAc=1:1).
Yield 80% (yellow crystals), m/z (ESI+) 565 [M+H]".
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6. ACTIVITY OF THESE COMPOUNDS

[0590] Several of these compounds were tested for their
activity against an E. col/i strain (TolC-deficient) according to
the procedures described above. Most tested compounds
showed an activity (MIC) of from 1 to 320 uM.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 73

<210> SEQ ID NO 1

<211> LENGTH: 58456

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(58456)

<223> OTHER INFORMATION: Cystobactamide biosynthetic gene cluster

<400> SEQUENCE: 1

gtagacgccg cggctcagag ggcggtgecyg cagtgettge agtggtgege gtecaggteg 60

tggeectgea ggecgeagece gggacaggeg cgegggtcega tggegtgetyg cegggtegece 120

tgggcgaget ccacggacac gatgccegtyg ggcaccgcga ggatgecgta geccatgate 180
atcaacaccyg aggcgatgaa ctgtceggge acegtcettgg gegagaggte tcegtagece 240
accgtggteca tegtcacgat ggcccaatac atccccegeg ggatgetgte gaagecgttyg 300
gegegecect ccaccatgta catcaccgeyg cccatgatga cgaccgtget cagcaccegece 360
ccgaggaaga cgatgatctt cegecgactyg geccggageg cggtgagecag cacgtccgece 420
tcececgagga agetggegag cttgagtacyg cggaagacge geagcaggceg gaacacccge 480
accaccagca gggactgcat gecgggcage atcaagcetca gecaccgaggg caggatggece 540

agcagatcca ccageccgaa gaagctcage gecatagegea geggceegttt caccgacage 600
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agccgecagca cgtactccag tgtgaagage ccggtgaaac accactcgag gacgcggatg 660
gtctgceccat gctggacgct gatggactcc acgctctcga gcatcaccgce gaggacgctg 720
agcacgatgg cccacagcaa tgccacatcg aaggcgegge ccgecggggt gtcecgactceg 780
aagatgattt cgtgcagccg cgcccggagt cccgacggag cgctctgctce ggatggatgt 840

ggcacgaggg cagtctagec ctccacggeyg cggceggggge ggaatgeggt cegeccaceg 900
tgacgegeceg gctactggga geccgecttyg gagetgeegg gggeatgeag ttgcegecegg 960
tcttecttge cgececttgtt ggggectceccecg tgggtgcecga actcgeccge gttgegetge 1020
ttggggtatt cctcegtcggg ccgccgetceg cggeccegge ccgagacgtce acccgagtceg 1080
accttcecgggt gecagectete cttgtecgeg tcggaatgca gettcectcecceet gtectggtece 1140
tgtgccatcg ggcaccteeg tttectggag gaaacatggg gacggaagac gggagcggct 1200
caggagtgee geegettege ggggagggeg ggecgeeggg cgtetggagg gaaagecget 1260
gtcgecagtt gggegttcee tecegecgea cggaccagee goegggaccgyg getegeggec 1320
ggcececcgee aggcgcacte agegcettett cgcecggacttg cgegeggegg cggtcettceac 1380
ggcgegegee acggtettet tegecgegac cgceggeccga gtcaccacct tgegeccgat 1440
gctacccacg agcccegtgg cgctcagett cttgegegeg ggggecttceg gcteggtete 1500
ctececegeget tgacgggtag gggcecttgge ggtggectet tgcegtegceca ccettecegggt 1560
gggcttcecgee ttgggggcgg ccttettege cecgggtageg ggggtcettgg gctecgtgeg 1620
cttecttetee gegegggege ggtagcegcett cacggteteg gegtgggcect gtceccatagece 1680
ggtgggcgtyg tcaggcaggg ccgcecttete ctcettecttyg gtgagggcga tcettgtgtte 1740
ttcattgceg agccggggac ccgagcecctt gtaggtetge gegggttget gcegacaagaa 1800
gggttcgaaa ctgtaggttc ttecccatgge tgtctectge ctgecgtgact gggatgtett 1860
gaagaaataa gtaaggagtg gtccctgatt ttggaatggg cccctctcaa ggcegectege 1920
ggtcccegta ccaggactcet tectettece cgtceccaggta gegcaccacg aggcccgcegy 1980
gcttgtgetyg gegagccage ctgcgceccge cgtggatgge ctgggtcacg ttggaatacce 2040
ggccgagetyg acggttgece tegaatcgga cgtaccaacce ccggecatcce gtegecacga 2100
tcaccecgeeg tgcegtgtgtyg geggagecca cttegtgetg cttgctcectee ttgegtettg 2160
cegggetcat gaaagcaaac tgtcaacceg gageggaggt cgcattgtcee cagggatcag 2220
ggtgcgegga ttcaggtcege ccaggagcat gagacggecce cggggactte aacggecccec 2280
ggagccctee tgetgecegg cgcacgggte ctgccagega gecategtge gecagggage 2340
gcggegteag cggcetggtgt cgtettegga geccecgtgceeg ctcecatgttge cgetggagte 2400
cgtgetgeeg gagcegteca cgtcactgee ggtgecggag cegeccaggt cgetgtecac 2460
geccgaggeyg teggggcetga aaccgecegyg ttcactggac acgeccgage cgecggagec 2520
geccacgteg ctaccggage cegtgetgeco actgctcegaa cegtegatgt cgecageacce 2580
tgttcecgeecg gtgcecteege cegtggtgte accaccttece gtggtgecte cggtegttcece 2640
ggttccggte gtectcactte cggtcatggt geccgcecctga gacgtatcgce tceccgeccegt 2700
tccttgatte ccageaccge cegtegtetyg acatcccacg cecgaagagca gagecgegga 2760
caacgcaccc accaccaccg ccttgatgtg tttcatgege tttectctee tecagttgga 2820

cacctgtgga ggctaggaat ggctccacac gggtgcattg gacgtgaaga cagctccccce 2880
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gcteggtgte ccactgatgg tggctcggat tettecttge ccteccgageg atgaggcacce 2940
ccgtegtggt gegatgggtt cgacccegegt ggggtcectca gggcgaggece tggcgcgagg 3000
agccgggtgg cttegegege cagacceggt ccggctactt ccaggtgteg ttgagggtceg 3060
cggtcccecga ggcggggate gtggtcecgage ggttggegece gectcteccag gtgacgttcece 3120
cggagcegtce cttcettgatg tacttgtatt cgagggcecegt cgagccgggce aggctgagceg 3180
tcacgctecca cttegggtag ctggceccggag acaggaggat ggcggcgceceg gtgttcecagt 3240
tgccgagege ggcatggtta cccacgaggt agacgttetg teccacgacg gtgctggecg 3300
tcacgttgaa ggtgacggag gtggccgagg aggtgctegt ggtgacgcte agggcggtgce 3360
tctgggegga ggcattgece geggtgtcege gcgegcgcac ggtgtagcegg taggtcegtgce 3420
cggcactcag gtcgetgteg gtgtagetgg tggagacggg tgagcccacce agcgagccat 3480
cgeggtacac gtcatatceg gegatgeege tggcatcegt ggaggegete caggagageg 3540
acacggagga ggacgtcttg gacgecgeceg tgaggeccga ggggacggag ggtgeggtgg 3600
tgtcgagege gggegeteeg ctggagacga cgecgtectt cacegtggag gtgcccgegg 3660
gcaggaggta gttgttgcce ttgttgttgt cccaggtgec cttgccatcg ttgaagacac 3720
actcgagectg ggtggccget cccagattga cggtgtattt ggcgtagcce ggcacctegg 3780
aggtggccat gacgttgeeg ggcacggteg tccacgtgec accgecgatyg cggaagtgga 3840
tgtatttgag ggcgaagttg ttgttgaaat agtagacggt ggcgctgttg cccgtcetggg 3900
tggtgacgga cagggcegtyg ctgggegagg agacattgec cgeegegtee cgggegegea 3960
cggtgtagct gtaggtggtg ctcecggcgaga ggccggtatce cgagtaggtce gtccceccegtga 4020
cggacgcgac ctgggtgccg tttcggagca cctegtagtt cgcgacgcceg tagttgtegg 4080
tggaggcegt ccaggecgagg gecaccgagg agetegtegt gecegacgee gtcaggecceg 4140
agggaacgga gggtggggtyg gtgtccggcg tcagggtggce gacgctcagg geggtgcetcet 4200
gggcggacge gttgccecgcee gcgteceggg cgcgcacggt gtagetgtat tgagtgetceg 4260
gggagaggcce gctgtcggta taggccgtge tggtgctcga geccacctgce gtgccatcege 4320
ggaagacgtc atagccgcte accgccacgt tgtccgagge cgegetccag ctecagggtea 4380
ccgageggte cgtcecttcegece ttegeggtca gteccgaggg gaccgagggce geggtggtgt 4440
ccaccacgag gaagggatgc gttccctgta ccgtgcegtt ggggtecteg atgtacttgce 4500
cgeccaccag gttgtacegg ccecgagecca cgtagacgga ctggatctet cceegggtga 4560
tgttgccceg getgteggtyg gectcecgatgt agtagtcecgag gagctggteg cggtagttge 4620
ccaggtagac gtagtagagg tcgccgatct cctgecgeggg caccttggece atgacgggca 4680
ggtaggcggyg ctgccaggaa acaccattca tgacaggcett caggtegege cgggtgageg 4740
ggtagtccac ccaggcgcce acgegggceceyg gatcgatgtt gggaacacce geggecttge 4800
gcgeecgeegyg atcatagace ttgtgggtgt tgtcgagcgg gtcgatgetce ttgtgggtgt 4860
gcacccggac gcegggcecttg atggaggaga tgccgcectcege gtegtaggceg taggtgtaga 4920
gggcgaagtyg gttgttgaag aagtggagcg tccagcccte ggacttgtcecg gtgttggege 4980
tgccggggtt gtagggccag cgctgggcece accagacgga ggggcccgte ttgtectggg 5040
cgatgcgetg ctgcacgtag ggcttggaga agtagaggga ttgattgaag gacagcgtgg 5100

gcttgacgtt gtegtectgg ttetegtegt agtageccgaa geccgagtcece atggcgggca 5160
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gcaggaagta ccaggcgagt tcegeggggt tggcgecgec cgcccagtcg ttgttcacgt 5220
cgecccttgac gggaaaggac atcatccacg ggttgagetg gttgcccgtg tgggtgatct 5280
gcttgtecgat cgeggtggtg ggcgaccagt gattggggtyg cgcgtcgagce cagatctget 5340
cggcggtett cgcegtagttyg agggcggcect ggagcagggce gaagttgcge tcecgaggtagt 5400
gccagcecgtyg ctecgagggag accgtcatge cctcectgcac gecgctgagg ttegtettgg 5460
gagagagatt gaggccggtg geggegttga aggcggggaa ctgaccctte cagatgecga 5520
agggcagett ccagtggtge cactggggat ccgaggagga gtcegegegtyg tccacccacg 5580
agccgtectg gacgtgcacce acgtcecggtgg aggcgggggdt gtggtggacg aggtactcegg 5640
agatgcccac gcactgeacg ccattggege aggtgacgga geggeegttyg taccaggtgg 5700
agtcggagcece ggcgegteceg ctecgagttgt cgecatcatg cgcgatgacg aagaactgcece 5760
gctggggaac gaggccctceg aagcetcttga ggttgacgac gtcgacggtg gcctegectt 5820
cccageccte gagecaggag cegttetggt tgacggggat gecgacgacg cgcegactegg 5880
cgecegtgge ggggtecacg tagegcaccee agtggggagt ggaggegaag gggtacttgt 5940
tcttgatgac ctgctgcteg tgggccatct gggcgctcac ccaggagccce acggagctgg 6000
tgttctggag atcggcgegyg ttgggcegggg agacgagegt gtcggagccce ggatcgttga 6060
ggtaggggta gtccttgagg gtgcgggaga agtggttgtce gecgatgacg gcccactgca 6120
cgcegagett ggagagggtyg gggatgagge getcggagaa gecgageteg gtggggaaga 6180
agcccttgga ggactggaag gagccgecga ggaagtaggg ctgggegage gtggegetcet 6240
ggtagatgag atccttgagg aagtagtcgg gaccgaccag gggccccatg gagtggtgge 6300
cggtgaagtg gatgagatcc agggtgcggt tgcccgeggg ggtgagcagg gcegctgtagce 6360
ggtcctteca ggaggcgcece cagttcggat tgtcgtagec ggggacgttce ttcagggtga 6420
cgagatcctg gacattgttce accacggcgce cggacatggt gacgtgcacc tggccggtgg 6480
gggcattggt tttcatgtce gaggcgacgce ttggaggcca gtacaggtag gcacccgtcet 6540
tcgegttgtg cgagtaatag gtgacgaggt catcgtgegg catgggcgeg cccgatggca 6600
ggtagtatgt gtaattggac gggggattct tcttcaggtt gatgacctgc gcgtcataca 6660
tgtaccggat ggggccgeceg gtgggcegtgg acgcegtattg gecccaggteg tagtaggecce 6720
agaagttggg catgtggttg tggtagacgt gggccgceggce gatctgcgece ctggcegggca 6780
gggcacacag caacagcgcec gacaggacgg gccctatcaa cggcettcact cgatgeatgg 6840
gggttcctet ggggtaagga ggagcgcacce ctagtggage cgtccggact ttectegttt 6900
tctgatgaaa aaggatttgc cgcatcgcgg caatcgtttg gcagcagact ggaacgtcag 6960
cgaggagcaa caacagccac tggeggcacg cgeggcetcett ctcecagagag aagagecgeg 7020
cgtgggggag cgaaagectg gaggectgte agecegegac ggccacttgt ggecgecgga 7080
ccggtgtgeg cgaagggacg gcecgactcce agaccggaag tatgcttcece atcttgtgga 7140
gcttegecte gcagtaggag aggttgtect cgtacggctt gttcecgcecatg aacggcattt 7200
gagtccecgeg gtacttcacg cgcaggcteg tgctgggage gecctcecgagce ccgagtaget 7260
cagacgtgag ctgcgcgtac ttttcgggaa cgcgcaggac aatggcatcce ttcetectteg 7320
agacgaccgt cacgtgtttc agcaaccctt cgccattatt gatgggcgtg ttgctgtaca 7380

cgtgcggacg gttgaggaga tccatctcga acaggaactc cagcagctca tegttcatca 7440
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tgcccagggt ttgaatgaac ccgaagagca gttggtcgaa ctctectgcgg aactcecgtgaa 7500
gtgtgacgtyg gaagatgccg ccgttggege tgaacttcga ctggctggtce ccgtcecgatca 7560
cgctggtgat gtactgcgtg taggggtggt cagggttcecg cttgcagtac tcecgagaacg 7620
aggagatcaa gtccttgaag gccagccgcece cctgcecttgte gaggtaccte ccgacgaagce 7680
ggagtgcgeg caggctgtac aggctcgtga gatgataccc gaaccgcaca ccctecttgt 7740
attcctegeg ggtaacgtece ttegtcegcecga cgacgacctg cgcectegcetg ttegggtett 7800
catcattcga cacctccage ttgaactcct cgecgctgget gttcatcgge acgttgttga 7860
tgagcaggag gtggtggatg aggatcgcgt cggcgtcegta gcectgcagagce ttcccgatgce 7920
ccteectgaa ggtctecage gtectcegecgg gaageggeca gatcatctece acgaacgagg 7980
agagcttget geggtgcagt tettcectgga ggctcaggta ggcgctctece ttgatgttge 8040
cgecgcettecac getcttcage gtgttegegt ccatcecgtetg gagcgagacce ggctgggtgg 8100
agatcaaacc ctcctggete aggatccgceg tgatctgegt gacccggtca ggcgagttcet 8160
tcgececgeget cagccaaatg gtgagcggat agccatactt cecgcttgcac teggcgatgt 8220
gctgggcgat ctcaatgtcg cgggtcagca tgccgaaatt cgegtceggtg atgaagatgt 8280
agaacgcccg gtgctggetg agccaggtga tctecgectt gacccggtece atgtcecggact 8340
tgaacacgceg cgagttggtc geccgccecee agaagcagta ggtgcactgyg taggggcate 8400
cceggttegt ctcaaggggce geccacacgt acttcecteget gtcgaagtag ccttcecaggt 8460
agggagatgg gaccgtgttc agatcctgga tgcgcgettg gggcteggte gtgatcaget 8520
ctcegttecg gtagaaggag aggcccttga ccttgccaag gtcgggctgg ggggagcaga 8580
gttcggccag gtagttcgceg aaggtatact caccctcacc gttgcagagce accacccgcet 8640
cgttgcecgg atccaggtac tgcgcecccgt ggttcatcac ctgcggaccg ccaaggatga 8700
tgtgcgegtt gggcttgegyg geggtgaggg tggggagceca ccgcttcacg aagcccatgt 8760
tccagacata gcaagagatc gcgtagacat cggcatcgat cttgttgage ttgtcttcega 8820
atcggtegte gttgatgcag atcgagtgga tttcgaaget gcacgactcecce ctgatcaagg 8880
ggttctgete ggecacgceca cgcatgtage cagaggccaa gggataaacg ccagagaaga 8940
ccgtcaactc aatgaatgceg acccgctggt tggccatgac acacgctcce cgttacctac 9000
aaattggtat attgccaaca tgatggcggg caggctagct gaaaaattta ctctccggca 9060
ctctcatgtt cctgggtete cgggctcagt gggcgagcag cttgaatcgg cggaacgcect 9120
cgegegtegyg cgcegtgegac aggacgtcege actgcatcag cacgtagacce aggtacccgg 9180
agaggggata tcgcgegegg aaatccteca geggeggete cgagtacgte tcggagagga 9240
tcegetegat gtgctcecggece getagaccga gctgctecag cacgacgcge tegtactecg 9300
ccatcatctt cgggctgagg tactcgcgga tgaactctgg cagcagctga ccgatggcga 9360
gcecgggceget ctecteccate tcactccaca ccagcttgag cacgttcatg aagaggaccyg 9420
cgtggeggece ctcegtcecgega acatggtcect ccatcacctg atggagcact tegttgaagg 9480
acttctcacc cgtcaggttc agcagatcct tggtgagtgt gttttccceg atgcagacgg 9540
cgatgatttc ccagagcceg tgcagegtct cgggcagecg gtgcttgceg aaagccatgg 9600
ccetggacag gtcecegtttee gttecccaggg gcageggcett gacgcccgtg cgctgctega 9660

tctgcecgecat gaagtcgegt gecacgtagg cgtgatagge ctcatcgatg atgacggtga 9720
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gcgegtegtyg geggatgtceg tccgggaacg tgatgggcegt gtgaccgttg gcgatcttcea 9780
tcgccaccte gttgacggte tcecgtcetcga agatggcgat gtcccccatg aacttgtagg 9840
cggagtggat gaagaacagc cgcagcgtct cgggcggaag gttcttcatg agcgggtggg 9900
tgagcaggge cgccttggcece ggcgggtaca ggtgcccgac cacgtccccee tccggcagta 9960
cgegecegggg cttgectgegt gtggcecggcaa gcgaatccca caccaactcecce ttggacttgt 10020
agtcecctegg ggaaatcgeg cccgaccttt ctgctaccaa ccectgtette cectgtegtee 10080
cattcactct ggcttcteeg acggcaccgt attgctgcat tgaaagggga gcgagegect 10140
gcgggcgetyg gtegegegeg ctcagcegett gactcegtge accaggtatce cctggggcac 10200
accgggggtyg ccgegtggeg ccacggggaa gggccagege ccgagcetget teccgatgge 10260
cgeggtggtyg tagacgtggg ggtcccagcec aatcggectt agaatcacct cgggetegte 10320
ggtgccgaac tggcgggcga ggtcegtgcat caacttgacg cgcgaggagt ccaaaatcga 10380
acggccaacg acgtcgatga ggacgatgct ctcgggaacg ctcagggcgt tgacacggge 10440
catgagcagc gtgacctgceg cctcggtgag gtagacgage aatccctcga tgagccacag 10500
ggtgggcacg ccgggatcga atccgcetttt cttcagecgec gceccggccagt catcggceccag 10560
atcgaccgac acggcatgtc gcectcacattt cggcgcgacg ccggtcaget tegectectt 10620
gtcetggage acggcegtcegt ggtcegagetce gaacagccge gtgtctecccg gccaggccaa 10680
acggtaggcg cgggcatcca ttccecgegge gaggatgacg atctggcecgga tgccgeggece 10740
caaccccagce gtgatctgat catcgagcca gcgcgtgcga acctcgatgg cgggaggcat 10800
ggcgecctea ccggcattge ggcegccgcag ctectegacg agegtgtcac cggcecgagtceg 10860
acgggcaaag ggatcccgga acagtgggtt ggaacgctcg gtctcaageg cgcgcattcece 10920
cgccacccaa agtgccgtet ggccgatcte ttgcatatgt tttatgaccg ccgectegtg 10980
agatgggtta agggttcggc aacacgtcaa ctcgcaacga cggagcgctce agegtecgtg 11040
gctggatteg cgaagcgcga acgccgecceg ttgcggatcece tcegcacacgg cgatgecgate 11100
gccattcgga agttccatgg ggccgatgac gacgcctceeg gecttgecgga cgacctceccat 11160
cgcgggatcg agcgcggcega cgcggaaatg gaacagccag tgtgaatgga ccccettgag 11220
cceecgecacg teccacgacceg ageccggcgcet cggctcegtee gagegecagg tgaactectg 11280
gtgaacccee agcgcaccaa ggtegcecggeg atccgagage cgccatccga acaggtcgca 11340
atacgaggcg gccgtctgtt gcacgttcecge ggcatagage tgctgccaga ccacctccgg 11400
ctggagecgcet ctegtegttg ceggtgecegt cgccacggceg aaggtcgcecce ctccaggate 11460
gcggaggatce gcgacgcgcece cgecgtegtt cgtcecgggtgg gtegggccga gctgggtege 11520
ccegegecce acgaacgagce gcaccgctte atcgacgtcee tcgacgceccga cgtaacccag 11580
ccaatgggcg ggtgcgcege gggcaatcge ctgctcecggge agcggcacga tgtctgegtt 11640
ggcggcgecece tcaccgaaca gagecgtgta gaacgcccgt gcecgcecgggga cgttggtggt 11700
gcgcaactgg agcttgaaga accgtttcat accacgtgac ctcecgttaccg ccggggggcee 11760
ggctcagggt gtctgatage cgtcgaccac cattcccaac gectgggcga gggcgacgge 11820
ggtctccacyg ccaacacgcg tcectttgac ctggttcegec ttecgggtcga agatgaaatt 11880
ggtcgatcga gcaaaattgg tcttggtgag gacgcagccec tgcatggtgce atcctggcat 11940
atcggtgccg gtgaagtceg actcggcgag gtccacgtca atgaagttgg cttcecgegege 12000
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ggagcagcca acgaaccgcg tcttgcgtag attcaacttc aagaaggagc tgtagcgcag 12060
atcgcactgt tcgaactgga cgtccggcat ggttccgagt ccactccagt ccacgeccat 12120
gaggcgggtyg tcectttgaagg tcacgctteg cagcgcgage ttctceccecggta ccatccgcag 12180
gagatcgcat ccctcgaata cacaatcctce caggcggcte cggacccagce ggcetttceggg 12240
caacttgcac cgccggaacg tgcagcegctce gaattccttg ccggagagat cagccgacte 12300
gatcgagaga tcagaaaacg tgacgtcggce gaaaaagtcg ccactttcca gagagggagt 12360
ggagcgggceg ggcatatgte ctcatggctg acacgacgag cggcccctaa taccagtgeg 12420
tgcgctaggg atccagcaca gtcagteccta tgtceccteccaa ccgacatatc gtctagatga 12480
gtcaaactta agttgactcc acaacacgta tgtgccttga atcgagcata actgaactcg 12540
tggcgtgcge gggccgaatg ccgagtgegt cggectgtcece ggaaacgcect gectegteceg 12600
gagacggcceg caactgggcg cgacgcgccce tggtggcteg gtggacgcag ggcaggaage 12660
gtatttggcc gaaccgcaag ttgccgggece gcgaggcteg gcaggggaac gacgatgage 12720
atgaacgggg acgaagccga gtacgttgtce ttgatcaacg gcgaagagca gtactegecte 12780
tggccegtge accgcgaaat tecgggeggt tggaagaccg ttgggcecccaa gggaagcaag 12840
gaaacgtgtc agtcctacat ccaggaggtc tggacggaca tgaggccgaa atcgctacgg 12900
gaagccctga cgcgcagcaa ctgctgatcce cgctgecteg ggggctectg taccgeccegte 12960
gtctccagat gaggattgca gcgaggccac aaccaatgag tacgccagca gcaggagcga 13020
agccgtecta tcectcegegggt attgaaacgg tgatggtcga acctgagcett gaggaggtte 13080
gctacctgac cgtggagagce ggcgacggac ggcagagtac cctctatgag ttceggtccga 13140
aggacgcgga gaaggtcgtg gtcecttgecge cctacggagt caccttettg ctggtggege 13200
gactcgceeg gctectetee cagegattece atgtecttgat ttgggagtca agggggtgte 13260
cggactceccge catcccggtg tatgacacgg accttgggct cgccgaccag tcaaggcatt 13320
tctecgaggt cctcaagcag cagggcttceg aggcgtttca cttegtcegge tggtgtcagg 13380
cggcgcagcet ggccgtgcat gceccaccgcca gcggccaggt caagccgcegg acgatgtcectt 13440
ggattgccee ggcggggctg ggttactege tggtcaagte cgagttcgat cgatgtgcac 13500
tgcccatcta cctggagatc gagaagcatg gcctgttgca cgccgagaag ctcggcagge 13560
ttctgaacaa atacaatggc gttcccgcga cggcgcagaa cgcggcggaa aagctgacga 13620
tgcgecattt ggccgacceg cggatgacat acgtcttcecte caggtacatg aaggcecgtatg 13680
aagacaacag gctcctcecgec aagcaatttg tctcgaccge gctcegacteg gtgccgacge 13740
tggccattca ctgccgggac gacacgtaca gccacttcecte ggagtccgtt cagctetcga 13800
agctgcatcce atccectcgag cttcecgectac tcecggtaaggg cggccatctg cagatcttca 13860
acgaccecgce cacactggeg gagtacgtte tcggtttcat cgacaccagg gegtegcagg 13920
ctgccgetee tgcggtggeg ggagcecgtagg gagacaacat gatacttccce aacaacatcg 13980
gcctegacga gceggacgcag ctegcacgge agatctcecte gtaccagaag aagttccacg 14040
tgtggtggcg cgagcggggg cccaccgagt tcectcgatceg gcagatgcege cttcecgcacge 14100
cgaccggggce ggtcagcggce gtggactggg ccgagtacaa gacgatgcegt cccgacgagt 14160
atcgectgggg cctcettcatg gtgccgatgg accaggacga gatcgectte ggcgaccacce 14220

gtggcaagaa ggcgtgggag gaggttccga gcgaataccg cacgctgcectg ctgcagcaca 14280
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tctgegtgca ggccgacgtyg gagaacgccg ccgtcgagca gagcecggctg ctgacgcaga 14340
tggcgecgag caacccggac ctggagaacg tgttccagtt cttectcgag gaggggcgee 14400
acacctgggce catggttcac ctectgeteg cccacttegg tgaggacggg gtcegtecgagg 14460
ccgaagegcet cctggagegg ctgageggtg acccgaggaa cccccgcettg ctggaggegt 14520
tcaactatcc gaccgaggac tggctgtccce acttcatgtg gtgcttgctg gecgaccggg 14580
ttggcaagta ccagatacat gcagtgaccg aggcttegtt cgcccegttg geccgggcgg 14640
cgaagttcat gatgttcgag gaaccgctcce acatcgccat gggcgecgtg ggtctggaac 14700
gagtgctgge caggaccgcce gaggtcaccce tgcgtgaggg gacgttcgat acgttccacg 14760
cgggggcgat tccgttcecceg gttgtcecaga agtatctcaa ttattgggceg ccgaaggtcet 14820
acgacctctt cggaaacgac ggctccgaac gctcgaacga actcttceccecgg getgggctcee 14880
ggaggccgeg gaatttegtg ggaagcgaat cgcagatcgt tcgcatcgat gagcegcatgg 14940
gcgacggact gaccgtcegtg gaagtggaag gggagtgggce gatcaacgcc atcatgcgac 15000
gacagttcat cgccgaagtg caaacgctca ttgatcgctg gaacgccagce ctgcgagcege 15060
tgggcgtcga cttcecagttg tacctceccte acgagcgcett cagcaggacce tatggecccet 15120
gcgeeggtet geccttegac gtggacggaa aactgctcec ccgecggcacg gaggcgaage 15180
tcgccgagta cttcecccaca cctcecgegaac tcecgcgaacgt cecgctegetg atgcageggg 15240
agctggcectcece cgggcagtac tectegtgga tcegeccegte cgcgacgcegg ctgagegege 15300
tggtccaggg caggaacacg cccaaggagc acgaatgaaa cgaagccgtc ggatcgttga 15360
cgggagaaga gcgagcagtt cgtgggaacg ggagaggggce tcgccatgag cggcaagctg 15420
cctectegta tgtgtccgac accccggaaa gagcactcat cacatgegtt gectcatcat 15480
cgacaactac gattcgttca cctggaatct ggcggactac gttgcgcaga cgttcecgggag 15540
cgagccegttg gtcecgtccgeca acgaccagca tacctggcaa gaaatcaagg ccttgggcte 15600
cttcggatge atcctggttt ctceccgggtcec gggctcecggtyg accaatccga aggatttcaa 15660
tgtctegega gacgecgcteg agcaggatga gttcccggtg tttggggtet gectgggceca 15720
tcaagggctg gcgtacatct acgggggcga gatcactcac gctcecggtte cgttecacgg 15780
caggacgtcg accatctacc atgacggcac gggcgtgttt cagggactcc cgccgagett 15840
cgacgcggtg agatatcact cgctggtcegt gcggccggag tcgcettceccecceg cgaacctggt 15900
cgtcaccget cggacggaat gecggectgat catggggttg cggcacgtga gtcgcecccgaa 15960
gtggggcgte cagttccatce ccgagtcgat tcectgactgeg cacggcttgce agctcatcte 16020
caatttccgt gacgaggcgt accgatacgc ggggaaagag gttccgtcege gecgteccca 16080
ttcgactgece ggcaacggtyg teggcecgcagg tgctgccagg cgtgacccga gegceccecgceceg 16140
cacaccggag cggagaaggg aacttcagac gttcaccagg cggctggcga cgtctetcga 16200
ggccgagacce gttttectgg gectgtatge gggcecgcgag cactgcttcect ggctcgacag 16260
ccagtcegtg agagaaggga tatcceggtt ctecttecatg ggctgegtge cggagggcte 16320
gctgectgacyg tacggcgctg cggaagceggce gtcagagggg ggcgccgagce ggtacctgge 16380
ggcgctggag cgggcgctcg aaagccgtat cgttgttcecge cceccgtggatg ggcetgceccatt 16440
cgagtttcat ggcggctaca tcggcttcat gacctacgaa atgaaggagg cgtttgggge 16500

cgcgacgacg cacaagaaca ctattcccga cgccttgtgg atgcacgtga agcggttcecct 16560
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ggcgttcgac cactcgacgce gagaagtgtg gectggtcecgec atcgcggagce tcgaggagag 16620
cgcgagegtce ctcegectgga tggacgagac cgccgacgct ctgaagtcege ttccgegegg 16680
caccecgtteg cecccagtecece tggggttgaa atccatcteg gtatcaatgg attgtggacg 16740
ggatgactac ttcgccgcca tcgagcgctg caaggagaag atcgtcgatg gggagtceccta 16800
cgaggtcectge ttgacgaacg gtttctegtt cgatctgaag ctggatcccg tcgagetgta 16860
cgtgacgatg cggagaggca atcccgcecccce gtteggeget ttcatcaaga caggcaagac 16920
ctgcgtecte agtacctececce cggagegcett cctgaaggtg gatgaggatg ggacggtcca 16980
ggccaagcecec atcaagggga cctgcgegeg ctcectgacgac cccgccaccg acagcacgaa 17040
tgccgegegg ctggecgect cggagaagga ccgggcggag aacctgatga tegtggacct 17100
gatgcggaac gacctcggac gggtgtceccgt geccgggcage gtccatgtct ccaatctaat 17160
ggacatcgag agcttcaaga cggtccatca gatggtcage accgtcgaat cgaccttgac 17220
gccggagtge agectegttg acctectgeg cgcggtcette cecggggggat ccatcaccgg 17280
ggctcecccaag atccgcacga tggagatcat cgatcggcte gagaagagcce ctcecggggcat 17340
ctactgcggce acgatcggcet acctcgggta caaccggatce gccgacctga acatcgccat 17400
ccgcaccttg tectacgacg gcaccctegt gaagtteggt geccggcggag ccatcaccta 17460
cttgtcacag ccggaggggg agtttcagga gatcctgcte aaggcggaat ccatcctceg 17520
gccgatttgg cagtacatca atggcgeggg tgctcectte gaaccccagt tgcgcgaccg 17580
ggttctgtge ctggaggaga agccgcgaag ggtcattcgt ggccacgggt cggcaattga 17640
tgcagtggag cctagcgegt gaagcectacg tcgagtcgag acctgeccat tegcgegtca 17700
agccccecagg gaccatccga accgegtgeg cgteccceggg gccagtggat gattgegtte 17760
aacccgcagg cgcggceccag getgeggete ttcectgcttte cgtacgceccgg tggcgacgeg 17820
aacatcttce gggactgggce cgcggcgatg cccgaggggg tcgaggtcect cggcgttcag 17880
taccceggge geggtaccaa cctggegttg ccgecgatca gcgactgtga cgagatggeg 17940
tcacaactgc tggcggtgat gacgccegttg cttggcatca acttecgettt tttcggccac 18000
agcaatggcg ccttgatcag cttcgaggtg gcgcgaaggce tccacgacga actgaagggce 18060
cgcatgeggce atcacttecct gtecggccaag tccgcececte actacccgaa caacaggagt 18120
aagatcagcg gcctcaacga cgaggacttt ctcecgggcga tccggaagat gggcggtacg 18180
cceccaggaag tgctcgacga cgccceggcetg atgcagatte tgctgeccaag actgegegeg 18240
gacttcgege tcggcgagac gtatgtgttt cgccccggac ccaccctgac gtgcecgacgte 18300
agcatcctge gaggcgagag cgaccacctg gtcgacggceg agttegtceca geggtggtcee 18360
gagctgacga cgggcggcgce gagcecagtac gcaatagatg gtggccattt cttectgaat 18420
tceccacaagt cgcaggtegt ggcgctegtg cgagcggcac tgcttgagtg tgtgttgtag 18480
cgagaaaacg gattcccaaa taatgaccgc tcagaaccaa gcctcecgegt tttcectttcga 18540
tctettetac acgacggtca atgcgtacta ccggaccgce gccgtcaagg cggccatcga 18600
gcteggegtyg ttecgacgtceg ttggcgagaa gggcaagacce ctggccgaga tcgcgaaggce 18660
ctgcaacgcg tecgcecgegtyg gcatccegcat tcetetgeegg ttectegtgt cgatcegggtt 18720
cctcaagaat gcgggtgagt tgttcttcect cacgcgagag atggccctgt ttctggacaa 18780

gaagtcgecec ggctatctgg gcggcagcat tgatttcecctt ctgtcgecegt acatcatgga 18840
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cggcttcaag gacctcgegt cggtggtgcg gacgggcgag ttgacgctgce cggaaaaagg 18900
ggtggtggceg ccagatcatce cgcagtgggt gacgttcgeg cgcgcgatgg cgceccgatgat 18960
gtcecectgeca teectectge tecgeggaact ggcggaccgce caggcgaacce agcecgctcaa 19020
ggtgctcgat gtcgecgecg gccacggect cttecggectg gecatcgece ageggaatce 19080
gaaggcgcat gtgacgttce tcgactggga aaacgtgcta caggtggcgce gcgagaacgce 19140
gacgaaggcg ggagttctcg acagggtcga gttccgeceg ggagatgect tctecgtgga 19200
cttcggcaag gagctggacg tcatcctcect gacgaactte ttgcatcact tcgacgagge 19260
gggctgcgag aagatcctca agaaggccca cgctgecctg aaggagggcg gccegtgtget 19320
gacgttcgag ttcatcgcga acgaggaccg gacgtcgcect ccgettgecg ccacgttcag 19380
catgatgatg ctcggcacga cgcccggcegg tgagacctac gcectactcecg atctggageg 19440
gatgttcaag aacacgggtt acgatcaagt cgagctcaag gccattcctce ccgegatgga 19500
gaaggtcgte gtttcgatca agggcaaagc gcagctctga gcaacattca gcacaatagg 19560
acctecetggg agatttcgaa tggccaccaa attgtctgac ttcecgegcectece tecgactccga 19620
agacgccaac gtcatctcecce gectcgaacga gacggggata tcgctggatc tgtccaagag 19680
cgtggttgac ttgttcaacc tccaggtcga gagggcgcect gacgccacgg cgtgtectegg 19740
ccgccagggg cgcttgactt acggagaact caaccggcgg acgaaccagce tcgcgcatca 19800
cctgategeg cgaggcgteg ggccggatgt tcecegtggge gtectgtteg agegetccge 19860
cgagcagctce atcgccatcce tgggcegtcect caaggcggge gggtgttatg teccgttgga 19920
tcegcagtac cccgecgatt acatgcagca ggtcctgacg gacgcccgge cgcggatggt 19980
ggtgtcgage cgggcgctceg gcgagcecgect cecgcteggge gaggagcaga tcgtctacct 20040
cgatgacgaa cagctcctgg cgcgcgagac ccgcgacccg cctgtgaagg tgttgecgga 20100
gcagctcgeg tacgtgatgt acacgtcecggg ctcecgtecgga gtgccgaagg gcgtcatggt 20160
gcceccatege cagatcctca actggctgeca tgcactcectg gegegggtgce cgtteggega 20220
gaacgaagtg gtggcccaga agacgtccac gtcattcgec atctcagtga aggaactctt 20280
cgegggattg gtcgegggtyg teccgcaggt cttcatcgac gatgcgactg teccgecgacgt 20340
tgccagette gttcecgtgage tggagcagtg gcgcgtcacg cggctctata ctttteccte 20400
ccagctggeg gcgattctet cgagcecgtgaa tggcgcgtac gagcegectcece getcecgetgeg 20460
ccacctgtac atctcgatcg agccctgcecce aacagagcectg ctggcgaagce tcecgggcgge 20520
gatgccgtgg gtcaccceccecct ggtacatcta tggctgcacce gagatcaacg acgtcaccta 20580
ctgcgaccca ggggaccagg ctggcaacac gggcttegtg ccgatcggge ggcccatcceg 20640
caacacgcgg gtgttcgtece tcgacgaaga gctccggatg gtgccegteg gegcgatggg 20700
tgagatgtac gtggagagcc tgagcacggc gcggggctac tggggecttce ccgagttgac 20760
ggcggagegyg ttcatcgcca accctcacge ggaggacggt tcegecgcectgt acaagacagg 20820

cgacctegece cgctacctge cggatggtte cctggagtte ctcecgggcecgece gggactacga 20880

ggtgaagatc cgcgggtatce gcgtggacgt ccggcaggtce gagaaggtcce tcggggcecgca 20940
tcecgacate ctcgaggtgg cggtggtggg ctggccgcete ggcggggcga atccacaact 21000
ggtcgectac gtegtgecga gggcgaaggg ggctgctceee atccaggaga tccgggacta 21060

cctgteggeg tecctgcecegg cctacatggt gccgacgatce ttceccaggtge tggcggeget 21120
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gccacgtett cccaatgaca aggtggatcg gttgagectg cccgacccecca aggtggagga 21180
gcagaccgag gggtacgtgg cgcctcecgcac ggaaaccgag aaggtactgg ccgaaatctg 21240
gagcgacgte ctcagccagg gccgggceccce cctgaccgte ggcgcgacgce acaacttttt 21300
cgaactggga ggccattcge ttcectegecge ccagatgtte tcgeggatcce ggcagaagtt 21360
cgatctcgaa ctgcccatca acaccctgtt cgagacccecce gtgctggagg getttgecgag 21420
cgeccgtegac geggcectcettyg ccgageggaa cggtccggeg cagaggctga tcagcatgac 21480
ggaccgcgge caggcegctte cgetgtegeca cgtccaggag cggcectcectggt tegtgcacga 21540
gcacatggtc gagcagcgga gcagctacaa cgttgectte gectgccaca tgcecgtggcaa 21600
ggggctgteg atgccggcecge tgcgcgecge catcaacggg ctggtggcectce gccacgagac 21660
cttgcggacg acgttcgteg tetccgaggg cggaggagat cccgtccage ggatcecgccga 21720
ctcecctgtgg atcgaggtte cgctatatga ggtcgatgeg tcggaagtcce cggcccgcat 21780
ggcggcccac gcgggccacg tgttcgacct tgcgaagggce cccctgctga agacctcecggt 21840
cctgegggtyg acgcccgatce accacgtgtt cttgatgaac atgcatcaca tcatctgtga 21900
tgggtggtcg atcgacatcc tgctgcggga cctctacgag ttctacaagg cggccgagac 21960
gggctcgecag ccgaacctge cggtcecctgec aatccagtat gcecgactact ccgtgtggca 22020
gcgtcagcag gacctcagca gtcacctcga ctactggaag aagacgctcg agggctacca 22080
ggaagggttg tcgectteccgt acgacttcge ccgccecgtec aacaggacct ggegtgceccecge 22140
gagtgtcegg caccagtacce cggcggaact cgccacccgt ctgtcggagg tgagcaagag 22200
ccatcaggcg acggtgttca tgacgttgat ggccagcacg gcaatcgtgce tgaaccggta 22260
cacgggtcgg gatgatctgt gegtgggtge cacggtggcg ggccgtgacce acttcecgaget 22320
cgagaacctg attggcttcect tegtcaacat cctecgccate aggctcgacce tcagecgggaa 22380
tcecacggee gagacggtge tgcagegggce gcgagcgcag gtgctggaag gcatgaagca 22440
tcgecgacctyg cegttcgage acatcctgge ggcgctgcag aagcagcgceg acagcagcca 22500
gattcceetg gtgeccggtga tggtccgecca ccagaactte ccgacagtga cctegcagga 22560
gcaggggcte gacctgggta tcggggagat cgagtttggt gagcggacga cgcccaacga 22620
gctcgacate cagttcatcg gcgagggaag cacgctggag gtggtggtcg agtacgcgaa 22680
ggatctgtte tccgagegca cgatccageg gctcatcacg cacttgcagce aggtgctgca 22740
gactctcgtyg gacaagccgg actgccgget gacggatttt ccegetggtgg ccggggacge 22800
gctgcaggge ggtgtgtcgg gctecggggg cgcgacgaag accggcaagce tcgacgtgte 22860
gaagagccceg gtcgagttgt tcaacgageg ggtagaggcec tcgeccggacg cggtecgectg 22920
catgggcgceg gacggaagcece tgacctaccg ggagctggac cgaagggcca atcaggtcge 22980
cegecacctg atggggegag gggtggggeg ggagacgegg gtggggttgt ggttcegageg 23040
ctecgecggac ctgctggteg cactcectggg catactcaag gcggggggct gettegttee 23100

gctecgateeg agectatccge aggagtacat caacaacatc gtcgccgatg cgcagceccget 23160

tctggtgatg tcgageccggg cgctgggcte acgcectgtca ctggaggcag ggcggcetggt 23220
gtacctcgat gacgcgcectgg cggcgtcecac cgatgcgage gatccccagg tgcgcatcga 23280
cceggagcag ctcatctacg tcatgtacac ctceggttee accggtcectge cgaagggggt 23340

gctegttecee catcggcaga tcectgaactg getgtacceg ctgtgggcga tggtgecccett 23400



US 2016/0145304 Al May 26, 2016
76

-continued

cgggcaggac gaggtggtgg cgcagaagac atccacggcce ttcecgeggtcect cgatgaagga 23460
gctettcacyg gggctgetgg cgggcgtgece ccaggtatte atcgacggca ccgtggtcaa 23520
ggacgcggeg gcecttegtge tcecacctgga gegatggcegg gtcacccggce tgtacacget 23580
ccegtegecac ctcecgatgeca tectgtecca cgtcgacggg gcggcggage gectgeggte 23640
cctgecggcat gtcatccteg cgggggagcee gtgecccegtt gagetgatgg agaagetgeg 23700
cgagaccctg cecgtegtgca cggcgtggtt caactacgge tgtaccgagg tcaacgacat 23760
ctecctactge gtcceccgaacyg agcagttcca cagectcecgggg ttegtgceccga teggecggee 23820
catccagtac acccgggcgce tggtgctcga cgacgagcetg cggacggtge cggtgggcat 23880
catgggggag atttacgtcg agagcccggg gacggcgcegg ggctactgga ggcagecgga 23940
tttgacggce gagcggttca tceccccaacce gtteggecgag ccgggtagece gtctcectaccg 24000
tacgggcgat atggcgcgat gecttgagga tggctcgcetg gagttcettgg ggcgecggga 24060
ctacgaggtc aagatccgtg gccatcgegt ggacgtccge caggtcgaga agatcctcge 24120
gagccacceg gaagtcecctceg agteggeggt gttgggctgg ccacgggggg cgaagaaccce 24180
tcagttgctt gectacgceg ccacgaagcece gggccgtece ctgtcgactg aaaacgtgceg 24240
ggagtacctg tcggccecgcet tgccgacgta catggtgcca acgctctacce agttecctgee 24300
agcgctgecg cgcectgccca atggcaagcet cgaccgcette gggctgcecceccg atcacaagaa 24360
agtcgaggtg ggcggcgtet acgtcgeccce gcagacgcecg acggagaagg tcttggcggg 24420
actgtgggcce gagtgcctca agcagggcga catgcccgeg ccgcaggttg gecgettgceca 24480
caacttcttc gacctcggtyg ggcactcgcet gctcecgccaat cgcgtactga tgcaggtgca 24540
gcggcattte ggggtcagce tgggcatcag tgcgttgtte ggttctecegg tgctgaatga 24600
cttecgeggeg gecatcgaca aggcgcetcegg gaccgaggag ccaggcgagg aaggttcgag 24660
cgacgcacga gaggtcgctg cgaaggacac ctcecgtgcecte gtgccgcetet ccacccacgg 24720
gacgctgeeg agcctgttcet gegteccatcecce ggtgggcggyg caggtccatg cctaccgcecga 24780
gctegeccag gcgatggaga agcacgccag catgtacgeg ctceccagtegg agggcgceccg 24840
tgagttcgac acaatcgaga ccttggcgceg cttcectacgee gatgcgatce geggggctca 24900
gcccgacggg agctaccgte tcecctecggatg gtcecttetggt gggctcatca ccctggcecgat 24960
tgctecgegag ctggagcacce agggctgcge cgtggagtac gtgggectceg tggattcaaa 25020
gccaatceeg cggttggcgg gtgagcecgegg ctgggegteg ctgatcgegg cgacgaacat 25080
cctgggegeg atgcgggggce geggcttcete ggtegccgag gtcecgatgcetg ccgggaagat 25140
cctecgagteg cgcggatgga cggaggagtce cttcecgactceg gaggggcatg cggcgttgga 25200
ggagttggcet cggcacttcg gcatcaccgt cgcgcaagag tcatcggagt acctecctgge 25260
ccggttcaag accacgaagt actacttgtce gctgtteget ggcttcaage cggcggeget 25320

cgggcceggag acgtacctet atgaggcttce agagcgggtce ggagccacct cgaacgacga 25380

cacgggcgag tggggggacg cgctggatcg caaggccctg cgggcgaaca tcgtgcaggt 25440

gccaggcaat cactatactg tcctgcaggg agagaacgtg ctgcaactgg cggggcggat 25500

cgccgaagcece ttgtctgcga tcgacaactce ggtggtaacg aggacgcgag cttcgtgace 25560

ctttecgecct cgggttcecgec aagaggcaac aaacgctgat tcaccggcaa gggaattcceg 25620

tgcagatgga caatcgagag atcgcaccca cccaatcgge gcgcacgcgt gatgcecgtaca 25680
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cggcggtacce accagccaag gccgagtatce cgtcggacgt ctgtgtgcac caactgttceg 25740
agttgcaggc ggacaggatt cccgacgccg ttgcggcgag ggcggggaac gagtccctga 25800
cctaccggga gctgaactte cgggcgaatc agctcgecccg gtaccttgtt gecgaaaggeg 25860
tggtceegeg aggctcecggtyg gecgtgectga tgaaccggac ccctgegtgt ctggtetcac 25920
tgctecgecat catcaaggcg ggcgcggcegt acgttcecggt ggacgccgga ttgcccegecca 25980
aacgggtgga ctacattctg acggacagcg gcgcgacctg cgtcectgacce gacagggaga 26040
cgeggtecact cctcecgacgag ccgcggtcegg cttecgacget cgtcatcgac gtggatgatce 26100
catccatcta ttcgggcgag accagcaacce tcgggctege tgtcgatccce gagcagcagg 26160
tctactgcat ctacacctcg ggttcgacgg gccttcccaa aggcgtgatg gtccagcace 26220
gcgegctgat gaactacgte tggtgggcga agaagcagta cgtcaccgac gcggtcgaga 26280
gttttgcecet gtacteccteg ttgtegtteg acctcacggt cacctceccatce ttegttceccege 26340
tgatcteccgg acgctgcatce gatgtgtacce cggacctggg cgaggacgtc cccgtcatca 26400
accgggtact ggaggacaat aaggtcgatg tcgtgaagcect cacgccggcce caccttgceccece 26460
tgctcaggaa cacggaccta tcgcaaagcc ggctgaaagt gctcatcctg ggaggagagg 26520
acctcecgage ggagacggceg ggggacgtcece acaagcggct ggacggceccgg gceggtgatcet 26580
acaacgagta cggccccacg gagaccgtceg tggggtgcat gattcaccge tacgaccccg 26640
cggtggatct gcacgggtceg gtgccgattg gagtgggcat cgacaacatg cggatctact 26700
tgctcgacga ccgteggegt cccgtcaage caggagaggt tggcgagatt tacatcggag 26760
gcgacggtgt gaccctgggg tacaaggaca agcctcaagt cacggcggac cacttcatct 26820
ccaatcegtt cgtggaaggg gagcggttgt acgccagtgg cgacctcecggce cgggtgaatg 26880
agcgcggcege gcetcegtcette cteggecgga aggatttgca gatcaagcetg cgggggtacce 26940
ggatcgagcet gggcgagatce gagagcgccc ttctectecta tcecggggatc aaggaatgca 27000
tcgtcgatte gaccaagacc gcgcagagcece aggccgcecgce tcagctcacce tactgcacca 27060
agtgtggtct ggcgtcgage ttcccgaata cgacgtacte cgceccgagggg gtctgcaacce 27120
actgcgaggce cttcgacaag taccgcagcg tcgtcgacga ctacttcage acgatggatg 27180
agctgcagtc gatcgtcacc gagatgaaga gcatccacaa ctcgaagtac gactgcatcg 27240
tggcgctcag cggcggaaaa gacagcacgt atgcactcectg ccggatgatc gaaaccggtg 27300
ccegtgtatt ggecttcacg ttggataacg gctacatcte ggaggaggcg aagcagaaca 27360
tcaaccgggt cgttgccegg ctgggagtgg atcaccgcta tcetcectcgacce ggccacatga 27420
aggagatctt cgtcgacagc ctgaagcgac acagcaatgt gtgcaacggce tgcttcaaga 27480
ccatctacac gtttgcgatc aacctggcgce aggaggtcgg cgtcaagcac gtggtcatgg 27540
ggttgtcaaa gggccaactg ttcgaaacgc gecctctegge cttgttecege acgtcgacct 27600
tcgacaacgce cgccttcgag aagagectceg tcgacgcgceg aaagatctac catcgcatcg 27660
atgatgccgt gagccgcectg ctcgacacta cttgcgtcaa gaacgacaag gtcatcgaga 27720
acatcaggtt cgtggacttc tatcgttatt gccacgccag ccgtcaggag atgtacgact 27780
acatccagga gagagtcggg tgggccaggc cgattgacac cgggcggtcg acgaactgtce 27840
tcectcaatga tgttggcatce tacgttcaca acaaggagcg caggtaccac aactactccce 27900

tgccctacag ctgggacgtce cggatgggcece acatcagcag ggaagaggcg atgagagagce 27960
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tcgacgactce ggccgacatce gacgtcgaga gggtcgaggg catcatcaag gaccttgget 28020
acgagctgaa cgaccaggtg gtgggctcgg cggaagccca gctggtcecgece tactatgtcet 28080
ccgcggagga gttcecccecgeg tecgacctge ggcagttect gtcecggagatt ctgccggagt 28140
acatggtacc caggtcgttc gtccagetgg acagcatcce gctgacgccce aatggcaagg 28200
tcaatcgtca ggccctgeeg aagcectgace tgcttcggaa ggcecggcacce gacggacaag 28260
ccgcaccccg aacaccggtyg gagaagcagt tggcggagct gtggaaggag gtgctgcagg 28320
tcgacagtgt cgggatccac gacaacttct tcgagatggg cgggcactcg cttcecggcge 28380
tcatgctgcet ctacaagatc gacagtcagt tccataagac gatcagcatc caggagttct 28440
cgaaggtccce caccatcagce gegctegegg cgcatctegg cagtgacacce gaageggtge 28500
cgccagggcet gggcgaggtce gtcgatcaga gcgecgcectge atacagggga taacgtgcge 28560
ttegtcactg tcaatggtga ggactcggca gtttgctegg tgctggatcg cggactccag 28620
ttcggagatg gectgttecga gacgatgetg tgtgttggeg gtgcgecggt cgacttcceg 28680
gaacactggg cgcggcttga tgagggctgce cgccggctgg gaatcgaatg cccggacatc 28740
cggcgcgaag tgaccgctge gatcgcecagg tggggtgcte ccagggcecggt cgccaagcte 28800
gtcgtcacte ggggaagcac ggagcgggga taccggtgeg ccccttecegt ccggccgaac 28860
tggatcctca ccatcacgga tgccccgaag tatccgetgg cccacgagga cagaggcgtg 28920
gccgtcaaac tcectgecgaac gctegteteg ctcecgatgacce cacagctggce cgggttgaag 28980
cacctcaacc ggttgcccca ggtgctegeg aggagggagt gggacgacga gtaccacgat 29040
ggcctgctga ccgaccacgg tggtcacctce gtcgagggtt gcacgagcaa cctgttceccte 29100
gttgccgacyg gagcecttgag gacgcccgat ctgactgegt geggtgtgeg cggtatcegtg 29160
cggcagaagg tcctcgacca ctcgaaggca atcgggatce gctgcgaggt aaccaccctg 29220
aagctacgag atctcgaaca cgcggacgag gtcttcctga cgaactctgt ctacgggatt 29280
gtgceggttyg gtagegtcga tggtatgagg taccggatag gtccgacgac ggegegtttg 29340
ctgaaagacc tttgccaggg tgtgtacttt tgaggctceccg tggaggacgg tatgaccggt 29400
aatttggata gcgcggcatg gecccgtaatce atcacgectg gccagcagece agcggegctyg 29460
gaggattggg tctcagcgaa ccgtgacgga ctcgageggce agttgaccga gtgtaaggcce 29520
attctettte gaggctteceg tagcaggaat ggcttcgaga gcattgccaa cagcttcectte 29580
gaccggcgece tcaactatac ctatcggteg acgccccgta cggacctggg gcagaacctce 29640
tacacggcga cggagtaccc gaagcagctg tcgattccge agcattgcga gaacgcectac 29700
cagcgcgact ggccgatgaa getgetgtte cactgcgtgg agceccggcgag caaaggcggce 29760
cggacgccct tggccgacat gacgaaggta acggcgatga tccccgceccga aatcaaggag 29820
gagttcgege ggaagaaggt cgggtacgtg cggaactacc gtgctggagt ggatctgcect 29880
tgggaagagg tgtttggaac gagcaacaag gcagaggttg agaagttctg cgtcgagaat 29940
ggcatagagt accactggac cgagggtggc ttgaagacca tccaggtctg ccaggcgtte 30000
gcttegcate cactcaccgg tgagacgatc tggttcaatc aggcccacct gtttcacctt 30060
tcegecattgg acccggctte acagaagatg atgectttect tetteggtga gggcggecte 30120
ccgcgcaact cgtacttegg agacgggtceg gccatcggga gcgacgtcect cgaccagatce 30180

cgcteegett acgaacgcaa caaggtcectceg ttcgagtgge agaaggacga cgtgttgetg 30240
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atcgacaaca tgctggtttc tcacggacga gatccgtteg aaggcagccg gegggtgctg 30300
gtctgcatgg cggagccgta tteggaagtc cagcggcggg gattcgcecgg ggcaacgaac 30360
tcagggcgct cgtaagggcc gggctcegatg gtggtgtege tttegecgtt gecgcaaaaca 30420
gtcggaggag tttecttgtce cgaatttcga tgctgctgga gggagagctg gaggggtacg 30480
aggacgggtt ggaactgccg tacgacttcce cgcggacgtce gaatagggcg tggagagcgg 30540
cgacgttcca gcatagctac ccgcccgage tggcgaggaa ggtggcggag ctcagecggg 30600
agcagcagtc cacgctgttce atgagectgg tggcgagect ggcecggtggtg ttgaaccggt 30660
acacgggccg cgaggacgtg tgcatcggga cgacggtgge gggccgagceg caggtggggg 30720
cgttggggga tctgagcggg tceccaccgtceg acatcctece gcectgaggcetg gacctgtegg 30780
gcgetecgag ccttcacgag gtgctgcgga ggacgaaggce ggtggtgctg gagggattcecg 30840
agcacgaggc gttgccgtge cagattccct tggtgcecggt ggtggtgagg caccagaact 30900
tcecgatgge gegtetggag ggctggagtg agggggtgga gctgaagaag ttcgagectgg 30960
cgggggaaag gacgacggcg agcgagcagg actggcagtt cttceggggac gggtcectcge 31020
tggagctgag cctggagtac gecggcggagce tgttcagcga gaagacggtg aagaggatgg 31080
tggagcacca ccagcgagtg ctggaggcgce tggtggaggg gctggaggag gtgcggctge 31140
acgaggtgcg gctgctgacyg gaggaggagg aggggctgca cgggaggttg aacgacacgg 31200
cgcgagagct ggaggagcegce tggagectgg cggagacgtt cgagegtcag gtgagggaga 31260
caccggaggce ggtggcttge gttggegtgg aggtggcgac gggagggcac tcgcggccga 31320
cataccggca gctgacatac cggcagctga atgcgcgage caaccaggtg gcacggaggce 31380
tgagggcact gggagtgggc gcggagacac gggtcgeggt cttgagcgac cgctegccgg 31440
agctgetggt ggcgatgctg gegatattca aggccggggg ctgctacgtg cecggtggace 31500
cacagtaccc gggaagctac atcgagcaga tactggagga tgcggcaccg caggtggtgt 31560
tgggcaagag gggaagagceg gacggggtgce gggtggatgt gtggetggag ctggatggag 31620
cgcaacggct gacggacgag gcgcetggcegg cacaggaaga gggagagctg gagggggcgyg 31680
agaggcecgga gagccagcag ttggegtgtt tgatgtacac gtcecgggetce acgggcagac 31740
cgaagggggt gatggtgccg tacagccagt tgcacaactg gctggaggcg gggaaggagce 31800
gctegecget cgagegtggg gaagtaatgt tgcagaagac ggcaatcgceg ttegeggtgt 31860
cggtgaagga gctgctgage ggattgctgg cgggagtgge gcaggtgatg gtgccggaga 31920
cgctggtgaa ggacagcgtg gegctggcege aggagataga gcggtggcecgg gtgacgagaa 31980
tccacctggt gecatcgcac ctgggagcac tgctggaggg ggcgggggaa gaggcgaagg 32040
ggctgaggtc gctgaagtac gtcataacgg cgggggaggc actggcgcag ggggtgaggg 32100
aggaggcgag gaggaagctg ccgggggcgce agttgtggaa caactacggg tgcacggage 32160
tgaatgacgt gacgtaccac cccgcgagceg aggggggagg ggacacggta ttcgtgccaa 32220
tcgggeggece catcgcgaac acgcgggtgt acgtgttgga cgagcagttg aggcgggtge 32280
cggtgggggt gatgggggag ttgtatgtgg acagegtggg gatggcgagg gggtattggg 32340
gccagccage gctgacggceg gagegcttca tcgcgaaccee gtacgcgagce cageccggag 32400
cgaggttgta ccggacggga gacatggtga gggtgctgge ggacggctcg ctggagtacce 32460

tggggaggcyg agactacgag ataaaggtga gagggcaccg ggtggacgtg cgccaggtgg 32520
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agaaggtggc gaacgcgcat ccagccatcce gccaggeggt ggtgtcggga tggcegttgg 32580
gctcgagcaa cgcgcagttg gtggcctacce tggtgccgca ggcgggcgceg acggtgggge 32640
cgcggcaggt gagggattac ctggcggagt cgctgccgge gtacatggtg ccaacgctat 32700
acacggtgtt ggaggagttg ccgcggctgce cgaacgggaa gctggaccgg ttgtcecgetge 32760
cggagccegga cctgtcgage agccgagagg agtacgtege gceccccacggce gaggtcecgage 32820
ggaagctggce ggaaatctte ggcaacctcecc tggggctcga acatgtcggce gtceccacgaca 32880
acttcttcag ccteggecggg cactcectcee tggcectgecca gctgattteg cgcatacggg 32940
cgacctteceg cgtggaagtyg gcegatggcca cggtgttega gtcecccccacg gtggagccge 33000
tcgcecegeca catcgaggag aagctcaagg acgagtctceg ggtcecagcetce tccaacgttg 33060
tgccggtega geggacgcag gagattccge tctectacct gcaggagcegg ctgtggtteg 33120
tgcacgagca catgaaggag cagcggacca gctataacat cacctggacg ttgcacttcg 33180
ccggcaaggg tttctceggtyg gaggegttge ggacggectt cgatgagcectg gtggceccagac 33240
acgagacact gcgcacgtgg ttccaggtgg gggaggggac agagcaggcc gtacaggtca 33300
tcggggagece ctggtcgatg gagctgccge tgagagaggt ggcggggacg gaggtgacgg 33360
cggcaatcaa tgagatgtcc cgacaggtct tcgacttgag agcgggacgg ttgctgacgg 33420
cggcggtect gagggtggceg gaggatgagce acatcctegt cagcaacatc caccacatca 33480
tcacggacgg ctggtcgttce ggggtgatgce tgcgggagct gagggagttg tacgaggcag 33540
cggtgcegggyg gaagagagcg gagctgceccge cgctgacggt gcagtacggce gactatgcegg 33600
tgtggcagag gaagcaggac ctgagcgagc acctggcgta ctggaagggg aaggtggagg 33660
agtacgagga cgggttggag ctgccgtacg acttccecgeg gacgtcgaat agggegtgga 33720
gagcggcgac gttccagtat agctacccac ccgagcectgge gaggaaggtg gcggagctca 33780
gccgggagea gcagtccacg ctgttcatga gectggtgge gagectggceg gtggtgttga 33840
accggtacac gggccgccag gacgtgtgca tcgggacgac ggtggcgggce cgagcegcagg 33900
tggagctgga gagcctcatce gggttcettca tcaacatcct cccgectgagg ctggacctgt 33960
cgggcgcetcee gagecttcac gaggtgctge ggaggacgaa ggcggtggtg ctggagggat 34020
tcgagcacca ggagttgceg ttcgagcacce tgctgaagge gctgaggcgg cagcgggaca 34080
gcagccagat tcececttggtg ccagtggtgg tgaggcacca gaacttcccg atggcgegte 34140
tggagggctyg gagtgagggg gtggagctga agaagttcga gctggcgggg gaaaggacga 34200
cggcgagcga gcaggactgg cagttcettceg gggacgggte ctcecgectggag ctgagectgg 34260
agtacgcggce ggagctgtte agcgagaaga cggtgaggag gatggtggag caccaccagce 34320
gagtgcetgga ggegetggtg gaggggetgg aggagggget gcacgaggtg cggetgetga 34380
cggaggagga ggaggggctg cacgggaggt tgaacgacac ggcgcgagag ctggaggagce 34440
gctggagect ggcggagacg ttcgagegtce aggtgaggga gacaccggag gcggtggett 34500
gcgttggegt ggaggtggcg acgggagggce actcgeggec gacataccgg cagctgacat 34560
accggcagcet gaatgcgcga gccaaccagg tggcacggag gctgagggca ctgggagtgg 34620
gcgeggagac acgggtcegceg gtettgageg accgctcecgec ggagcectgcetg gtggcgatge 34680
tggcgatatt caaggccggg ggctgctacg tgccggtgga cccacagtac ccgggacact 34740

acatcgagca gatattggag gatgcggcac cgcaggtggt gttgggcaag aggggaagag 34800
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cggacggggt gcgggtggat gtgtggttgg agctggatgg agcgcaacgg ctgacggacg 34860
aggcgetgge ggcacaggaa gagggggage tggagggggce ggagaggcecg gagagecage 34920
agttggegtg tttgatgtac acgtcgggct ccacgggcag gccgaagggg gtgatggtge 34980
cgtacagcca gttgcacaac tggctggagg cggggaagga gcgctcecgecg ctcgagegtg 35040
gggaagtaat gttgcagaag acggcaatcg cgttcgeggt gtcggtgaag gagcetgctga 35100
gcggattget ggcgggagtg gcgcaggtga tggtgccgga gacgctggtg aaggacagceg 35160
tggcgetgge gcaggagata gagcggtggce gggtgacgag aatccacctg gtgccatcge 35220
acctgggagce actgctggag ggggcggggyg aagaggcgaa ggggctgagg tcgctgaagt 35280

acgtcataac ggcgggggag gcactggcgce agggggtgag ggaggaggcg aggaggaagce 35340

tgccggggge gcagttgtgg aacaactacg ggtgcacgga gctgaatgac gtgacgtacce 35400
acccecgegag cgaggggggda ggggacacgg tattcgtgee aatcgggcegg cccatcgcga 35460
acacgcgggt gtacgtgttg gacgagcagt tgaggcgggt gccggtgggg gtgatggggg 35520
agttgtatgt ggacagcgtg gggatggcga gggggtattg gggccagcca gcgctgacgg 35580
cggagcgcett catcgcgaac ccgtacgcga gccagcccegg agcgaggttg taccggacgg 35640
gagacatggt gagggtgctg gcggacggct cgctggagta cctggggagg cgagactacg 35700
agataaaggt gagagggcac cgggtggacg tgcgccaggt ggagaaggtg gcgaacgcgce 35760
atccagceccat ccgccaggeg gtggtgtcecgg gatggcegtt gggctcgage aacgcgcagt 35820
tggtggccta cctggtgeceg caggcegggceyg cgacggtggg gccgcggcag gtgagggatt 35880
acctggegga gtcgctgcca gegtacatgg tgccaacgct atacacggtg ttggaggagt 35940
tgccgeggtt gecgaacggg aagctggacce ggctgtegtt geccggagcecg gacctgtcga 36000
gcagccgaga ggagtacgtce gcgceccccacg gcgaggtcga gcggaagctg gcggaaatct 36060
tcggcaacct cctggggcte gaacatgtceg gcgtccacga caacttcectte agecteggeg 36120
ggcactcecect cctggetgcee caggtggtcect caaggattgg caaggagctt ggcactcaga 36180
tctecgatege cgatctgttt caaaggccca cgattgaaca gctcectgtgag ctgattggag 36240
gactggacga tcagacccag agggagctcg ccctegectec gtcecggggaac accgaggcegg 36300
tgctctegtt cgcgcaagag cgcatgtggt tcectgcacaa cttcegtcaag ggcatgccct 36360
acaacacgcc agggctcgac cacctgacgg gtgagctcga tgtcecgeggeg ctagaaaagg 36420
ccatccgege ggtcatcegt cgccacgage ccctgcggac gaatttcegtce gagaaggacg 36480
gggtgctgte ccagttggtg gggacggaag aacgcttceg cctgaccgtg acteccatce 36540
gcgacgagag cgaggtcgcg cggctcatgg aagccgtgat ccaaacgcca gtcgatctgg 36600
agcgggagtt gatgatccgg gcettatctcet accgggtega cccgcggaat cactacctgt 36660
tcaccaccat ccatcacatc geccttcegatg gctggtcgac atcgatctte taccgtgage 36720
tggctgegta ctacgccgeg tttcectecgge gcgaagacag tccgctgcecce gegctggaaa 36780
tctectatca ggactatgece cgctgggage gggcccattt ccaggacgag gtgttggcgg 36840
aaaaactgag gtactggcgg cagcggctgt cgggcgctceg gcccctcegta cttceccgacca 36900
cctaccatcg gecgeccate cagagttteg ctggcgeegt cgtgaacttce gagatcgatce 36960
gcteccatcac cgagceggttg aagacgcetgt tcgccgagte gggcaccacg atgtacatgg 37020

tgttgctegg cgegttctee gtggtgetge agcgctacte cggtcaggac gacatctgca 37080



US 2016/0145304 Al May 26, 2016
82

-continued

tcggctecece cgtggcgaac cggggtcaca tccagacaga agggctgatc ggcttgttceg 37140
tcaacaccct ggtgatgagg gtggatgccg ccgggaatce ccgtttcatce gacctgetgg 37200
cgcgcattca acggacagcc atcgatgcett acgcgaacca agaagtgccce ttcgagaaga 37260
tcgtggacga cctgcaggte gcgagagaca cggcccgatce tccgetcegtg caggtcatte 37320
tcaacttcca caacacgcct cctcaatccg agctggaact gcagggggtg accctcacge 37380
ggatgccggt gcacaacggce acggccaagt tcgagcectcte catcgacgtce gcggagacga 37440
gcgeeggtet aacgggattce gtggagtacg cgacggatct gttcagcgag aacttcatce 37500
ggcggatgat cggccaccte gaggtggtge tggacgcggt cggtcgcgat ccgegggcege 37560
ctatccatga gttgccactg ctcacccgge aggatcagtt ggacctactg tcgcggageg 37620
gccacacagce cccecgeggtg gaacacgteg agttgatcece tcatacgttce gageggcegeg 37680
tccaggagag ccctcaageg attgceectgg tcectgcggtga cgagegegte acctactcceg 37740
cgctcaaccg ccgggccage cagattgcce gccgectgeg cgcecgcaggg atcggaccgg 37800
acaccctegt cgggectttge geggggegcet ccatcgaget ggtcetgegge gtecttggceca 37860
tcttgaagge gggcggtgeg tacgtgccaa tcgaccccac ctectegecce gaggtgatcet 37920
acgacgtcct gtatgagteg aaggtgcggce atctgttgac cgagtcgcege ctggtegggg 37980
gactgcecggt cgatgaccag gaaatcctge tcecctggatac cccecgcggac ggtgaagggg 38040
acaaggctgt tgctgaccgg gaggagccac ctgaccttgg cgaggtcage ctcactccceg 38100
agtgcttgge gtacgtcaac ttcacctcceg actccggtgg ggcgccgagg ggcatcecgecg 38160
tcegecatgg ggcgetgget cgccggatgg ccgecggceca cgcacagtac ctggcecaatt 38220
ccgeccgtacg tttectgetg aaggcgecge tcacgttega cctggeggtce geggagetgt 38280
tccagtggat cgtcagcggce ggcagectga gcatcctcecga ccccaatgec gaccgcgacyg 38340
cctetgectt cectegegecag gtgcgcaggg actcgattgg cgtcectctac tgegteccet 38400
ccgaactcte gacgctggtg agccacctgg agcgcgagcg tgaaagggtg catgagctga 38460
acacccteeg gttcatctte tgecggegggg ataccctgge ggttaccgte gtcgagegte 38520
tcggggtact ggtgcgggece ggccagcectcee cgctgcggct ggtcaacgte tatgggacga 38580
aggagacggg aatcggcgcg ggttgcttceg agtgcgegcet ggacgcgaac gacccecagceg 38640
ccgaactccece gecgggacgg ctcectegecatg agcggatgee catcggceggg cccgeccaga 38700
acctgtggtt ctatgtggtg caacccaacg gtggcctgge tccecgttggge atcceggggg 38760
aactgtacgt cggcggcgceg caactcecgcecg acgcccgttt cggcgacgag cccacggcga 38820
ccecaccecgg cttegtececeg aaccecttee ggagcggage ggagaaggac tggctgtaca 38880
agacggggga cctcegtcecege tggctgecte aggggccegct cgagetggte agcgeggcte 38940
gggagcgcega cggaggcggg gaccaccggce tcgatcgegg cttcatcgag gecgegcatge 39000
gtcgtgtgge cattgtccge gacgccgtgg tggcectacgt cccggatcgce caggacaggg 39060
cceggttggt ggectacgte gttcectgaagg agtcgccege ggcggacgtg gagccegegeg 39120
aagggcggga aacgctgaag gctcggatca gcgccgaact tgggagcacg ttgccggagt 39180
acatgcttce ggccgectac gtgttcatgg acagecctgece gttgacgget tacgggagga 39240
tcgaccggaa agccctgceccece gagccggagg atgaccgcca cggtggtagt gecgatcegect 39300

acgtggccce gecgcegggcece acggagaagg cactggcgca catttggcag caagtgctga 39360
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aacgccecca ggtcecggactg cgagacaact tctttgaget gggcgggcac tcagtggcgg 39420
ccatccaact ggtgtccgtg agccggaagce acctggaggt cgaagtcccce ctcagectga 39480
tcttecgaate gecggtectyg gaggcgatgg cgcgcggcat cgaagcecgctg caacagcagg 39540
gccgecagegyg cgcggtgtceg tcecgatccatce gggtggageg gaccggaccg ctgectcectgg 39600
cgtacgtgca ggagaggctg tggttegtgce acgagcacat gaaggagcag cggaccagct 39660
ataacatcac ctggacgttg cacttcgccg gcaagggttt ctcecggtggag gegttgegga 39720
cggccttega tgagetggtyg gecagacacg agacactgceg cacgtggtte caggtggggg 39780
aggggacaga gcaggccgta caggtcatcg gggagccctg gtcgatggag ctgccecgctga 39840
gagaggtggc ggggacggag gtgacggcgg caatcaatga gatgtccecgg caggtcttcecg 39900
acttgagagc gggacggttg ctgacggcgg cggtcctgag ggtggcggag gatgagcaca 39960
tcetegtcag caacatccac cacatcatca cggacggcectg gtcegttcecggg gtgatgetge 40020
gggagctgag ggagttgtac gaggccgcgg tgcgggggga gcgagcggag ctgcecgcecge 40080
tgacggtgca gtacggcgac tatgcggtat ggcagaggaa gcaggacctg agcgagcacc 40140
tggcgtactg gaaggggaag gtggaggggg acgaggacgg gttggagctg ccgtacgact 40200
tceecgeggac gtcgaatagg gegtggagag cggcgacgtt ccagtatage taccacccceg 40260
agctggcgag gaaggtggceg gagctcagcece gggagcagca gtccacgctg ttcatgagece 40320
tggtggcgag cctggcggtyg gtgttgaacce ggtacacggg ccgcgaggac ctgtgcatcg 40380
ggacgacggt ggcgggccga gcgcaggtgg aactggagag cctcatcggg ttcettcatca 40440
acatcctecece getgaggetg gacctgtcegg gcgcectcecgag ccttcacgag gtgctgegga 40500
ggacgaaggt ggtggtgctg gagggattcg agcaccagga gttgccgttc gagcacctge 40560
tgaaggcgct gaggcggcag cgggacagca gccagattce cttggtgcca gtggtggtga 40620
ggcaccagaa cttcccgatg gcgegtetgg agggctggag tgagggggtg gagctgaaga 40680
agttcgagct ggcgggggaa aggacgacgg cgagcgagca ggactggcag ttcecttegggg 40740
acgggtecte gectggagetg agecctggagt acgcggcegga gctgttcage gagaagacgg 40800
tgaggaggat ggtggagcac caccaacgag tgctggaggce gctggtggag gggctggagg 40860
aggggctgca cgaagtgcgg ctgctgacgg aggaggagga ggggctgcac gggaggttga 40920
acgacacggc gcgagagctg gaggagcgct ggagcecctgge ggagacgttce gagcgtcagg 40980
tgagggagac accggaggcg gtggcttgceg ttggcgtgga ggtggcgacg ggagggcact 41040
cgecggecgac ataccggcag ctgacatacc ggcagctgaa tgcgcgagec aaccaggtgg 41100
cacggaggct gagggcactg ggagtgggcg cggagacacg ggtcgeggtce ttgagcecgacce 41160
gctegecgga getgetggtg gcgatgetgg cgatattcaa ggccgggggce tgctacgtge 41220
cggtggaccce acagtaccceg ggaagctaca tcgagcagat actggaggat gcggcaccge 41280

aggtggtgtt gggcaagagg ggaagagcgg acggggtgeg ggtggatgtg tggetggage 41340

tggatggagc gcaacggctg acggacgagg cgctggcggce acaggaagag ggagagctgg 41400

agggggcgga gaggccggag agccagcagt tggcgtgttt gatgtacacg tcgggctcca 41460

cgggcagacce gaagggggtg atggtgccgt acagccagtt gcacaactgg ctggaggcgg 41520

ggaaggagcg ctcgecgcecte gagegtgggg aagtaatgtt gcagaagacg gcaatcgcegt 41580

tcgeggtgte ggtgaaggag ctgctgagceg gattgctgge gggagtggceg caggtgatgg 41640



US 2016/0145304 Al May 26, 2016
&4

-continued

tgccggagac gctggtgaag gacagcegtgg cgctggegca ggagatagag cggtggcggg 41700
tgacgagaat ccacctggtg ccatcgcacc tgggagcact gctggagggg gcgggggaag 41760
aggcgaaggg gctgaggtceg ctgaagtacg tcataacggce gggggaggca ctggcgcagg 41820
gggtgaggga ggaggcgagg aggaagctgce cgggggcgca gttgtggaac aactacgggt 41880
gcacggagct gaatgacgtg acgtaccacc ccgcgagcga ggggggaggg gacacggtat 41940
tcgtgcecaat cgggcggccece atcgcgaaca cgcgggtgta cgtgttggac gagcagttga 42000
ggcgggtgee ggtgggggtyg atgggggagt tgtatgtgga cagegtgggg atggegaggg 42060
ggtattgggg ccagccagcg ctgacggcgg agcgcttcat cgcgaacccg tacgcgagee 42120
agcccggagce gaggttgtac cggacgggag acatggtgag ggtgctggceg gacggctcge 42180
tggagtacct ggggaggcga gactacgaga taaaggtgag agggcaccgg gtggacgtge 42240
gccaggtgga gaaggtggcg aacgcgcatc cagccatceg ccaggcggtg gtgtcecgggat 42300
ggcegttggyg ctcecgagcaac gcgcagttgg tggcectaccet ggtgccgcag gcgggcgcecga 42360
cggtggggcce gcggcaggtyg agggattacce tggcggagte gctgccageg tacatggtge 42420
caacgctata cacggtgttg gaggagttgc cgcggttgce gaacgggaag ctggaccggce 42480
tgtecgttgee ggagccggac ctgtcgagca gccgagagga dgtacgtcgeg ccccacggeg 42540
aggtcgagcg gaagctggceg gaaatcttceg gcaacctect ggggctcgaa catgteggeg 42600
tccacgacaa cttcttcaac ctcecggeggge actccctect ggettecccag ctgatttege 42660
gcatacgggce gaccttceccge gtggaagtgg cgatggccac ggtgttcgag tcccccacgg 42720
tggagcecgcet cgcccgcecac atcgaggaga agctcaagga cgagtctcecgg gtccagectet 42780
ccaacgttgt gccggtcgag cggacgcagg agcttceget ctectacctg caggagaggce 42840
tgtggttegt gcacgagcac atgaaggagc agcggaccag ctataacgga acgatcggge 42900
tceggetteg gggtectetyg tcaatccceg cgctcaggge caccttceccac gatctggteg 42960
ccegtecacga gagcectgege accgtettee gggtcceccga aggccgcacce acgceggtge 43020
aggtgattct tgattcgatg gatctggaca tccecggtecg cgatgcaacc gaggccgaca 43080
tcatceceggg catggatgag ctggcecgggtce acatctacga catggagaag ggtccecgctgt 43140
tcatggttcg cctettgegg ctggeccgagg actcccacgt tcectectgatg gggatgcate 43200
acatcgtcta cgacgcatgg tcacagttca atgtgatgag tcgcgatatc aacctgctcect 43260
actcggegca cgtgacggga atcgaggcac ggcttccege gcecttecccatce cagtacgcceg 43320
acttcteggt gtggcagcge cagcaggact tccgtcacca cctggactac tggaagtcca 43380
cactgggcga ctaccgggat gatctcgagce tgccgtatga ctaccecgcegg ccgcccagece 43440
ggacatggca cgcgacccga ttcaccttec ggtatccgga tgcactggceg cgcecgegtteg 43500
ccaggttcaa tcagtcccat cagtcgacgce tgttcatggg gctgctgacc agcttegcga 43560
tcgtgctcag gecactacacce ggccggaacg acatctgcat cggaacgaca acggceggggce 43620
gcgeccagtt ggagttggag aacctcecgttg gettcettcat caacatcctg ccgttgcegca 43680
tcaatctgge gggtgaccecc gacatcagceg agctcatgaa tcgagcgaag aagagcegtcet 43740
tgggcgectt cgagcatcaa gectctgecegt tcgagcgtcect cctcagtgece ctcaacaaac 43800

agcgtgacag cagccatatc ccgctggtte ccgtcatgtt gecgcecaccag aacttcecccga 43860

cggcgatgac cggcaagtgg gccgatggtg tggacatgga ggtcatcgag cgcgacgage 43920
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gcacgacgcece caacgagctg gacctccagt tcectttggcga cgacacctac ttgcatgcetg 43980
tcgtcgagtt ccccgecgecag ctettetceceg aggtgaccegt ccggegtcetg atgcagegte 44040
accagaaggt catagagttc atgtgcgcga cgctgggggce tcggtgaacg tgctcegctag 44100
gcattccacc ggctceccacg acgagcceggt ggccggcgac gtcgaactcecce gegteggtgg 44160
cceeggtgtyg ccggacgete attccagcga gagegttgaa gtgctggcege ggtggetgeg 44220
gaccgccgag gagaagtacce cgggcgtcat gggcccgatce cgccaggagg gcccectggtt 44280
cgccateceg ttgacctgece cgcgeggtge ccecggtcecggeg cgattceggece tetggetecgg 44340
ggaactagac cgtcagggac agctcctcca catggtcgec tcegtatctgg cggecgtgca 44400
ccacgtgctg gtcagecgtte gecgageccag cgccaacgtg ctggaggtgce tggtcetctga 44460
ctcaacaacg ccatctgggce tcaaccggtt cctgaacgge ctggactccg tectggagat 44520
cctggetcac gggcgcageg acctectect gcagcatcte acgggecggce tgccecceccga 44580
cgagatgccce ttcecgtggagg accgtgagga gcgcgaggag cacccggcca ccgatgtcga 44640
ggccgatgeg gttgtctceccecg tectgtteca accagttgac ttcccgagece tggcgaggct 44700
ggacgcgagce ctectegegt atgacgacga ggatgccgge geggtgggcece gggtectggg 44760
ggagctccete cageccgttcee tgctcgactce cgccaggatg accgtggggce gaaaggcggt 44820
gagggtcgat cacatctgce tgcctggett gttgcgagec gacagcagag cggcggagga 44880
gtcggttete gegeccgect tgcgettgge gacgaagcec ggtcggcatt tegtegegtt 44940
gtgccggaac accgccctge ggctgggaga caggctgccece cacttgctcecg cgcagggcece 45000
gctetgecgat ggcgcegtcaa cggcegctect tectgttgcaa cgggtgctgg acacgcttat 45060
cgggagceggg ggactgaagg accatcgect cacgctcgag ctggttggeg ccgatccacg 45120
gaccgaggcece gcegttteggg ccceggactec gtggetggtg gecggaacggg ccgettcegge 45180
tgcatcaacg gatgcaccgce gegtcgacgt cgtegtectg ttececcggegg cacggcecgag 45240
cgegcetegag ctgcggccag acagcegtcegt catcgacctt tttggcacct ggagectgag 45300
accgcgaccce gaggttctgg cgaagaacat cgtctacgtg cgaggggcect cggtcecegtcet 45360
cgccggagag gcecgtegtet cgactcecccte cttegcecgecg gatcgagtgg ageccggeget 45420
cctecgaggeg cttceteccggg aactcgacgce ggaggccagt agtgacgggce tcegcccacga 45480
gcaccgcecett gagattggcg gcattcgegg gttcectggggt gagatccgece gggceggagtg 45540

ggacgccttt cattcgegcee gcegggggga gctggcgagg tttcaggtgt cggggcaggt 45600

gaccgccgece aatccgggge tcgcecagect geccgatggg gcgacgaaca tctgcgaata 45660
catcttecgg gaagcgcacce ttecgeteccgg ctegtgecte gtcecgatccece agageggcca 45720
gtcegecgace tacgcecgage tgcggcgact ggcggcageg tacgcecgceggce ggttteggge 45780
attggggctce cgccagggag acgtcgtggce gctecgcecggceg ccggatggga tttcegtecegt 45840
cgeggtgatg ctgggttget tectgggcegg gtgggtette gegecgctca accacaccge 45900
ctcggecegtyg aacttcgagg cgatgttgag ttccgccagt ccccgectgg tgctecatge 45960
cgegtegacg gtcecgeccgece atctgecggt cctgagcacg cggcgatgceg cggaactcge 46020
gtcecttecetyg cegecggacyg cgctggacgg cgtggagggg gacgtcaccce ccctgceccagt 46080
gtcaccggaa gcccccgecg tcatgetgtt caccteggge tcecacggggg ggccgaaggce 46140

agtgacgcac acccacgccg acttcatcac ctgcagtcege aactacgcac cctatgtcegt 46200
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cgaactcaga ccggacgatc gtgtctatac gccgtccccg accttetteg cctatggatt 46260
gaacaacttg ctgctgtcce tcagecgceggg ggccacgcac gtgatctegg tcectcgcaa 46320
cggcgggatg ggtgtcgegg agatcctcecge gcggaacgaa gtaaccgtge tettegeggt 46380
tceegeegte tataagctga tcatctcgaa gaacgaccgg ggcectgceggt tgccgaagtt 46440
gagattgtgc atctctgctg gcgagaagcet gceccattgaag ctgtatcggg aggcgcgaag 46500
cttcttecage gtgaacgtac tggacgggat cgggtgcacce gaagccatct cgacgttcat 46560
ctcgaaccgg gagagttatg tcegcgeccgg gtgcacggge gtggtggtece cggggttcga 46620
ggtcaagctyg gtgaacccge gtggcgaget ctgcecgggtg ggagaggtgg gcgtectetg 46680
ggtteggggt ggggcgctga ccceggggcta cgtgaacgec cccgatctga cagagaagca 46740
cttcgtggac ggctggttca acacccagga catgttctte atggatgccg agtaccgget 46800
ctacaacgtg ggcagggctg gttcggtcat caagatcaat tcctgectggt tctcaccgga 46860
gatgatggag tcggtcctge aatcccatcc agcggtgaag gagtgtgccg tcectgegtegt 46920
cattgacgac tacgggttgc caaggccgaa ggcattcatce gtcaccggcg agcatgagceg 46980
ctccgagecg gagctcgage acttgtggge cgagttgege gttcetgtcga aagagaaget 47040
tgggaaggac cactacccgc atctgttcge gaccatcaaa acgcttcccce ggacctccag 47100
cgggaagctg atgcggtccg aactcgcgaa gctgctcace agcgggceccce catgaatcca 47160
aagttccteg gaggcectggg ggcaggggtg tgcatcgect ctttgttcecca gacggtcatg 47220
cggaccgtge cgctcaagga cgccggctcece ggcgacaggg cttgttagac ttgctgccaa 47280
tgtcgactcg caccaagaac ttcaatgtca tgggaatcga ctggatgcct tectecgegg 47340
agttcaagcg acgcgtceceg cggacccagce gggcggcaga ggccgtgcte gecggacgga 47400
gatgcttgat ggatatcctg gaccgcgggg atcctegect cttegtcatce gtggggcecct 47460
gcteccatteca cgatcecggtg gcggggcetgg actatgcgaa gcecggctgegg aaactcgcetg 47520
atgaggttcg cgagaccctg ttecgtggtga tgcgcgtgta cttcgaaaag ccgcgcacca 47580
ccacgggttg gaaaggcttc atcaatgacc cgcgcatgga tggctcecttte cacatcgagg 47640
agggcatgga gcggggacgt cgcttectge tcgacgtgge cgaggagggt ctaccegetg 47700
ccaccgaggce gctggaccece atcgegtcege agtactacgg cgacctcatt tectggacgg 47760
ccattggcgce gcgcaccgec gagtcgcaga cgcaccgcga gatggegtcece ggcecctttcecca 47820
ccecagtagg cttcaagaac ggcacggacg gctcgctgga tgcggeccgtce aatggcatca 47880
tcteegette acacccgcac agcecttectgg gggtgagcega aaatggcgeg tgcgcecatca 47940
tcegecacgeg cggcaacacce tacggccacce tggtgctgeg cggeggtggt gggcggccca 48000
actacgacgc cgtgtcggtg gegcttgegg agaaggcgct tgccaaggcce aggctaccca 48060
ccaacatcgt ggtggactgce tcectcacgcca actcctggaa gaatcccgag ctccagecge 48120
tggtgatgcg ggacgtggtyg caccagattc gcgagggcaa ccgctceggtg gtgggectga 48180
tgatcgagag cttcatcgag gcaggcaacc agcccatcce ggcggacctg tcgcaactge 48240
gctacggetyg cteggtcact gatgcatgtg tggactggaa gaccaccgag aagatgctgt 48300

acagcgcgca cgaggagctg ctccacatte tgccccecgtag caaggtggct tgacgcccga 48360

gggttgaggt gtggttgctt cccagcaggg gttccccgge caggtggcegg cggcgcacgg 48420

cctggtacac gcagcggegt tgagetttac ggagagctcg ggcgccggac tgggetgctg 48480
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gcgectgatt caaaggtcga tgcgcagacc caccccecggec tggatggtag gtggagcgac 48540
ggcgatggga ggcgtcacct gctegcccat gecgcagggec ggcaggttga gcgcegaagceg 48600
gaactcgeca ccececgetgge catagttgge ggcgatgaag gectcgatgce tgagatageg 48660
cagggccecgg tgcgtcacgt ccaaccgtgt gatgaaagaa cggtcagaga ggttgcccag 48720
gttggacagg atgaagttgg tgttgtccca ggatcccgga ccggacagga acgcgtagac 48780
ggcggcgtag tgccggccga ggtagaaggg ctgatactgg ccctggagga tgaggtaggg 48840
gtaggccagce gagccgggat agcccatcga attgtagaag tactcgacgce ccacggtgge 48900
ggtgtcgete tcecgagtagg cgaacgtcca ggtcgegceeg ccgctcacct geggegtgta 48960
accctegggg tagtacgect ctatggggag cgcgcccagg tcgggaggca tgccgecatt 49020
gccctggaac tgaccgagca ggtcectceccgag ggagacacct tggggcatgce ggaacatggg 49080
cgcatccgag cecttecttga gggcgagttce gccgtagatg tcgatggggce cgagceccgga 49140
ggagaggtcg agcccgaagce ggggcttgeg gecgtgttgg agcacggcat cgacgccgag 49200
ttecegtatgg ccgagcacca cctcecggegeg agcagcgcece ccgacgcegge cgagegtatt 49260
ggcecgggeceg gegttgtcga gcaggccgag gacgtagaag ttccagectt tcecgectceccecca 49320
gggcatgtge atcttgagca tggtcgcgec ggtgcgegtyg tceccaagaggg cgagcggatce 49380
cctgegetgg ggcgagagga agtcggtggg gttccagaag cgcgaggtge cccacttcac 49440
gtgctgcttyg ccgacggtga tgaagagctt gtggtccagg tcgaagcgca gccaggectg 49500
atccaacagc acgaccggat ccgcagcgac gttggaggtg gacgtgctceg tggggacgat 49560
gccgagggag cccgecttge gggtecggatce gaaggtgage cgtccgagca cgaagccgceg 49620
cagccgeteg gtggggcggg catcgaagta gccgtccace agcatggggg cggagaaggt 49680
ggtgttgctyg aaggacacce cttegttgge ctgtgagtag gcgcgcaggt agaagcggcce 49740
gccgatctte agecggatcct cgacggecte ctcecggtgteg aaggcegttgg tggcecgacgg 49800
gccaccgage gcctgcgcat cceggtectg gggcegtggeg gagggcttgt cgggggcecge 49860
ggtggccgec gegetetgtg cggecggggt ggacgcegggyg gtgtcaccga agagggaact 49920
ctegtegggg cggggcgcat cggccggagce gggcttegte tctggagtgt cgccgecgaa 49980
gaggtcgecece tcegetgggac gctectggge gagcgegggce agcegcggcga gggacgcegge 50040
cagggccagg gaggtgcgeg tgctcatcgg cttttgctcet cgaaccaggce cttggtgaag 50100
atgttctect cgagcgageg caggtcecacg ctcecttcacga cgatgacggt ggagttggte 50160
ttecteccacct cgtcatagaa gcgcatctcece tgcgggtace agacgtcgge cttcecttggac 50220
tcgctgaaga gcettcatcca cttggggaag taggaggtgce gcatcaggcg gecggaaagg 50280
gcgaactect ggcgcttgag gatgttgttce gtgtecttet ccacccacag gtgtaccacg 50340
gggtaggcga cgtccacgtt cggcecttggeg gtgaggacga gcttccaggt ggtgaacttg 50400
ccgagtttet cctcegeccecte gaacttgceca tcgagctect cggcecaggeg cgactegtceg 50460
aagtcggcgce ggcggctgte ggtgcecceggeg atacgctcac gcecteggtgeg ceggteccac 50520
ttgcecggtgt tecgggtcgta getccagagg ttcttgteca geccgcaggta geccttgecg 50580
gcctegeect tgggettggt catgaggatc atcagcectgat ccttcectegtce gegecggtag 50640
acgacggcct cgcgcacgac gtcectgttttg tecttctect tectgectcgat atacaccage 50700

gacttgtagt cgccgcegtt gcgetggegg ttgtcgageg tctceccaggag cttettgate 50760
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tcggeggggt cggtgaggte cgcgcgagceg gtcggagegg ccagcagcag cgcggcgaac 50820
agggcgcecga ggaggttgeg cagggtcatg gtcgtcacce gatgtggtge atcgeccgtga 50880
tgggcttcat cecgcgcggeyg aggaaagagg gaatgagcga gatgaaggtg gtgcacageg 50940
tgatgaacgc gatggctctce atcaccgatc cgggcttcac gatgaggtgg agcttgtcecgg 51000
agaggatgaa gagctggacg ggcacgggca cggaggggtc cacggcegttg atgagcaggce 51060
acacgcccat gecccacgagg gcgcccaccg tggtgccgag cagtccgage acgagegect 51120
ccaggaggaa catcaccagc acgtaccagc gctgcatgce gatggecgcge agggtgccga 51180
tttcecegggt gegetcegegg atggcgatcee acagggtgtt catgatgccce accgcgatga 51240
tgatgagcag cacgaagatg aggacgccgg tgagggcgte catcgeccgac acggtcecact 51300
tgatgaagga gatctcgtcecc tecccagttgg tgatgtccag cttetgceccece gtccaggect 51360
cgeggttgac ggtctggaac ttcatgaaga aggcccgggg gtcatgctcecce agcacctgat 51420
aacccaactc gggcagacgc ttgtagaggc gcgcctgcac gctggggatg gegctcatgt 51480
ccttgaggtg gagcatgagg gcgcceggtgg agtecctegeg cagctggtag agggcegcgca 51540
gggtggcgtt gggcaccaag acgttgaagg aactcagcat gcccacgttg gcggcgatgg 51600
ccaccacacg tacgtccacg gtgttgctga tcccgcgcat ggtggacgcg gagagggtga 51660
cgctgtcecace caccttgacce tcgagecgcet tcegectgete gtcgaagagg aggagggtat 51720
tgggttgcge caggtcttec aaccgaccct cccgcaactg cagcaccttg cggatgccag 51780
tcteggecge tacgtcgatg ccgccgatte ccecgtctgcac ggagccagac tcegctcacca 51840
acttgaccca gccgegegtyg cgctggacgg agaagtccag ctcecggggact tecttgegeca 51900
gctgectcecgag cagettgggg taggaggtca ccacgggcgce agactggcecg gccecgtcacct 51960
tgtagaagcce agccacgttg acgtgcccgg tcaccagegt ggtggcggac cggagcatcg 52020
tgtccttecat geccgttggac aggcccatga ggatgacgag cagggccgtg acaccggcga 52080
tggcgecegece cagcagaagce gtacggegcet tgtgggtgce caggttgcge actgcgatga 52140
ggaggagctg ttgcatggct tcactcgtecc gtctgcateg cctggagagg cgagacccecgg 52200
gtcgecgaggt acgcggggta gaaggtggag agggcggaca ccacgagcac gatgacgaag 52260
gccgecacga ggtttgacag gtggagactg gggaagaggce ggggtcccga gaagaagaag 52320
tagagcgcct cgttgccgge ggggatgcecce acgtggccga gcatgttcat gatggcacct 52380
ccecatggegg ctceccagcac gecgaagacg agccccagca ccaccgttte caccagcacce 52440
atgctcagca cgaacgagcg ctgcgcegcecg atggcccgca gggtgceccac ctcecgegcace 52500
cgctgcageg tggccatcat catcgegttg ttgatgatga cgagcgccac cacgaagatg 52560
atgaagacgg cgaagtagag caccagcttg gcgaccagga cgaactggcc gatcgtgceg 52620
gaggccttet gceccaggagat gatccgcaag ggtagttteg cgtegtcecge cgatttceccege 52680
agctcggcca gggtcectgete cagcttcectee ggatgcttca gcagaaccge ggtgctgage 52740
accacgeccge tttcecgattte ctgctgegtg tacaccecggg aggcgagcte ctcecgeggtge 52800
agcttetggg cgagecccgte gagttgettg tectegtega tcectggecgge ggtccecteg 52860
gccaccageg aggcgctgcee ctgctcecgeca aagagcgceceg tcteggegte ctegegette 52920
acctgcetgca cecccgectgge cttectgcagg cccgcgagcet cggcecttett ctcageggtg 52980

agatagccgt acagctcgeg gaaggacatc aggtccagca ggttgagggce tccggcgacce 53040
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gcggacttet ccagcccgte gaactggtag gtgccgtaga tcttcacgtt cacgectctge 53100
acatagccgg tgcgcgagaa tgcggtgatg gtgaggtegt ccccgatgeg gatgcecggtac 53160
aggtcgagca gcgtcgccag ctcggagtag aactgctggt agcecgegtgtce gaagttggeg 53220
tcatccatgg tgaagaaggc gggcagtagc ttgcccaggt ccgtectcectg getgeccage 53280
acgcgcetgga gcecgctcecac ggcctgette gtecttgaggt cgtcecgagetg gaagaggatce 53340
tceegegtet gggtetggtt ctecttcace cagegctgga gttgcggatce catcgegatg 53400
gtcttgtggt tggtatcacg cgccteccttg atgagatcca accggtgegce cgtcettcage 53460
ttgaagtcgt tctcegtaggt gaacttggag agcatcatge cgcggtgccce cgggggcacce 53520
ggcgtgcect ccacgatgcg catgcggtceg aaggtcecttet ggaagttgac caggtcggtg 53580
cctacatagce gcagggacaa catgtcccceg tccgtcatat acggggcgat geggttctcece 53640
aggaactcga gcgagtcgaa tggcttcecteg tcgaagteccg cccagaaggce ctcggaacgg 53700
gcgegggeca tggectecge gteegegggg tecgtggtet tgtegtecgat gatttecccetg 53760
cgeccgettceca tatcctecte gagcaaggtg atgatgtgac gcacatgcge ctggaggctg 53820
tggatctgce cgcggagttce gggtgtgtceg ccctgtgetg ctttettgta gaggtegege 53880
aggcgcgcca aggtcaggtce gatggtgttt cccgagttga tgaacgtggce gecggtgcce 53940
atgggcacca ccgtcttcac gttggggtge tgctgtacca gttgcttgat gecgcgagaag 54000
tcatccageg cgctcaggte cggttegegg cccatctgee cgaagagcga gagctegtcee 54060
ttggagtggg ccgagtacac ctggaggtgg ccggcgacgce tgccgataat getgeggcte 54120
atcgectegt ccacgctgte gacgagggag ccgcccacca ccaccagcac ggtgccgaag 54180
aagatgatgc ctccgatgag gaggttgatc ctgctcacga acaagttgcg cagggccact 54240
tggagcagga gcttgagttg gecccattagt ggccccecte gctcacggece atgaccttet 54300
gggcctegge cggegtgatg cggtcgagga tcectteccgte cgccaggegce accacggcegt 54360
tggcgtgggt catcaccttg gegtegtggg tggagaagat gaaggtggtg ccctecttge 54420
ggttgagcte cttcatcagg tcgatgatgt tctggccggt gacggagtcg aggttggcegg 54480
tgggctegte ggcgagcacce agcttgggcece gggtgacgag agcgcgcegcece acggcecacge 54540
gctggegetyg gectcecagac agctcattgg ggcggtgttt ggegtgctte tccaggceccca 54600
cctgctecag cagcegtcatce acgcgegtge ggcgctegga ggcgttgage ttgcgetgca 54660
gcagcagggg gaactctacg ttctggaaga cgctgagcac cgagacgagg ttgaagctct 54720
ggaagatgaa gccgatggtg tgcagccgca agtgggtgag ctgccgctcecg gtgagettet 54780
tggtgtectyg gecatccacyg ctcaccacge ccgaggaggce cgtgtccacg cagccgatga 54840
gattgagcge cgtegtettg ccactgeceg atgggccggce gatggagatg aactctcceccg 54900
ggtacacctc tagecgtcacg ccteggagtg cgggcacctg caccttaccce agggagtacg 54960

tcttggtaac ctcggtgagg gagacgatcg gctgggtgct gccggggagg gcagtgacct 55020

ggctcatgat tgtttggatc ctttccgcga aacggaggga tggggtgggg gacgcctggg 55080

aggggggcgce ctceggcegtgg gegtgcegegg gacgagggtg atggcactgg gtattgaatt 55140

cgcagatgcg cggctcccece tggtattceccee ccaccgggge aaaagttgcg cgcttgtctg 55200

actactggcg tcaagacatt gagtcaacgc cgaaggagag cgcattccaa aagaggcagce 55260

gtccatggag cgaaggcagce ggcgcagtgg gcatgcgcte agaggggaaa acagggtcecgg 55320
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taggacagag gaatcgaacc tcccggggac atgtctceccat geccccccacce ggttttgaag 55380
gctggtgtgg tcagtggggt tctecctegg agattgcate tggttccact cggetgtate 55440
ccagggacgt aatagggacg taatcccgaa tccgatgggt gcagcatgcc gcagaagtte 55500
gtggggaagt ggaagggcgg gcgggtcaag ctcgtcgatg gtcggaaggt gtggctceccte 55560
gagaagatgg tctccgggge ccggttceteg gtctecttgg cggtctccaa cgaggaggac 55620
gcgetggeceg agetggecct gttecggege gaccgggacg cctacctggce caaggtgaag 55680
gccgacaggt cggaggaagt ccaggcatcc actgtagceg gggcagttcce tctgtegggg 55740
gatgtggggc ctecggctcga tgccgattcet gtccgggagt tectceccgaca cttgacccag 55800
cgggggcgaa cggagggtta ccggcgggac gcccgaacct acctgtcecgca atgggcecgag 55860
gttectggeeg gaagggacct gagtaccgtce agcectecteg agttgcgecg cgcecectgage 55920
caatggccca cggccaggaa gatgcggatc atcacgctca agagcttcett ctegtggetg 55980
agggaagagg atcgcctcaa ggctgctgaa gaccccacgt tgtccctcaa ggtgceccgcecce 56040
gcggtegegyg agaaggggag acgggccaag gggtattcga tggcccaagt ggagaagctce 56100
tacgcggcca tcggctceecca gacggtgagg gacgtgetgt gtcectgeggge caagaccgge 56160
atgcacgact cggagatcgc ccgcctggca tcgggcaagg gggaactgcg cgtcgtcaat 56220
gaccecteeg gcatcecgecgg tactgcecgegg tttcectgcaca agaacggccg cgttcacate 56280
ctcagtetgg atgcccagge ccttgctgcee gcgcageggce tccaggtteg gggcagggceg 56340
cccatcagga acaccgtceceg ggagtcecatce gggtatgegt cggcgegcat tgggcagtceg 56400
cccatccate ccagcgagcet ccgccacagce ttcaccacct gggccacgaa tgagggccag 56460
gtcgtgaggg caacccgggg cggagtgcca ctcgatgteg ttgecteggt tcecttggceccat 56520
cagtccacac gggcgaccaa gaagttctat gacgggaccg aaattccccce gatgatcacce 56580
gtcecegectceca agectgcatca tccacaggac ccagcggtga tgcagctgag gcgtaactge 56640
tcgececggace cecgtegtgac gagagaggca gaggcgtgag acgtccaggce catcaacctg 56700
gaggtacacg tggagacgtc cggggctcct ccccgcacct ccttcgaggt tgatttcecctg 56760
tgctectege attceccectec ggcctectgt cgectggeget cctgtceccact accaccgaaa 56820
tctetgegge tettecegtyg gacgagtgceg agtceggcegag cctgcgcatce gagctgcceg 56880
ctacgccagg gggaaagcca cccgtggtgt gtctcecggtcee aggtctgcecce attcatttcece 56940
gcttegacte cgcgctceccaa cagaagtccecce tgaggattca ggatcggggce tggttcgagg 57000
attgggcecttt gggccagcag acgctcegtac tgactcctca cgacaacctg gtggetggga 57060
agcgatctga agtggaggtg tgcttcegegg atggtgccge cccggegtge gettectteg 57120
tgcteceggeg ctgaggcgag tgcaccgcac tgattcagtt cctcettcaac cccggtaccg 57180
cteggecacg cggtagagcet gggtgaggga gtagtccage aacgattcecge acgagcegcat 57240
gtagtggtga gccecgcgcaa acggcaacca cacacggttg ccgacgagca cctgggecte 57300
gtcgagttte tggcgaggta tccacttgec geccaggtta cgcaccagca cctegcecccaa 57360
gtacgcgeca atggcgggca ccgegtgege gtcgatgtge tgccgctcecga acaccctegg 57420
gaagtcctceca tgccagaact ggtagtccac gtcactgaga gactcgggcg ttgectcgaa 57480
gacggagggc accttcgtgt gcatcagcge cacgaggtgce tcagccagag ttcectgtaatg 57540

ctegttageg cgctceccaggt tttceccacatce cggatggcga cgctatccac cacgtgagag 57600
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aggagtggcg ctacatccgg gtggaagcag ggctcaacgg gagcgagcgce ggcgctacge 57660
tcgtgcaggg ttcecgcagcac cgtgtcegaag cggaggtcecg gccggaggtg aacgtgegeg 57720
cgegectgtg cgtgecgtge cteggegece gcgaagtecg cageggtggg ccacgtcace 57780
aggaggatgg agccattggg cagttcectcece acceggtgag ctggcegtgga cagcatgcge 57840
tcgeggecca cggcttcecac caacttgggg ccgaagacgt tgagccagaa gatctegtag 57900
attctgtcga acccgtctet cegtgeggte cgcgcatcge gtccaaaatc gggcgcacct 57960
gccaacgcecec tgtcagceccac gctgtggget geggegtgag tgaccgggta gcaagaggcce 58020
caggtgcgta ccatttctac gaattggcgg cagcgctect tcectcecgcgaa gegggtgage 58080
ggttgcaccyg tagtcattac gtccaaagceg ggcggaagceg gcggaaacca gagatgcage 58140
gacatctcecca gtgtcecggcecg ctgtgtgegg tagagccagg tgtctgtget tcegttcatcg 58200
cgeccgetect ccagagcectt ccagatattg gctegggagt atttgagteg ccgcctgcca 58260
ctgacgactt ccggcatcca atcgectgca tattcctcecca gecgectggaa aaatggctcecg 58320
agaactttct caagcgcagc ctgcggatca agcgcaccct caaaagtgag ccggagactg 58380
tcetecgact tcacgtcacce aagccccagce accttcattg aaacaggacce tccactcccecg 58440
gaactgcctt ctcagt 58456
<210> SEQ ID NO 2

<211> LENGTH: 213

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(213)

<223> OTHER INFORMATION: CysA

<400> SEQUENCE: 2

atgagcatga acggggacga agccgagtac gttgtcttga tcaacggega agagcagtac 60
tegetetgge cegtgecaceg cgaaattecg ggeggttgga agaccgttgg geccaaggga 120
agcaaggaaa cgtgtcagte ctacatccag gaggtctgga cggacatgag gccgaaatceg 180
ctacgggaag ccctgacgceg cagcaactgce tga 213

<210> SEQ ID NO 3

<211> LENGTH: 954

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(954)

<223> OTHER INFORMATION: CysB

<400> SEQUENCE: 3

atgagtacge cagcagcagg agcgaagecg tcctatcteg cgggtattga aacggtgatg 60
gtcgaacctyg agettgagga ggttcegetac ctgaccgtgg agageggcega cggacggeag 120
agtaccctet atgagttegg tecgaaggac geggagaagg tegtggtett gecgecctac 180
ggagtcacct tcttgetggt ggcgcgacte geccggetece tceteccageg attccatgte 240
ttgatttggg agtcaagggg gtgtccggac tcegecatee cggtgtatga cacggacctt 300
gggctegecyg accagtcaag gcatttctee gaggtectca agcagcaggyg cttegaggeg 360

tttcactteg tcggetggtyg tcaggeggeg cagetggeeg tgcatgecac cgecagegge 420



US 2016/0145304 Al May 26, 2016
92

-continued
caggtcaage cgcggacgat gtettggatt gececceggegg ggetgggtta ctegetggte 480
aagtccgagt tcgatcgatg tgcactgece atctacectgg agatcgagaa gecatggcectg 540
ttgcacgccyg agaagetegg caggcttetyg aacaaataca atggegttee cgegacggeg 600
cagaacgcgyg cggaaaagct gacgatgege catttggeeg accegeggat gacatacgte 660
ttctccaggt acatgaagge gtatgaagac aacaggctece tegecaagca atttgtceteg 720
accgegeteg actcggtgee gacgetggee attcactgec gggacgacac gtacagccac 780
ttctcggagt ccgttcaget ctecgaagetyg catccatcee tegagetteg cctacteggt 840
aagggcggcece atctgcagat cttcaacgac ccegecacac tggeggagta cgtteteggt 900
ttcatcgaca ccagggegte geaggcetgee geteetgegg tggegggage gtag 954
<210> SEQ ID NO 4
<211> LENGTH: 1380
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1380
<223> OTHER INFORMATION: CysC
<400> SEQUENCE: 4
atgatacttc ccaacaacat cggectecgac gagcggacge agctcegcacyg gecagatctcece 60
tcgtaccaga agaagttcca cgtgtggtgg cgegageggg ggcccaccga gttectcegat 120

cggcagatge gecttegeac gecgaceggg geggtcageg gegtggactyg ggecgagtac 180

aagacgatgce gtcccgacga gtatcgetgg ggectcttea tggtgecgat ggaccaggac 240
gagatcgect tcggegacca cegtggcaag aaggcegtggg aggaggttece gagegaatac 300
cgcacgetge tgctgecagea catctgegtyg caggecgacg tggagaacge cgecgtcegag 360
cagagccgge tgctgacgca gatggegecg agcaacccegg acctggagaa cgtgttcecag 420
ttcttecteg aggaggggeg ccacacctgg gecatggtte accteetget cgeccactte 480

ggtgaggacyg gggtcgtcga ggccgaageyg ctectggage ggctgagegyg tgacccgagg 540

aacccccget tgctggagge gttcaactat ccgaccgagg actggetgte ccacttcatg 600
tggtgettge tggccgacceg ggttggcaag taccagatac atgcagtgac cgaggcetteg 660
ttcgeccegt tggccecggge ggcgaagtte atgatgtteg aggaaccget ccacatcgece 720

atgggcgeceg tgggtetgga acgagtgetyg gecaggaceg cegaggtcac cctgegtgag 780

gggacgttceg atacgttcca cgcgggggeyg attcegttee cggttgteca gaagtatctce 840
aattattggg cgccgaaggt ctacgaccte tteggaaacg acggctcega acgctcgaac 900
gaactcttee gggctggget ceggaggcecyg cggaattteg tgggaagcega atcgeagatc 960

gttcgcateg atgagcgcat gggcgacgga ctgaccgteg tggaagtgga aggggagtgg 1020

gcgatcaacg ccatcatgcg acgacagttc atcgccgaag tgcaaacgct cattgatcege 1080

tggaacgcca gecctgcgage getgggegte gacttcecagt tgtacctcece tcacgagegce 1140

ttcagcagga cctatggccce ctgcgecggt ctgccctteg acgtggacgg aaaactgcetce 1200

ccecegeggea cggaggcegaa getegecgag tacttcccca cacctegega actcgegaac 1260

gtcecgetege tgatgcagcg ggagctgget cccgggcagt actcectegtg gatcgeccecy 1320

tcegegacge ggctgagege getggtecag ggcaggaaca cgcccaagga gcacgaatga 1380
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<210> SEQ ID NO 5

<211> LENGTH: 2199

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (2199

<223> OTHER INFORMATION: CysD

<400> SEQUENCE: 5

atgcgttgee tcatcatcga caactacgat tegttcacct ggaatctgge ggactacgtt
gegecagacgt tcegggagcega gcecgttggte gtccgeaacyg accagcatac ctggcaagaa
atcaaggcct tgggctectt cggatgecate ctggtttete cgggtceceggyg cteggtgace
aatccgaagg atttcaatgt ctcgcgagac gegetcegage aggatgagtt ccceggtgttt
ggggtetgee tgggccatca agggetggeg tacatctacyg ggggcgagat cactcacget
ceggtteegt tccacggcag gacgtcgacce atctaccatyg acggcacggyg cgtgtttcag
ggactccege cgagettcega cgcggtgaga tatcactege tggtcegtgeg gecggagteg
ctteecgega acctggtegt caccgetegg acggaatgeg gectgatcat ggggttgcegg
cacgtgagte gcccgaagtg gggcgtecag ttecatceeg agtcecgattet gactgegcac
ggcttgcage tcatctccaa tttecgtgac gaggegtace gatacgeggg gaaagaggtt
cegtegegee gtccccatte gactgecgge aacggtgteg gegecaggtge tgccaggegt
gacccgageyg cccgecgcac accggagegg agaagggaac ttcagacgtt caccaggegg
ctggegacgt ctctegagge cgagaccegtt ttectgggece tgtatgeggyg ccgegagcac
tgcttetgge tcgacagcca gtccgtgaga gaagggatat cceeggttete cttcatggge
tgegtgeegg agggeteget getgacgtac ggegetgegyg aageggcegte agagggggge
geegageggt acctggcegge gcetggagegg gegctcegaaa gecgtategt tgttegeccece
gtggatggge tgccattcga gtttcatgge ggctacatceg gettcatgac ctacgaaatg
aaggaggcgt ttggggccge gacgacgcac aagaacacta ttcccgacge cttgtggatg
cacgtgaagce ggttectgge gttcgaccac tegacgcgag aagtgtgget ggtegecate
geggageteyg aggagagcege gagegtecte gectggatgg acgagaccge cgacgctcetg
aagtcgette cgcgeggcac ccgttegece cagtccectgg ggttgaaatce catctceggta
tcaatggatt gtggacggga tgactacttc gecgccateg agegctgcaa ggagaagatce
gtegatgggyg agtcctacga ggtctgettg acgaacggtt tcetegttega tctgaagetg
gatccegteg agetgtacgt gacgatgegg agaggcaatce cegcccegtt cggegettte
atcaagacag gcaagacctg cgtcctcagt acctcccegyg agegettect gaaggtggat
gaggatggga cggtccagge caagceccatce aaggggacct gegegegetce tgacgaccece
gccaccgaca gcacgaatge cgcgeggetg gecgectegg agaaggaccg ggcggagaac
ctgatgatceg tggacctgat gecggaacgac cteggacggyg tgtceegtgece gggcagegte
catgtctcca atctaatgga catcgagagce ttcaagacgg tccatcagat ggtcagcace
gtegaatcga ccttgacgee ggagtgcage ctegttgacce tectgegege ggtetteceg
gggggatcca tcaccgggge tcccaagatc cgcacgatgg agatcatcga teggetcgag

aagagcccte ggggcatcta ctgeggecacyg ateggctace tegggtacaa ccggatcegece

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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gacctgaaca tcgccatccg caccttgtcece tacgacggca ccctcegtgaa gtteggtgece 1980
ggcggagceca tcacctactt gtcacagccg gagggggagt ttcaggagat cctgctcaag 2040
gcggaatcca tectecggee gatttggcag tacatcaatg gegegggtgce tceeccttcegaa 2100
ccecagttge gegaccgggt tetgtgectg gaggagaagce cgcgaagggt cattcegtggce 2160
cacgggtcgg caattgatgce agtggagcct agcgcgtga 2199
<210> SEQ ID NO 6

<211> LENGTH: 732

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(732)

<223> OTHER INFORMATION: CysE

<400> SEQUENCE: 6

atgattgegt tcaacccgea ggcgeggece aggctgegge tettetgett tceegtacgece 60

ggtggegacyg cgaacatctt cegggactgg gecegeggega tgcccgaggyg ggtegaggte 120

cteggegtte agtacccegg gegceggtace aacctggegt tgccgcecgat cagegactgt 180
gacgagatgyg cgtcacaact gctggeggtg atgacgecgt tgcttggcat caacttceget 240
ttttteggee acagcaatgg cgccttgate agettcegagyg tggcgcgaag gctccacgac 300
gaactgaagyg gccgcatgeg gcatcactte ctgtceggeca agtccgeccce tcactacceg 360
aacaacagga gtaagatcag cggcctcaac gacgaggact ttcteccggge gatccggaag 420
atgggcggta cgccccagga agtgctegac gacgeccgge tgatgcagat tctgetgceca 480
agactgcgeg cggacttege getceggegag acgtatgtgt ttegeccegyg acccaccctg 540
acgtgcgacg tcagcatcct gecgaggegag agegaccace tggtcgacgyg cgagttegte 600
cagcggtggt ccgagetgac gacgggegge gegagccagt acgcaataga tggtggcecat 660
ttettectga attcccacaa gtcegcaggte gtggegeteg tgcgagegge actgettgag 720
tgtgtgttgt ag 732

<210> SEQ ID NO 7

<211> LENGTH: 1038

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1038

<223> OTHER INFORMATION: CysF

<400> SEQUENCE: 7

atgaccgete agaaccaage cteegegttt tetttegate tettctacac gacggtcaat 60
gegtactace ggaccgecge cgtcaaggeg gecatcgage teggegtgtt cgacgtegtt 120
ggcgagaagg gcaagaccct ggccgagate gcegaaggect gcaacgegtce geegegtgge 180
atccgeatte tctgeeggtt cctegtgteg ategggttece tcaagaatge gggtgagttg 240
ttcttectca cgcgagagat ggecctgttt ctggacaaga agtegecegg ctatctggge 300
ggcagcattyg atttccttet gtcegecgtac atcatggacg gettcaagga cctegegteg 360

gtggtgcgga cgggcgagtt gacgctgeeyg gaaaaagggg tggtggegeco agatcatceg 420

cagtgggtga cgttegegeg cgcgatggeg ccgatgatgt cectgecate cctectgete 480
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gcggaactgg cggaccgcca ggcgaaccag ccgctcaagg tgctcgatgt cgccgecgge 540
cacggecctcet teggectgge catcgeccag cggaatccga aggcegcatgt gacgttectce 600
gactgggaaa acgtgctaca ggtggcgcgce gagaacgcga cgaaggcggg agttctcgac 660
agggtcgagt tccgecccggg agatgectte tcegtggact tceggcaagga gctggacgtce 720
atcctecctga cgaacttcett gcatcactte gacgaggegg gctgcgagaa gatcctcaag 780
aaggcccacg ctgccctgaa ggagggcegge cgtgtgetga cgttcegagtt catcgcegaac 840
gaggaccgga cgtcgectce gettgceegec acgttcagca tgatgatget cggcacgacg 900
ccecggeggtg agacctacge ctactccgat ctggagegga tgttcaagaa cacgggttac 960

gatcaagtcg agctcaaggc cattccteccce gecgatggaga aggtcecgtegt ttcgatcaag 1020

ggcaaagcgce agctctga 1038

<210> SEQ ID NO 8

<211> LENGTH: 5979

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (5979

<223> OTHER INFORMATION: CysG

<400> SEQUENCE: 8

atggccacca aattgtctga cttegegete ctegacteeg aagacgccaa cgtcatctece 60
cgctegaacyg agacggggat atcgetggat ctgtecaaga gegtggttga cttgttcaac 120
ctccaggteg agagggegece tgacgecacyg gegtgteteg gecgecaggg gegettgact 180
tacggagaac tcaaccggeg gacgaaccag ctegegeatce acctgatege gegaggegte 240
gggceggatyg ttecegtggg cgtectgtte gagegetceg ccgagcaget catcgecatc 300
ctgggegtee tcaaggeggg cgggtgttat gtecegttgg atcegeagta ccccgecgat 360
tacatgcage aggtcctgac ggacgecegg ccgeggatgg tggtgtegag cegggegete 420
ggcgagegee tcegeteggg cgaggagcag atcegtctace tcegatgacga acagetectg 480
gegegegaga cccgegacee gectgtgaag gtgttgeegg agecagetege gtacgtgatg 540
tacacgtegyg gctegteegg agtgccgaag ggegtcatgg tgccccateg ccagatecte 600
aactggctge atgcactect ggegegggtyg cegtteggeg agaacgaagt ggtggeccag 660
aagacgtcca cgtcattege catctcagtg aaggaactet tegegggatt ggtegegggt 720
gtceegecagg tcettcatcga cgatgegact gtecgegacg ttgecagett cgttegtgag 780
ctggagcagt ggcgegtcac geggetctat acttttecet cecagetgge ggegattcete 840
tcgagegtga atggegegta cgagegecte cgetegetge gecacctgta catctegate 900
gagcectgee caacagagcet getggegaag ctecgggegg cgatgeegtyg ggtcacccec 960

tggtacatct atggctgcac cgagatcaac gacgtcacct actgcgaccce aggggaccag 1020

gctggcaaca cgggcttegt gccgateggg cggcccatec gcaacacgcg ggtgttegte 1080

ctcgacgaag agctccggat ggtgccecgte ggegcgatgg gtgagatgta cgtggagagce 1140

ctgagcacgg cgcggggcta ctggggectt cccgagttga cggcggageg gttcatcgece 1200

aaccctcacyg cggaggacgg ttegegectyg tacaagacag gegacctege ccgctacctg 1260

ccggatggtt cecctggagtt cctecgggcge cgggactacg aggtgaagat ccgcecgggtat 1320
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cgegtggacyg tceggecaggt cgagaaggte cteggggege atcecgacat cctcegaggtg 1380
gcggtggtgg getggeccgcet cggeggggceg aatccacaac tggtcegecta cgtegtgecy 1440
agggcgaagyg gggctgetee catccaggag atccgggact acctgtegge gtecctgecg 1500
gcctacatgg tgccgacgat cttecaggtg ctggcggcege tgccacgtct tceccaatgac 1560
aaggtggatc ggttgagect geccgacccee aaggtggagg agcagaccga ggggtacgtg 1620
gegectegea cggaaaccga gaaggtactyg gecgaaatct ggagegacgt cctcagecag 1680
ggcecgggecece ccctgaccgt cggcgcgacg cacaactttt tcegaactggg aggccattceg 1740
cttctegecg ceccagatgtt ctegecggate cggcagaagt tcgatctcga actgcccatce 1800
aacaccctgt tcgagaccece cgtgctggag ggctttgega gegccgtcga cgcggctett 1860
gecgagegga acggtcegge gcagaggcetyg atcagcatga cggaccgegyg ccaggegett 1920
ccgctgtege acgtccagga geggctetgg ttegtgcacg agcacatggt cgagcagegg 1980
agcagctaca acgttgcctt cgecctgeccac atgegtggca aggggctgte gatgcecggeg 2040
ctgcgegecg ccatcaacgg getggtggcet cgccacgaga ccttgecggac gacgttegte 2100
gtctecgagyg gcggaggaga tcccgtecag cggatcgceeg actccecctgtg gatcgaggtt 2160
ccgetatatg aggtegatge gteggaagte ccggeccgea tggeggecca cgegggecac 2220
gtgttcgacc ttgcgaaggg cccecctgetg aagacctcegg tectgcegggt gacgcccgat 2280
caccacgtgt tcttgatgaa catgcatcac atcatctgtg atgggtggtc gatcgacatc 2340
ctgetgeggyg acctctacga gttcetacaag geggecgaga cgggctcegea gecgaacctg 2400
ccggtectge caatccagta tgccgactac tcegtgtgge agecgtcagca ggacctcagce 2460
agtcacctcg actactggaa gaagacgctc gagggctacc aggaagggtt gtcecgettcecg 2520
tacgacttcg ccegecegte caacaggace tggegtgeeg cgagtgtecg gcaccagtac 2580
ceggeggaac tcgecacceg tetgteggag gtgagcaaga gecatcagge gacggtgtte 2640
atgacgttga tggccagcac ggcaatcgtg ctgaaccggt acacgggtcg ggatgatctg 2700
tgcgtgggtyg ccacggtggce gggccgtgac cacttcgage tcgagaacct gattggcette 2760
ttcgtcaaca tcctecgcecat caggctcecgac ctcagcggga atcccacggce cgagacggtg 2820
ctgcageggyg cgcgagegca ggtgctggaa ggcatgaage atcgegacct gecgttegag 2880
cacatcctgg cggegetgea gaagcagege gacagcagec agattecect ggtgeceggtg 2940
atggtccgece accagaactt cccgacagtg acctegeagg agcagggget cgacctgggt 3000
atcggggaga tcgagtttgg tgagcggacg acgcccaacg agctcgacat ccagttcatce 3060
ggcgagggaa gcacgctgga ggtggtggtc gagtacgcga aggatctgtt cteccgagegce 3120
acgatccagce ggctcatcac gcacttgcag caggtgctgce agactctcecgt ggacaagcecg 3180
gactgccgge tgacggattt tcegetggtg gecggggacyg cgctgcaggg cggtgtgteg 3240
ggctcegggyg gegcgacgaa gaccggcaag ctcegacgtgt cgaagagecce ggtegagttg 3300
ttcaacgage gggtagagge ctegecggac geggtegect geatgggege ggacggaage 3360
ctgacctace gggagetgga ccgaagggece aatcaggteg cecgecacct gatggggega 3420
ggggtggggce gggagacgceyg ggtggggttyg tggttcecgage gctegecgga cctgetggte 3480
gcactcctgg gcatactcaa ggeggggggce tgcttegtte cgctcgatcce gagcectatecy 3540

caggagtaca tcaacaacat cgtcgccgat gcgcagecgce ttcectggtgat gtcgagecgg 3600
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gcgetggget cacgectgte actggaggca gggcggctgg tgtacctecga tgacgcgetyg 3660
geggegteca ccgatgegag cgatccccag gtgegcateg acccggagca getcatctac 3720
gtcatgtaca ccteceggtte caccggtetg ccgaaggggg tgctcegttcece ccatcggcag 3780
atcctgaact ggctgtacce getgtgggceg atggtgecect tegggcagga cgaggtggtg 3840
gcgcagaaga catccacggce cttegeggte tcgatgaagg agctcttcac ggggctgetg 3900
gcgggcgtge cccaggtatt catcgacgge accgtggtca aggacgcggce ggecttegtyg 3960
ctccacctgg agcgatggceg ggtcacccgg ctgtacacge tcccecgtcecgeca cctecgatgece 4020
atcctgtece acgtcgacgg ggcggcggag cgectgeggt cecctgeggca tgtcatcecte 4080
gegggggage cgtgeccegt tgagetgatg gagaagetge gegagaccct geegtegtge 4140
acggcgtggt tcaactacgg ctgtaccgag gtcaacgaca tctcectactg cgtcccgaac 4200
gagcagttce acagcteggg gttegtgeeg atceggecgge ccatccagta caccegggeg 4260
ctggtgctecg acgacgagct geggacggtg ccggtgggca tcatggggga gatttacgtce 4320
gagagccegg ggacggcegeg gggctactgg aggcagecegg atttgacgge cgageggtte 4380
atccccaacce cgtteggega gecgggtage cgtcectctace gtacgggcga tatggcgcega 4440
tgccttgagg atggctceget ggagttettg gggcegceccecggg actacgaggt caagatccegt 4500
ggccategeg tggacgtceg ccaggtcegag aagatccteg cgagecaccce ggaagtectce 4560
gagtcggegg tgttgggctg gccacggggg gcgaagaacce ctcagttget tgectacgece 4620
gecacgaage cgggecgtee cectgtegact gaaaacgtge gggagtacct gteggeccge 4680
ttgccgacgt acatggtgcc aacgctctac cagttcecctge cagcgectgece gegectgecce 4740
aatggcaagce tcgaccgett cgggetgece gatcacaaga aagtcgaggt gggeggegte 4800
tacgtegece cgcagacgece gacggagaag gtettggegg gactgtggge cgagtgecte 4860
aagcagggcg acatgccege gecgcaggtt ggecgcttge acaacttctt cgaccteggt 4920
gggcactcge tgctcgceccaa tcgegtactg atgcaggtgce ageggcattt cggggtcage 4980
ctgggcatca gtgcgttgtt cggttctccg gtgctgaatg acttcgecgge ggccatcgac 5040
aaggcgcteg ggaccgagga gecaggegag gaaggttega gegacgcacg agaggtceget 5100
gcgaaggaca cctecegtgcet cgtgeccgetce tceccacccacg ggacgctgece gagectgtte 5160
tgcgtecate cggtgggegg geaggtcecat gectacegeg agetcgecca ggegatggag 5220
aagcacgcca gcatgtacge getcecagteg gagggegece gtgagttega cacaatcgag 5280
accttggecge gettcectacge cgatgcgate cgeggggcetce agcccgacgg gagctaccegt 5340
cteccteggat ggtcettcectgg tgggctcate accctggega ttgctecgcga getggagcac 5400
cagggctgeg cecgtggagta cgtgggecte gtggattcaa agccaatccce geggttggeg 5460
ggtgagegeg getgggegte getgatcegeg gegacgaaca tectgggege gatgeggggyg 5520
cgeggettet cggtegceccga ggtcgatgct gccgggaaga tcectcgagte gegeggatgg 5580
acggaggagt ccttcgactc ggaggggcat gcggcgttgg aggagttggce tceggcactte 5640
ggcatcaccyg tcgcgcaaga gtcatcggag tacctectgg cccggttcaa gaccacgaag 5700
tactacttgt cgctgttege tggcttcaag ccggcggege tcgggccgga gacgtaccte 5760
tatgaggctt cagagecgggt cggagcecace tcgaacgacg acacgggega gtggggggac 5820

gcgetggate gcaaggccct gcgggcgaac atcgtgcagg tgccaggcaa tcactatact 5880
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gtcetgcagyg gagagaacgt gctgcaactg gcggggcgga tcegccgaagce cttgtctgeg 5940

atcgacaact cggtggtaac gaggacgcga gcttcgtga 5979

<210> SEQ ID NO 9

<211> LENGTH: 2928

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (2928

<223> OTHER INFORMATION: CysH

<400> SEQUENCE: 9

atggacaatc gagagatcge acccacccaa teggegegea cgegtgatge gtacacggeg 60
gtaccaccag ccaaggccga gtatcegteg gacgtetgtg tgcaccaact gttegagttg 120
caggcggaca ggattcccga cgeegttgeg gegagggegg ggaacgagte cctgacctac 180
cgggagetga actteeggge gaatcagete geccggtace ttgttgegaa aggegtggte 240
cegegagget cggtggecgt getgatgaac cggaccectg cgtgtetggt ctcactgete 300
gecatcatca aggcgggcege ggcgtacgtt ceggtggacg ceggattgeco cgecaaacgg 360
gtggactaca ttctgacgga cagcggcegeg acctgegtee tgaccgacag ggagacgegg 420
tcactccteg acgagecgeg gteggetteg acgctegtea tegacgtgga tgatccatcce 480
atctattegg gcgagaccag caaccteggg ctegetgteg atcecgagea gcaggtctac 540
tgcatctaca cctegggtte gacgggectt cccaaaggeg tgatggteca gcaccgegeg 600
ctgatgaact acgtctggtg ggcgaagaag cagtacgteca cecgacgeggt cgagagtttt 660
gecctgtact cctegttgte gttegaccte acggtcacct ccatcttegt teegetgatce 720
tceggacget geatcgatgt gtacceggac ctgggegagg acgtcecegt catcaaccgg 780
gtactggagg acaataaggt cgatgtcgtyg aagctcacge cggcccacct tgecctgete 840
aggaacacgg acctatcgca aagccggetyg aaagtgetca tectgggagg agaggaccte 900

cgageggaga cggceggggga cgtccacaag cggetggacyg gecgggceggt gatctacaac 960
gagtacggee ccacggagac cgtegtgggg tgcatgatte accgctacga ceccgeggtyg 1020
gatctgcacg ggtcggtgce gattggagtg ggcatcgaca acatgcggat ctacttgcetce 1080
gacgaccgte ggegteccegt caagecagga gaggttggeg agatttacat cggaggcgac 1140
ggtgtgacce tggggtacaa ggacaagcct caagtcacgg cggaccactt catctccaat 1200
ccgttegtgg aaggggagceg gttgtacgce agtggcgacce tcggccgggt gaatgagegce 1260
ggcgegcteg tettectegg ccggaaggat ttgcagatca agetgcgggg gtaccggatce 1320
gagctgggceg agatcgagag cgcccttete tecctatccgg ggatcaagga atgcatcgte 1380
gattcgacca agaccgcgca gagccaggcece gecgctcage tcacctactg caccaagtgt 1440
ggtctggegt cgagcttcecce gaatacgacg tactccgceg agggggtcectg caaccactge 1500
gaggcctteg acaagtaccg cagcgtcegtce gacgactact tcagcacgat ggatgagetg 1560
cagtcgatcg tcaccgagat gaagagcatc cacaactcga agtacgactg catcgtggceg 1620
ctcageggeg gaaaagacag cacgtatgca ctetgccgga tgatcgaaac cggtgeccgt 1680
gtattggect tcacgttgga taacggctac atctcggagyg aggcgaagca gaacatcaac 1740

cgggtegttg cccggctggg agtggatcac cgctatctet cgaccggcca catgaaggag 1800
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atcttcecgteg acagcctgaa gcgacacagce aatgtgtgca acggctgctt caagaccatce 1860
tacacgtttg cgatcaacct ggcgcaggag gtcggcgtca agcacgtggt catggggttg 1920
tcaaagggcce aactgttcga aacgcgcecte tcggecttgt teccgcacgte gaccttcegac 1980
aacgccgect tcgagaagag cctcecgtcgac gcgcgaaaga tctaccatcg catcgatgat 2040
gccgtgagee gectgctcecga cactacttge gtcaagaacyg acaaggtcat cgagaacatc 2100
aggttcgtgg acttctateg ttattgccac gccagccegtce aggagatgta cgactacatce 2160
caggagagag tcgggtgggce caggccgatt gacaccggge ggtcgacgaa ctgtctecte 2220
aatgatgttg gcatctacgt tcacaacaag gagcgcaggt accacaacta ctccctgece 2280
tacagctggg acgtccggat gggccacatce agcagggaag aggcgatgag agagctcgac 2340
gactcggeeyg acatcgacgt cgagagggtc gagggcatca tcaaggacct tggctacgag 2400
ctgaacgacc aggtggtggg ctcggcggaa gcccagetgg tegcectacta tgtcectcecgeg 2460
gaggagttcc ccgegteccga cctgcggcag ttectgtcecgg agattctgece ggagtacatg 2520
gtacccaggt cgttcgtcca gctggacage atcccgctga cgcccaatgg caaggtcaat 2580
cgtcaggece tgccgaagcece tgacctgett cggaaggecyg gcaccgacgyg acaagcecgca 2640
ccecgaacac cggtggagaa gcagttggeg gagetgtgga aggaggtget gcaggtcgac 2700
agtgtcggga tccacgacaa cttcecttegag atgggcggge actcegettece ggcgctcatg 2760
ctgctctaca agatcgacag tcagttccat aagacgatca gcatccagga gttctcgaag 2820
gtecccacca tcagegceget cgcggegeat cteggcagtg acaccgaagce ggtgecgeca 2880
gggctgggceyg aggtcgtcga tcagagegceg cctgcataca ggggataa 2928
<210> SEQ ID NO 10

<211> LENGTH: 819

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(819)

<223> OTHER INFORMATION: CysI

<400> SEQUENCE: 10

gtgcgetteg tcactgtcaa tggtgaggac tcggcagttt geteggtget ggategegga 60
ctccagtteg gagatggect gttegagacg atgetgtgtg ttggeggtge gecggtcegac 120
ttceceggaac actgggegeg gettgatgag ggetgecgece ggetgggaat cgaatgecceg 180
gacatcegge gcgaagtgac cgctgegatce gecaggtggg gtgctceccag ggeggtegec 240
aagctegteg tcactegggg aagcacggag cggggatace ggtgegecce tteegtceegg 300
ccgaactgga tcctcaccat cacggatgee ccgaagtatce cgetggecca cgaggacaga 360
ggegtggecyg tcaaactctg ccgaacgete gtetegeteg atgacccaca getggeeggyg 420
ttgaagcacc tcaaccggtt gecccaggtyg ctegegagga gggagtggga cgacgagtac 480
cacgatggee tgctgaccga ccacggtggt cacctegteg agggttgcac gagcaacctg 540
ttcectegttyg ccgacggage cttgaggacg ccegatcetga ctgegtgegyg tgtgegeggt 600
atcgtgegge agaaggtect cgaccacteg aaggcaateg ggatcegetyg cgaggtaacce 660
accctgaage tacgagatct cgaacacgeg gacgaggtet tectgacgaa ctetgtctac 720

gggattgtge cggttggtag cgtcgatggt atgaggtace ggataggtcce gacgacggeg 780
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cgtttgctga aagacctttg ccagggtgtg tacttttga 819
<210> SEQ ID NO 11
<211> LENGTH: 984
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(984)
<223> OTHER INFORMATION: CysJ
<400> SEQUENCE: 11
atgaccggta atttggatag cgcggcatgg ccecgtaatca tcacgcctgyg ccagcagcca 60
geggegetygyg aggattgggt ctcagcgaac cgtgacggac tcgageggca gttgaccgag 120
tgtaaggcca ttctettteg aggcttecgt agcaggaatyg gcettegagag cattgcecaac 180
agcttetteg accggegect caactatacce tatcggtega cgecccgtac ggacctgggg 240
cagaacctcet acacggcgac ggagtacccg aagcagetgt cgattccgea gcattgegag 300
aacgcctace agcgegactg gecgatgaag ctgetgttece actgegtgga gcecggegage 360
aaaggcggece ggacgcecectt ggccgacatg acgaaggtaa cggcgatgat ccccgecgaa 420
atcaaggagg agttcgegceg gaagaaggtce gggtacgtge ggaactaccyg tgctggagtg 480
gatctgectt gggaagaggt gtttggaacg agcaacaagg cagaggttga gaagttctge 540
gtegagaatyg gcatagagta ccactggacc gagggtggcet tgaagaccat ccaggtctge 600
caggegtteg cttegecatce actcaccggt gagacgatcet ggttcaatca ggcccacctg 660
tttcaccttt ccgcattgga cccggcttca cagaagatga tgctttectt ctteggtgag 720
ggeggectee cgegcaacte gtacttcegga gacgggtegg ccatcgggag cgacgtecte 780
gaccagatce gctecgetta cgaacgcaac aaggtctegt tegagtggca gaaggacgac 840
gtgttgctga tcgacaacat gctggtttet cacggacgag atccgttecga aggcagcecgg 900
cgggtgetgg tetgecatgge ggagecgtat teggaagtece ageggcegggyg attegecggg 960
gcaacgaact cagggcgctc gtaa 984
<210> SEQ ID NO 12
<211> LENGTH: 13638
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(13638)
<223> OTHER INFORMATION: CysK
<400> SEQUENCE: 12
atgctgetgg agggagagct ggaggggtac gaggacgggt tggaactgece gtacgactte 60
cegeggacgt cgaatagggce gtggagageg gegacgttece agcatagceta cccgeccgag 120
ctggcgagga aggtggcgga gctcagecgg gagcagcagt ccacgetgtt catgagectg 180
gtggcgagee tggeggtggt gttgaaccgg tacacgggee gegaggacgt gtgcatcggg 240
acgacggtgg cgggcecgage gcaggtgggg gegttggggyg atctgagegyg gtccaccgte 300
gacatcctece cgetgagget ggacctgteg ggcgcetecga gecttcacga ggtgetgegy 360
aggacgaagg cggtggtgct ggagggattc gagcacgagyg cgttgccegtyg ccagattcce 420
ttggtgcegyg tggtggtgag gcaccagaac tteccgatgyg cgegtetgga gggctggagt 480
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gagggggtgyg agctgaagaa gttegagetyg gegggggaaa ggacgacggce gagegageag 540
gactggcagt tcttegggga cgggtecteg ctggagcetga gectggagta cgeggeggag 600
ctgttcageg agaagacggt gaagaggatg gtggagecacce accagegagt getggaggeg 660
ctggtggagg ggctggagga ggtgcggctg cacgaggtge ggctgctgac ggaggaggag 720
gaggggctge acgggaggtt gaacgacacyg gcgcgagage tggaggageyg ctggagectg 780
geggagacgt tcgagegtca ggtgagggag acaccggagg cggtggettyg cgttggegtg 840
gaggtggcega cgggagggca ctcgeggcecg acataccgge agctgacata ccggeagetg 900
aatgcgcgag ccaaccaggt ggcacggagg ctgagggcac tgggagtggg cgceggagaca 960
cgggtegegg tecttgagega ccegctegecg gagetgetgg tggcgatget ggcgatatte 1020
aaggcegggyg gctgctacgt gecggtggac ccacagtace cgggaagceta catcgagcag 1080
atactggagyg atgcggcacce gcaggtggtyg ttgggcaaga ggggaagage ggacggggtg 1140
cgggtggatyg tgtggetgga getggatgga gegcaacgge tgacggacga ggegetggeg 1200
gcacaggaag agggagagct ggagggggceyg gagaggccgg agagccagca gttggegtgt 1260
ttgatgtaca cgtcgggctce cacgggcaga ccgaaggggg tgatggtgcce gtacagccag 1320
ttgcacaact ggctggagge ggggaaggag cgctegecge tegagegtgg ggaagtaatg 1380
ttgcagaaga cggcaatcgc gttcgeggtg tcggtgaagg agctgctgag cggattgetg 1440
gegggagtgyg cgcaggtgat ggtgceggag acgctggtga aggacagegt ggegetggeg 1500
caggagatag agcggtggeg ggtgacgaga atccacctgg tgccatcgea cctgggagca 1560
ctgctggagy gggcggggga agaggcgaag gggctgaggt cgctgaagta cgtcataacg 1620
gegggggagg cactggegea gggggtgagg gaggaggcga ggaggaaget gccgggggcyg 1680
cagttgtgga acaactacgg gtgcacggag ctgaatgacg tgacgtacca ccccgegage 1740
gaggggggag gggacacggt attcgtgcca atcgggcegge ccatcgegaa cacgegggtyg 1800
tacgtgttgg acgagcagtt gaggcgggtg ccggtggggg tgatggggga gttgtatgtg 1860
gacagcegtgyg ggatggcegag ggggtattgg ggccagecag cgctgacgge ggagegette 1920
atcgcgaacce cgtacgegag ccageccgga gegaggttgt accggacggg agacatggtg 1980
agggtgctgyg cggacggete getggagtac ctggggagge gagactacga gataaaggtg 2040
agagggcacce gggtggacgt gegecaggtg gagaaggtgg cgaacgcegca tccagccatce 2100
cgccaggegg tggtgtcggg atggcecegttg ggctcgagca acgcgcagtt ggtggcectac 2160
ctggtgeege aggcegggege gacggtgggg ccgeggeagg tgagggatta cctggeggag 2220
tcgectgecgg cgtacatggt gecaacgcta tacacggtgt tggaggagtt gecgeggetg 2280
ccgaacggga agctggacceg gttgtegetyg ceggagecgg acctgtcegag cagccgagag 2340
gagtacgtceg cgccccacgg cgaggtcgag cggaagctgg cggaaatctt cggcaaccte 2400
ctggggctecg aacatgtcegg cgtccacgac aacttcttca gecteggcegg gcactcececte 2460
ctggctgece agctgattte gegcatacgg gcgaccttece gegtggaagt ggcgatggcece 2520
acggtgtteg agtcccccac ggtggagecg ctegeccgece acatcgagga gaagcetcaag 2580
gacgagtcte gggtccagct ctceccaacgtt gtgccggteg agcggacgca ggagattecyg 2640
ctctectace tgcaggageg getgtggtte gtgcacgage acatgaagga gcagcggacce 2700

agctataaca tcacctggac gttgcacttc gccggcaagg gtttctcggt ggaggcegttg 2760
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cggacggcct tcgatgaget ggtggccaga cacgagacac tgcgcacgtg gttceccaggtg 2820
ggggagggga cagagcaggc cgtacaggtce atcggggage cctggtegat ggagetgeceg 2880
ctgagagagg tggcggggac ggaggtgacyg geggcaatca atgagatgte ccgacaggte 2940
ttcgacttga gagcgggacg gttgctgacg gcggcggtcece tgagggtggce ggaggatgag 3000
cacatccteg tcagcaacat ccaccacatc atcacggacg gcectggtcecgtt cggggtgatg 3060
ctgcegggage tgagggagtt gtacgaggca geggtgeggg ggaagagage ggagetgeceg 3120
cegetgacgyg tgcagtacgg cgactatgeg gtgtggecaga ggaagcagga cctgagegag 3180
cacctggegt actggaaggg gaaggtggag gagtacgagg acgggttgga getgecgtac 3240
gacttccege ggacgtcgaa tagggcgtgg agagcggcga cgttccagta tagctaccca 3300
ccegagetgyg cgaggaaggt ggcggagete agecgggage agcagtccac getgttcatg 3360
agcctggtgg cgagectgge ggtggtgttg aaccggtaca cgggccgcca ggacgtgtgce 3420
atcgggacga cggtggcggg ccgagcgcag gtggagcetgg agagcctcat cgggttette 3480
atcaacatcc tcccgctgag getggacctg tcecgggcgcete cgagecttca cgaggtgetg 3540
cggaggacga aggcggtggt getggaggga ttegageace aggagttgee gttcegagcac 3600
ctgctgaagg cgctgaggcg gcagcgggac agcagccaga ttccecttggt gecagtggtg 3660
gtgaggcacc agaacttcce gatggcgegt ctggagggcet ggagtgaggg ggtggagetg 3720
aagaagttcg agctggeggg ggaaaggacg acggegageg agcaggactg gcagttette 3780
ggggacgggt cctegetgga getgagectyg gagtacgegg cggagetgtt cagegagaag 3840
acggtgagga ggatggtgga gcaccaccag cgagtgetgg aggegetggt ggaggggetg 3900
gaggaggggc tgcacgaggt gcggcetgctg acggaggagg aggaggggcet gcacgggagg 3960
ttgaacgaca cggcgcgaga gctggaggag cgetggagece tggeggagac gttegagegt 4020
caggtgaggg agacaccgga ggcggtgget tgegttggeg tggaggtggce gacgggaggy 4080
cactcgegge cgacataccg gcagetgaca taccggeage tgaatgegeg agccaaccag 4140
gtggcacgga ggctgaggge actgggagtyg ggcgceggaga cacgggtege ggtettgage 4200
gaccgctege cggagctgct ggtggcgatg ctggcgatat tcaaggccgg gggctgctac 4260
gtgceggtgyg acccacagta cccgggacac tacatcgage agatattgga ggatgeggea 4320
ccgcaggtgg tgttgggcaa gaggggaaga gcggacgggg tgcgggtgga tgtgtggttg 4380
gagctggatyg gagcgcaacg gctgacggac gaggcegcetgg cggcacagga agagggggag 4440
ctggaggggg cggagaggcc ggagagccag cagttggegt gtttgatgta cacgtcgggce 4500
tccacgggca ggccgaaggg ggtgatggtyg cegtacagec agttgcacaa ctggetggag 4560
geggggaagg agegetegee getcegagedt ggggaagtaa tgttgcagaa gacggcaatc 4620
gcgttegegyg tgtcggtgaa ggagctgctg agcggattge tggcgggagt ggcgcaggtyg 4680
atggtgcegyg agacgctggt gaaggacage gtggegetgg cgcaggagat agageggtgg 4740
cgggtgacga gaatccacct ggtgecateg cacctgggag cactgetgga gggggegggg 4800
gaagaggcga aggggctgag gtcgctgaag tacgtcataa cggeggggga ggcactggeg 4860
cagggggtga gggaggaggce gaggaggaag ctgceggggg cgcagttgtyg gaacaactac 4920
gggtgcacgg agctgaatga cgtgacgtac caccccgega gcegagggyggy aggggacacyg 4980

gtattcgtge caatcgggcg gcccatcegeg aacacgcggg tgtacgtgtt ggacgagcag 5040
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ttgaggcggg tgccggtggg ggtgatgggg gagttgtatg tggacagegt ggggatggeg 5100
agggggtatt ggggccagece agecgetgacyg geggageget tcatcgegaa ccegtacgeg 5160
agccageccg gagcgaggtt gtaccggacyg ggagacatgg tgagggtget ggeggacgge 5220
tcgetggagt acctggggag gcegagactac gagataaagg tgagagggca ccgggtggac 5280
gtgcgecagyg tggagaaggt ggcgaacgeyg catccagceca tecgecagge ggtggtgteg 5340
ggatggcegt tgggctcgag caacgcgcag ttggtggcecet acctggtgcece gcaggcgggce 5400
gegacggtgg ggccgeggca ggtgagggat tacctggegg agtegetgec agegtacatg 5460
gtgccaacge tatacacggt gttggaggag ttgccgcggt tgccgaacgg gaagctggac 5520
cggetgtegt tgccggagece ggacctgteg agecagecgag aggagtacgt cgegecccac 5580
ggcgaggtceg agcggaagct ggcggaaatc ttcggcaacce tcectggggcet cgaacatgtce 5640
ggcgtccacg acaacttctt cagecctegge gggcactcece tcectggectge ccaggtggte 5700
tcaaggattg gcaaggagct tggcactcag atctcgatcg ccgatctgtt tcaaaggcecce 5760
acgattgaac agctctgtga gctgattgga ggactggacg atcagaccca gagggagctce 5820
gcceectegete cgteggggaa caccgaggceg gtgctcectegt tegcecgcaaga gcgcatgtgg 5880
ttcctgcaca acttecgtcaa gggcatgcce tacaacacgce cagggctcga ccacctgacg 5940
ggtgagcteg atgtegegge gcetagaaaag gecatcegeg cggtcatceg tegecacgag 6000
ccectgegga cgaatttegt cgagaaggac ggggtgcetgt cccagttggt ggggacggaa 6060
gaacgcttee gectgaccgt gactcccate cgcgacgaga gcegaggtege geggetcatg 6120
gaagccgtga tccaaacgce agtcgatctg gagcgggagt tgatgatccg ggcttatcete 6180
taccgggtcg acccgcggaa tcactacctg ttcaccacca tccatcacat cgecttcecgat 6240
ggctggtcega catcgatctt ctaccgtgag ctggctgcgt actacgccgce gtttcetecgg 6300
cgcgaagaca gtccgctgece cgcgctggaa atctcectatce aggactatge ccgctgggag 6360
cgggcccatt tccaggacga ggtgttggcg gaaaaactga ggtactggceg gcagceggcetg 6420
tcgggegete ggcecectegt acttceccgace acctaccatce ggccgcecccat ccagagttte 6480
gctggegeeg tegtgaactt cgagatcgat cgctceccatca ccgageggtt gaagacgcetg 6540
ttcgeccgagt cgggcaccac gatgtacatg gtgttgecteg gegegttcte cgtggtgetg 6600
cagcgetact ccggtcagga cgacatctge ateggetcece cegtggegaa ccggggtcac 6660
atccagacag aagggctgat cggcttgttce gtcaacaccce tggtgatgag ggtggatgcece 6720
gccgggaate ccecgtttcat cgacctgetg gegcegcatte aacggacagce catcgatget 6780
tacgcgaacce aagaagtgec cttcgagaag ategtggacg acctgcaggt cgcgagagac 6840
acggcccgat ctccgctegt gcaggtcatt ctcaacttecce acaacacgcce tectcaatce 6900
gagctggaac tgcagggggt gaccctcacyg cggatgcegg tgcacaacgyg cacggccaag 6960
ttcgagetet ccatcgacgt cgcggagacg agcgccggtce taacgggatt cgtggagtac 7020
gcgacggatce tgttcagcga gaacttcatc cggcggatga tceggccacct cgaggtggtyg 7080
ctggacgcgg tecggtcgega tecgegggceg cctatccatg agttgeccact getcaccegg 7140
caggatcagt tggacctact gtecgeggage ggecacacag cccecgeggdt ggaacacgte 7200
gagttgatcc ctcatacgtt cgagcggcgce gtccaggaga gcecctcaagce gattgcectg 7260

gtctgeggty acgagegegt cacctactcee gegetcaace gecgggecag ccagattgec 7320
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cgeegectge gegeegeagg gatceggaceg gacacccteg tegggetttyg cgeggggege 7380
tccatcgage tggtcectgegg cgtcecttgge atcttgaagg cgggcggtgce gtacgtgeca 7440
atcgacccca cctectegee cgaggtgatce tacgacgtcecce tgtatgagte gaaggtgegg 7500
catctgttga ccgagtcgeg cctggteggg ggactgecegg tcgatgacca ggaaatcctg 7560
ctecectggata ccccegegga cggtgaaggg gacaaggetg ttgetgacceg ggaggageca 7620
cctgaccttg gecgaggtcag cctcactcce gagtgcttgg cgtacgtcaa cttcacctcee 7680
gactceggty gggcgcecgag gggcatcegee gtecgecatg gggegetgge tegecggatg 7740
gccgecggece acgcacagta cctggccaat tceccgeccgtac gtttectget gaaggcgecyg 7800
ctcacgttecg acctggcecggt cgcggagcectg ttccagtgga tegtcagcecgg cggcagectg 7860
agcatccteg accccaatge cgaccgegac gectetgect tectegegea ggtgegeagg 7920
gactcgattg gecgtectcta ctgegtecce tccgaactet cgacgcetggt gagccacctyg 7980
gagcgcgagce gtgaaagggt gcatgagctg aacaccctec ggttcatcectt ctgeggeggyg 8040
gataccctgg cggttaccgt cgtcgagegt ctcecggggtac tggtgcgggce cggccagcetce 8100
ccgctgegge tggtcaacgt ctatgggacg aaggagacgg gaatcggcgce gggttgette 8160
gagtgegege tggacgcgaa cgaccccage gecgaactee cgecgggacyg getctegeat 8220
gagcggatge ccatcggcecgg gcccgcccag aacctgtggt tetatgtggt gcaacccaac 8280
ggtggcctgg cteegttggg catcccgggg gaactgtacyg teggcecggegce gcaactcegec 8340
gacgccegtt tecggegacga geccacggeg acccaccceg gettegtece gaaccectte 8400
cggagceggag cggagaagga ctggetgtac aagacggggg acctegtecg ctggetgect 8460
caggggecoge tcgagetggt cagegegget cgggagegeg acggaggedg ggaccaccegg 8520
ctcgategeg gettcatecga ggcgcegcatg cgtegtgtgg ccattgtceceg cgacgecgtg 8580
gtggcctacg tcccggatcg ccaggacagg gcccggttgg tggcecctacgt cgttcectgaag 8640
gagtcgeceg cggcggacgt ggagcecegege gaagggceggg aaacgctgaa ggeteggatc 8700
agcgccgaac ttgggagcac gttgccggag tacatgettce cggccgcecta cgtgttcatg 8760
gacagcctge cgttgacgge ttacgggagyg atcgaccgga aagecctgeco cgagecggag 8820
gatgaccgee acggtggtag tgcgatcgece tacgtggece cgegegggeco cacggagaag 8880
gecactggege acatttggca gcaagtgetyg aaacgccccce aggtceggact gegagacaac 8940
ttetttgage tgggcgggca ctcagtggcg gccatccaac tggtgtccgt gagccggaag 9000
cacctggagg tcgaagtccce cctcagectg atcttcgaat cgceccecggtcect ggaggcgatg 9060
gegegeggea tcgaageget gcaacagcag ggccgcageg gegeggtgte gtegatccat 9120
cgggtggagce ggaccggacc gcectgectcectg gecgtacgtge aggagaggct gtggttegtg 9180
cacgagcaca tgaaggagca gcggaccage tataacatca cetggacgtt gcacttegece 9240
ggcaagggtt tctecggtgga ggegttgegg acggcctteg atgagctggt ggccagacac 9300
gagacactgc gcacgtggtt ccaggtgggyg gaggggacag agcaggccgt acaggtcatc 9360
ggggagcect ggtcegatgga getgecgetg agagaggtgg cggggacgga ggtgacggcg 9420
gcaatcaatg agatgtcccg gcaggtcecttce gacttgagag cgggacggtt gctgacggeg 9480

gcggtectga gggtggcgga ggatgagcac atcctcecgtca gcaacatcca ccacatcatce 9540

acggacggct ggtcegttegg ggtgatgcectg cgggagcectga gggagttgta cgaggccgceg 9600



US 2016/0145304 Al May 26, 2016
105

-continued

gtgegggggy agcgagegga getgeegeceyg ctgacggtge agtacggega ctatgeggta 9660
tggcagagga agcaggacct gagcgageac ctggegtact ggaaggggaa ggtggagggg 9720
gacgaggacg ggttggagct gecgtacgac ttcccgegga cgtcegaatag ggegtggaga 9780
geggegacgt tccagtatag ctaccaccce gagetggega ggaaggtgge ggagetcage 9840
cgggagcagce agtccacgcet gttcatgage ctggtggcega gectggecggt ggtgttgaac 9900
cggtacacgyg gccgegagga cctgtgeate gggacgacgg tggegggecyg agegcaggtg 9960
gaactggaga gcctcatcgg gttettcatc aacatcctec cgctgaggct ggacctgteg 10020
ggcgctceega gecttcacga ggtgctgegg aggacgaagg tggtggtgct ggagggattce 10080
gagcaccagg agttgccgtt cgagcacctg ctgaaggcgce tgaggcggca gcgggacage 10140
agccagattc ccttggtgec agtggtggtg aggcaccaga acttcccgat ggcgegtctg 10200
gagggctgga gtgagggggt ggagctgaag aagttcgage tggcggggga aaggacgacg 10260
gcgagcgage aggactggca gttetteggg gacgggtcecet cgctggagcet gagectggag 10320
tacgcggcgg agctgttcag cgagaagacg gtgaggagga tggtggagca ccaccaacga 10380
gtgctggagg cgctggtgga ggggctggag gaggggctgce acgaagtgcg gctgctgacg 10440
gaggaggagg aggggctgca cgggaggttg aacgacacgg cgcgagagct ggaggagcgce 10500
tggagcctgg cggagacgtt cgagcgtcag gtgagggaga caccggaggce ggtggettge 10560
gttggcgtgg aggtggcgac gggagggcac tcgcggccga cataccggca gctgacatac 10620
cggcagctga atgcgcgagce caaccaggtg gcacggaggce tgagggcact gggagtggge 10680
gcggagacac gggtcgeggt cttgagcgac cgctegcecgg agetgctggt ggcecgatgcetg 10740
gcgatattca aggccggggg ctgctacgtg ccggtggacce cacagtaccce gggaagctac 10800
atcgagcaga tactggagga tgcggcaccg caggtggtgt tgggcaagag gggaagagcg 10860
gacggggtgce gggtggatgt gtggctggag ctggatggag cgcaacggct gacggacgag 10920
gcgetggegyg cacaggaaga gggagagctg gagggggcgg agaggccgga gagcecagcag 10980
ttggcgtgtt tgatgtacac gtcgggctcece acgggcagac cgaagggggt gatggtgcceg 11040
tacagccagt tgcacaactg gctggaggcg gggaaggagce gctcgecget cgagegtggg 11100
gaagtaatgt tgcagaagac ggcaatcgcg ttcgeggtgt cggtgaagga gctgctgage 11160
ggattgctgg cgggagtggce gcaggtgatg gtgccggaga cgctggtgaa ggacagcegtg 11220
gcgetggege aggagataga gcggtggcegg gtgacgagaa tccacctggt gccatcgcac 11280
ctgggagcac tgctggaggg ggcgggggaa gaggcgaagg ggctgaggtc gctgaagtac 11340
gtcataacgg cgggggaggce actggcgcag ggggtgaggg aggaggcgag gaggaagcetg 11400
ccgggggcyge agttgtggaa caactacggg tgcacggagce tgaatgacgt gacgtaccac 11460
ccegegageg aggggggagg ggacacggta ttcgtgccaa tcgggeggcece catcgegaac 11520

acgcgggtgt acgtgttgga cgagcagttg aggegggtge cggtgggggt gatgggggag 11580

ttgtatgtgg acagcgtggg gatggcgagg gggtattggg gccagccage gctgacggeg 11640

gagcgcttceca tcgecgaacce gtacgcgagce cagcccggag cgaggttgta ccggacggga 11700

gacatggtga gggtgctggce ggacggctcg ctggagtacc tggggaggcg agactacgag 11760

ataaaggtga gagggcaccg ggtggacgtg cgccaggtgg agaaggtggc gaacgcgcat 11820

ccagccatce geccaggcecggt ggtgteggga tggccgttgg gctcecgagcaa cgcgcagttg 11880
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gtggcctace tggtgccgca ggcegggcgeg acggtggggce cgcggcaggt gagggattac 11940
ctggcggagt cgctgccage gtacatggtg ccaacgctat acacggtgtt ggaggagttg 12000
ccgeggttge cgaacgggaa gctggaccgg ctgtcecgttge cggagecgga cctgtegage 12060
agccgagagg agtacgtcege gecccacggce gaggtcgage ggaagcectgge ggaaatctte 12120
ggcaacctee tggggctcga acatgtcecgge gtccacgaca acttcttcaa ccteggeggg 12180
cactcecctee tggcttceecca getgattteg cgcatacggg cgaccttecg cgtggaagtg 12240
gcgatggeca cggtgttcga gteccccacg gtggagcecge tcgeccgeca catcgaggag 12300
aagctcaagg acgagtctcecg ggtccagcte tccaacgttg tgccggtcecga gecggacgcag 12360
gagcttcege tcectectacct gcaggagagg ctgtggtteg tgcacgagca catgaaggag 12420
cagcggacca gctataacgg aacgatcggg ctcecggette ggggtectcet gtcaatccce 12480
gcgetcaggg ccaccttcecca cgatctggte geccgtcacg agagcectgeg caccgtcectte 12540
cgggtcececeg aaggccgcac cacgceceggtg caggtgatte ttgattcgat ggatctggac 12600
atccecggtee gegatgcaac cgaggcecgac atcatccegg gcatggatga getggegggt 12660
cacatctacg acatggagaa gggtccgctg ttcatggtte gectettgeg getggecgag 12720
gactcccacg ttcectectgat ggggatgcat cacatcgtet acgacgcatg gtcacagtte 12780
aatgtgatga gtcgcgatat caacctgctce tactcggege acgtgacggg aatcgaggca 12840
cggctteceg cgcttcecccat ccagtacgcece gacttctegg tgtggcageg ccagcaggac 12900
ttececgtecace acctggacta ctggaagtcece acactgggcg actaccggga tgatctcgag 12960
ctgcecgtatg actacccgeg gecgeccage cggacatgge acgcgacccg attcacctte 13020
cggtatccgg atgcactggce gegcgegtte gccaggttca atcagtccca tcagtcecgacg 13080
ctgttcatgg ggctgctgac cagcttecgeg atcgtgctca ggcactacac cggccggaac 13140
gacatctgca tcggaacgac aacggcgggg cgcgcccagt tggagttgga gaacctcegtt 13200
ggcttctteca tcaacatcct gcegttgege atcaatctgg cgggtgaccce cgacatcage 13260
gagctcatga atcgagcgaa gaagagcgtc ttgggcgcct tcgagcatca agcetctgecg 13320
ttcgagegte tectcagtge cctcaacaaa cagcgtgaca gcagccatat cccgetggtt 13380
ccegteatgt tgcgccacca gaacttceccceg acggcgatga ccggcaagtg ggccgatggt 13440
gtggacatgg aggtcatcga gcgcgacgag cgcacgacgc ccaacgagct ggacctccag 13500
ttetttggeg acgacaccta cttgcatgct gtcgtcgagt tccccgcegca getcttetee 13560
gaggtgaccg tccggegtct gatgcagegt caccagaagg tcatagagtt catgtgcegeg 13620
acgctggggg ctcecggtga 13638
<210> SEQ ID NO 13

<211> LENGTH: 3072

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(3072)

<223> OTHER INFORMATION: CysL

<400> SEQUENCE: 13

gtgaacgtge tcgctaggca ttccaccgge tcccacgacg ageceggtgge cggegacgte 60

gaactcegeg teggtggece cggtgtgeceyg gacgctcatt ccagegagag cgttgaagtg 120
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ctggegeggt ggetgeggac cgccgaggag aagtaccegg gegtcatggg cccgatcecege 180

caggagggece cctggttege catccegttg acctgecege geggtgeceg gteggegega 240
ttceggectet ggectegggga actagacegt cagggacage tectccacat ggtcegecteg 300
tatctggegyg ccgtgecacca cgtgetggte agegttegeg ageccagege caacgtgetg 360
gaggtgctgg tctctgactc aacaacgcca tctgggetca accggttect gaacggectg 420
gactcegtee tggagatcct ggctcacggyg cgcagcgacce tcctectgea geatctcacyg 480
ggceggetge cccccgacga gatgeectte gtggaggace gtgaggageyg cgaggageac 540
ceggecaceg atgtcegagge cgatgeggtt gteteegtece tgttccaace agttgactte 600
ccgagectgg cgaggetgga cgcgagecte ctegegtatg acgacgagga tgccggegeg 660
gtgggeeggyg tectggggga getectecag cegttectge tegacteege caggatgace 720
gtggggcgaa aggcggtgag ggtcgatcac atctgectge ctggettgtt gegagecgac 780
agcagagcgyg cggaggagte ggttectegeg ccegecttge gettggegac gaagecceggt 840
cggcattteg tegegttgtg ceggaacace geectgegge tgggagacag getgecccac 900
ttgctegege agggeccget ctgegatgge gegtcaacgg cgctcecttet gttgcaacgg 960

gtgctggaca cgcttatcgg gagceggggga ctgaaggacc atcgectcac gctcgagetyg 1020
gttggcgeceg atccacggac cgaggccegeg tttcegggceee ggactceegtg gctggtggeg 1080
gaacgggceceg ctteggectge atcaacggat gcaccgcgeg tcgacgtegt cgtectgtte 1140
ccggceggcac ggccgagege gcetcgagcetg cggccagaca gcgtegtcat cgaccttttt 1200
ggcacctgga gcectgagace gegacccgag gttetggega agaacategt ctacgtgega 1260
ggggcctegyg teecgtetege cggagaggcece gtcecgtcectcecga ctecctectt cgegeccggat 1320
cgagtggage cggegetect cgaggegett ctecgggaac tegacgegga ggccagtagt 1380
gacgggcteg cccacgagca ccgecttgag attggeggca ttegegggtt ctggggtgag 1440
atccgeeggg cggagtggga cgcctttcat tcecgegeccecgece ggggggaget ggcgaggttt 1500
caggtgtegyg ggcaggtgac cgccgecaat ceggggeteg ccagectgee cgatggggeg 1560
acgaacatct gcgaatacat cttccgggaa gcgcaccttce gectcecggcte gtgectegte 1620
gatccccaga geggecagte cgcgacctac gecgagetge ggegactgge ggcagegtac 1680
gegeggeggt ttegggecatt ggggetcege cagggagacg tegtggeget cgeggegecg 1740
gatgggattt cgtccgtcge ggtgatgetg ggttgecttee tgggcegggtg ggtcettegeg 1800
ccgctcaacce acaccgcecte ggccgtgaac ttcegaggcega tgttgagtte cgccagtcecce 1860
cgectggtge teccatgcecege gtecgacggte gccecgcecate tgccggtcect gagcacgegg 1920
cgatgegegyg aactegegte cttectgecg ceggacgege tggacggegt ggagggggac 1980
gtcaccceee tgccagtgte accggaagcec cccgccgtceca tgctgttcac ctegggetece 2040
acggggggge cgaaggcagt gacgcacacce cacgecgact tcatcacctg cagtcegcaac 2100
tacgcaccct atgtcgtega actcagaccg gacgatcegtg tctatacgece gtceccccgace 2160
ttecttegect atggattgaa caacttgcectg ctgtccecctca gegegggggce cacgcacgtg 2220
atctcggtcece ctcecgcaacgg cgggatgggt gtcecgcggaga tcectcgecgeg gaacgaagta 2280
accgtgetet tegeggttece cgeccgtectat aagetgatca tctcgaagaa cgaccggggce 2340

ctgcggttge cgaagttgag attgtgcatc tctgctggeg agaagctgcce attgaagcetg 2400
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tatcgggagg cgcgaagctt cttcagegtg aacgtactgg acgggatcgg gtgcaccgaa 2460

gccatctega cgttcatcte gaaccgggag agttatgteg cgcccecgggtg cacgggegtyg 2520

gtggtccegyg ggttcecgaggt caagctggtg aacccgcgtyg gegagcetcetg ccgggtggga 2580
gaggtgggceg tcecctetgggt tcggggtggg gegctgacee ggggctacgt gaacgcccecce 2640
gatctgacag agaagcactt cgtggacggc tggttcaaca cccaggacat gttcecttcatg 2700
gatgccgagt accggctcta caacgtgggce agggctggtt cggtcatcaa gatcaattcce 2760
tgctggttcect caccggagat gatggagtcg gtcctgcaat cccatccage ggtgaaggag 2820
tgtgcegtet gegtegtcecat tgacgactac gggttgccaa ggccgaaggce attcatcgtce 2880
accggcgagce atgagcgcetce cgagccggag ctcegagcact tgtgggccga gttgegegtt 2940
ctgtcgaaag agaagcttgg gaaggaccac tacccgcatc tgttcgcgac catcaaaacg 3000
cttececcgga cctecagegg gaagctgatg cggtecgaac tegegaaget gctcaccage 3060
gggcecccat ga 3072
<210> SEQ ID NO 14

<211> LENGTH: 117

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(117)

<223> OTHER INFORMATION: CysM

<400> SEQUENCE: 14

atgaatccaa agttcctegg aggcctgggg gcaggggtgt gecatcgecte tttgttecag 60
acggtcatge ggaccgtgcce getcaaggac gecggceteceyg gegacaggge ttgttag 117
<210> SEQ ID NO 15

<211> LENGTH: 1074

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1074)

<223> OTHER INFORMATION: CysN

<400> SEQUENCE: 15

atgtcgacte gcaccaagaa cttcaatgte atgggaateg actggatgee ttectceegeg 60

gagttcaage gacgegtcee geggacccag cgggceggcag aggecgtget cgecggacgg 120

agatgcttga tggatatcct ggaccgeggg gatcctegece tettegteat cgtggggecce 180
tgctccatte acgatceggt ggeggggetyg gactatgega ageggetgeg gaaacteget 240
gatgaggttc gcgagaccct gttegtggtyg atgegegtgt acttcgaaaa gecgegeacce 300
accacgggtt ggaaaggctt catcaatgac ccgegeatgg atggetcettt ccacatcgag 360

gagggcatgg agcggggacg tegettectyg ctegacgtgg ccegaggaggyg tctacceget 420

gecaccgagg cgctggacce catcgegteg cagtactacg gegacctcat ttectggacyg 480
gecattggeg cgegcaccge cgagtegcag acgcaccgeg agatggegte cggectttec 540
accccagtag gcttcaagaa cggcacggac ggetegetgg atgeggeegt caatggeate 600
atctcegett cacacccgea cagettectyg ggggtgageg aaaatggege gtgegecate 660

atccgeacge gcggcaacac ctacggecac ctggtgetge geggeggtgg tgggeggecce 720
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aactacgacg ccgtgtcggt ggegecttgeg gagaaggcge ttgccaaggce caggctaccce 780
accaacatcg tggtggactg ctctcacgec aactcctgga agaatcccga gctcecagecg 840

ctggtgatge gggacgtggt gcaccagatt cgcgagggea accgctceggt ggtgggectg 900
atgatcgaga gcttcatcga ggcaggcaac cagceccatee cggecggacct gtcgcaactg 960
cgctacggcet gectceggtcac tgatgcatgt gtggactgga agaccaccga gaagatgcetg 1020

tacagcgcge acgaggagct gctccacatt ctgcccegta gcaaggtgge ttga 1074

<210> SEQ ID NO 16

<211> LENGTH: 612

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(612)

<223> OTHER INFORMATION: CysO

<400> SEQUENCE: 16

atgccegece gctcecactee ctetcectggaa agtggcgact ttttegcecga cgtcacgttt 60
tctgatctet cgatcgagtce ggctgatcte tecggcaagyg aattcgageyg ctgcacgtte 120
cggceggtgea agttgeccga aagccgetgg gtecggagece gectggagga ttgtgtatte 180
gagggatgeyg atctectgeg gatggtaccg gagaageteg cgctgcgaag cgtgacctte 240
aaagacaccce gcctcatggg cgtggactgg agtggacteg gaaccatgec ggacgtccag 300
ttcgaacagt gcgatctgceg ctacagetcece ttettgaagt tgaatctacyg caagacgcegg 360
ttegttgget getecgegeg cgaagccaac tteattgacyg tggacctege cgagtcggac 420
ttcaccggca ccgatatgcce aggatgcacce atgcaggget gegtectcac caagaccaat 480
tttgctcgat cgaccaattt catcttecgac ccgaaggcga accaggtcaa agggacgcegt 540
gttggegtygyg agaccgccegt cgcectegece caggegttgg gaatggtggt cgacggetat 600
cagacaccct ga 612

<210> SEQ ID NO 17

<211> LENGTH: 702

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(702)

<223> OTHER INFORMATION: CysP

<400> SEQUENCE: 17

atgaaacggt tcttcaaget ccagttgege accaccaacg tececgegge acgggegtte 60
tacacggcte tgtteggtga gggegecgece aacgcagaca tegtgecget geccgageag 120
gegattgece geggegcace cgcccattgg ctgggttacg teggegtega ggacgtegat 180
gaagcggtge gctegttegt ggggegeggyg gcegacccage tcggeccgac ccacccgacyg 240
aacgacggeyg ggcgegtege gatccteege gatcetggag gggegaccett cgecgtggeg 300
acggcaccgg caacgacgag agcgctecag ccggaggtgg tetggecagea getctatgece 360
gecgaacgtge aacagacgge cgcctegtat tgcgacctgt teggatggeg getcteggat 420
cgecegegace ttggtgeget gggggttecac caggagttea cetggegete ggacgagecg 480

agcgeegget cggtegtgga cgtggegggg ctcaaggggg tecattcaca ctggetgtte 540
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catttcegeg tegecgeget cgatceegeg atggaggteg tecgcaagge cggaggegte 600
gtecatcggee ccatggaact tccgaatgge gatcgecatceg cegtgtgega ggatccgcaa 660
cgggcggegt tegegcetteg cgaatccage cacggacgct ga 702
<210> SEQ ID NO 18
<211> LENGTH: 795
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(795)
<223> OTHER INFORMATION: CysQ
<400> SEQUENCE: 18
atgcaagaga tcggccagac ggcactttgg gtggcgggaa tgcgegeget tgagaccgag 60
cgttecaace cactgttcceg ggatcecttt geccgtcegac tegecggtga cacgetegte 120
gaggagctyge ggcgecgcaa tgccggtgag ggcgcecatge cteccgecat cgaggttege 180
acgcgetgge tcgatgatca gatcacgetg gggttgggece geggcatcceyg ccagatcegte 240
atcctegeceyg cgggaatgga tgcccgegece taccgtttgg cetggcecggyg agacacgcegg 300
ctgttegage tcgaccacga cgccgtgete caggacaagg aggcgaaget gaccggegte 360
gegecgaaat gtgagcgaca tgcegtgteg gtegatetgg cegatgactg gecggeggey 420
ctgaagaaaa gcggattcga tcccggegtg cecaccctgt ggetcatcga gggattgete 480
gtctaccteca ccgaggcgca ggtcacgetg ctcatggece gtgtcaacge cctgagegtt 540
ccecgagagea tcegtectcat cgacgtegtt ggecgttega ttttggacte ctcegegegte 600
aagttgatgc acgacctcge ccgccagtte ggcaccgacyg agceccgaggt gattctaagg 660
ccgattgget gggaccccca cgtctacacce accgeggeca tegggaagca gctegggege 720
tggcecttee cegtggegece acgcggeace ceeggtgtge ccecagggata cctggtgcac 780
ggagtcaagc gctga 795
<210> SEQ ID NO 19
<211> LENGTH: 1002
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(1002)
<223> OTHER INFORMATION: CysR
<400> SEQUENCE: 19
gtgaatggga cgacagggaa gacagggttg gtagcagaaa ggtcgggegce gatttcceeg 60
agggactaca agtccaagga gttggtgtgg gattcgettyg cegecacacyg cagcaagccce 120

cggegegtac tgccggaggg ggacgtggte gggcacctgt accegecgge caaggeggec 180

ctgctcacce acccgetcat gaagaacctt ccgeccgaga cgetgegget gttettcate 240
cactcegect acaagttcat gggggacate gecatctteg agacggagac cgtcaacgag 300
gtggcgatga agatcgccaa cggtcacacyg cccatcacgt tcccggacga catcegecac 360
gacgcgctca ccgtcatcat cgatgaggece tatcacgect acgtggcacyg cgacttcatg 420
cggcagatcg agcagegcac gggcegtcaag ccgetgecee tgggaacgga aacggacctg 480

tccagggeca tggetttegg caagcacegg ctgcccgaga cgctgecacgg getctgggaa 540
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atcatcgceeg tctgcatcegg ggaaaacaca ctcaccaagyg atctgctgaa cctgacgggt 600
gagaagtcct tcaacgaagt gctccatcag gtgatggagg accatgtteg cgacgaggge 660
cgccacgegg tectettecat gaacgtgete aagetggtgt ggagtgagat ggaggagage 720
geeeggeteyg ccatcggtca getgetgeca gagttcatcee gegagtacct cageccgaag 780
atgatggcegg agtacgagcg cgtcegtgetg gagcageteg gtctagegge cgagcacate 840
gagcggatcee tctecgagac gtactcggag ccgcecgetgg aggattteeg cgegegatat 900
ccecteteeg ggtacctggt ctacgtgetg atgcagtgeg acgtectgte gcacgegecyg 960
acgcgcgagg cgtteccgeceg attcaagcetg ctcgcecccact ga 1002
<210> SEQ ID NO 20
<211> LENGTH: 1929
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1929
<223> OTHER INFORMATION: CysS
<400> SEQUENCE: 20
atggccaacce agcgggtege attcattgag ttgacggtet tetcectggegt ttatcecttg 60
gectetgget acatgegtgg cgtggecgag cagaacccect tgatcaggga gtegtgcage 120
ttcgaaatce actcgatcectg catcaacgac gaccgatteg aagacaagct caacaagatce 180
gatgccgatyg tctacgcgat ctcttgctat gtetggaaca tgggcettegt gaageggtgg 240
ctececacce tcaccgeccg caagcccaac gegcacatca tecttggegyg tcecgecaggtyg 300
atgaaccacg gggcgcagta cctggatceg ggcaacgage gggtggtget ctgcaacggt 360
gagggtgagt ataccttcge gaactacctg gecgaactcet getccccceca geccgacctt 420
ggcaaggtca agggectcte cttctaccgg aacggagage tgatcacgac cgagccccaa 480
gegegeatee aggatctgaa cacggtcecca tcectcecectace tggaaggcta cttcecgacage 540
gagaagtacyg tgtgggcgce ccttgagacg aaccggggat geccctacca gtgcacctac 600
tgcttetggyg gggceggegac caactcgege gtgttcaagt ccegacatgga ccgggtcaag 660
gecggagatca cctggctcag ccagcaccgg gegttcetaca tcettcatcac cgacgcgaat 720
tteggecatge tgacccgega cattgagatce geccagcaca tegecgagtyg caagceggaag 780
tatggctatce cgctcaccat ttggctgage geggcgaaga actcgectga ccgggtcacyg 840
cagatcacgce ggatcctgag ccaggagggt ttgatctceca cccagceceggt ctegetccag 900
acgatggacg cgaacacgct gaagagegtg aagcgceggca acatcaagga gagcgectac 960

ctgagcctcecce aggaagaact gcaccgcagce aagctctect cgttecgtgga gatgatctgg 1020

cegetteceg gegagacget ggagacctte agggagggea tegggaaget ctgcagetac 1080

gacgccgacg cgatcctcat ccaccaccte ctgctcatca acaacgtgec gatgaacagce 1140

cagcgegagyg agttcaaget ggaggtgteg aatgatgaag accegaacag cgaggcgcag 1200

gtcgtegteg cgacgaagga cgttacccgce gaggaataca aggagggtgt gcggttceggg 1260

tatcatctca cgagcctgta cagcctgcge gcactceget tegtcecgggag gtacctcegac 1320

aagcaggggc ggctggcctt caaggacttg atctecctegt tectcecggagta ctgcaagegg 1380

aaccctgace acccctacac gcagtacate accagegtga tegacgggac cagcecagteg 1440
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aagttcagcg ccaacggcegg catcttceccac gtcacacttce acgagttccg cagagagttce 1500
gaccaactgc tcecttcegggtt cattcaaacc ctgggcatga tgaacgatga gctgctggag 1560
ttectgtteg agatggatcect cctcaaccgt ccgcacgtgt acagcaacac gcccatcaat 1620
aatggcgaag ggttgctgaa acacgtgacg gtcgtctega aggagaagga tgccattgtce 1680
ctgcgegtte ccgaaaagta cgcgcagctce acgtctgage tactcggget cgagggcgcet 1740
cccagecacga gectgegegt gaagtaccge gggactcaaa tgccgttcat ggcgaacaag 1800
ccgtacgagg acaacctcecte ctactgcgag gcgaagctcecce acaagatggg aagcatactt 1860
ceggtetggg agteggeegt cecttegege acaccggtece ggeggccaca agtggecgte 1920
gcgggctga 1929
<210> SEQ ID NO 21

<211> LENGTH: 3804

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(3804)

<223> OTHER INFORMATION: CysT

<400> SEQUENCE: 21

atgcatcgag tgaagccgtt gatagggece gtectgtegg cgetgttget gtgtgecctg 60
ccegecaggyg cgcagatege cgeggeccac gtcetaccaca accacatgece caacttetgg 120
gectactacyg acctgggceca atacgegtee acgcccaccg geggecccat ccggtacatg 180
tatgacgcge aggtcatcaa cctgaagaag aatccccegt ccaattacac atactacctg 240
ccatcgggeg cgcccatgee geacgatgac ctegtcaccet attactcegea caacgcgaag 300
acgggtgect acctgtactg gectccaage gtegectegg acatgaaaac caatgcecccce 360
accggecagg tgcacgtcac catgtecgge geegtggtga acaatgteca ggatctegte 420
accctgaaga acgtecceegg ctacgacaat ccgaactggg gegecteetyg gaaggaccege 480
tacagcgece tgctcaccee cgegggcaac cgcacccetgg atctcatcca cttcaccegge 540
caccactcca tggggeccct ggteggtece gactacttece tcaaggatct catctaccag 600
agcgccacge tcgeccagece ctacttecte ggeggetect tecagtecte caagggette 660
ttcecccaceg ageteggett ctecgagege ctecatcecca cectctcecaa geteggegtyg 720
cagtgggcceg tcatcggega caaccactte tcecgecaccee tcaaggacta ccectaccte 780
aacgatcecgg gctccgacac getegtetee cegeccaace gegecgatct ccagaacacce 840
agctcegtgg getectgggt gagegeccag atggeccacg agcagcaggt catcaagaac 900
aagtacccct tcgectecac tecccactgg gtgegetacg tggacccege cacgggegec 960

gagtcgegeg tegteggecat cecegtcaac cagaacgget cctggetega gggetgggaa 1020

ggcgaggceca ccgtegacgt cgtcaaccte aagagcetteg agggectegt tecccagegyg 1080

cagttctteg tcatcgcgca tgatggcgac aactcgageg gacgcgccgg ctceccgactcece 1140

acctggtaca acggccgcte cgtcacctge gccaatggeg tgcagtgcgt gggcatctcece 1200

gagtaccteg tccaccacac cccegectee accgacgtgg tgcacgtceca ggacggeteg 1260

tgggtggaca cgcgcgactce ctectceggat ccccagtgge accactggaa gcetgecctte 1320

ggcatctgga agggtcagtt cccecgectte aacgccgcca ccggcectcaa tctetctece 1380
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aagacgaacc tcagceggegt gcaggaggge atgacggtet cectegagea cggcetggcac 1440
tacctecgage gcaacttcge cctgctecag gecgecctea actacgcgaa gaccgecgag 1500
cagatctgge tcgacgcgca ccccaatcac tggtegecca ccaccgcegat cgacaagcag 1560
atcacccaca cgggcaacca gctcaacccg tggatgatgt ccttteccegt caagggcgac 1620
gtgaacaacyg actgggcggg cggcgcecaac cccgceggaac tegectggta cttectgetg 1680
ccegecatgg actegggett cggctactac gacgagaacce aggacgacaa cgtcaagccce 1740
acgctgtect tcaatcaatc cctctactte tccaagecect acgtgcagca gegcatcgcece 1800
caggacaaga cgggccecte cgtcetggtgg geccageget ggecctacaa ccccggcage 1860
gccaacaccg acaagtccga gggctggacg ctccacttet tcaacaacca cttegcectce 1920
tacacctacg cctacgacgc gagcggcatce tectccatca aggcccgegt ccegggtgcac 1980
acccacaaga gcatcgaccce gcectcgacaac acccacaagg tctatgatcee ggeggegege 2040
aaggccgegg gtgtteccaa catcgatceg geccgegtgg gegectgggt ggactacccg 2100
ctcacceggce gcgacctgaa gectgtcatg aatggtgttt cctggcagece cgcctacctg 2160
ccegtecatgg ccaaggtgece cgcgcaggag atcggcgacce tctactacgt ctacctgggce 2220
aactaccgeg accagetect cgactactac atcgaggceca ccgacagcecyg gggcaacate 2280
acccggggag agatccagtce cgtctacgtg ggetegggece ggtacaacct ggtgggegge 2340
aagtacatcg aggaccccaa cggcacggta cagggaacge atccecttect cgtggtggac 2400
accaccgege ccteggtece ctegggactyg accgcgaagg cgaagacgga ccgceteggtg 2460
accctgaget ggagcgcgge ctcecggacaac gtggcggtga geggctatga cgtcecttececge 2520
gatggcacge aggtgggcte gagcaccagce acggcctata ccgacagegg cctcetceceeg 2580
agcactcaat acagctacac cgtgcgegece cgggacgegyg cgggcaacgce gtccgeccag 2640
agcaccgccee tgagegtege caccctgacg ceggacacca ccccacccte cgtteccteg 2700
ggectgacgyg cgtegggcac gacgagetcece teggtggece tegectggac ggectccace 2760
gacaactacyg gcgtcgcgaa ctacgaggtg ctccgaaacyg gcacccaggt cgegtccegte 2820
acggggacga cctactcgga taccggecte tegecgagea ccacctacag ctacaccgtg 2880
cgegeccggg acgeggeggg caatgtetece tegeccagea cggecctgte cgtcaccace 2940
cagacgggca acagcgccac cgtctactat ttcaacaaca acttcgccct caaatacatce 3000
cactteccgea tceggeggtgg cacgtggacg accgtgceceyg gcaacgtcat ggccacctece 3060
gaggtgcegyg gctacgccaa atacaccgtce aatctgggag cggccaccca gctcgagtgt 3120
gtettcaacyg atggcaaggg cacctgggac aacaacaagg gcaacaacta cctectgecce 3180
gegggcaccet ccacggtgaa ggacggegte gtctcecageg gagcgeccge getcgacacce 3240
accgcaccct cecgteccecte gggectcacg gcggcgteca agacgtceccte ctecegtgteg 3300
ctctectgga gegcectcecac ggatgccage ggcatcgecg gatatgacgt gtaccgcgat 3360
ggctegetygy tgggctcace cgtctccace agctacaccg acagcgacct gagtgccgge 3420
acgacctacce gctacaccgt gegcegegege gacaccgegyg gcaatgecte cgceccagagce 3480
accgecctga gegtcaccac gagcacctece teggecacct cegtcacctt caacgtgacyg 3540
gecagcaceyg tegtgggaca gaacgtctac ctegtgggta accatgecge getcggcaac 3600

tggaacaccg gcgccgecat cctectgtet ceggecaget accegaagtyg gagegtgacg 3660
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ctcagectge ceggectegac ggccctegaa tacaagtaca tcaagaagga cggctceeggg

aacgtcacct gggagagegg cgccaaccge tcgaccacga tececgecte ggggaccgeg

accctcaacg acacctggaa gtag

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 22

LENGTH: 831

TYPE: DNA

ORGANISM: Cystobacter velatus
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1)..(831)

OTHER INFORMATION: ORF1

SEQUENCE: 22

gtgccacate catccgagca gagegetceg tegggactee gggegegget geacgaaatc

atcttegagt cggacaccee ggcgggecge gecttegatg tggeattget gtgggecate

gtgctcageg tcectegeggt gatgetcegag agegtggagt ccatcagegt ccageatggg

cagaccatce gegtectega gtggtgttte accgggetet tcacactgga gtacgtgetg

cggetgetgt cggtgaaacg gecgetgege tatgegetga gettettegg getggtggat

ctgetggeca tectgeccte ggtgetgage ttgatgetge ceggcatgea gtecctgetg

gtggtgeggyg tgttecgect getgegegte ttecgegtac tcaagetege cagettecte

ggggaggcegg acgtgctget caccgegete cgggccagte ggcggaagat catcgtette

cteggggegy tgctgagecac ggtegtecate atgggegegg tgatgtacat ggtggagggg

cgegecaacyg gecttegacag catccegegg gggatgtatt gggecategt gacgatgace

acggtgggcet acggagacct ctegeccaag acggtgeceg gacagttcat cgecteggtg

ttgatgatca tgggctacgg catcctegeg gtgeccacgg geatcegtgte cgtggagete

geccaggega ccceggcagea cgccatcgac cegegegect gteceggetyg cggectgeag

ggccacgace tggacgcgca ccactgcaag cactgceggea ccgeectetyg a

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

SEQ ID NO 23

LENGTH: 237

TYPE: DNA

ORGANISM: Cystobacter velatus
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1)..(237)

OTHER INFORMATION: ORF2

SEQUENCE: 23

atggcacagg accaggacag ggagaagcetg catteccgacg cggacaagga gaggctgcac

ccgaaggteg actcgggtga cgtceteggge cggggecgeg ageggeggee cgacgaggaa

taccccaage agcgcaacge gggcgagtte ggecacccacg gaggccccaa caagggcegge

aaggaagacc ggcggcaact geatgeccee ggcagetcca aggegggcete ccagtag

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

SEQ ID NO 24
LENGTH: 489

TYPE: DNA

ORGANISM: Cystobacter velatus
FEATURE:

NAME/KEY: misc_feature
LOCATION: (1)..(489)

OTHER INFORMATION: ORF3

3720

3780

3804

60

120

180

240

300

360

420

480

540

600

660

720

780

831

60

120

180

237
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<400> SEQUENCE: 24

atgggaagaa cctacagttt cgaaccctte ttgtcgcage aacccgegca gacctacaag 60
ggctcgggte ccceggctegg caatgaagaa cacaagatcg ccctcaccaa ggaagaggag 120
aaggcggccec tgcctgacac gcccaccgge tatggacagg cccacgccga gaccgtgaag 180
cgctaccgeg ccegegcegga gaagaagcge acggagccca agacccccgce tacccgggeg 240
aagaaggccg cccccaaggce gaagcccacce cggaaggtgg cgacgcaaga ggccaccgcc 300
aaggccccta ccegtcaage gegggaggag accgagccga aggcccccgce gcgcaagaag 360

ctgagegeca cggggetegt gggtageate gggegcaagg tggtgacteg ggecgeggte 420
geggcgaaga agaccgtgge gegegecegtyg aagaccgecg cegegegcaa gtecgegaag 480

aagcgctga 489

<210> SEQ ID NO 25

<211> LENGTH: 264

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(264)

<223> OTHER INFORMATION: ORF4

<400> SEQUENCE: 25
atgagccegg caagacgcaa ggagagcaag cagcacgaag tgggctcege cacacacgca 60

cggegggtga tegtggegac ggatggeegg ggttggtacg tecgattega gggcaaccegt 120

cagcteggee ggtattccaa cgtgacccag gecatccacyg gegggcegceayg gcetggetege 180
cagcacaagc ccgcegggect cgtggtgege tacctggacyg gggaagagga agagtcctgg 240
tacggggacc gcgaggcgcece ttga 264

<210> SEQ ID NO 26

<211> LENGTH: 450

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(450)

<223> OTHER INFORMATION: ORF5

<400> SEQUENCE: 26

atgaaacaca tcaaggcggt ggtggtgggt gegttgteeg cggetetget ctteggegtg 60
ggatgtcaga cgacgggcgg tgctgggaat caaggaacgg gcegggagcega tacgtctcag 120
ggcggcacca tgaccggaag tgagacgace ggaaccggaa cgaccggagyg caccacggaa 180
ggtggtgaca ccacgggcgg aggcaccgge ggaacaggtg ctggegacat cgacggtteg 240

agcagtggca gcacgggcete cggtagegac gtgggegget ceggeggete gggegtgtece 300

agtgaaccgg gcggtttcag ccccgacgece tegggegtgyg acagcgacct gggeggetcee 360
ggcaccggea gtgacgtgga cggctccgge agcacggact ccagceggcaa catgagcegge 420
acgggctececg aagacgacac cagccgctga 450

<210> SEQ ID NO 27

<211> LENGTH: 1578

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
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<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1578
<223> OTHER INFORMATION: ORFé6
<400> SEQUENCE: 27
atgagcacgc gcacctcect ggecctggece gegtceccteg cegegcetgece cgegcotegec 60
caggagcgtc ccagcgaggg cgacctcette ggeggcgaca ctccagagac gaagcoccget 120
ccggccgatg cgccccgece cgacgagagt tccctctteg gtgacaccce cgegtccacce 180
ccggccgeac agagcogogge ggecaccgeg goccccgaca ageccctcoge cacgccccag 240
gaccgggatg cgcaggcgct cggtggcoccg tcggecacca acgccttcga caccgaggag 300
gcegtcegagg atccgcetgaa gatcggegge cgcttcetacce tgcgegecta ctcacaggec 360
aacgaagggg tgtccttcag caacaccacc ttctccgece ccatgctggt ggacggetac 420
ttecgatgcee gocccaccga goggcotgege ggettcegtge tcggacgget caccttcegat 480
ccgacccgea aggegggete ccteggeatce gtccccacga gcacgtccac ctccaacgte 540
gctgeggate cggtegtgcet gttggatcag goctggetge gettegacct ggaccacaag 600
ctcttcatca ccgtcggcaa gcagcacgtg aagtggggea cctegcegett ctggaacccce 660
accgacttcec tctegcccca gogecagggat ccgetcgece tottggacac gogcaccggce 720
gcgaccatge tcaagatgca catgccctgg gaggcgaaag gcotggaactt ctacgtcctce 780
ggcctgcteg acaacgccgg cccggecaat acgcteggee gogteggggg cgctgetege 840
gccgaggtygg tgcteggeca tacggaactce ggcogtegatg ccgtgctcca acacggcecge 900
aagccceget tegggetega cotcetectec gggetcoggeco ccatcgacat ctacggcgaa 960

ctecgeectca agaagggctce ggatgcgcecce atgttceccegca tgccccaagg tgtctceecte 1020
ggagacctge tcggtcagtt ccagggcaat ggcggcatge ctecccgacct gggcgcgcetce 1080
cccatagagg cgtactacce cgagggttac acgccgcagyg tgageggegyg cgcgacctgg 1140
acgttcgect actcggagag cgacaccgcce accgtgggeg tcgagtactt ctacaattceg 1200
atgggctatc ccggctcecget ggcctaccce tacctcatcecce tccagggcca gtatcagecce 1260
ttctaccteg gecggcacta cgccgecgte tacgegttece tgtceccggtee gggatcctgg 1320
gacaacacca acttcatcct gtccaacctg ggcaacctet ctgaccgttce tttcatcaca 1380
cggttggacg tgacgcaccg ggccctgcge tatctcagca tcgaggcctt catcgccgece 1440
aactatggcce agcggggtgg cgagtteccge ttegegetca acctgecgge cctgcegcatg 1500
ggcgagcagyg tgacgectee catcgecgte getccaccta ccatccagge cggggtgggt 1560
ctgcgcatcg acctttga 1578
<210> SEQ ID NO 28

<211> LENGTH: 786

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(786)

<223> OTHER INFORMATION: ORF7

<400> SEQUENCE: 28

atgaccctge gcaacctect cggegecctg ttegecgege tgetgetgge cgetcecgace 60

getegegegg acctcaccga cecegecgag atcaagaage tectggagac getcgacaac 120
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cgccagegea acggeggcega ctacaagtceg ctggtgtata tcgagcagaa ggagaaggac 180
aaaacagacg tcgtgcgega ggccgtegte taccggegeg acgagaagga tcagetgatg 240
atcctcatga ccaagcccaa gggcgaggcece ggcaagggcet acctgcegget ggacaagaac 300
ctetggaget acgacccgaa caccggcaag tgggaccgge gcaccgageyg tgagegtate 360
geeggcaceyg acagecgcecg cgcecgactte gacgagtege gectggecga ggagetcgat 420
ggcaagtteyg agggcgagga gaaactcggce aagttcacca cctggaaget cgtectcacce 480
gccaagecga acgtggacgt cgcectacccee gtggtacace tgtgggtgga gaaggacacyg 540
aacaacatcc tcaagcgcca ggagttegece cttteeggece gectgatgeg cacctectac 600
ttcececaagt ggatgaagcet cttcagegag tcecaagaagyg ccgacgtetyg gtacccgcag 660
gagatgcget tctatgacga ggtggagaag accaactcca cegtcategt cgtgaagage 720
gtggacctyge gctegetcga ggagaacatc ttcaccaagg cctggttega gagcaaaagce 780
cgatga 786
<210> SEQ ID NO 29
<211> LENGTH: 1302
<212> TYPE: DNA
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(1302)
<223> OTHER INFORMATION: ORF8
<400> SEQUENCE: 29
atgcaacagc tcctectcat cgcagtgege aacctgggea cccacaageyg ccgtacgett 60
ctgetgggeg gegecatege cggtgtcacg gecctgeteg tcatcctcat gggectgtcee 120
aacggcatga aggacacgat gctccggtece gecaccacge tggtgaccegyg gcacgtcaac 180
gtggetgget tctacaaggt gacggecgge cagtctgege cegtggtgac ctectacccece 240
aagctgcteg agcagetgceg caaggaagtce cecgagetgg acttetceegt ccagegcacyg 300

cgeggetggyg tcaagttggt gagegagtet ggeteegtge agacgggaat cggeggeatce 360

gacgtagegg ccgagactgg catccgcaag gtgctgcagt tgcgggaggyg teggttggaa 420

gacctggege aacccaatac cctectecte ttegacgage aggcgaageyg getcgaggte 480
aaggtgggtyg acagegtcac ccteteegeg tccaccatge gegggatcag caacaccegtg 540
gacgtacgtyg tggtggccat cgccgccaac gtgggcatge tgagttectt caacgtettg 600
gtgcccaacyg ccaccctgeg cgcectctac cagetgegeg aggactccac cggegeecta 660
atgctccace tcaaggacat gagcgecate cccagegtge aggegegect ctacaagegt 720
ctgcccgagt tgggttatca ggtgetggag catgacccece gggecttett catgaagtte 780
cagaccgtca accgegagge ctggacgggg cagaagetgg acatcaccaa ctgggaggac 840
gagatctect tcatcaagtg gaccgtgteg gegatggacg cectcaccgyg cgtectecatce 900
ttcegtgetge tcatcatcat cgeggtggge atcatgaaca cectgtggat cgecatccege 960

gagcgcacee gggaaatcgg caccctgege gecateggea tgcagegetg gtacgtgetg 1020
gtgatgttce tcecctggagge gctegtgete ggactgcteg gcaccacggt gggcgcececte 1080
gtgggcatgg gcgtgtgcct gctcatcaac geccgtggacce ccteccegtgece cgtgecegte 1140

cagctcttca tectectcececga caagcteccac ctcatcgtga agcecccggatce ggtgatgaga 1200
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gccatcgegt tcatcacgct gtgcaccacce ttcatctcge tcattceccte tttectegece 1260

gcgeggatga agcccatcac ggcgatgcac cacatcgggt ga 1302

<210> SEQ ID NO 30

<211> LENGTH: 2106

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (2106

<223> OTHER INFORMATION: ORF9

<400> SEQUENCE: 30

atgggccaac tcaagctect getccaagtg geectgegea acttgttegt gagcaggatce 60
aacctectca tcggaggeat catcttette ggecaccgtge tggtggtggt gggeggetcece 120
ctegtegaca gegtggacga ggcgatgage cgecagcatta teggcagegt cgecggecac 180
ctccaggtgt actcggecca ctecaaggac gagetctege tettegggea gatgggecge 240
gaaccggace tgagegeget ggatgactte tegegcatca agcaactggt acageageac 300
cccaacgtga agacggtggt geccatggge accggegeca cgttcatcaa ctegggaaac 360
accatcgace tgaccttgge gegectgege gacctctaca agaaagcage acagggcegac 420
acacccgaac tccgegggea gatccacage ctecaggege atgtgegtca catcatcace 480
ttgctegagyg aggatatgaa geggcgcagg gaaatcateg acgacaagac cacggacccce 540
geggacgegg aggccatgge cegegecegt tccgaggect tetgggegga cttegacgag 600
aagccatteg actcgetega gttectggag aaccgcateg cecegtatat gacggacggg 660
gacatgttgt ccctgcgeta tgtaggcace gacctggtca acttccagaa gaccttegac 720
cgcatgegea tegtggaggg cacgeceggtyg ccecegggge accgeggeat gatgetctece 780
aagttcacct acgagaacga cttcaagetg aagacggege accggttgga tctcatcaag 840
gaggcgegtyg ataccaacca caagaccatc gcgatggatce cgcaactcca gegetgggtg 900
aaggagaacc agacccagac gcgggagate ctettecage tegacgacct caagacgaag 960

caggcegtgyg agceggeteca gegegtgetyg ggecagecagg agacggacct gggcaagceta 1020

ctgccegect tettcaccat ggatgacgcce aacttcgaca cgcgctacca gcagttctac 1080

tcecgagetgg cgacgctget cgacctgtac cgcatccegca tcggggacga cctcaccatce 1140

accgcattct cgcgcaccgg ctatgtgcag agecgtgaacg tgaagatcta cggcacctac 1200

cagttcgacg ggctggagaa gtccgeggte gccggagecce tcaacctget ggacctgatg 1260

tcetteegeg agcectgtacgg ctatctcace gctgagaaga aggccgaget cgcgggectg 1320

cagaaggcca gcggggtgea gcaggtgaag cgegaggacg cegagacgge getcetttgge 1380

gagcagggca gcgcecteget ggtggecgag gggaccgecog gecagatcega cgaggacaag 1440

caactcgacyg ggctegecca gaagetgeac cgegaggage tegectcecg ggtgtacacg 1500

cagcaggaaa tcgaaagegg cgtggtgete agecaccgegg ttetgetgaa gcatccggag 1560

aagctggage agaccctgge cgagetgegg aaateggegg acgacgcgaa actaccettg 1620

cggatcatct cctggcagaa ggcctcecgge acgatcggece agttecgtcect ggtcgccaag 1680

ctggtgctct acttecgcegt cttcatcate ttegtggtgg cgctegtcat catcaacaac 1740

gegatgatga tggccacget gcagegggtyg cgcegaggtgg geaccctgeg ggecategge 1800
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gcgcagceget cgttegtgcet gagcatggtg ctggtggaaa cggtggtget ggggctegte 1860
tteggegtge tgggagccege catgggaggt gccatcatga acatgctcecgg ccacgtgggce 1920
atccecegecg gcaacgaggce gcectctactte ttettectegg gaccececgect cttecccagt 1980
ctccacctgt caaacctegt ggcggcectte gtcatcgtge tegtggtgte cgccctetcece 2040
accttctacce cecgcgtacct cgcgacccgg gtetegecte tccaggcgat gcagacggac 2100
gagtga 2106
<210> SEQ ID NO 31

<211> LENGTH: 762

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(762)

<223> OTHER INFORMATION: ORF10

<400> SEQUENCE: 31

atgagccagg tcactgeect ceceggeage acccagecga tegtctcect caccgaggtt 60
accaagacgt actcectggg taaggtgecag gtgcccgeac tecgaggegt gacgctagag 120
gtgtaccegg gagagttcat ctccatcgee ggeccategg gecagtggcaa gacgacggeg 180
ctcaatctca teggetgegt ggacacggee tectegggeg tggtgagegt ggatggecag 240
gacaccaaga agctcaccga geggcagcte acccacttge ggetgcacac catcggette 300
atcttccaga gcttcaacct cgtcteggtg ctecagegtet tecagaacgt agagttcccce 360
ctgetgetge agegcaaget caacgectee gagegecgea cgegegtgat gacgetgetg 420
gagcaggtgg gcctggagaa gcacgccaaa caccgeccca atgagetgte tggaggecag 480
cgeccagegeg tggeegtgge gegegetete gtcaccegge ccaagetggt getegecgac 540
gagcccacceg ccaacctcga ctcegtcace ggccagaaca tcatcgacct gatgaaggag 600
ctcaaccgca aggagggcac caccttcate ttetecacce acgacgccaa ggtgatgacce 660
cacgccaacyg ccgtggtgeg cctggeggac gggaagatece tegacegeat cacgecggec 720
gaggcccaga aggtcatgge cgtgagcegag gggggcecact aa 762

<210> SEQ ID NO 32

<211> LENGTH: 1194

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1194)

<223> OTHER INFORMATION: ORF11

<400> SEQUENCE: 32

atgccgcaga agttegtggg gaagtggaag ggegggeggg tcaagetegt cgatggtegg 60
aaggtgtgge tcctegagaa gatggtetee ggggeceggt teteggtete cttggeggte 120
tccaacgagg aggacgeget ggecgagetg geectgttece ggegegacceg ggacgcectac 180
ctggccaagg tgaaggecga caggtceggag gaagtccagg catccactgt agecggggca 240
gttectetgt cgggggatgt ggggectegyg ctegatgeeg attctgtecyg ggagttecte 300
cgacacttga cccagegggg gcegaacggag ggttacegge gggacgcecg aacctacctg 360

tcgcaatggg ccgaggttet ggeccggaagg gacctgagta cegtcagect cctegagttg 420
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cgccegegecoce tgagccaatg gceccacggece aggaagatge ggatcatcac gctcaagagce 480
ttcttetegt ggctgaggga agaggatcge ctcaaggctg ctgaagaccce cacgttgtcece 540

ctcaaggtge cgccegeggt cgeggagaag gggagacggg ccaaggggta ttegatggece 600

caagtggaga agctctacge ggccategge tcccagacgg tgagggacgt getgtgtetg 660
cgggccaaga ccggcatgea cgacteggag atcgecegece tggecatceggg caagggggaa 720
ctgegegteg tcaatgacce cteeggeate geeggtactg cgeggtttet gcacaagaac 780
ggcegegtte acatcctcag tetggatgee caggeccttg ctgecgegea geggetecag 840
gtteggggca gggcgceccat caggaacacce gtcecgggagt ccatcgggta tgegteggeg 900
cgcattggge agtcgeccat ccatcccage gagctcegece acagcettcac cacctgggece 960

acgaatgagg gccaggtegt gagggcaacce cggggcggag tgccactcega tgtegttgee 1020
tcggttettg gecatcagte cacacgggcg accaagaagt tctatgacgg gaccgaaatt 1080
ccecegatga tcaccgtece getcaagetg catcatccac aggacccage ggtgatgcag 1140

ctgaggcgta actgctcgec ggacccecgte gtgacgagag aggcagaggce gtga 1194

<210> SEQ ID NO 33

<211> LENGTH: 375

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(375)

<223> OTHER INFORMATION: ORF12

<400> SEQUENCE: 33

gtgctecteg cattecccte cggectectg tegetggege tectgtecac taccaccgaa 60
atctectgegg ctettecegt ggacgagtge gagtceggega gectgegeat cgagetgece 120
gctacgcecayg ggggaaagcece accegtggtg tgtceteggte caggtcetgec cattcattte 180
cgcettegact ccgegetcca acagaagtcee ctgaggatte aggatcgggyg ctggttcgag 240
gattgggett tgggccagca gacgctcegta ctgactecte acgacaacct ggtggcetggyg 300
aagcgatctyg aagtggaggt gtgcttegeg gatggtgeeyg cceceggegtyg cgcttectte 360
gtgctcecgge gcetga 375

<210> SEQ ID NO 34

<211> LENGTH: 339

<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(339)

<223> OTHER INFORMATION: ORF13

<400> SEQUENCE: 34

atgcacacga aggtgccctce cgtcttegag geaacgcceg agtctctcag tgacgtggac 60
taccagttct ggcatgagga cttccecgagg gtgttcegage ggcagcacat cgacgegcac 120
geggtgeceyg ccattggege gtacttggge gaggtgetgg tgcgtaacct gggeggcaag 180
tggataccte gccagaaact cgacgaggece caggtgcteg teggcaaccyg tgtgtggttg 240

cegtttgege gggctcacca ctacatgege tegtgegaat cgttgetgga ctactcccte 300

acccagcetet accgegtgge cgagcecggtac cggggttga 339
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<210> SEQ ID NO 35
<211> LENGTH: 915
<212> TYPE: DNA

<213> ORGANISM: Cystobacter velatus

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(915)
<223> OTHER INFORMATION: ORF 14

<400> SEQUENCE: 35
atgaaggtgce tggggcttgg
ggtgcgettyg atccgcagge
gaggaatatg caggcgattg
tccegageca atatctggaa
tggctctace gcacacageg
cttecegeceyg ctttggacgt
gagcgetgee gcecaattegt
cacgcegeayg cccacagegt
gatgcgegga ccgcacggag
gtctteggee ccaagttggt
caccgggtgyg aggaactgec
gacttegegyg gegecgagge
gaccteeget tcegacacggt
gttgagcect gettccacce
gecatccgga tgtggaaaac
acctegtgge gctga
<210> SEQ ID NO 36

<211> LENGTH: 32
<212> TYPE: DNA

tgacgtgaag
tgcgcttgag
gatgccggaa
ggctctggag
gecgacactyg
aatgactacg
agaaatggta
ggctgacagg
agacgggtte
ggaagccgty
caatggctee
acggcacgca
getgegaace
ggatgtagcg

ctggagcgcg

tcggaggaca
aaagttcteg
gtcegtcagty
gageggegeg
gagatgtecge
gtgcaaccge
cgcacctggy
gegttggeag
gacagaatct
ggcegegage
atcctectygyg
caggcgegeyg
ctgcacgage
ccactectet

ctaacgagca

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(32)
<223> OTHER INFORMATION: CysL KO For

<400> SEQUENCE: 36

tgattgattg atcggecgega tteggectet gg

<210> SEQ ID NO 37
<211> LENGTH: 32
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(32)
<223> OTHER INFORMATION: CysL KO Rev

<400> SEQUENCE: 37

tcaatcaatc atcgggtege ggtctcagge tc

gtcteegget
agccattttt
geaggeggeg
atgaacgaag
tgcatctetyg
tcaccegett
cctettygeta
gtgcgecega
acgagatctt
gecatgetgte
tgacgtggee
cgcacgttca
gtagcgeege
ctcacgtggt

ttacagaact

cacttttgag

ccaggegetyg

actcaaatac

cacagacacc

gtttcegeeg

¢gcggagaayg

cceggteact

ttttggacge

ctggctcaac

cacgccaget

caccgetgeg

cctecggecay

getegetece

ggatagcgte

ctggctgage

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

915

32

32
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<210> SEQ ID NO 38
<211> LENGTH: 37
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(37
<223> OTHER INFORMATION: CysK KO For
<400> SEQUENCE: 38
tgattgattg aaaaacagtc ggaggagttt cttgtcce 37
<210> SEQ ID NO 39
<211> LENGTH: 32
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Primer
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1)..(32)
<223> OTHER INFORMATION: CysK KO Rev
<400> SEQUENCE: 39
tcaatcaatc aactcccagt gccctcagee te 32

<210> SEQ ID NO 40

<211> LENGTH: 70

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(70

<223> OTHER INFORMATION: CysA

<400> SEQUENCE: 40

Met Ser Met Asn Gly Asp Glu Ala Glu Tyr Val Val Leu Ile Asn Gly
1 5 10 15

Glu Glu Gln Tyr Ser Leu Trp Pro Val His Arg Glu Ile Pro Gly Gly
20 25 30

Trp Lys Thr Val Gly Pro Lys Gly Ser Lys Glu Thr Cys Gln Ser Tyr
35 40 45

Ile Gln Glu Val Trp Thr Asp Met Arg Pro Lys Ser Leu Arg Glu Ala
50 55 60

Leu Thr Arg Ser Asn Cys
65 70

<210> SEQ ID NO 41

<211> LENGTH: 317

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(317)

<223> OTHER INFORMATION: CysB

<400> SEQUENCE: 41

Met Ser Thr Pro Ala Ala Gly Ala Lys Pro Ser Tyr Leu Ala Gly Ile
1 5 10 15

Glu Thr Val Met Val Glu Pro Glu Leu Glu Glu Val Arg Tyr Leu Thr
20 25 30
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Val Glu Ser Gly Asp Gly Arg Gln Ser Thr Leu Tyr Glu Phe Gly Pro
35 40 45

Lys Asp Ala Glu Lys Val Val Val Leu Pro Pro Tyr Gly Val Thr Phe
50 55 60

Leu Leu Val Ala Arg Leu Ala Arg Leu Leu Ser Gln Arg Phe His Val
65 70 75 80

Leu Ile Trp Glu Ser Arg Gly Cys Pro Asp Ser Ala Ile Pro Val Tyr

Asp Thr Asp Leu Gly Leu Ala Asp Gln Ser Arg His Phe Ser Glu Val
100 105 110

Leu Lys Gln Gln Gly Phe Glu Ala Phe His Phe Val Gly Trp Cys Gln
115 120 125

Ala Ala Gln Leu Ala Val His Ala Thr Ala Ser Gly Gln Val Lys Pro
130 135 140

Arg Thr Met Ser Trp Ile Ala Pro Ala Gly Leu Gly Tyr Ser Leu Val
145 150 155 160

Lys Ser Glu Phe Asp Arg Cys Ala Leu Pro Ile Tyr Leu Glu Ile Glu
165 170 175

Lys His Gly Leu Leu His Ala Glu Lys Leu Gly Arg Leu Leu Asn Lys
180 185 190

Tyr Asn Gly Val Pro Ala Thr Ala Gln Asn Ala Ala Glu Lys Leu Thr
195 200 205

Met Arg His Leu Ala Asp Pro Arg Met Thr Tyr Val Phe Ser Arg Tyr
210 215 220

Met Lys Ala Tyr Glu Asp Asn Arg Leu Leu Ala Lys Gln Phe Val Ser
225 230 235 240

Thr Ala Leu Asp Ser Val Pro Thr Leu Ala Ile His Cys Arg Asp Asp
245 250 255

Thr Tyr Ser His Phe Ser Glu Ser Val Gln Leu Ser Lys Leu His Pro
260 265 270

Ser Leu Glu Leu Arg Leu Leu Gly Lys Gly Gly His Leu Gln Ile Phe
275 280 285

Asn Asp Pro Ala Thr Leu Ala Glu Tyr Val Leu Gly Phe Ile Asp Thr
290 295 300

Arg Ala Ser Gln Ala Ala Ala Pro Ala Val Ala Gly Ala
305 310 315

<210> SEQ ID NO 42

<211> LENGTH: 459

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(459)

<223> OTHER INFORMATION: CysC

<400> SEQUENCE: 42

Met Ile Leu Pro Asn Asn Ile Gly Leu Asp Glu Arg Thr Gln Leu Ala
1 5 10 15

Arg Gln Ile Ser Ser Tyr Gln Lys Lys Phe His Val Trp Trp Arg Glu
20 25 30

Arg Gly Pro Thr Glu Phe Leu Asp Arg Gln Met Arg Leu Arg Thr Pro
35 40 45
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Thr Gly Ala Val Ser Gly Val Asp Trp Ala Glu Tyr Lys Thr Met Arg
50 55 60

Pro Asp Glu Tyr Arg Trp Gly Leu Phe Met Val Pro Met Asp Gln Asp
65 70 75 80

Glu Ile Ala Phe Gly Asp His Arg Gly Lys Lys Ala Trp Glu Glu Val
85 90 95

Pro Ser Glu Tyr Arg Thr Leu Leu Leu Gln His Ile Cys Val Gln Ala
100 105 110

Asp Val Glu Asn Ala Ala Val Glu Gln Ser Arg Leu Leu Thr Gln Met
115 120 125

Ala Pro Ser Asn Pro Asp Leu Glu Asn Val Phe Gln Phe Phe Leu Glu
130 135 140

Glu Gly Arg His Thr Trp Ala Met Val His Leu Leu Leu Ala His Phe
145 150 155 160

Gly Glu Asp Gly Val Val Glu Ala Glu Ala Leu Leu Glu Arg Leu Ser
165 170 175

Gly Asp Pro Arg Asn Pro Arg Leu Leu Glu Ala Phe Asn Tyr Pro Thr
180 185 190

Glu Asp Trp Leu Ser His Phe Met Trp Cys Leu Leu Ala Asp Arg Val
195 200 205

Gly Lys Tyr Gln Ile His Ala Val Thr Glu Ala Ser Phe Ala Pro Leu
210 215 220

Ala Arg Ala Ala Lys Phe Met Met Phe Glu Glu Pro Leu His Ile Ala
225 230 235 240

Met Gly Ala Val Gly Leu Glu Arg Val Leu Ala Arg Thr Ala Glu Val
245 250 255

Thr Leu Arg Glu Gly Thr Phe Asp Thr Phe His Ala Gly Ala Ile Pro
260 265 270

Phe Pro Val Val Gln Lys Tyr Leu Asn Tyr Trp Ala Pro Lys Val Tyr
275 280 285

Asp Leu Phe Gly Asn Asp Gly Ser Glu Arg Ser Asn Glu Leu Phe Arg
290 295 300

Ala Gly Leu Arg Arg Pro Arg Asn Phe Val Gly Ser Glu Ser Gln Ile
305 310 315 320

Val Arg Ile Asp Glu Arg Met Gly Asp Gly Leu Thr Val Val Glu Val
325 330 335

Glu Gly Glu Trp Ala Ile Asn Ala Ile Met Arg Arg Gln Phe Ile Ala
340 345 350

Glu Val Gln Thr Leu Ile Asp Arg Trp Asn Ala Ser Leu Arg Ala Leu
355 360 365

Gly Val Asp Phe Gln Leu Tyr Leu Pro His Glu Arg Phe Ser Arg Thr
370 375 380

Tyr Gly Pro Cys Ala Gly Leu Pro Phe Asp Val Asp Gly Lys Leu Leu
385 390 395 400

Pro Arg Gly Thr Glu Ala Lys Leu Ala Glu Tyr Phe Pro Thr Pro Arg
405 410 415

Glu Leu Ala Asn Val Arg Ser Leu Met Gln Arg Glu Leu Ala Pro Gly
420 425 430

Gln Tyr Ser Ser Trp Ile Ala Pro Ser Ala Thr Arg Leu Ser Ala Leu
435 440 445

Val Gln Gly Arg Asn Thr Pro Lys Glu His Glu
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450 455

<210> SEQ ID NO 43

<211> LENGTH: 732

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(732)

<223> OTHER INFORMATION: CysD

<400> SEQUENCE: 43

Met Arg Cys Leu Ile Ile Asp Asn Tyr Asp Ser Phe Thr Trp Asn Leu
1 5 10 15

Ala Asp Tyr Val Ala Gln Thr Phe Gly Ser Glu Pro Leu Val Val Arg
20 25 30

Asn Asp Gln His Thr Trp Gln Glu Ile Lys Ala Leu Gly Ser Phe Gly
35 40 45

Cys Ile Leu Val Ser Pro Gly Pro Gly Ser Val Thr Asn Pro Lys Asp
50 55 60

Phe Asn Val Ser Arg Asp Ala Leu Glu Gln Asp Glu Phe Pro Val Phe
65 70 75 80

Gly Val Cys Leu Gly His Gln Gly Leu Ala Tyr Ile Tyr Gly Gly Glu
85 90 95

Ile Thr His Ala Pro Val Pro Phe His Gly Arg Thr Ser Thr Ile Tyr
100 105 110

His Asp Gly Thr Gly Val Phe Gln Gly Leu Pro Pro Ser Phe Asp Ala
115 120 125

Val Arg Tyr His Ser Leu Val Val Arg Pro Glu Ser Leu Pro Ala Asn
130 135 140

Leu Val Val Thr Ala Arg Thr Glu Cys Gly Leu Ile Met Gly Leu Arg
145 150 155 160

His Val Ser Arg Pro Lys Trp Gly Val Gln Phe His Pro Glu Ser Ile
165 170 175

Leu Thr Ala His Gly Leu Gln Leu Ile Ser Asn Phe Arg Asp Glu Ala
180 185 190

Tyr Arg Tyr Ala Gly Lys Glu Val Pro Ser Arg Arg Pro His Ser Thr
195 200 205

Ala Gly Asn Gly Val Gly Ala Gly Ala Ala Arg Arg Asp Pro Ser Ala
210 215 220

Arg Arg Thr Pro Glu Arg Arg Arg Glu Leu Gln Thr Phe Thr Arg Arg
225 230 235 240

Leu Ala Thr Ser Leu Glu Ala Glu Thr Val Phe Leu Gly Leu Tyr Ala
245 250 255

Gly Arg Glu His Cys Phe Trp Leu Asp Ser Gln Ser Val Arg Glu Gly
260 265 270

Ile Ser Arg Phe Ser Phe Met Gly Cys Val Pro Glu Gly Ser Leu Leu
275 280 285

Thr Tyr Gly Ala Ala Glu Ala Ala Ser Glu Gly Gly Ala Glu Arg Tyr
290 295 300

Leu Ala Ala Leu Glu Arg Ala Leu Glu Ser Arg Ile Val Val Arg Pro
305 310 315 320

Val Asp Gly Leu Pro Phe Glu Phe His Gly Gly Tyr Ile Gly Phe Met
325 330 335
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Thr Tyr Glu Met Lys Glu Ala Phe Gly Ala Ala Thr Thr His Lys Asn
340 345 350

Thr Ile Pro Asp Ala Leu Trp Met His Val Lys Arg Phe Leu Ala Phe
355 360 365

Asp His Ser Thr Arg Glu Val Trp Leu Val Ala Ile Ala Glu Leu Glu
370 375 380

Glu Ser Ala Ser Val Leu Ala Trp Met Asp Glu Thr Ala Asp Ala Leu
385 390 395 400

Lys Ser Leu Pro Arg Gly Thr Arg Ser Pro Gln Ser Leu Gly Leu Lys
405 410 415

Ser Ile Ser Val Ser Met Asp Cys Gly Arg Asp Asp Tyr Phe Ala Ala
420 425 430

Ile Glu Arg Cys Lys Glu Lys Ile Val Asp Gly Glu Ser Tyr Glu Val
435 440 445

Cys Leu Thr Asn Gly Phe Ser Phe Asp Leu Lys Leu Asp Pro Val Glu
450 455 460

Leu Tyr Val Thr Met Arg Arg Gly Asn Pro Ala Pro Phe Gly Ala Phe
465 470 475 480

Ile Lys Thr Gly Lys Thr Cys Val Leu Ser Thr Ser Pro Glu Arg Phe
485 490 495

Leu Lys Val Asp Glu Asp Gly Thr Val Gln Ala Lys Pro Ile Lys Gly
500 505 510

Thr Cys Ala Arg Ser Asp Asp Pro Ala Thr Asp Ser Thr Asn Ala Ala
515 520 525

Arg Leu Ala Ala Ser Glu Lys Asp Arg Ala Glu Asn Leu Met Ile Val
530 535 540

Asp Leu Met Arg Asn Asp Leu Gly Arg Val Ser Val Pro Gly Ser Val
545 550 555 560

His Val Ser Asn Leu Met Asp Ile Glu Ser Phe Lys Thr Val His Gln
565 570 575

Met Val Ser Thr Val Glu Ser Thr Leu Thr Pro Glu Cys Ser Leu Val
580 585 590

Asp Leu Leu Arg Ala Val Phe Pro Gly Gly Ser Ile Thr Gly Ala Pro
595 600 605

Lys Ile Arg Thr Met Glu Ile Ile Asp Arg Leu Glu Lys Ser Pro Arg
610 615 620

Gly Ile Tyr Cys Gly Thr Ile Gly Tyr Leu Gly Tyr Asn Arg Ile Ala
625 630 635 640

Asp Leu Asn Ile Ala Ile Arg Thr Leu Ser Tyr Asp Gly Thr Leu Val
645 650 655

Lys Phe Gly Ala Gly Gly Ala Ile Thr Tyr Leu Ser Gln Pro Glu Gly
660 665 670

Glu Phe Gln Glu Ile Leu Leu Lys Ala Glu Ser Ile Leu Arg Pro Ile
675 680 685

Trp Gln Tyr Ile Asn Gly Ala Gly Ala Pro Phe Glu Pro Gln Leu Arg
690 695 700

Asp Arg Val Leu Cys Leu Glu Glu Lys Pro Arg Arg Val Ile Arg Gly
705 710 715 720

His Gly Ser Ala Ile Asp Ala Val Glu Pro Ser Ala
725 730
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<210> SEQ ID NO 44

<211> LENGTH: 243

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(243)

<223> OTHER INFORMATION: CysE

<400> SEQUENCE: 44

Met Ile Ala Phe Asn Pro Gln Ala Arg Pro Arg Leu Arg Leu Phe Cys
1 5 10 15

Phe Pro Tyr Ala Gly Gly Asp Ala Asn Ile Phe Arg Asp Trp Ala Ala
20 25 30

Ala Met Pro Glu Gly Val Glu Val Leu Gly Val Gln Tyr Pro Gly Arg
35 40 45

Gly Thr Asn Leu Ala Leu Pro Pro Ile Ser Asp Cys Asp Glu Met Ala
50 55 60

Ser Gln Leu Leu Ala Val Met Thr Pro Leu Leu Gly Ile Asn Phe Ala
65 70 75 80

Phe Phe Gly His Ser Asn Gly Ala Leu Ile Ser Phe Glu Val Ala Arg
85 90 95

Arg Leu His Asp Glu Leu Lys Gly Arg Met Arg His His Phe Leu Ser
100 105 110

Ala Lys Ser Ala Pro His Tyr Pro Asn Asn Arg Ser Lys Ile Ser Gly
115 120 125

Leu Asn Asp Glu Asp Phe Leu Arg Ala Ile Arg Lys Met Gly Gly Thr
130 135 140

Pro Gln Glu Val Leu Asp Asp Ala Arg Leu Met Gln Ile Leu Leu Pro
145 150 155 160

Arg Leu Arg Ala Asp Phe Ala Leu Gly Glu Thr Tyr Val Phe Arg Pro
165 170 175

Gly Pro Thr Leu Thr Cys Asp Val Ser Ile Leu Arg Gly Glu Ser Asp
180 185 190

His Leu Val Asp Gly Glu Phe Val Gln Arg Trp Ser Glu Leu Thr Thr
195 200 205

Gly Gly Ala Ser Gln Tyr Ala Ile Asp Gly Gly His Phe Phe Leu Asn
210 215 220

Ser His Lys Ser Gln Val Val Ala Leu Val Arg Ala Ala Leu Leu Glu
225 230 235 240

Cys Val Leu

<210> SEQ ID NO 45

<211> LENGTH: 345

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(345)

<223> OTHER INFORMATION: CysF

<400> SEQUENCE: 45

Met Thr Ala Gln Asn Gln Ala Ser Ala Phe Ser Phe Asp Leu Phe Tyr
1 5 10 15

Thr Thr Val Asn Ala Tyr Tyr Arg Thr Ala Ala Val Lys Ala Ala Ile
20 25 30
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-continued

Glu Leu Gly Val Phe Asp Val Val Gly Glu Lys Gly Lys Thr Leu Ala
35 40 45

Glu Ile Ala Lys Ala Cys Asn Ala Ser Pro Arg Gly Ile Arg Ile Leu
50 55 60

Cys Arg Phe Leu Val Ser Ile Gly Phe Leu Lys Asn Ala Gly Glu Leu
65 70 75 80

Phe Phe Leu Thr Arg Glu Met Ala Leu Phe Leu Asp Lys Lys Ser Pro

Gly Tyr Leu Gly Gly Ser Ile Asp Phe Leu Leu Ser Pro Tyr Ile Met
100 105 110

Asp Gly Phe Lys Asp Leu Ala Ser Val Val Arg Thr Gly Glu Leu Thr
115 120 125

Leu Pro Glu Lys Gly Val Val Ala Pro Asp His Pro Gln Trp Val Thr
130 135 140

Phe Ala Arg Ala Met Ala Pro Met Met Ser Leu Pro Ser Leu Leu Leu
145 150 155 160

Ala Glu Leu Ala Asp Arg Gln Ala Asn Gln Pro Leu Lys Val Leu Asp
165 170 175

Val Ala Ala Gly His Gly Leu Phe Gly Leu Ala Ile Ala Gln Arg Asn
180 185 190

Pro Lys Ala His Val Thr Phe Leu Asp Trp Glu Asn Val Leu Gln Val
195 200 205

Ala Arg Glu Asn Ala Thr Lys Ala Gly Val Leu Asp Arg Val Glu Phe
210 215 220

Arg Pro Gly Asp Ala Phe Ser Val Asp Phe Gly Lys Glu Leu Asp Val
225 230 235 240

Ile Leu Leu Thr Asn Phe Leu His His Phe Asp Glu Ala Gly Cys Glu
245 250 255

Lys Ile Leu Lys Lys Ala His Ala Ala Leu Lys Glu Gly Gly Arg Val
260 265 270

Leu Thr Phe Glu Phe Ile Ala Asn Glu Asp Arg Thr Ser Pro Pro Leu
275 280 285

Ala Ala Thr Phe Ser Met Met Met Leu Gly Thr Thr Pro Gly Gly Glu
290 295 300

Thr Tyr Ala Tyr Ser Asp Leu Glu Arg Met Phe Lys Asn Thr Gly Tyr
305 310 315 320

Asp Gln Val Glu Leu Lys Ala Ile Pro Pro Ala Met Glu Lys Val Val
325 330 335

Val Ser Ile Lys Gly Lys Ala Gln Leu
340 345

<210> SEQ ID NO 46

<211> LENGTH: 1992

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(1992)

<223> OTHER INFORMATION: CysG

<400> SEQUENCE: 46

Met Ala Thr Lys Leu Ser Asp Phe Ala Leu Leu Asp Ser Glu Asp Ala
1 5 10 15
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-continued

Asn Val Ile Ser Arg Ser Asn Glu Thr Gly Ile Ser Leu Asp Leu Ser
20 25 30

Lys Ser Val Val Asp Leu Phe Asn Leu Gln Val Glu Arg Ala Pro Asp
35 40 45

Ala Thr Ala Cys Leu Gly Arg Gln Gly Arg Leu Thr Tyr Gly Glu Leu
50 55 60

Asn Arg Arg Thr Asn Gln Leu Ala His His Leu Ile Ala Arg Gly Val
65 70 75 80

Gly Pro Asp Val Pro Val Gly Val Leu Phe Glu Arg Ser Ala Glu Gln
85 90 95

Leu Ile Ala Ile Leu Gly Val Leu Lys Ala Gly Gly Cys Tyr Val Pro
100 105 110

Leu Asp Pro Gln Tyr Pro Ala Asp Tyr Met Gln Gln Val Leu Thr Asp
115 120 125

Ala Arg Pro Arg Met Val Val Ser Ser Arg Ala Leu Gly Glu Arg Leu
130 135 140

Arg Ser Gly Glu Glu Gln Ile Val Tyr Leu Asp Asp Glu Gln Leu Leu
145 150 155 160

Ala Arg Glu Thr Arg Asp Pro Pro Val Lys Val Leu Pro Glu Gln Leu
165 170 175

Ala Tyr Val Met Tyr Thr Ser Gly Ser Ser Gly Val Pro Lys Gly Val
180 185 190

Met Val Pro His Arg Gln Ile Leu Asn Trp Leu His Ala Leu Leu Ala
195 200 205

Arg Val Pro Phe Gly Glu Asn Glu Val Val Ala Gln Lys Thr Ser Thr
210 215 220

Ser Phe Ala Ile Ser Val Lys Glu Leu Phe Ala Gly Leu Val Ala Gly
225 230 235 240

Val Pro Gln Val Phe Ile Asp Asp Ala Thr Val Arg Asp Val Ala Ser
245 250 255

Phe Val Arg Glu Leu Glu Gln Trp Arg Val Thr Arg Leu Tyr Thr Phe
260 265 270

Pro Ser Gln Leu Ala Ala Ile Leu Ser Ser Val Asn Gly Ala Tyr Glu
275 280 285

Arg Leu Arg Ser Leu Arg His Leu Tyr Ile Ser Ile Glu Pro Cys Pro
290 295 300

Thr Glu Leu Leu Ala Lys Leu Arg Ala Ala Met Pro Trp Val Thr Pro
305 310 315 320

Trp Tyr Ile Tyr Gly Cys Thr Glu Ile Asn Asp Val Thr Tyr Cys Asp
325 330 335

Pro Gly Asp Gln Ala Gly Asn Thr Gly Phe Val Pro Ile Gly Arg Pro
340 345 350

Ile Arg Asn Thr Arg Val Phe Val Leu Asp Glu Glu Leu Arg Met Val
355 360 365

Pro Val Gly Ala Met Gly Glu Met Tyr Val Glu Ser Leu Ser Thr Ala
370 375 380

Arg Gly Tyr Trp Gly Leu Pro Glu Leu Thr Ala Glu Arg Phe Ile Ala
385 390 395 400

Asn Pro His Ala Glu Asp Gly Ser Arg Leu Tyr Lys Thr Gly Asp Leu
405 410 415

Ala Arg Tyr Leu Pro Asp Gly Ser Leu Glu Phe Leu Gly Arg Arg Asp



US 2016/0145304 Al May 26, 2016
130

-continued

420 425 430

Tyr Glu Val Lys Ile Arg Gly Tyr Arg Val Asp Val Arg Gln Val Glu
435 440 445

Lys Val Leu Gly Ala His Pro Asp Ile Leu Glu Val Ala Val Val Gly
450 455 460

Trp Pro Leu Gly Gly Ala Asn Pro Gln Leu Val Ala Tyr Val Val Pro
465 470 475 480

Arg Ala Lys Gly Ala Ala Pro Ile Gln Glu Ile Arg Asp Tyr Leu Ser
485 490 495

Ala Ser Leu Pro Ala Tyr Met Val Pro Thr Ile Phe Gln Val Leu Ala
500 505 510

Ala Leu Pro Arg Leu Pro Asn Asp Lys Val Asp Arg Leu Ser Leu Pro
515 520 525

Asp Pro Lys Val Glu Glu Gln Thr Glu Gly Tyr Val Ala Pro Arg Thr
530 535 540

Glu Thr Glu Lys Val Leu Ala Glu Ile Trp Ser Asp Val Leu Ser Gln
545 550 555 560

Gly Arg Ala Pro Leu Thr Val Gly Ala Thr His Asn Phe Phe Glu Leu
565 570 575

Gly Gly His Ser Leu Leu Ala Ala Gln Met Phe Ser Arg Ile Arg Gln
580 585 590

Lys Phe Asp Leu Glu Leu Pro Ile Asn Thr Leu Phe Glu Thr Pro Val
595 600 605

Leu Glu Gly Phe Ala Ser Ala Val Asp Ala Ala Leu Ala Glu Arg Asn
610 615 620

Gly Pro Ala Gln Arg Leu Ile Ser Met Thr Asp Arg Gly Gln Ala Leu
625 630 635 640

Pro Leu Ser His Val Gln Glu Arg Leu Trp Phe Val His Glu His Met
645 650 655

Val Glu Gln Arg Ser Ser Tyr Asn Val Ala Phe Ala Cys His Met Arg
660 665 670

Gly Lys Gly Leu Ser Met Pro Ala Leu Arg Ala Ala Ile Asn Gly Leu
675 680 685

Val Ala Arg His Glu Thr Leu Arg Thr Thr Phe Val Val Ser Glu Gly
690 695 700

Gly Gly Asp Pro Val Gln Arg Ile Ala Asp Ser Leu Trp Ile Glu Val
705 710 715 720

Pro Leu Tyr Glu Val Asp Ala Ser Glu Val Pro Ala Arg Met Ala Ala
725 730 735

His Ala Gly His Val Phe Asp Leu Ala Lys Gly Pro Leu Leu Lys Thr
740 745 750

Ser Val Leu Arg Val Thr Pro Asp His His Val Phe Leu Met Asn Met
755 760 765

His His Ile Ile Cys Asp Gly Trp Ser Ile Asp Ile Leu Leu Arg Asp
770 775 780

Leu Tyr Glu Phe Tyr Lys Ala Ala Glu Thr Gly Ser Gln Pro Asn Leu
785 790 795 800

Pro Val Leu Pro Ile Gln Tyr Ala Asp Tyr Ser Val Trp Gln Arg Gln
805 810 815

Gln Asp Leu Ser Ser His Leu Asp Tyr Trp Lys Lys Thr Leu Glu Gly
820 825 830
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Tyr Gln Glu Gly Leu Ser Leu Pro Tyr Asp Phe Ala Arg Pro Ser Asn
835 840 845

Arg Thr Trp Arg Ala Ala Ser Val Arg His Gln Tyr Pro Ala Glu Leu
850 855 860

Ala Thr Arg Leu Ser Glu Val Ser Lys Ser His Gln Ala Thr Val Phe
865 870 875 880

Met Thr Leu Met Ala Ser Thr Ala Ile Val Leu Asn Arg Tyr Thr Gly
885 890 895

Arg Asp Asp Leu Cys Val Gly Ala Thr Val Ala Gly Arg Asp His Phe
900 905 910

Glu Leu Glu Asn Leu Ile Gly Phe Phe Val Asn Ile Leu Ala Ile Arg
915 920 925

Leu Asp Leu Ser Gly Asn Pro Thr Ala Glu Thr Val Leu Gln Arg Ala
930 935 940

Arg Ala Gln Val Leu Glu Gly Met Lys His Arg Asp Leu Pro Phe Glu
945 950 955 960

His Ile Leu Ala Ala Leu Gln Lys Gln Arg Asp Ser Ser Gln Ile Pro
965 970 975

Leu Val Pro Val Met Val Arg His Gln Asn Phe Pro Thr Val Thr Ser
980 985 990

Gln Glu Gln Gly Leu Asp Leu Gly Ile Gly Glu Ile Glu Phe Gly Glu
995 1000 1005

Arg Thr Thr Pro Asn Glu Leu Asp Ile Gln Phe Ile Gly Glu Gly
1010 1015 1020

Ser Thr Leu Glu Val Val Val Glu Tyr Ala Lys Asp Leu Phe Ser
1025 1030 1035

Glu Arg Thr Ile Gln Arg Leu Ile Thr His Leu Gln Gln Val Leu
1040 1045 1050

Gln Thr Leu Val Asp Lys Pro Asp Cys Arg Leu Thr Asp Phe Pro
1055 1060 1065

Leu Val Ala Gly Asp Ala Leu Gln Gly Gly Val Ser Gly Ser Gly
1070 1075 1080

Gly Ala Thr Lys Thr Gly Lys Leu Asp Val Ser Lys Ser Pro Val
1085 1090 1095

Glu Leu Phe Asn Glu Arg Val Glu Ala Ser Pro Asp Ala Val Ala
1100 1105 1110

Cys Met Gly Ala Asp Gly Ser Leu Thr Tyr Arg Glu Leu Asp Arg
1115 1120 1125

Arg Ala Asn Gln Val Ala Arg His Leu Met Gly Arg Gly Val Gly
1130 1135 1140

Arg Glu Thr Arg Val Gly Leu Trp Phe Glu Arg Ser Pro Asp Leu
1145 1150 1155

Leu Val Ala Leu Leu Gly Ile Leu Lys Ala Gly Gly Cys Phe Val
1160 1165 1170

Pro Leu Asp Pro Ser Tyr Pro Gln Glu Tyr Ile Asn Asn Ile Val
1175 1180 1185

Ala Asp Ala Gln Pro Leu Leu Val Met Ser Ser Arg Ala Leu Gly
1190 1195 1200

Ser Arg Leu Ser Leu Glu Ala Gly Arg Leu Val Tyr Leu Asp Asp
1205 1210 1215
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Ala Leu Ala Ala Ser Thr Asp Ala Ser Asp Pro Gln Val Arg Ile
1220 1225 1230

Asp Pro Glu Gln Leu Ile Tyr Val Met Tyr Thr Ser Gly Ser Thr
1235 1240 1245

Gly Leu Pro Lys Gly Val Leu Val Pro His Arg Gln Ile Leu Asn
1250 1255 1260

Trp Leu Tyr Pro Leu Trp Ala Met Val Pro Phe Gly Gln Asp Glu
1265 1270 1275

Val Val Ala Gln Lys Thr Ser Thr Ala Phe Ala Val Ser Met Lys
1280 1285 1290

Glu Leu Phe Thr Gly Leu Leu Ala Gly Val Pro Gln Val Phe Ile
1295 1300 1305

Asp Gly Thr Val Val Lys Asp Ala Ala Ala Phe Val Leu His Leu
1310 1315 1320

Glu Arg Trp Arg Val Thr Arg Leu Tyr Thr Leu Pro Ser His Leu
1325 1330 1335

Asp Ala Ile Leu Ser His Val Asp Gly Ala Ala Glu Arg Leu Arg
1340 1345 1350

Ser Leu Arg His Val Ile Leu Ala Gly Glu Pro Cys Pro Val Glu
1355 1360 1365

Leu Met Glu Lys Leu Arg Glu Thr Leu Pro Ser Cys Thr Ala Trp
1370 1375 1380

Phe Asn Tyr Gly Cys Thr Glu Val Asn Asp Ile Ser Tyr Cys Val
1385 1390 1395

Pro Asn Glu Gln Phe His Ser Ser Gly Phe Val Pro Ile Gly Arg
1400 1405 1410

Pro Ile Gln Tyr Thr Arg Ala Leu Val Leu Asp Asp Glu Leu Arg
1415 1420 1425

Thr Val Pro Val Gly Ile Met Gly Glu Ile Tyr Val Glu Ser Pro
1430 1435 1440

Gly Thr Ala Arg Gly Tyr Trp Arg Gln Pro Asp Leu Thr Ala Glu
1445 1450 1455

Arg Phe 1Ile Pro Asn Pro Phe Gly Glu Pro Gly Ser Arg Leu Tyr
1460 1465 1470

Arg Thr Gly Asp Met Ala Arg Cys Leu Glu Asp Gly Ser Leu Glu
1475 1480 1485

Phe Leu Gly Arg Arg Asp Tyr Glu Val Lys Ile Arg Gly His Arg
1490 1495 1500

Val Asp Val Arg Gln Val Glu Lys Ile Leu Ala Ser His Pro Glu
1505 1510 1515

Val Leu Glu Ser Ala Val Leu Gly Trp Pro Arg Gly Ala Lys Asn
1520 1525 1530

Pro Gln Leu Leu Ala Tyr Ala Ala Thr Lys Pro Gly Arg Pro Leu
1535 1540 1545

Ser Thr Glu Asn Val Arg Glu Tyr Leu Ser Ala Arg Leu Pro Thr
1550 1555 1560

Tyr Met Val Pro Thr Leu Tyr Gln Phe Leu Pro Ala Leu Pro Arg
1565 1570 1575

Leu Pro Asn Gly Lys Leu Asp Arg Phe Gly Leu Pro Asp His Lys
1580 1585 1590

Lys Val Glu Val Gly Gly Val Tyr Val Ala Pro Gln Thr Pro Thr
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1595 1600 1605

Glu Lys Val Leu Ala Gly Leu Trp Ala Glu Cys Leu Lys Gln Gly
1610 1615 1620

Asp Met Pro Ala Pro Gln Val Gly Arg Leu His Asn Phe Phe Asp
1625 1630 1635

Leu Gly Gly His Ser Leu Leu Ala Asn Arg Val Leu Met Gln Val
1640 1645 1650

Gln Arg His Phe Gly Val Ser Leu Gly Ile Ser Ala Leu Phe Gly
1655 1660 1665

Ser Pro Val Leu Asn Asp Phe Ala Ala Ala Ile Asp Lys Ala Leu
1670 1675 1680

Gly Thr Glu Glu Pro Gly Glu Glu Gly Ser Ser Asp Ala Arg Glu
1685 1690 1695

Val Ala Ala Lys Asp Thr Ser Val Leu Val Pro Leu Ser Thr His
1700 1705 1710

Gly Thr Leu Pro Ser Leu Phe Cys Val His Pro Val Gly Gly Gln
1715 1720 1725

Val His Ala Tyr Arg Glu Leu Ala Gln Ala Met Glu Lys His Ala
1730 1735 1740

Ser Met Tyr Ala Leu Gln Ser Glu Gly Ala Arg Glu Phe Asp Thr
1745 1750 1755

Ile Glu Thr Leu Ala Arg Phe Tyr Ala Asp Ala Ile Arg Gly Ala
1760 1765 1770

Gln Pro Asp Gly Ser Tyr Arg Leu Leu Gly Trp Ser Ser Gly Gly
1775 1780 1785

Leu Ile Thr Leu Ala Ile Ala Arg Glu Leu Glu His Gln Gly Cys
1790 1795 1800

Ala Val Glu Tyr Val Gly Leu Val Asp Ser Lys Pro Ile Pro Arg
1805 1810 1815

Leu Ala Gly Glu Arg Gly Trp Ala Ser Leu Ile Ala Ala Thr Asn
1820 1825 1830

Ile Leu Gly Ala Met Arg Gly Arg Gly Phe Ser Val Ala Glu Val
1835 1840 1845

Asp Ala Ala Gly Lys Ile Leu Glu Ser Arg Gly Trp Thr Glu Glu
1850 1855 1860

Ser Phe Asp Ser Glu Gly His Ala Ala Leu Glu Glu Leu Ala Arg
1865 1870 1875

His Phe Gly Ile Thr Val Ala Gln Glu Ser Ser Glu Tyr Leu Leu
1880 1885 1890

Ala Arg Phe Lys Thr Thr Lys Tyr Tyr Leu Ser Leu Phe Ala Gly
1895 1900 1905

Phe Lys Pro Ala Ala Leu Gly Pro Glu Thr Tyr Leu Tyr Glu Ala
1910 1915 1920

Ser Glu Arg Val Gly Ala Thr Ser Asn Asp Asp Thr Gly Glu Trp
1925 1930 1935

Gly Asp Ala Leu Asp Arg Lys Ala Leu Arg Ala Asn Ile Val Gln
1940 1945 1950

Val Pro Gly Asn His Tyr Thr Val Leu Gln Gly Glu Asn Val Leu
1955 1960 1965

Gln Leu Ala Gly Arg Ile Ala Glu Ala Leu Ser Ala Ile Asp Asn
1970 1975 1980
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Ser

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

Val

1985

Val Thr Arg Thr Arg Ala Ser
1990

PRT

<400> SEQUENCE:

Met

1

Ala

Cys

Val

Phe

65

Pro

Val

Asp

Gly

Glu

145

Ile

Gln

Gly

Lys

Ser

225

Ser

Val

Thr

Arg

Ala
305

Asp

Tyr

Val

Ala

50

Arg

Arg

Ser

Ala

Ala

130

Pro

Tyr

Gln

Val

Lys

210

Leu

Gly

Ile

Pro

Leu
290

Gly

Asn

Thr

His

35

Ala

Ala

Gly

Leu

Gly

115

Thr

Arg

Ser

Val

Met

195

Gln

Ser

Arg

Asn

Ala
275

Lys

Asp

Arg

Ala

20

Gln

Arg

Asn

Ser

Leu

100

Leu

Cys

Ser

Gly

Tyr

180

Val

Tyr

Phe

Cys

Arg

260

His

Val

Val

SEQ ID NO 47
LENGTH:
TYPE :
ORGANISM: Cystobacter velatus
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:

975

(1) ..(975)

47

Glu

Val

Leu

Ala

Gln

Val

85

Ala

Pro

Val

Ala

Glu

165

Cys

Gln

Val

Asp

Ile

245

Val

Leu

Leu

His

Ile

Pro

Phe

Gly

Leu

70

Ala

Ile

Ala

Leu

Ser

150

Thr

Ile

His

Thr

Leu

230

Asp

Leu

Ala

Ile

Lys
310

Ala

Pro

Glu

Asn

55

Ala

Val

Ile

Lys

Thr

135

Thr

Ser

Tyr

Arg

Asp

215

Thr

Val

Glu

Leu

Leu

295

Arg

OTHER INFORMATION: CysH

Pro

Ala

Leu

40

Glu

Arg

Leu

Lys

Arg

120

Asp

Leu

Asn

Thr

Ala

200

Ala

Val

Tyr

Asp

Leu
280

Gly

Leu

Thr

Lys

25

Gln

Ser

Tyr

Met

Ala

105

Val

Arg

Val

Leu

Ser

185

Leu

Val

Thr

Pro

Asn
265
Arg

Gly

Asp

Gln

10

Ala

Ala

Leu

Leu

Asn

90

Gly

Asp

Glu

Ile

Gly

170

Gly

Met

Glu

Ser

Asp

250

Lys

Asn

Glu

Gly

Ser

Glu

Asp

Thr

Val

75

Arg

Ala

Tyr

Thr

Asp

155

Leu

Ser

Asn

Ser

Ile

235

Leu

Val

Thr

Asp

Arg
315

Ala

Tyr

Arg

Tyr

60

Ala

Thr

Ala

Ile

Arg

140

Val

Ala

Thr

Tyr

Phe

220

Phe

Gly

Asp

Asp

Leu
300

Ala

Arg

Pro

Ile

45

Arg

Lys

Pro

Tyr

Leu

125

Ser

Asp

Val

Gly

Val

205

Ala

Val

Glu

Val

Leu
285

Arg

Val

Thr

Ser

30

Pro

Glu

Gly

Ala

Val

110

Thr

Leu

Asp

Asp

Leu

190

Trp

Leu

Pro

Asp

Val
270
Ser

Ala

Ile

Arg

15

Asp

Asp

Leu

Val

Cys

95

Pro

Asp

Leu

Pro

Pro

175

Pro

Trp

Tyr

Leu

Val

255

Lys

Gln

Glu

Tyr

Asp

Val

Ala

Asn

Val

80

Leu

Val

Ser

Asp

Ser

160

Glu

Lys

Ala

Ser

Ile

240

Pro

Leu

Ser

Thr

Asn
320
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Glu Tyr Gly Pro Thr Glu Thr Val Val Gly Cys Met Ile His Arg Tyr
325 330 335

Asp Pro Ala Val Asp Leu His Gly Ser Val Pro Ile Gly Val Gly Ile
340 345 350

Asp Asn Met Arg Ile Tyr Leu Leu Asp Asp Arg Arg Arg Pro Val Lys
355 360 365

Pro Gly Glu Val Gly Glu Ile Tyr Ile Gly Gly Asp Gly Val Thr Leu
370 375 380

Gly Tyr Lys Asp Lys Pro Gln Val Thr Ala Asp His Phe Ile Ser Asn
385 390 395 400

Pro Phe Val Glu Gly Glu Arg Leu Tyr Ala Ser Gly Asp Leu Gly Arg
405 410 415

Val Asn Glu Arg Gly Ala Leu Val Phe Leu Gly Arg Lys Asp Leu Gln
420 425 430

Ile Lys Leu Arg Gly Tyr Arg Ile Glu Leu Gly Glu Ile Glu Ser Ala
435 440 445

Leu Leu Ser Tyr Pro Gly Ile Lys Glu Cys Ile Val Asp Ser Thr Lys
450 455 460

Thr Ala Gln Ser Gln Ala Ala Ala Gln Leu Thr Tyr Cys Thr Lys Cys
465 470 475 480

Gly Leu Ala Ser Ser Phe Pro Asn Thr Thr Tyr Ser Ala Glu Gly Val
485 490 495

Cys Asn His Cys Glu Ala Phe Asp Lys Tyr Arg Ser Val Val Asp Asp
500 505 510

Tyr Phe Ser Thr Met Asp Glu Leu Gln Ser Ile Val Thr Glu Met Lys
515 520 525

Ser Ile His Asn Ser Lys Tyr Asp Cys Ile Val Ala Leu Ser Gly Gly
530 535 540

Lys Asp Ser Thr Tyr Ala Leu Cys Arg Met Ile Glu Thr Gly Ala Arg
545 550 555 560

Val Leu Ala Phe Thr Leu Asp Asn Gly Tyr Ile Ser Glu Glu Ala Lys
565 570 575

Gln Asn Ile Asn Arg Val Val Ala Arg Leu Gly Val Asp His Arg Tyr
580 585 590

Leu Ser Thr Gly His Met Lys Glu Ile Phe Val Asp Ser Leu Lys Arg
595 600 605

His Ser Asn Val Cys Asn Gly Cys Phe Lys Thr Ile Tyr Thr Phe Ala
610 615 620

Ile Asn Leu Ala Gln Glu Val Gly Val Lys His Val Val Met Gly Leu
625 630 635 640

Ser Lys Gly Gln Leu Phe Glu Thr Arg Leu Ser Ala Leu Phe Arg Thr
645 650 655

Ser Thr Phe Asp Asn Ala Ala Phe Glu Lys Ser Leu Val Asp Ala Arg
660 665 670

Lys Ile Tyr His Arg Ile Asp Asp Ala Val Ser Arg Leu Leu Asp Thr
675 680 685

Thr Cys Val Lys Asn Asp Lys Val Ile Glu Asn Ile Arg Phe Val Asp
690 695 700

Phe Tyr Arg Tyr Cys His Ala Ser Arg Gln Glu Met Tyr Asp Tyr Ile
705 710 715 720

Gln Glu Arg Val Gly Trp Ala Arg Pro Ile Asp Thr Gly Arg Ser Thr
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725 730 735

Asn Cys Leu Leu Asn Asp Val Gly Ile Tyr Val His Asn Lys Glu Arg
740 745 750

Arg Tyr His Asn Tyr Ser Leu Pro Tyr Ser Trp Asp Val Arg Met Gly
755 760 765

His Ile Ser Arg Glu Glu Ala Met Arg Glu Leu Asp Asp Ser Ala Asp
770 775 780

Ile Asp Val Glu Arg Val Glu Gly Ile Ile Lys Asp Leu Gly Tyr Glu
785 790 795 800

Leu Asn Asp Gln Val Val Gly Ser Ala Glu Ala Gln Leu Val Ala Tyr
805 810 815

Tyr Val Ser Ala Glu Glu Phe Pro Ala Ser Asp Leu Arg Gln Phe Leu
820 825 830

Ser Glu Ile Leu Pro Glu Tyr Met Val Pro Arg Ser Phe Val Gln Leu
835 840 845

Asp Ser Ile Pro Leu Thr Pro Asn Gly Lys Val Asn Arg Gln Ala Leu
850 855 860

Pro Lys Pro Asp Leu Leu Arg Lys Ala Gly Thr Asp Gly Gln Ala Ala
865 870 875 880

Pro Arg Thr Pro Val Glu Lys Gln Leu Ala Glu Leu Trp Lys Glu Val
885 890 895

Leu Gln Val Asp Ser Val Gly Ile His Asp Asn Phe Phe Glu Met Gly
900 905 910

Gly His Ser Leu Pro Ala Leu Met Leu Leu Tyr Lys Ile Asp Ser Gln
915 920 925

Phe His Lys Thr Ile Ser Ile Gln Glu Phe Ser Lys Val Pro Thr Ile
930 935 940

Ser Ala Leu Ala Ala His Leu Gly Ser Asp Thr Glu Ala Val Pro Pro
945 950 955 960

Gly Leu Gly Glu Val Val Asp Gln Ser Ala Pro Ala Tyr Arg Gly
965 970 975

<210> SEQ ID NO 48

<211> LENGTH: 272

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(272)

<223> OTHER INFORMATION: CysI

<400> SEQUENCE: 48

Val Arg Phe Val Thr Val Asn Gly Glu Asp Ser Ala Val Cys Ser Val
1 5 10 15

Leu Asp Arg Gly Leu Gln Phe Gly Asp Gly Leu Phe Glu Thr Met Leu
20 25 30

Cys Val Gly Gly Ala Pro Val Asp Phe Pro Glu His Trp Ala Arg Leu
35 40 45

Asp Glu Gly Cys Arg Arg Leu Gly Ile Glu Cys Pro Asp Ile Arg Arg
50 55 60

Glu Val Thr Ala Ala Ile Ala Arg Trp Gly Ala Pro Arg Ala Val Ala
65 70 75 80

Lys Leu Val Val Thr Arg Gly Ser Thr Glu Arg Gly Tyr Arg Cys Ala
85 90 95
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Pro Ser Val Arg Pro Asn Trp Ile Leu Thr Ile Thr Asp Ala Pro Lys
100 105 110

Tyr Pro Leu Ala His Glu Asp Arg Gly Val Ala Val Lys Leu Cys Arg
115 120 125

Thr Leu Val Ser Leu Asp Asp Pro Gln Leu Ala Gly Leu Lys His Leu
130 135 140

Asn Arg Leu Pro Gln Val Leu Ala Arg Arg Glu Trp Asp Asp Glu Tyr
145 150 155 160

His Asp Gly Leu Leu Thr Asp His Gly Gly His Leu Val Glu Gly Cys
165 170 175

Thr Ser Asn Leu Phe Leu Val Ala Asp Gly Ala Leu Arg Thr Pro Asp
180 185 190

Leu Thr Ala Cys Gly Val Arg Gly Ile Val Arg Gln Lys Val Leu Asp
195 200 205

His Ser Lys Ala Ile Gly Ile Arg Cys Glu Val Thr Thr Leu Lys Leu
210 215 220

Arg Asp Leu Glu His Ala Asp Glu Val Phe Leu Thr Asn Ser Val Tyr
225 230 235 240

Gly Ile Val Pro Val Gly Ser Val Asp Gly Met Arg Tyr Arg Ile Gly
245 250 255

Pro Thr Thr Ala Arg Leu Leu Lys Asp Leu Cys Gln Gly Val Tyr Phe
260 265 270

<210> SEQ ID NO 49

<211> LENGTH: 327

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(327)

<223> OTHER INFORMATION: CysJ

<400> SEQUENCE: 49

Met Thr Gly Asn Leu Asp Ser Ala Ala Trp Pro Val Ile Ile Thr Pro
1 5 10 15

Gly Gln Gln Pro Ala Ala Leu Glu Asp Trp Val Ser Ala Asn Arg Asp
20 25 30

Gly Leu Glu Arg Gln Leu Thr Glu Cys Lys Ala Ile Leu Phe Arg Gly
35 40 45

Phe Arg Ser Arg Asn Gly Phe Glu Ser Ile Ala Asn Ser Phe Phe Asp
Arg Arg Leu Asn Tyr Thr Tyr Arg Ser Thr Pro Arg Thr Asp Leu Gly
65 70 75 80

Gln Asn Leu Tyr Thr Ala Thr Glu Tyr Pro Lys Gln Leu Ser Ile Pro
85 90 95

Gln His Cys Glu Asn Ala Tyr Gln Arg Asp Trp Pro Met Lys Leu Leu
100 105 110

Phe His Cys Val Glu Pro Ala Ser Lys Gly Gly Arg Thr Pro Leu Ala
115 120 125

Asp Met Thr Lys Val Thr Ala Met Ile Pro Ala Glu Ile Lys Glu Glu
130 135 140

Phe Ala Arg Lys Lys Val Gly Tyr Val Arg Asn Tyr Arg Ala Gly Val
145 150 155 160
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Asp Leu Pro Trp Glu Glu Val Phe Gly Thr Ser Asn Lys Ala Glu Val
165 170 175

Glu Lys Phe Cys Val Glu Asn Gly Ile Glu Tyr His Trp Thr Glu Gly
180 185 190

Gly Leu Lys Thr Ile Gln Val Cys Gln Ala Phe Ala Ser His Pro Leu
195 200 205

Thr Gly Glu Thr Ile Trp Phe Asn Gln Ala His Leu Phe His Leu Ser
210 215 220

Ala Leu Asp Pro Ala Ser Gln Lys Met Met Leu Ser Phe Phe Gly Glu
225 230 235 240

Gly Gly Leu Pro Arg Asn Ser Tyr Phe Gly Asp Gly Ser Ala Ile Gly
245 250 255

Ser Asp Val Leu Asp Gln Ile Arg Ser Ala Tyr Glu Arg Asn Lys Val
260 265 270

Ser Phe Glu Trp Gln Lys Asp Asp Val Leu Leu Ile Asp Asn Met Leu
275 280 285

Val Ser His Gly Arg Asp Pro Phe Glu Gly Ser Arg Arg Val Leu Val
290 295 300

Cys Met Ala Glu Pro Tyr Ser Glu Val Gln Arg Arg Gly Phe Ala Gly
305 310 315 320

Ala Thr Asn Ser Gly Arg Ser
325

<210> SEQ ID NO 50

<211> LENGTH: 4545

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1).. (4140
<223> OTHER INFORMATION: CysK
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1).. (4545
<223> OTHER INFORMATION: CysK

<400> SEQUENCE: 50

Met Leu Leu Glu Gly Glu Leu Glu Gly Tyr Glu Asp Gly Leu Glu Leu
1 5 10 15

Pro Tyr Asp Phe Pro Arg Thr Ser Asn Arg Ala Trp Arg Ala Ala Thr
20 25 30

Phe Gln His Ser Tyr Pro Pro Glu Leu Ala Arg Lys Val Ala Glu Leu
35 40 45

Ser Arg Glu Gln Gln Ser Thr Leu Phe Met Ser Leu Val Ala Ser Leu
50 55 60

Ala Val Val Leu Asn Arg Tyr Thr Gly Arg Glu Asp Val Cys Ile Gly
65 70 75 80

Thr Thr Val Ala Gly Arg Ala Gln Val Gly Ala Leu Gly Asp Leu Ser
85 90 95

Gly Ser Thr Val Asp Ile Leu Pro Leu Arg Leu Asp Leu Ser Gly Ala
100 105 110

Pro Ser Leu His Glu Val Leu Arg Arg Thr Lys Ala Val Val Leu Glu
115 120 125

Gly Phe Glu His Glu Ala Leu Pro Cys Gln Ile Pro Leu Val Pro Val
130 135 140
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Val Val Arg His Gln Asn Phe Pro Met Ala Arg Leu Glu Gly Trp Ser
145 150 155 160

Glu Gly Val Glu Leu Lys Lys Phe Glu Leu Ala Gly Glu Arg Thr Thr
165 170 175

Ala Ser Glu Gln Asp Trp Gln Phe Phe Gly Asp Gly Ser Ser Leu Glu
180 185 190

Leu Ser Leu Glu Tyr Ala Ala Glu Leu Phe Ser Glu Lys Thr Val Lys
195 200 205

Arg Met Val Glu His His Gln Arg Val Leu Glu Ala Leu Val Glu Gly
210 215 220

Leu Glu Glu Val Arg Leu His Glu Val Arg Leu Leu Thr Glu Glu Glu
225 230 235 240

Glu Gly Leu His Gly Arg Leu Asn Asp Thr Ala Arg Glu Leu Glu Glu
245 250 255

Arg Trp Ser Leu Ala Glu Thr Phe Glu Arg Gln Val Arg Glu Thr Pro
260 265 270

Glu Ala Val Ala Cys Val Gly Val Glu Val Ala Thr Gly Gly His Ser
275 280 285

Arg Pro Thr Tyr Arg Gln Leu Thr Tyr Arg Gln Leu Asn Ala Arg Ala
290 295 300

Asn Gln Val Ala Arg Arg Leu Arg Ala Leu Gly Val Gly Ala Glu Thr
305 310 315 320

Arg Val Ala Val Leu Ser Asp Arg Ser Pro Glu Leu Leu Val Ala Met
325 330 335

Leu Ala Ile Phe Lys Ala Gly Gly Cys Tyr Val Pro Val Asp Pro Gln
340 345 350

Tyr Pro Gly Ser Tyr Ile Glu Gln Ile Leu Glu Asp Ala Ala Pro Gln
355 360 365

Val Val Leu Gly Lys Arg Gly Arg Ala Asp Gly Val Arg Val Asp Val
370 375 380

Trp Leu Glu Leu Asp Gly Ala Gln Arg Leu Thr Asp Glu Ala Leu Ala
385 390 395 400

Ala Gln Glu Glu Gly Glu Leu Glu Gly Ala Glu Arg Pro Glu Ser Gln
405 410 415

Gln Leu Ala Cys Leu Met Tyr Thr Ser Gly Ser Thr Gly Arg Pro Lys
420 425 430

Gly Val Met Val Pro Tyr Ser Gln Leu His Asn Trp Leu Glu Ala Gly
435 440 445

Lys Glu Arg Ser Pro Leu Glu Arg Gly Glu Val Met Leu Gln Lys Thr
450 455 460

Ala Ile Ala Phe Ala Val Ser Val Lys Glu Leu Leu Ser Gly Leu Leu
465 470 475 480

Ala Gly Val Ala Gln Val Met Val Pro Glu Thr Leu Val Lys Asp Ser
485 490 495

Val Ala Leu Ala Gln Glu Ile Glu Arg Trp Arg Val Thr Arg Ile His
500 505 510

Leu Val Pro Ser His Leu Gly Ala Leu Leu Glu Gly Ala Gly Glu Glu
515 520 525

Ala Lys Gly Leu Arg Ser Leu Lys Tyr Val Ile Thr Ala Gly Glu Ala
530 535 540

Leu Ala Gln Gly Val Arg Glu Glu Ala Arg Arg Lys Leu Pro Gly Ala
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545 550 555 560

Gln Leu Trp Asn Asn Tyr Gly Cys Thr Glu Leu Asn Asp Val Thr Tyr
565 570 575

His Pro Ala Ser Glu Gly Gly Gly Asp Thr Val Phe Val Pro Ile Gly
580 585 590

Arg Pro Ile Ala Asn Thr Arg Val Tyr Val Leu Asp Glu Gln Leu Arg
595 600 605

Arg Val Pro Val Gly Val Met Gly Glu Leu Tyr Val Asp Ser Val Gly
610 615 620

Met Ala Arg Gly Tyr Trp Gly Gln Pro Ala Leu Thr Ala Glu Arg Phe
625 630 635 640

Ile Ala Asn Pro Tyr Ala Ser Gln Pro Gly Ala Arg Leu Tyr Arg Thr
645 650 655

Gly Asp Met Val Arg Val Leu Ala Asp Gly Ser Leu Glu Tyr Leu Gly
660 665 670

Arg Arg Asp Tyr Glu Ile Lys Val Arg Gly His Arg Val Asp Val Arg
675 680 685

Gln Val Glu Lys Val Ala Asn Ala His Pro Ala Ile Arg Gln Ala Val
690 695 700

Val Ser Gly Trp Pro Leu Gly Ser Ser Asn Ala Gln Leu Val Ala Tyr
705 710 715 720

Leu Val Pro Gln Ala Gly Ala Thr Val Gly Pro Arg Gln Val Arg Asp
725 730 735

Tyr Leu Ala Glu Ser Leu Pro Ala Tyr Met Val Pro Thr Leu Tyr Thr
740 745 750

Val Leu Glu Glu Leu Pro Arg Leu Pro Asn Gly Lys Leu Asp Arg Leu
755 760 765

Ser Leu Pro Glu Pro Asp Leu Ser Ser Ser Arg Glu Glu Tyr Val Ala
770 775 780

Pro His Gly Glu Val Glu Arg Lys Leu Ala Glu Ile Phe Gly Asn Leu
785 790 795 800

Leu Gly Leu Glu His Val Gly Val His Asp Asn Phe Phe Ser Leu Gly
805 810 815

Gly His Ser Leu Leu Ala Ala Gln Leu Ile Ser Arg Ile Arg Ala Thr
820 825 830

Phe Arg Val Glu Val Ala Met Ala Thr Val Phe Glu Ser Pro Thr Val
835 840 845

Glu Pro Leu Ala Arg His Ile Glu Glu Lys Leu Lys Asp Glu Ser Arg
850 855 860

Val Gln Leu Ser Asn Val Val Pro Val Glu Arg Thr Gln Glu Ile Pro
865 870 875 880

Leu Ser Tyr Leu Gln Glu Arg Leu Trp Phe Val His Glu His Met Lys
885 890 895

Glu Gln Arg Thr Ser Tyr Asn Ile Thr Trp Thr Leu His Phe Ala Gly
900 905 910

Lys Gly Phe Ser Val Glu Ala Leu Arg Thr Ala Phe Asp Glu Leu Val
915 920 925

Ala Arg His Glu Thr Leu Arg Thr Trp Phe Gln Val Gly Glu Gly Thr
930 935 940

Glu Gln Ala Val Gln Val Ile Gly Glu Pro Trp Ser Met Glu Leu Pro
945 950 955 960
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Leu Arg Glu Val Ala Gly Thr Glu Val Thr Ala Ala Ile Asn Glu Met
965 970 975

Ser Arg Gln Val Phe Asp Leu Arg Ala Gly Arg Leu Leu Thr Ala Ala
980 985 990

Val Leu Arg Val Ala Glu Asp Glu His Ile Leu Val Ser Asn Ile His
995 1000 1005

His Ile Ile Thr Asp Gly Trp Ser Phe Gly Val Met Leu Arg Glu
1010 1015 1020

Leu Arg Glu Leu Tyr Glu Ala Ala Val Arg Gly Lys Arg Ala Glu
1025 1030 1035

Leu Pro Pro Leu Thr Val Gln Tyr Gly Asp Tyr Ala Val Trp Gln
1040 1045 1050

Arg Lys Gln Asp Leu Ser Glu His Leu Ala Tyr Trp Lys Gly Lys
1055 1060 1065

Val Glu Glu Tyr Glu Asp Gly Leu Glu Leu Pro Tyr Asp Phe Pro
1070 1075 1080

Arg Thr Ser Asn Arg Ala Trp Arg Ala Ala Thr Phe Gln Tyr Ser
1085 1090 1095

Tyr Pro Pro Glu Leu Ala Arg Lys Val Ala Glu Leu Ser Arg Glu
1100 1105 1110

Gln Gln Ser Thr Leu Phe Met Ser Leu Val Ala Ser Leu Ala Val
1115 1120 1125

Val Leu Asn Arg Tyr Thr Gly Arg Gln Asp Val Cys Ile Gly Thr
1130 1135 1140

Thr Val Ala Gly Arg Ala Gln Val Glu Leu Glu Ser Leu Ile Gly
1145 1150 1155

Phe Phe 1Ile Asn Ile Leu Pro Leu Arg Leu Asp Leu Ser Gly Ala
1160 1165 1170

Pro Ser Leu His Glu Val Leu Arg Arg Thr Lys Ala Val Val Leu
1175 1180 1185

Glu Gly Phe Glu His Gln Glu Leu Pro Phe Glu His Leu Leu Lys
1190 1195 1200

Ala Leu Arg Arg Gln Arg Asp Ser Ser Gln Ile Pro Leu Val Pro
1205 1210 1215

Val Val Val Arg His Gln Asn Phe Pro Met Ala Arg Leu Glu Gly
1220 1225 1230

Trp Ser Glu Gly Val Glu Leu Lys Lys Phe Glu Leu Ala Gly Glu
1235 1240 1245

Arg Thr Thr Ala Ser Glu Gln Asp Trp Gln Phe Phe Gly Asp Gly
1250 1255 1260

Ser Ser Leu Glu Leu Ser Leu Glu Tyr Ala Ala Glu Leu Phe Ser
1265 1270 1275

Glu Lys Thr Val Arg Arg Met Val Glu His His Gln Arg Val Leu
1280 1285 1290

Glu Ala Leu Val Glu Gly Leu Glu Glu Gly Leu His Glu Val Arg
1295 1300 1305

Leu Leu Thr Glu Glu Glu Glu Gly Leu His Gly Arg Leu Asn Asp
1310 1315 1320

Thr Ala Arg Glu Leu Glu Glu Arg Trp Ser Leu Ala Glu Thr Phe
1325 1330 1335
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Glu Arg Gln Val Arg Glu Thr Pro Glu Ala Val Ala Cys Val Gly
1340 1345 1350

Val Glu Val Ala Thr Gly Gly His Ser Arg Pro Thr Tyr Arg Gln
1355 1360 1365

Leu Thr Tyr Arg Gln Leu Asn Ala Arg Ala Asn Gln Val Ala Arg
1370 1375 1380

Arg Leu Arg Ala Leu Gly Val Gly Ala Glu Thr Arg Val Ala Val
1385 1390 1395

Leu Ser Asp Arg Ser Pro Glu Leu Leu Val Ala Met Leu Ala Ile
1400 1405 1410

Phe Lys Ala Gly Gly Cys Tyr Val Pro Val Asp Pro Gln Tyr Pro
1415 1420 1425

Gly His Tyr Ile Glu Gln Ile Leu Glu Asp Ala Ala Pro Gln Val
1430 1435 1440

Val Leu Gly Lys Arg Gly Arg Ala Asp Gly Val Arg Val Asp Val
1445 1450 1455

Trp Leu Glu Leu Asp Gly Ala Gln Arg Leu Thr Asp Glu Ala Leu
1460 1465 1470

Ala Ala Gln Glu Glu Gly Glu Leu Glu Gly Ala Glu Arg Pro Glu
1475 1480 1485

Ser Gln Gln Leu Ala Cys Leu Met Tyr Thr Ser Gly Ser Thr Gly
1490 1495 1500

Arg Pro Lys Gly Val Met Val Pro Tyr Ser Gln Leu His Asn Trp
1505 1510 1515

Leu Glu Ala Gly Lys Glu Arg Ser Pro Leu Glu Arg Gly Glu Val
1520 1525 1530

Met Leu Gln Lys Thr Ala Ile Ala Phe Ala Val Ser Val Lys Glu
1535 1540 1545

Leu Leu Ser Gly Leu Leu Ala Gly Val Ala Gln Val Met Val Pro
1550 1555 1560

Glu Thr Leu Val Lys Asp Ser Val Ala Leu Ala Gln Glu Ile Glu
1565 1570 1575

Arg Trp Arg Val Thr Arg Ile His Leu Val Pro Ser His Leu Gly
1580 1585 1590

Ala Leu Leu Glu Gly Ala Gly Glu Glu Ala Lys Gly Leu Arg Ser
1595 1600 1605

Leu Lys Tyr Val Ile Thr Ala Gly Glu Ala Leu Ala Gln Gly Val
1610 1615 1620

Arg Glu Glu Ala Arg Arg Lys Leu Pro Gly Ala Gln Leu Trp Asn
1625 1630 1635

Asn Tyr Gly Cys Thr Glu Leu Asn Asp Val Thr Tyr His Pro Ala
1640 1645 1650

Ser Glu Gly Gly Gly Asp Thr Val Phe Val Pro Ile Gly Arg Pro
1655 1660 1665

Ile Ala Asn Thr Arg Val Tyr Val Leu Asp Glu Gln Leu Arg Arg
1670 1675 1680

Val Pro Val Gly Val Met Gly Glu Leu Tyr Val Asp Ser Val Gly
1685 1690 1695

Met Ala Arg Gly Tyr Trp Gly Gln Pro Ala Leu Thr Ala Glu Arg
1700 1705 1710

Phe Ile Ala Asn Pro Tyr Ala Ser Gln Pro Gly Ala Arg Leu Tyr
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1715 1720 1725

Arg Thr Gly Asp Met Val Arg Val Leu Ala Asp Gly Ser Leu Glu
1730 1735 1740

Tyr Leu Gly Arg Arg Asp Tyr Glu Ile Lys Val Arg Gly His Arg
1745 1750 1755

Val Asp Val Arg Gln Val Glu Lys Val Ala Asn Ala His Pro Ala
1760 1765 1770

Ile Arg Gln Ala Val Val Ser Gly Trp Pro Leu Gly Ser Ser Asn
1775 1780 1785

Ala Gln Leu Val Ala Tyr Leu Val Pro Gln Ala Gly Ala Thr Val
1790 1795 1800

Gly Pro Arg Gln Val Arg Asp Tyr Leu Ala Glu Ser Leu Pro Ala
1805 1810 1815

Tyr Met Val Pro Thr Leu Tyr Thr Val Leu Glu Glu Leu Pro Arg
1820 1825 1830

Leu Pro Asn Gly Lys Leu Asp Arg Leu Ser Leu Pro Glu Pro Asp
1835 1840 1845

Leu Ser Ser Ser Arg Glu Glu Tyr Val Ala Pro His Gly Glu Val
1850 1855 1860

Glu Arg Lys Leu Ala Glu Ile Phe Gly Asn Leu Leu Gly Leu Glu
1865 1870 1875

His Val Gly Val His Asp Asn Phe Phe Ser Leu Gly Gly His Ser
1880 1885 1890

Leu Leu Ala Ala Gln Val Val Ser Arg Ile Gly Lys Glu Leu Gly
1895 1900 1905

Thr Gln 1Ile Ser Ile Ala Asp Leu Phe Gln Arg Pro Thr Ile Glu
1910 1915 1920

Gln Leu Cys Glu Leu Ile Gly Gly Leu Asp Asp Gln Thr Gln Arg
1925 1930 1935

Glu Leu Ala Leu Ala Pro Ser Gly Asn Thr Glu Ala Val Leu Ser
1940 1945 1950

Phe Ala Gln Glu Arg Met Trp Phe Leu His Asn Phe Val Lys Gly
1955 1960 1965

Met Pro Tyr Asn Thr Pro Gly Leu Asp His Leu Thr Gly Glu Leu
1970 1975 1980

Asp Val Ala Ala Leu Glu Lys Ala Ile Arg Ala Val Ile Arg Arg
1985 1990 1995

His Glu Pro Leu Arg Thr Asn Phe Val Glu Lys Asp Gly Val Leu
2000 2005 2010

Ser Gln Leu Val Gly Thr Glu Glu Arg Phe Arg Leu Thr Val Thr
2015 2020 2025

Pro Ile Arg Asp Glu Ser Glu Val Ala Arg Leu Met Glu Ala Val
2030 2035 2040

Ile Gln Thr Pro Val Asp Leu Glu Arg Glu Leu Met Ile Arg Ala
2045 2050 2055

Tyr Leu Tyr Arg Val Asp Pro Arg Asn His Tyr Leu Phe Thr Thr
2060 2065 2070

Ile His His Ile Ala Phe Asp Gly Trp Ser Thr Ser Ile Phe Tyr
2075 2080 2085

Arg Glu Leu Ala Ala Tyr Tyr Ala Ala Phe Leu Arg Arg Glu Asp
2090 2095 2100
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Ser Pro Leu Pro Ala Leu Glu Ile Ser Tyr Gln Asp Tyr Ala Arg
2105 2110 2115

Trp Glu Arg Ala His Phe Gln Asp Glu Val Leu Ala Glu Lys Leu
2120 2125 2130

Arg Tyr Trp Arg Gln Arg Leu Ser Gly Ala Arg Pro Leu Val Leu
2135 2140 2145

Pro Thr Thr Tyr His Arg Pro Pro Ile Gln Ser Phe Ala Gly Ala
2150 2155 2160

Val Val Asn Phe Glu Ile Asp Arg Ser Ile Thr Glu Arg Leu Lys
2165 2170 2175

Thr Leu Phe Ala Glu Ser Gly Thr Thr Met Tyr Met Val Leu Leu
2180 2185 2190

Gly Ala Phe Ser Val Val Leu Gln Arg Tyr Ser Gly Gln Asp Asp
2195 2200 2205

Ile Cys Ile Gly Ser Pro Val Ala Asn Arg Gly His Ile Gln Thr
2210 2215 2220

Glu Gly Leu Ile Gly Leu Phe Val Asn Thr Leu Val Met Arg Val
2225 2230 2235

Asp Ala Ala Gly Asn Pro Arg Phe Ile Asp Leu Leu Ala Arg Ile
2240 2245 2250

Gln Arg Thr Ala Ile Asp Ala Tyr Ala Asn Gln Glu Val Pro Phe
2255 2260 2265

Glu Lys 1Ile Val Asp Asp Leu Gln Val Ala Arg Asp Thr Ala Arg
2270 2275 2280

Ser Pro Leu Val Gln Val Ile Leu Asn Phe His Asn Thr Pro Pro
2285 2290 2295

Gln Ser Glu Leu Glu Leu Gln Gly Val Thr Leu Thr Arg Met Pro
2300 2305 2310

Val His Asn Gly Thr Ala Lys Phe Glu Leu Ser Ile Asp Val Ala
2315 2320 2325

Glu Thr Ser Ala Gly Leu Thr Gly Phe Val Glu Tyr Ala Thr Asp
2330 2335 2340

Leu Phe Ser Glu Asn Phe Ile Arg Arg Met Ile Gly His Leu Glu
2345 2350 2355

Val Val Leu Asp Ala Val Gly Arg Asp Pro Arg Ala Pro Ile His
2360 2365 2370

Glu Leu Pro Leu Leu Thr Arg Gln Asp Gln Leu Asp Leu Leu Ser
2375 2380 2385

Arg Ser Gly His Thr Ala Pro Ala Val Glu His Val Glu Leu Ile
2390 2395 2400

Pro His Thr Phe Glu Arg Arg Val Gln Glu Ser Pro Gln Ala Ile
2405 2410 2415

Ala Leu Val Cys Gly Asp Glu Arg Val Thr Tyr Ser Ala Leu Asn
2420 2425 2430

Arg Arg Ala Ser Gln Ile Ala Arg Arg Leu Arg Ala 2Ala Gly Ile
2435 2440 2445

Gly Pro Asp Thr Leu Val Gly Leu Cys Ala Gly Arg Ser Ile Glu
2450 2455 2460

Leu Val Cys Gly Val Leu Gly Ile Leu Lys Ala Gly Gly Ala Tyr
2465 2470 2475
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Val Pro Ile Asp Pro Thr Ser Ser Pro Glu Val Ile Tyr Asp Val
2480 2485 2490

Leu Tyr Glu Ser Lys Val Arg His Leu Leu Thr Glu Ser Arg Leu
2495 2500 2505

Val Gly Gly Leu Pro Val Asp Asp Gln Glu Ile Leu Leu Leu Asp
2510 2515 2520

Thr Pro Ala Asp Gly Glu Gly Asp Lys Ala Val Ala Asp Arg Glu
2525 2530 2535

Glu Pro Pro Asp Leu Gly Glu Val Ser Leu Thr Pro Glu Cys Leu
2540 2545 2550

Ala Tyr Val Asn Phe Thr Ser Asp Ser Gly Gly Ala Pro Arg Gly
2555 2560 2565

Ile Ala Val Arg His Gly Ala Leu Ala Arg Arg Met Ala Ala Gly
2570 2575 2580

His Ala Gln Tyr Leu Ala Asn Ser Ala Val Arg Phe Leu Leu Lys
2585 2590 2595

Ala Pro Leu Thr Phe Asp Leu Ala Val Ala Glu Leu Phe Gln Trp
2600 2605 2610

Ile Val Ser Gly Gly Ser Leu Ser Ile Leu Asp Pro 2Asn Ala Asp
2615 2620 2625

Arg Asp Ala Ser Ala Phe Leu Ala Gln Val Arg Arg Asp Ser Ile
2630 2635 2640

Gly Val Leu Tyr Cys Val Pro Ser Glu Leu Ser Thr Leu Val Ser
2645 2650 2655

His Leu Glu Arg Glu Arg Glu Arg Val His Glu Leu Asn Thr Leu
2660 2665 2670

Arg Phe 1Ile Phe Cys Gly Gly Asp Thr Leu Ala Val Thr Val Val
2675 2680 2685

Glu Arg Leu Gly Val Leu Val Arg Ala Gly Gln Leu Pro Leu Arg
2690 2695 2700

Leu Val Asn Val Tyr Gly Thr Lys Glu Thr Gly Ile Gly Ala Gly
2705 2710 2715

Cys Phe Glu Cys Ala Leu Asp Ala Asn Asp Pro Ser Ala Glu Leu
2720 2725 2730

Pro Pro Gly Arg Leu Ser His Glu Arg Met Pro Ile Gly Gly Pro
2735 2740 2745

Ala Gln Asn Leu Trp Phe Tyr Val Val Gln Pro Asn Gly Gly Leu
2750 2755 2760

Ala Pro Leu Gly Ile Pro Gly Glu Leu Tyr Val Gly Gly Ala Gln
2765 2770 2775

Leu Ala Asp Ala Arg Phe Gly Asp Glu Pro Thr Ala Thr His Pro
2780 2785 2790

Gly Phe Val Pro Asn Pro Phe Arg Ser Gly Ala Glu Lys Asp Trp
2795 2800 2805

Leu Tyr Lys Thr Gly Asp Leu Val Arg Trp Leu Pro Gln Gly Pro
2810 2815 2820

Leu Glu Leu Val Ser Ala Ala Arg Glu Arg Asp Gly Gly Gly Asp
2825 2830 2835

His Arg Leu Asp Arg Gly Phe Ile Glu Ala Arg Met Arg Arg Val
2840 2845 2850

Ala Ile Val Arg Asp Ala Val Val Ala Tyr Val Pro Asp Arg Gln
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2855 2860 2865

Asp Arg Ala Arg Leu Val Ala Tyr Val Val Leu Lys Glu Ser Pro
2870 2875 2880

Ala Ala Asp Val Glu Pro Arg Glu Gly Arg Glu Thr Leu Lys Ala
2885 2890 2895

Arg Ile Ser Ala Glu Leu Gly Ser Thr Leu Pro Glu Tyr Met Leu
2900 2905 2910

Pro Ala Ala Tyr Val Phe Met Asp Ser Leu Pro Leu Thr Ala Tyr
2915 2920 2925

Gly Arg 1Ile Asp Arg Lys Ala Leu Pro Glu Pro Glu Asp Asp Arg
2930 2935 2940

His Gly Gly Ser Ala Ile Ala Tyr Val Ala Pro Arg Gly Pro Thr
2945 2950 2955

Glu Lys Ala Leu Ala His Ile Trp Gln Gln Val Leu Lys Arg Pro
2960 2965 2970

Gln Val Gly Leu Arg Asp Asn Phe Phe Glu Leu Gly Gly His Ser
2975 2980 2985

Val Ala Ala Ile Gln Leu Val Ser Val Ser Arg Lys His Leu Glu
2990 2995 3000

Val Glu Val Pro Leu Ser Leu Ile Phe Glu Ser Pro Val Leu Glu
3005 3010 3015

Ala Met Ala Arg Gly Ile Glu Ala Leu Gln Gln Gln Gly Arg Ser
3020 3025 3030

Gly Ala Val Ser Ser Ile His Arg Val Glu Arg Thr Gly Pro Leu
3035 3040 3045

Pro Leu Ala Tyr Val Gln Glu Arg Leu Trp Phe Val His Glu His
3050 3055 3060

Met Lys Glu Gln Arg Thr Ser Tyr Asn Ile Thr Trp Thr Leu His
3065 3070 3075

Phe Ala Gly Lys Gly Phe Ser Val Glu Ala Leu Arg Thr Ala Phe
3080 3085 3090

Asp Glu Leu Val Ala Arg His Glu Thr Leu Arg Thr Trp Phe Gln
3095 3100 3105

Val Gly Glu Gly Thr Glu Gln Ala Val Gln Val Ile Gly Glu Pro
3110 3115 3120

Trp Ser Met Glu Leu Pro Leu Arg Glu Val Ala Gly Thr Glu Val
3125 3130 3135

Thr Ala Ala Ile Asn Glu Met Ser Arg Gln Val Phe Asp Leu Arg
3140 3145 3150

Ala Gly Arg Leu Leu Thr Ala Ala Val Leu Arg Val Ala Glu Asp
3155 3160 3165

Glu His Ile Leu Val Ser Asn Ile His His Ile Ile Thr Asp Gly
3170 3175 3180

Trp Ser Phe Gly Val Met Leu Arg Glu Leu Arg Glu Leu Tyr Glu
3185 3190 3195

Ala Ala Val Arg Gly Glu Arg Ala Glu Leu Pro Pro Leu Thr Val
3200 3205 3210

Gln Tyr Gly Asp Tyr Ala Val Trp Gln Arg Lys Gln Asp Leu Ser
3215 3220 3225

Glu His Leu Ala Tyr Trp Lys Gly Lys Val Glu Gly Asp Glu Asp
3230 3235 3240



US 2016/0145304 Al May 26, 2016
147

-continued

Gly Leu Glu Leu Pro Tyr Asp Phe Pro Arg Thr Ser Asn Arg Ala
3245 3250 3255

Trp Arg Ala Ala Thr Phe Gln Tyr Ser Tyr His Pro Glu Leu Ala
3260 3265 3270

Arg Lys Val Ala Glu Leu Ser Arg Glu Gln Gln Ser Thr Leu Phe
3275 3280 3285

Met Ser Leu Val Ala Ser Leu Ala Val Val Leu Asn Arg Tyr Thr
3290 3295 3300

Gly Arg Glu Asp Leu Cys Ile Gly Thr Thr Val Ala Gly Arg Ala
3305 3310 3315

Gln Val Glu Leu Glu Ser Leu Ile Gly Phe Phe Ile Asn Ile Leu
3320 3325 3330

Pro Leu Arg Leu Asp Leu Ser Gly Ala Pro Ser Leu His Glu Val
3335 3340 3345

Leu Arg Arg Thr Lys Val Val Val Leu Glu Gly Phe Glu His Gln
3350 3355 3360

Glu Leu Pro Phe Glu His Leu Leu Lys Ala Leu Arg Arg Gln Arg
3365 3370 3375

Asp Ser Ser Gln Ile Pro Leu Val Pro Val Val Val Arg His Gln
3380 3385 3390

Asn Phe Pro Met Ala Arg Leu Glu Gly Trp Ser Glu Gly Val Glu
3395 3400 3405

Leu Lys Lys Phe Glu Leu Ala Gly Glu Arg Thr Thr Ala Ser Glu
3410 3415 3420

Gln Asp Trp Gln Phe Phe Gly 2Asp Gly Ser Ser Leu Glu Leu Ser
3425 3430 3435

Leu Glu Tyr Ala Ala Glu Leu Phe Ser Glu Lys Thr Val Arg Arg
3440 3445 3450

Met Val Glu His His Gln Arg Val Leu Glu Ala Leu Val Glu Gly
3455 3460 3465

Leu Glu Glu Gly Leu His Glu Val Arg Leu Leu Thr Glu Glu Glu
3470 3475 3480

Glu Gly Leu His Gly Arg Leu Asn Asp Thr Ala Arg Glu Leu Glu
3485 3490 3495

Glu Arg Trp Ser Leu Ala Glu Thr Phe Glu Arg Gln Val Arg Glu
3500 3505 3510

Thr Pro Glu Ala Val Ala Cys Val Gly Val Glu Val Ala Thr Gly
3515 3520 3525

Gly His Ser Arg Pro Thr Tyr Arg Gln Leu Thr Tyr Arg Gln Leu
3530 3535 3540

Asn Ala Arg Ala Asn Gln Val Ala Arg Arg Leu Arg Ala Leu Gly
3545 3550 3555

Val Gly Ala Glu Thr Arg Val Ala Val Leu Ser Asp Arg Ser Pro
3560 3565 3570

Glu Leu Leu Val Ala Met Leu Ala Ile Phe Lys Ala Gly Gly Cys
3575 3580 3585

Tyr Val Pro Val Asp Pro Gln Tyr Pro Gly Ser Tyr Ile Glu Gln
3590 3595 3600

Ile Leu Glu Asp Ala Ala Pro Gln Val Val Leu Gly Lys Arg Gly
3605 3610 3615
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Arg Ala Asp Gly Val Arg Val Asp Val Trp Leu Glu Leu Asp Gly
3620 3625 3630

Ala Gln Arg Leu Thr Asp Glu Ala Leu Ala Ala Gln Glu Glu Gly
3635 3640 3645

Glu Leu Glu Gly Ala Glu Arg Pro Glu Ser Gln Gln Leu Ala Cys
3650 3655 3660

Leu Met Tyr Thr Ser Gly Ser Thr Gly Arg Pro Lys Gly Val Met
3665 3670 3675

Val Pro Tyr Ser Gln Leu His Asn Trp Leu Glu Ala Gly Lys Glu
3680 3685 3690

Arg Ser Pro Leu Glu Arg Gly Glu Val Met Leu Gln Lys Thr Ala
3695 3700 3705

Ile Ala Phe Ala Val Ser Val Lys Glu Leu Leu Ser Gly Leu Leu
3710 3715 3720

Ala Gly Val Ala Gln Val Met Val Pro Glu Thr Leu Val Lys Asp
3725 3730 3735

Ser Val Ala Leu Ala Gln Glu Ile Glu Arg Trp Arg Val Thr Arg
3740 3745 3750

Ile His Leu Val Pro Ser His Leu Gly Ala Leu Leu Glu Gly Ala
3755 3760 3765

Gly Glu Glu Ala Lys Gly Leu Arg Ser Leu Lys Tyr Val Ile Thr
3770 3775 3780

Ala Gly Glu Ala Leu Ala Gln Gly Val Arg Glu Glu Ala Arg Arg
3785 3790 3795

Lys Leu Pro Gly Ala Gln Leu Trp Asn Asn Tyr Gly Cys Thr Glu
3800 3805 3810

Leu Asn Asp Val Thr Tyr His Pro Ala Ser Glu Gly Gly Gly Asp
3815 3820 3825

Thr Val Phe Val Pro Ile Gly Arg Pro Ile Ala Asn Thr Arg Val
3830 3835 3840

Tyr Val Leu Asp Glu Gln Leu Arg Arg Val Pro Val Gly Val Met
3845 3850 3855

Gly Glu Leu Tyr Val Asp Ser Val Gly Met Ala Arg Gly Tyr Trp
3860 3865 3870

Gly Gln Pro Ala Leu Thr Ala Glu Arg Phe Ile Ala Asn Pro Tyr
3875 3880 3885

Ala Ser Gln Pro Gly Ala Arg Leu Tyr Arg Thr Gly Asp Met Val
3890 3895 3900

Arg Val Leu Ala Asp Gly Ser Leu Glu Tyr Leu Gly Arg Arg Asp
3905 3910 3915

Tyr Glu Ile Lys Val Arg Gly His Arg Val Asp Val Arg Gln Val
3920 3925 3930

Glu Lys Val Ala Asn Ala His Pro Ala Ile Arg Gln Ala Val Val
3935 3940 3945

Ser Gly Trp Pro Leu Gly Ser Ser Asn Ala Gln Leu Val Ala Tyr
3950 3955 3960

Leu Val Pro Gln Ala Gly Ala Thr Val Gly Pro Arg Gln Val Arg
3965 3970 3975

Asp Tyr Leu Ala Glu Ser Leu Pro Ala Tyr Met Val Pro Thr Leu
3980 3985 3990

Tyr Thr Val Leu Glu Glu Leu Pro Arg Leu Pro Asn Gly Lys Leu
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3995 4000 4005

Asp Arg Leu Ser Leu Pro Glu Pro Asp Leu Ser Ser Ser Arg Glu
4010 4015 4020

Glu Tyr Val Ala Pro His Gly Glu Val Glu Arg Lys Leu Ala Glu
4025 4030 4035

Ile Phe Gly Asn Leu Leu Gly Leu Glu His Val Gly Val His Asp
4040 4045 4050

Asn Phe Phe Asn Leu Gly Gly His Ser Leu Leu Ala Ser Gln Leu
4055 4060 4065

Ile Ser Arg Ile Arg Ala Thr Phe Arg Val Glu Val Ala Met Ala
4070 4075 4080

Thr Val Phe Glu Ser Pro Thr Val Glu Pro Leu Ala Arg His Ile
4085 4090 4095

Glu Glu Lys Leu Lys Asp Glu Ser Arg Val Gln Leu Ser Asn Val
4100 4105 4110

Val Pro Val Glu Arg Thr Gln Glu Leu Pro Leu Ser Tyr Leu Gln
4115 4120 4125

Glu Arg Leu Trp Phe Val His Glu His Met Lys Glu Gln Arg Thr
4130 4135 4140

Ser Tyr Asn Gly Thr Ile Gly Leu Arg Leu Arg Gly Pro Leu Ser
4145 4150 4155

Ile Pro Ala Leu Arg Ala Thr Phe His Asp Leu Val Ala Arg His
4160 4165 4170

Glu Ser Leu Arg Thr Val Phe Arg Val Pro Glu Gly Arg Thr Thr
4175 4180 4185

Pro Val Gln Val Ile Leu Asp Ser Met Asp Leu Asp Ile Pro Val
4190 4195 4200

Arg Asp Ala Thr Glu Ala Asp Ile Ile Pro Gly Met Asp Glu Leu
4205 4210 4215

Ala Gly His Ile Tyr Asp Met Glu Lys Gly Pro Leu Phe Met Val
4220 4225 4230

Arg Leu Leu Arg Leu Ala Glu Asp Ser His Val Leu Leu Met Gly
4235 4240 4245

Met His His Ile Val Tyr Asp Ala Trp Ser Gln Phe Asn Val Met
4250 4255 4260

Ser Arg Asp Ile Asn Leu Leu Tyr Ser Ala His Val Thr Gly Ile
4265 4270 4275

Glu Ala Arg Leu Pro Ala Leu Pro Ile Gln Tyr Ala Asp Phe Ser
4280 4285 4290

Val Trp Gln Arg Gln Gln Asp Phe Arg His His Leu Asp Tyr Trp
4295 4300 4305

Lys Ser Thr Leu Gly Asp Tyr Arg Asp Asp Leu Glu Leu Pro Tyr
4310 4315 4320

Asp Tyr Pro Arg Pro Pro Ser Arg Thr Trp His Ala Thr Arg Phe
4325 4330 4335

Thr Phe Arg Tyr Pro Asp Ala Leu Ala Arg Ala Phe Ala Arg Phe
4340 4345 4350

Asn Gln Ser His Gln Ser Thr Leu Phe Met Gly Leu Leu Thr Ser
4355 4360 4365

Phe Ala 1Ile Val Leu Arg His Tyr Thr Gly Arg Asn Asp Ile Cys
4370 4375 4380
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Ile Gly Thr Thr Thr Ala Gly Arg Ala Gln Leu Glu Leu Glu Asn
4385 4390 4395

Leu Val Gly Phe Phe Ile Asn Ile Leu Pro Leu Arg Ile Asn Leu
4400 4405 4410

Ala Gly Asp Pro Asp Ile Ser Glu Leu Met Asn Arg Ala Lys Lys
4415 4420 4425

Ser Val Leu Gly Ala Phe Glu His Gln Ala Leu Pro Phe Glu Arg
4430 4435 4440

Leu Leu Ser Ala Leu Asn Lys Gln Arg Asp Ser Ser His Ile Pro
4445 4450 4455

Leu Val Pro Val Met Leu Arg His Gln Asn Phe Pro Thr Ala Met
4460 4465 4470

Thr Gly Lys Trp Ala Asp Gly Val Asp Met Glu Val 1Ile Glu Arg
4475 4480 4485

Asp Glu Arg Thr Thr Pro Asn Glu Leu Asp Leu Gln Phe Phe Gly
4490 4495 4500

Asp Asp Thr Tyr Leu His Ala Val Val Glu Phe Pro Ala Gln Leu
4505 4510 4515

Phe Ser Glu Val Thr Val Arg Arg Leu Met Gln Arg His Gln Lys
4520 4525 4530

Val Ile Glu Phe Met Cys Ala Thr Leu Gly Ala Arg
4535 4540 4545

<210> SEQ ID NO 51

<211> LENGTH: 1023

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(1023)

<223> OTHER INFORMATION: CysL

<400> SEQUENCE: 51

Val Asn Val Leu Ala Arg His Ser Thr Gly Ser His Asp Glu Pro Val
1 5 10 15

Ala Gly Asp Val Glu Leu Arg Val Gly Gly Pro Gly Val Pro Asp Ala
20 25 30

His Ser Ser Glu Ser Val Glu Val Leu Ala Arg Trp Leu Arg Thr Ala
35 40 45

Glu Glu Lys Tyr Pro Gly Val Met Gly Pro Ile Arg Gln Glu Gly Pro
50 55 60

Trp Phe Ala Ile Pro Leu Thr Cys Pro Arg Gly Ala Arg Ser Ala Arg
65 70 75 80

Phe Gly Leu Trp Leu Gly Glu Leu Asp Arg Gln Gly Gln Leu Leu His
85 90 95

Met Val Ala Ser Tyr Leu Ala Ala Val His His Val Leu Val Ser Val
100 105 110

Arg Glu Pro Ser Ala Asn Val Leu Glu Val Leu Val Ser Asp Ser Thr
115 120 125

Thr Pro Ser Gly Leu Asn Arg Phe Leu Asn Gly Leu Asp Ser Val Leu
130 135 140

Glu Ile Leu Ala His Gly Arg Ser Asp Leu Leu Leu Gln His Leu Thr
145 150 155 160
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Gly Arg Leu Pro Pro Asp Glu Met Pro Phe Val Glu Asp Arg Glu Glu
165 170 175

Arg Glu Glu His Pro Ala Thr Asp Val Glu Ala Asp Ala Val Val Ser
180 185 190

Val Leu Phe Gln Pro Val Asp Phe Pro Ser Leu Ala Arg Leu Asp Ala
195 200 205

Ser Leu Leu Ala Tyr Asp Asp Glu Asp Ala Gly Ala Val Gly Arg Val
210 215 220

Leu Gly Glu Leu Leu Gln Pro Phe Leu Leu Asp Ser Ala Arg Met Thr
225 230 235 240

Val Gly Arg Lys Ala Val Arg Val Asp His Ile Cys Leu Pro Gly Leu
245 250 255

Leu Arg Ala Asp Ser Arg Ala Ala Glu Glu Ser Val Leu Ala Pro Ala
260 265 270

Leu Arg Leu Ala Thr Lys Pro Gly Arg His Phe Val Ala Leu Cys Arg
275 280 285

Asn Thr Ala Leu Arg Leu Gly Asp Arg Leu Pro His Leu Leu Ala Gln
290 295 300

Gly Pro Leu Cys Asp Gly Ala Ser Thr Ala Leu Leu Leu Leu Gln Arg
305 310 315 320

Val Leu Asp Thr Leu Ile Gly Ser Gly Gly Leu Lys Asp His Arg Leu
325 330 335

Thr Leu Glu Leu Val Gly Ala Asp Pro Arg Thr Glu Ala Ala Phe Arg
340 345 350

Ala Arg Thr Pro Trp Leu Val Ala Glu Arg Ala Ala Ser Ala Ala Ser
355 360 365

Thr Asp Ala Pro Arg Val Asp Val Val Val Leu Phe Pro Ala Ala Arg
370 375 380

Pro Ser Ala Leu Glu Leu Arg Pro Asp Ser Val Val Ile Asp Leu Phe
385 390 395 400

Gly Thr Trp Ser Leu Arg Pro Arg Pro Glu Val Leu Ala Lys Asn Ile
405 410 415

Val Tyr Val Arg Gly Ala Ser Val Arg Leu Ala Gly Glu Ala Val Val
420 425 430

Ser Thr Pro Ser Phe Ala Pro Asp Arg Val Glu Pro Ala Leu Leu Glu
435 440 445

Ala Leu Leu Arg Glu Leu Asp Ala Glu Ala Ser Ser Asp Gly Leu Ala
450 455 460

His Glu His Arg Leu Glu Ile Gly Gly Ile Arg Gly Phe Trp Gly Glu
465 470 475 480

Ile Arg Arg Ala Glu Trp Asp Ala Phe His Ser Arg Arg Arg Gly Glu
485 490 495

Leu Ala Arg Phe Gln Val Ser Gly Gln Val Thr Ala Ala Asn Pro Gly
500 505 510

Leu Ala Ser Leu Pro Asp Gly Ala Thr Asn Ile Cys Glu Tyr Ile Phe
515 520 525

Arg Glu Ala His Leu Arg Ser Gly Ser Cys Leu Val Asp Pro Gln Ser
530 535 540

Gly Gln Ser Ala Thr Tyr Ala Glu Leu Arg Arg Leu Ala Ala Ala Tyr
545 550 555 560

Ala Arg Arg Phe Arg Ala Leu Gly Leu Arg Gln Gly Asp Val Val Ala



US 2016/0145304 Al May 26, 2016
152

-continued

565 570 575

Leu Ala Ala Pro Asp Gly Ile Ser Ser Val Ala Val Met Leu Gly Cys
580 585 590

Phe Leu Gly Gly Trp Val Phe Ala Pro Leu Asn His Thr Ala Ser Ala
595 600 605

Val Asn Phe Glu Ala Met Leu Ser Ser Ala Ser Pro Arg Leu Val Leu
610 615 620

His Ala Ala Ser Thr Val Ala Arg His Leu Pro Val Leu Ser Thr Arg
625 630 635 640

Arg Cys Ala Glu Leu Ala Ser Phe Leu Pro Pro Asp Ala Leu Asp Gly
645 650 655

Val Glu Gly Asp Val Thr Pro Leu Pro Val Ser Pro Glu Ala Pro Ala
660 665 670

Val Met Leu Phe Thr Ser Gly Ser Thr Gly Gly Pro Lys Ala Val Thr
675 680 685

His Thr His Ala Asp Phe Ile Thr Cys Ser Arg Asn Tyr Ala Pro Tyr
690 695 700

Val Val Glu Leu Arg Pro Asp Asp Arg Val Tyr Thr Pro Ser Pro Thr
705 710 715 720

Phe Phe Ala Tyr Gly Leu Asn Asn Leu Leu Leu Ser Leu Ser Ala Gly
725 730 735

Ala Thr His Val Ile Ser Val Pro Arg Asn Gly Gly Met Gly Val Ala
740 745 750

Glu Ile Leu Ala Arg Asn Glu Val Thr Val Leu Phe Ala Val Pro Ala
755 760 765

Val Tyr Lys Leu Ile Ile Ser Lys Asn Asp Arg Gly Leu Arg Leu Pro
770 775 780

Lys Leu Arg Leu Cys Ile Ser Ala Gly Glu Lys Leu Pro Leu Lys Leu
785 790 795 800

Tyr Arg Glu Ala Arg Ser Phe Phe Ser Val Asn Val Leu Asp Gly Ile
805 810 815

Gly Cys Thr Glu Ala Ile Ser Thr Phe Ile Ser Asn Arg Glu Ser Tyr
820 825 830

Val Ala Pro Gly Cys Thr Gly Val Val Val Pro Gly Phe Glu Val Lys
835 840 845

Leu Val Asn Pro Arg Gly Glu Leu Cys Arg Val Gly Glu Val Gly Val
850 855 860

Leu Trp Val Arg Gly Gly Ala Leu Thr Arg Gly Tyr Val Asn Ala Pro
865 870 875 880

Asp Leu Thr Glu Lys His Phe Val Asp Gly Trp Phe Asn Thr Gln Asp
885 890 895

Met Phe Phe Met Asp Ala Glu Tyr Arg Leu Tyr Asn Val Gly Arg Ala
900 905 910

Gly Ser Val Ile Lys Ile Asn Ser Cys Trp Phe Ser Pro Glu Met Met
915 920 925

Glu Ser Val Leu Gln Ser His Pro Ala Val Lys Glu Cys Ala Val Cys
930 935 940

Val Val Ile Asp Asp Tyr Gly Leu Pro Arg Pro Lys Ala Phe Ile Val
945 950 955 960

Thr Gly Glu His Glu Arg Ser Glu Pro Glu Leu Glu His Leu Trp Ala
965 970 975
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Glu Leu Arg Val Leu Ser Lys Glu Lys Leu Gly Lys Asp His Tyr Pro
980 985 990

His Leu Phe Ala Thr Ile Lys Thr Leu Pro Arg Thr Ser Ser Gly Lys
995 1000 1005

Leu Met Arg Ser Glu Leu Ala Lys Leu Leu Thr Ser Gly Pro Pro
1010 1015 1020

<210> SEQ ID NO 52

<211> LENGTH: 38

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(38

<223> OTHER INFORMATION: CysM

<400> SEQUENCE: 52

Met Asn Pro Lys Phe Leu Gly Gly Leu Gly Ala Gly Val Cys Ile Ala
1 5 10 15

Ser Leu Phe Gln Thr Val Met Arg Thr Val Pro Leu Lys Asp Ala Gly
20 25 30

Ser Gly Asp Arg Ala Cys
35

<210> SEQ ID NO 53

<211> LENGTH: 357

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(357)

<223> OTHER INFORMATION: CysN

<400> SEQUENCE: 53

Met Ser Thr Arg Thr Lys Asn Phe Asn Val Met Gly Ile Asp Trp Met
1 5 10 15

Pro Ser Ser Ala Glu Phe Lys Arg Arg Val Pro Arg Thr Gln Arg Ala
20 25 30

Ala Glu Ala Val Leu Ala Gly Arg Arg Cys Leu Met Asp Ile Leu Asp
35 40 45

Arg Gly Asp Pro Arg Leu Phe Val Ile Val Gly Pro Cys Ser Ile His
50 55 60

Asp Pro Val Ala Gly Leu Asp Tyr Ala Lys Arg Leu Arg Lys Leu Ala
Asp Glu Val Arg Glu Thr Leu Phe Val Val Met Arg Val Tyr Phe Glu
85 90 95

Lys Pro Arg Thr Thr Thr Gly Trp Lys Gly Phe Ile Asn Asp Pro Arg
100 105 110

Met Asp Gly Ser Phe His Ile Glu Glu Gly Met Glu Arg Gly Arg Arg
115 120 125

Phe Leu Leu Asp Val Ala Glu Glu Gly Leu Pro Ala Ala Thr Glu Ala
130 135 140

Leu Asp Pro Ile Ala Ser Gln Tyr Tyr Gly Asp Leu Ile Ser Trp Thr
145 150 155 160

Ala Ile Gly Ala Arg Thr Ala Glu Ser Gln Thr His Arg Glu Met Ala
165 170 175
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Ser Gly Leu Ser Thr Pro Val Gly Phe Lys Asn Gly Thr Asp Gly Ser
180 185 190

Leu Asp Ala Ala Val Asn Gly Ile Ile Ser Ala Ser His Pro His Ser
195 200 205

Phe Leu Gly Val Ser Glu Asn Gly Ala Cys Ala Ile Ile Arg Thr Arg
210 215 220

Gly Asn Thr Tyr Gly His Leu Val Leu Arg Gly Gly Gly Gly Arg Pro
225 230 235 240

Asn Tyr Asp Ala Val Ser Val Ala Leu Ala Glu Lys Ala Leu Ala Lys
245 250 255

Ala Arg Leu Pro Thr Asn Ile Val Val Asp Cys Ser His Ala Asn Ser
260 265 270

Trp Lys Asn Pro Glu Leu Gln Pro Leu Val Met Arg Asp Val Val His
275 280 285

Gln Ile Arg Glu Gly Asn Arg Ser Val Val Gly Leu Met Ile Glu Ser
290 295 300

Phe Ile Glu Ala Gly Asn Gln Pro Ile Pro Ala Asp Leu Ser Gln Leu
305 310 315 320

Arg Tyr Gly Cys Ser Val Thr Asp Ala Cys Val Asp Trp Lys Thr Thr
325 330 335

Glu Lys Met Leu Tyr Ser Ala His Glu Glu Leu Leu His Ile Leu Pro
340 345 350

Arg Ser Lys Val Ala
355

<210> SEQ ID NO 54

<211> LENGTH: 203

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(203)

<223> OTHER INFORMATION: CysO

<400> SEQUENCE: 54

Met Pro Ala Arg Ser Thr Pro Ser Leu Glu Ser Gly Asp Phe Phe Ala
1 5 10 15

Asp Val Thr Phe Ser Asp Leu Ser Ile Glu Ser Ala Asp Leu Ser Gly
20 25 30

Lys Glu Phe Glu Arg Cys Thr Phe Arg Arg Cys Lys Leu Pro Glu Ser
35 40 45

Arg Trp Val Arg Ser Arg Leu Glu Asp Cys Val Phe Glu Gly Cys Asp
50 55 60

Leu Leu Arg Met Val Pro Glu Lys Leu Ala Leu Arg Ser Val Thr Phe
65 70 75 80

Lys Asp Thr Arg Leu Met Gly Val Asp Trp Ser Gly Leu Gly Thr Met
85 90 95

Pro Asp Val Gln Phe Glu Gln Cys Asp Leu Arg Tyr Ser Ser Phe Leu
100 105 110

Lys Leu Asn Leu Arg Lys Thr Arg Phe Val Gly Cys Ser Ala Arg Glu
115 120 125

Ala Asn Phe Ile Asp Val Asp Leu Ala Glu Ser Asp Phe Thr Gly Thr
130 135 140

Asp Met Pro Gly Cys Thr Met Gln Gly Cys Val Leu Thr Lys Thr Asn
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145 150 155 160

Phe Ala Arg Ser Thr Asn Phe Ile Phe Asp Pro Lys Ala Asn Gln Val
165 170 175

Lys Gly Thr Arg Val Gly Val Glu Thr Ala Val Ala Leu Ala Gln Ala
180 185 190

Leu Gly Met Val Val Asp Gly Tyr Gln Thr Pro
195 200

<210> SEQ ID NO 55

<211> LENGTH: 233

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(233)

<223> OTHER INFORMATION: CysP

<400> SEQUENCE: 55

Met Lys Arg Phe Phe Lys Leu Gln Leu Arg Thr Thr Asn Val Pro Ala
1 5 10 15

Ala Arg Ala Phe Tyr Thr Ala Leu Phe Gly Glu Gly Ala Ala Asn Ala
20 25 30

Asp Ile Val Pro Leu Pro Glu Gln Ala Ile Ala Arg Gly Ala Pro Ala
35 40 45

His Trp Leu Gly Tyr Val Gly Val Glu Asp Val Asp Glu Ala Val Arg

Ser Phe Val Gly Arg Gly Ala Thr Gln Leu Gly Pro Thr His Pro Thr
65 70 75 80

Asn Asp Gly Gly Arg Val Ala Ile Leu Arg Asp Pro Gly Gly Ala Thr
85 90 95

Phe Ala Val Ala Thr Ala Pro Ala Thr Thr Arg Ala Leu Gln Pro Glu
100 105 110

Val Val Trp Gln Gln Leu Tyr Ala Ala Asn Val Gln Gln Thr Ala Ala
115 120 125

Ser Tyr Cys Asp Leu Phe Gly Trp Arg Leu Ser Asp Arg Arg Asp Leu
130 135 140

Gly Ala Leu Gly Val His Gln Glu Phe Thr Trp Arg Ser Asp Glu Pro
145 150 155 160

Ser Ala Gly Ser Val Val Asp Val Ala Gly Leu Lys Gly Val His Ser
165 170 175

His Trp Leu Phe His Phe Arg Val Ala Ala Leu Asp Pro Ala Met Glu
180 185 190

Val Val Arg Lys Ala Gly Gly Val Val Ile Gly Pro Met Glu Leu Pro
195 200 205

Asn Gly Asp Arg Ile Ala Val Cys Glu Asp Pro Gln Arg Ala Ala Phe
210 215 220

Ala Leu Arg Glu Ser Ser His Gly Arg
225 230

<210> SEQ ID NO 56

<211> LENGTH: 264

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(264)
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<223> OTHER INFORMATION: CysQ
<400> SEQUENCE: 56

Met Gln Glu Ile Gly Gln Thr Ala Leu Trp Val Ala Gly Met Arg Ala
1 5 10 15

Leu Glu Thr Glu Arg Ser Asn Pro Leu Phe Arg Asp Pro Phe Ala Arg
20 25 30

Arg Leu Ala Gly Asp Thr Leu Val Glu Glu Leu Arg Arg Arg Asn Ala

Gly Glu Gly Ala Met Pro Pro Ala Ile Glu Val Arg Thr Arg Trp Leu
50 55 60

Asp Asp Gln Ile Thr Leu Gly Leu Gly Arg Gly Ile Arg Gln Ile Val
65 70 75 80

Ile Leu Ala Ala Gly Met Asp Ala Arg Ala Tyr Arg Leu Ala Trp Pro
85 90 95

Gly Asp Thr Arg Leu Phe Glu Leu Asp His Asp Ala Val Leu Gln Asp
100 105 110

Lys Glu Ala Lys Leu Thr Gly Val Ala Pro Lys Cys Glu Arg His Ala
115 120 125

Val Ser Val Asp Leu Ala Asp Asp Trp Pro Ala Ala Leu Lys Lys Ser
130 135 140

Gly Phe Asp Pro Gly Val Pro Thr Leu Trp Leu Ile Glu Gly Leu Leu
145 150 155 160

Val Tyr Leu Thr Glu Ala Gln Val Thr Leu Leu Met Ala Arg Val Asn
165 170 175

Ala Leu Ser Val Pro Glu Ser Ile Val Leu Ile Asp Val Val Gly Arg
180 185 190

Ser Ile Leu Asp Ser Ser Arg Val Lys Leu Met His Asp Leu Ala Arg
195 200 205

Gln Phe Gly Thr Asp Glu Pro Glu Val Ile Leu Arg Pro Ile Gly Trp
210 215 220

Asp Pro His Val Tyr Thr Thr Ala Ala Ile Gly Lys Gln Leu Gly Arg
225 230 235 240

Trp Pro Phe Pro Val Ala Pro Arg Gly Thr Pro Gly Val Pro Gln Gly
245 250 255

Tyr Leu Val His Gly Val Lys Arg
260

<210> SEQ ID NO 57

<211> LENGTH: 333

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(333)

<223> OTHER INFORMATION: CysR

<400> SEQUENCE: 57

Val Asn Gly Thr Thr Gly Lys Thr Gly Leu Val Ala Glu Arg Ser Gly
1 5 10 15

Ala Ile Ser Pro Arg Asp Tyr Lys Ser Lys Glu Leu Val Trp Asp Ser
20 25 30

Leu Ala Ala Thr Arg Ser Lys Pro Arg Arg Val Leu Pro Glu Gly Asp
35 40 45
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Val Val Gly His Leu Tyr Pro Pro Ala Lys Ala Ala Leu Leu Thr His
50 55 60

Pro Leu Met Lys Asn Leu Pro Pro Glu Thr Leu Arg Leu Phe Phe Ile
65 70 75 80

His Ser Ala Tyr Lys Phe Met Gly Asp Ile Ala Ile Phe Glu Thr Glu
85 90 95

Thr Val Asn Glu Val Ala Met Lys Ile Ala Asn Gly His Thr Pro Ile
100 105 110

Thr Phe Pro Asp Asp Ile Arg His Asp Ala Leu Thr Val Ile Ile Asp
115 120 125

Glu Ala Tyr His Ala Tyr Val Ala Arg Asp Phe Met Arg Gln Ile Glu
130 135 140

Gln Arg Thr Gly Val Lys Pro Leu Pro Leu Gly Thr Glu Thr Asp Leu
145 150 155 160

Ser Arg Ala Met Ala Phe Gly Lys His Arg Leu Pro Glu Thr Leu His
165 170 175

Gly Leu Trp Glu Ile Ile Ala Val Cys Ile Gly Glu Asn Thr Leu Thr
180 185 190

Lys Asp Leu Leu Asn Leu Thr Gly Glu Lys Ser Phe Asn Glu Val Leu
195 200 205

His Gln Val Met Glu Asp His Val Arg Asp Glu Gly Arg His Ala Val
210 215 220

Leu Phe Met Asn Val Leu Lys Leu Val Trp Ser Glu Met Glu Glu Ser
225 230 235 240

Ala Arg Leu Ala Ile Gly Gln Leu Leu Pro Glu Phe Ile Arg Glu Tyr
245 250 255

Leu Ser Pro Lys Met Met Ala Glu Tyr Glu Arg Val Val Leu Glu Gln
260 265 270

Leu Gly Leu Ala Ala Glu His Ile Glu Arg Ile Leu Ser Glu Thr Tyr
275 280 285

Ser Glu Pro Pro Leu Glu Asp Phe Arg Ala Arg Tyr Pro Leu Ser Gly
290 295 300

Tyr Leu Val Tyr Val Leu Met Gln Cys Asp Val Leu Ser His Ala Pro
305 310 315 320

Thr Arg Glu Ala Phe Arg Arg Phe Lys Leu Leu Ala His
325 330

<210> SEQ ID NO 58

<211> LENGTH: 642

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(642)

<223> OTHER INFORMATION: CysS

<400> SEQUENCE: 58

Met Ala Asn Gln Arg Val Ala Phe Ile Glu Leu Thr Val Phe Ser Gly
1 5 10 15

Val Tyr Pro Leu Ala Ser Gly Tyr Met Arg Gly Val Ala Glu Gln Asn
20 25 30

Pro Leu Ile Arg Glu Ser Cys Ser Phe Glu Ile His Ser Ile Cys Ile
35 40 45

Asn Asp Asp Arg Phe Glu Asp Lys Leu Asn Lys Ile Asp Ala Asp Val
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50 55 60

Tyr Ala Ile Ser Cys Tyr Val Trp Asn Met Gly Phe Val Lys Arg Trp
65 70 75 80

Leu Pro Thr Leu Thr Ala Arg Lys Pro Asn Ala His Ile Ile Leu Gly
85 90 95

Gly Pro Gln Val Met Asn His Gly Ala Gln Tyr Leu Asp Pro Gly Asn
100 105 110

Glu Arg Val Val Leu Cys Asn Gly Glu Gly Glu Tyr Thr Phe Ala Asn
115 120 125

Tyr Leu Ala Glu Leu Cys Ser Pro Gln Pro Asp Leu Gly Lys Val Lys
130 135 140

Gly Leu Ser Phe Tyr Arg Asn Gly Glu Leu Ile Thr Thr Glu Pro Gln
145 150 155 160

Ala Arg Ile Gln Asp Leu Asn Thr Val Pro Ser Pro Tyr Leu Glu Gly
165 170 175

Tyr Phe Asp Ser Glu Lys Tyr Val Trp Ala Pro Leu Glu Thr Asn Arg
180 185 190

Gly Cys Pro Tyr Gln Cys Thr Tyr Cys Phe Trp Gly Ala Ala Thr Asn
195 200 205

Ser Arg Val Phe Lys Ser Asp Met Asp Arg Val Lys Ala Glu Ile Thr
210 215 220

Trp Leu Ser Gln His Arg Ala Phe Tyr Ile Phe Ile Thr Asp Ala Asn
225 230 235 240

Phe Gly Met Leu Thr Arg Asp Ile Glu Ile Ala Gln His Ile Ala Glu
245 250 255

Cys Lys Arg Lys Tyr Gly Tyr Pro Leu Thr Ile Trp Leu Ser Ala Ala
260 265 270

Lys Asn Ser Pro Asp Arg Val Thr Gln Ile Thr Arg Ile Leu Ser Gln
275 280 285

Glu Gly Leu Ile Ser Thr Gln Pro Val Ser Leu Gln Thr Met Asp Ala
290 295 300

Asn Thr Leu Lys Ser Val Lys Arg Gly Asn Ile Lys Glu Ser Ala Tyr
305 310 315 320

Leu Ser Leu Gln Glu Glu Leu His Arg Ser Lys Leu Ser Ser Phe Val
325 330 335

Glu Met Ile Trp Pro Leu Pro Gly Glu Thr Leu Glu Thr Phe Arg Glu
340 345 350

Gly Ile Gly Lys Leu Cys Ser Tyr Asp Ala Asp Ala Ile Leu Ile His
355 360 365

His Leu Leu Leu Ile Asn Asn Val Pro Met Asn Ser Gln Arg Glu Glu
370 375 380

Phe Lys Leu Glu Val Ser Asn Asp Glu Asp Pro Asn Ser Glu Ala Gln
385 390 395 400

Val Val Val Ala Thr Lys Asp Val Thr Arg Glu Glu Tyr Lys Glu Gly
405 410 415

Val Arg Phe Gly Tyr His Leu Thr Ser Leu Tyr Ser Leu Arg Ala Leu
420 425 430

Arg Phe Val Gly Arg Tyr Leu Asp Lys Gln Gly Arg Leu Ala Phe Lys
435 440 445

Asp Leu Ile Ser Ser Phe Ser Glu Tyr Cys Lys Arg Asn Pro Asp His
450 455 460
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Pro Tyr Thr Gln Tyr Ile Thr Ser Val Ile Asp Gly Thr Ser Gln Ser
465 470 475 480

Lys Phe Ser Ala Asn Gly Gly Ile Phe His Val Thr Leu His Glu Phe
485 490 495

Arg Arg Glu Phe Asp Gln Leu Leu Phe Gly Phe Ile Gln Thr Leu Gly
500 505 510

Met Met Asn Asp Glu Leu Leu Glu Phe Leu Phe Glu Met Asp Leu Leu
515 520 525

Asn Arg Pro His Val Tyr Ser Asn Thr Pro Ile Asn Asn Gly Glu Gly
530 535 540

Leu Leu Lys His Val Thr Val Val Ser Lys Glu Lys Asp Ala Ile Val
545 550 555 560

Leu Arg Val Pro Glu Lys Tyr Ala Gln Leu Thr Ser Glu Leu Leu Gly
565 570 575

Leu Glu Gly Ala Pro Ser Thr Ser Leu Arg Val Lys Tyr Arg Gly Thr
580 585 590

Gln Met Pro Phe Met Ala Asn Lys Pro Tyr Glu Asp Asn Leu Ser Tyr
595 600 605

Cys Glu Ala Lys Leu His Lys Met Gly Ser Ile Leu Pro Val Trp Glu
610 615 620

Ser Ala Val Pro Ser Arg Thr Pro Val Arg Arg Pro Gln Val Ala Val
625 630 635 640

Ala Gly

<210> SEQ ID NO 59

<211> LENGTH: 1267

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(1267)

<223> OTHER INFORMATION: CysT

<400> SEQUENCE: 59

Met His Arg Val Lys Pro Leu Ile Gly Pro Val Leu Ser Ala Leu Leu
1 5 10 15

Leu Cys Ala Leu Pro Ala Arg Ala Gln Ile Ala Ala Ala His Val Tyr
20 25 30

His Asn His Met Pro Asn Phe Trp Ala Tyr Tyr Asp Leu Gly Gln Tyr

Ala Ser Thr Pro Thr Gly Gly Pro Ile Arg Tyr Met Tyr Asp Ala Gln
50 55 60

Val Ile Asn Leu Lys Lys Asn Pro Pro Ser Asn Tyr Thr Tyr Tyr Leu
65 70 75 80

Pro Ser Gly Ala Pro Met Pro His Asp Asp Leu Val Thr Tyr Tyr Ser
85 90 95

His Asn Ala Lys Thr Gly Ala Tyr Leu Tyr Trp Pro Pro Ser Val Ala
100 105 110

Ser Asp Met Lys Thr Asn Ala Pro Thr Gly Gln Val His Val Thr Met
115 120 125

Ser Gly Ala Val Val Asn Asn Val Gln Asp Leu Val Thr Leu Lys Asn
130 135 140

Val Pro Gly Tyr Asp Asn Pro Asn Trp Gly Ala Ser Trp Lys Asp Arg
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145 150 155 160

Tyr Ser Ala Leu Leu Thr Pro Ala Gly Asn Arg Thr Leu Asp Leu Ile
165 170 175

His Phe Thr Gly His His Ser Met Gly Pro Leu Val Gly Pro Asp Tyr
180 185 190

Phe Leu Lys Asp Leu Ile Tyr Gln Ser Ala Thr Leu Ala Gln Pro Tyr
195 200 205

Phe Leu Gly Gly Ser Phe Gln Ser Ser Lys Gly Phe Phe Pro Thr Glu
210 215 220

Leu Gly Phe Ser Glu Arg Leu Ile Pro Thr Leu Ser Lys Leu Gly Val
225 230 235 240

Gln Trp Ala Val Ile Gly Asp Asn His Phe Ser Arg Thr Leu Lys Asp
245 250 255

Tyr Pro Tyr Leu Asn Asp Pro Gly Ser Asp Thr Leu Val Ser Pro Pro
260 265 270

Asn Arg Ala Asp Leu Gln Asn Thr Ser Ser Val Gly Ser Trp Val Ser
275 280 285

Ala Gln Met Ala His Glu Gln Gln Val Ile Lys Asn Lys Tyr Pro Phe
290 295 300

Ala Ser Thr Pro His Trp Val Arg Tyr Val Asp Pro Ala Thr Gly Ala
305 310 315 320

Glu Ser Arg Val Val Gly Ile Pro Val Asn Gln Asn Gly Ser Trp Leu
325 330 335

Glu Gly Trp Glu Gly Glu Ala Thr Val Asp Val Val Asn Leu Lys Ser
340 345 350

Phe Glu Gly Leu Val Pro Gln Arg Gln Phe Phe Val Ile Ala His Asp
355 360 365

Gly Asp Asn Ser Ser Gly Arg Ala Gly Ser Asp Ser Thr Trp Tyr Asn
370 375 380

Gly Arg Ser Val Thr Cys Ala Asn Gly Val Gln Cys Val Gly Ile Ser
385 390 395 400

Glu Tyr Leu Val His His Thr Pro Ala Ser Thr Asp Val Val His Val
405 410 415

Gln Asp Gly Ser Trp Val Asp Thr Arg Asp Ser Ser Ser Asp Pro Gln
420 425 430

Trp His His Trp Lys Leu Pro Phe Gly Ile Trp Lys Gly Gln Phe Pro
435 440 445

Ala Phe Asn Ala Ala Thr Gly Leu Asn Leu Ser Pro Lys Thr Asn Leu
450 455 460

Ser Gly Val Gln Glu Gly Met Thr Val Ser Leu Glu His Gly Trp His
465 470 475 480

Tyr Leu Glu Arg Asn Phe Ala Leu Leu Gln Ala Ala Leu Asn Tyr Ala
485 490 495

Lys Thr Ala Glu Gln Ile Trp Leu Asp Ala His Pro Asn His Trp Ser
500 505 510

Pro Thr Thr Ala Ile Asp Lys Gln Ile Thr His Thr Gly Asn Gln Leu
515 520 525

Asn Pro Trp Met Met Ser Phe Pro Val Lys Gly Asp Val Asn Asn Asp
530 535 540

Trp Ala Gly Gly Ala Asn Pro Ala Glu Leu Ala Trp Tyr Phe Leu Leu
545 550 555 560
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Pro Ala Met Asp Ser Gly Phe Gly Tyr Tyr Asp Glu Asn Gln Asp Asp
565 570 575

Asn Val Lys Pro Thr Leu Ser Phe Asn Gln Ser Leu Tyr Phe Ser Lys
580 585 590

Pro Tyr Val Gln Gln Arg Ile Ala Gln Asp Lys Thr Gly Pro Ser Val
595 600 605

Trp Trp Ala Gln Arg Trp Pro Tyr Asn Pro Gly Ser Ala Asn Thr Asp
610 615 620

Lys Ser Glu Gly Trp Thr Leu His Phe Phe Asn Asn His Phe Ala Leu
625 630 635 640

Tyr Thr Tyr Ala Tyr Asp Ala Ser Gly Ile Ser Ser Ile Lys Ala Arg
645 650 655

Val Arg Val His Thr His Lys Ser Ile Asp Pro Leu Asp Asn Thr His
660 665 670

Lys Val Tyr Asp Pro Ala Ala Arg Lys Ala Ala Gly Val Pro Asn Ile
675 680 685

Asp Pro Ala Arg Val Gly Ala Trp Val Asp Tyr Pro Leu Thr Arg Arg
690 695 700

Asp Leu Lys Pro Val Met Asn Gly Val Ser Trp Gln Pro Ala Tyr Leu
705 710 715 720

Pro Val Met Ala Lys Val Pro Ala Gln Glu Ile Gly Asp Leu Tyr Tyr
725 730 735

Val Tyr Leu Gly Asn Tyr Arg Asp Gln Leu Leu Asp Tyr Tyr Ile Glu
740 745 750

Ala Thr Asp Ser Arg Gly Asn Ile Thr Arg Gly Glu Ile Gln Ser Val
755 760 765

Tyr Val Gly Ser Gly Arg Tyr Asn Leu Val Gly Gly Lys Tyr Ile Glu
770 775 780

Asp Pro Asn Gly Thr Val Gln Gly Thr His Pro Phe Leu Val Val Asp
785 790 795 800

Thr Thr Ala Pro Ser Val Pro Ser Gly Leu Thr Ala Lys Ala Lys Thr
805 810 815

Asp Arg Ser Val Thr Leu Ser Trp Ser Ala Ala Ser Asp Asn Val Ala
820 825 830

Val Ser Gly Tyr Asp Val Phe Arg Asp Gly Thr Gln Val Gly Ser Ser
835 840 845

Thr Ser Thr Ala Tyr Thr Asp Ser Gly Leu Ser Pro Ser Thr Gln Tyr
850 855 860

Ser Tyr Thr Val Arg Ala Arg Asp Ala Ala Gly Asn Ala Ser Ala Gln
865 870 875 880

Ser Thr Ala Leu Ser Val Ala Thr Leu Thr Pro Asp Thr Thr Pro Pro
885 890 895

Ser Val Pro Ser Gly Leu Thr Ala Ser Gly Thr Thr Ser Ser Ser Val
900 905 910

Ala Leu Ala Trp Thr Ala Ser Thr Asp Asn Tyr Gly Val Ala Asn Tyr
915 920 925

Glu Val Leu Arg Asn Gly Thr Gln Val Ala Ser Val Thr Gly Thr Thr
930 935 940

Tyr Ser Asp Thr Gly Leu Ser Pro Ser Thr Thr Tyr Ser Tyr Thr Val
945 950 955 960
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Arg Ala Arg Asp Ala Ala Gly Asn Val Ser Ser Pro Ser Thr Ala Leu
965 970 975

Ser Val Thr Thr Gln Thr Gly Asn Ser Ala Thr Val Tyr Tyr Phe Asn
980 985 990

Asn Asn Phe Ala Leu Lys Tyr Ile His Phe Arg Ile Gly Gly Gly Thr
995 1000 1005

Trp Thr Thr Val Pro Gly Asn Val Met Ala Thr Ser Glu Val Pro
1010 1015 1020

Gly Tyr Ala Lys Tyr Thr Val 2Asn Leu Gly Ala Ala Thr Gln Leu
1025 1030 1035

Glu Cys Val Phe Asn Asp Gly Lys Gly Thr Trp Asp Asn Asn Lys
1040 1045 1050

Gly Asn Asn Tyr Leu Leu Pro Ala Gly Thr Ser Thr Val Lys Asp
1055 1060 1065

Gly Val Val Ser Ser Gly Ala Pro Ala Leu Asp Thr Thr Ala Pro
1070 1075 1080

Ser Val Pro Ser Gly Leu Thr Ala Ala Ser Lys Thr Ser Ser Ser
1085 1090 1095

Val Ser Leu Ser Trp Ser Ala Ser Thr Asp Ala Ser Gly Ile Ala
1100 1105 1110

Gly Tyr Asp Val Tyr Arg Asp Gly Ser Leu Val Gly Ser Pro Val
1115 1120 1125

Ser Thr Ser Tyr Thr Asp Ser Asp Leu Ser Ala Gly Thr Thr Tyr
1130 1135 1140

Arg Tyr Thr Val Arg Ala Arg Asp Thr Ala Gly Asn Ala Ser Ala
1145 1150 1155

Gln Ser Thr Ala Leu Ser Val Thr Thr Ser Thr Ser Ser Ala Thr
1160 1165 1170

Ser Val Thr Phe Asn Val Thr Ala Ser Thr Val Val Gly Gln Asn
1175 1180 1185

Val Tyr Leu Val Gly Asn His Ala Ala Leu Gly Asn Trp Asn Thr
1190 1195 1200

Gly Ala Ala Ile Leu Leu Ser Pro Ala Ser Tyr Pro Lys Trp Ser
1205 1210 1215

Val Thr Leu Ser Leu Pro Gly Ser Thr Ala Leu Glu Tyr Lys Tyr
1220 1225 1230

Ile Lys Lys Asp Gly Ser Gly Asn Val Thr Trp Glu Ser Gly Ala
1235 1240 1245

Asn Arg Ser Thr Thr Ile Pro Ala Ser Gly Thr Ala Thr Leu Asn
1250 1255 1260

Asp Thr Trp Lys
1265

<210> SEQ ID NO 60

<211> LENGTH: 276

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(276)

<223> OTHER INFORMATION: ORF1

<400> SEQUENCE: 60

Val Pro His Pro Ser Glu Gln Ser Ala Pro Ser Gly Leu Arg Ala Arg
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1 5 10 15

Leu His Glu Ile Ile Phe Glu Ser Asp Thr Pro Ala Gly Arg Ala Phe
20 25 30

Asp Val Ala Leu Leu Trp Ala Ile Val Leu Ser Val Leu Ala Val Met
35 40 45

Leu Glu Ser Val Glu Ser Ile Ser Val Gln His Gly Gln Thr Ile Arg
50 55 60

Val Leu Glu Trp Cys Phe Thr Gly Leu Phe Thr Leu Glu Tyr Val Leu
65 70 75 80

Arg Leu Leu Ser Val Lys Arg Pro Leu Arg Tyr Ala Leu Ser Phe Phe
85 90 95

Gly Leu Val Asp Leu Leu Ala Ile Leu Pro Ser Val Leu Ser Leu Met
100 105 110

Leu Pro Gly Met Gln Ser Leu Leu Val Val Arg Val Phe Arg Leu Leu
115 120 125

Arg Val Phe Arg Val Leu Lys Leu Ala Ser Phe Leu Gly Glu Ala Asp
130 135 140

Val Leu Leu Thr Ala Leu Arg Ala Ser Arg Arg Lys Ile Ile Val Phe
145 150 155 160

Leu Gly Ala Val Leu Ser Thr Val Val Ile Met Gly Ala Val Met Tyr
165 170 175

Met Val Glu Gly Arg Ala Asn Gly Phe Asp Ser Ile Pro Arg Gly Met
180 185 190

Tyr Trp Ala Ile Val Thr Met Thr Thr Val Gly Tyr Gly Asp Leu Ser
195 200 205

Pro Lys Thr Val Pro Gly Gln Phe Ile Ala Ser Val Leu Met Ile Met
210 215 220

Gly Tyr Gly Ile Leu Ala Val Pro Thr Gly Ile Val Ser Val Glu Leu
225 230 235 240

Ala Gln Ala Thr Arg Gln His Ala Ile Asp Pro Arg Ala Cys Pro Gly
245 250 255

Cys Gly Leu Gln Gly His Asp Leu Asp Ala His His Cys Lys His Cys
260 265 270

Gly Thr Ala Leu
275

<210> SEQ ID NO 61

<211> LENGTH: 78

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(78

<223> OTHER INFORMATION: ORF2

<400> SEQUENCE: 61

Met Ala Gln Asp Gln Asp Arg Glu Lys Leu His Ser Asp Ala Asp Lys
1 5 10 15

Glu Arg Leu His Pro Lys Val Asp Ser Gly Asp Val Ser Gly Arg Gly
20 25 30

Arg Glu Arg Arg Pro Asp Glu Glu Tyr Pro Lys Gln Arg Asn Ala Gly
35 40 45

Glu Phe Gly Thr His Gly Gly Pro Asn Lys Gly Gly Lys Glu Asp Arg
50 55 60
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Arg Gln Leu His Ala Pro Gly Ser Ser Lys Ala Gly Ser Gln
65 70 75

<210> SEQ ID NO 62

<211> LENGTH: 162

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(162)

<223> OTHER INFORMATION: ORF3

<400> SEQUENCE: 62

Met Gly Arg Thr Tyr Ser Phe Glu Pro Phe Leu Ser Gln Gln Pro
1 5 10 15

Gln Thr Tyr Lys Gly Ser Gly Pro Arg Leu Gly Asn Glu Glu His
20 25 30

Ile Ala Leu Thr Lys Glu Glu Glu Lys Ala Ala Leu Pro Asp Thr
35 40 45

Thr Gly Tyr Gly Gln Ala His Ala Glu Thr Val Lys Arg Tyr Arg
50 55 60

Arg Ala Glu Lys Lys Arg Thr Glu Pro Lys Thr Pro Ala Thr Arg
65 70 75

Lys Lys Ala Ala Pro Lys Ala Lys Pro Thr Arg Lys Val Ala Thr
85 90 95

Glu Ala Thr Ala Lys Ala Pro Thr Arg Gln Ala Arg Glu Glu Thr
100 105 110

Pro Lys Ala Pro Ala Arg Lys Lys Leu Ser Ala Thr Gly Leu Val
115 120 125

Ser Ile Gly Arg Lys Val Val Thr Arg Ala Ala Val Ala Ala Lys
130 135 140

Thr Val Ala Arg Ala Val Lys Thr Ala Ala Ala Arg Lys Ser Ala
145 150 155

Lys Arg

<210> SEQ ID NO 63

<211> LENGTH: 87

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(87

<223> OTHER INFORMATION: ORF4

<400> SEQUENCE: 63

Met Ser Pro Ala Arg Arg Lys Glu Ser Lys Gln His Glu Val Gly
1 5 10 15

Ala Thr His Ala Arg Arg Val Ile Val Ala Thr Asp Gly Arg Gly
20 25 30

Tyr Val Arg Phe Glu Gly Asn Arg Gln Leu Gly Arg Tyr Ser Asn
35 40 45

Thr Gln Ala Ile His Gly Gly Arg Arg Leu Ala Arg Gln His Lys
50 55 60

Ala Gly Leu Val Val Arg Tyr Leu Asp Gly Glu Glu Glu Glu Ser
65 70 75

Tyr Gly Asp Arg Glu Ala Pro

Ala

Lys

Pro

Ala

Ala

80

Gln

Glu

Gly

Lys

Lys
160

Ser

Trp

Val

Pro

Trp
80
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85
<210> SEQ ID NO 64
<211> LENGTH: 149
<212> TYPE: PRT
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1)..(149)
<223> OTHER INFORMATION: ORF5
<400> SEQUENCE: 64
Met Lys His Ile Lys Ala Val Val Val Gly Ala Leu Ser Ala Ala Leu
1 5 10 15
Leu Phe Gly Val Gly Cys Gln Thr Thr Gly Gly Ala Gly Asn Gln Gly
20 25 30
Thr Gly Gly Ser Asp Thr Ser Gln Gly Gly Thr Met Thr Gly Ser Glu
35 40 45
Thr Thr Gly Thr Gly Thr Thr Gly Gly Thr Thr Glu Gly Gly Asp Thr
50 55 60
Thr Gly Gly Gly Thr Gly Gly Thr Gly Ala Gly Asp Ile Asp Gly Ser
65 70 75 80
Ser Ser Gly Ser Thr Gly Ser Gly Ser Asp Val Gly Gly Ser Gly Gly
85 90 95
Ser Gly Val Ser Ser Glu Pro Gly Gly Phe Ser Pro Asp Ala Ser Gly
100 105 110
Val Asp Ser Asp Leu Gly Gly Ser Gly Thr Gly Ser Asp Val Asp Gly
115 120 125
Ser Gly Ser Thr Asp Ser Ser Gly Asn Met Ser Gly Thr Gly Ser Glu
130 135 140
Asp Asp Thr Ser Arg
145
<210> SEQ ID NO 65
<211> LENGTH: 525
<212> TYPE: PRT
<213> ORGANISM: Cystobacter velatus
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1)..(525)
<223> OTHER INFORMATION: ORF6
<400> SEQUENCE: 65
Met Ser Thr Arg Thr Ser Leu Ala Leu Ala Ala Ser Leu Ala Ala Leu
1 5 10 15
Pro Ala Leu Ala Gln Glu Arg Pro Ser Glu Gly Asp Leu Phe Gly Gly
20 25 30
Asp Thr Pro Glu Thr Lys Pro Ala Pro Ala Asp Ala Pro Arg Pro Asp
35 40 45
Glu Ser Ser Leu Phe Gly Asp Thr Pro Ala Ser Thr Pro Ala Ala Gln
50 55 60
Ser Ala Ala Ala Thr Ala Ala Pro Asp Lys Pro Ser Ala Thr Pro Gln
65 70 75 80
Asp Arg Asp Ala Gln Ala Leu Gly Gly Pro Ser Ala Thr Asn Ala Phe
85 90 95
Asp Thr Glu Glu Ala Val Glu Asp Pro Leu Lys Ile Gly Gly Arg Phe
100 105 110
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Tyr Leu Arg Ala Tyr Ser Gln Ala Asn Glu Gly Val Ser Phe Ser Asn
115 120 125

Thr Thr Phe Ser Ala Pro Met Leu Val Asp Gly Tyr Phe Asp Ala Arg
130 135 140

Pro Thr Glu Arg Leu Arg Gly Phe Val Leu Gly Arg Leu Thr Phe Asp
145 150 155 160

Pro Thr Arg Lys Ala Gly Ser Leu Gly Ile Val Pro Thr Ser Thr Ser
165 170 175

Thr Ser Asn Val Ala Ala Asp Pro Val Val Leu Leu Asp Gln Ala Trp
180 185 190

Leu Arg Phe Asp Leu Asp His Lys Leu Phe Ile Thr Val Gly Lys Gln
195 200 205

His Val Lys Trp Gly Thr Ser Arg Phe Trp Asn Pro Thr Asp Phe Leu
210 215 220

Ser Pro Gln Arg Arg Asp Pro Leu Ala Leu Leu Asp Thr Arg Thr Gly
225 230 235 240

Ala Thr Met Leu Lys Met His Met Pro Trp Glu Ala Lys Gly Trp Asn
245 250 255

Phe Tyr Val Leu Gly Leu Leu Asp Asn Ala Gly Pro Ala Asn Thr Leu
260 265 270

Gly Arg Val Gly Gly Ala Ala Arg Ala Glu Val Val Leu Gly His Thr
275 280 285

Glu Leu Gly Val Asp Ala Val Leu Gln His Gly Arg Lys Pro Arg Phe
290 295 300

Gly Leu Asp Leu Ser Ser Gly Leu Gly Pro Ile Asp Ile Tyr Gly Glu
305 310 315 320

Leu Ala Leu Lys Lys Gly Ser Asp Ala Pro Met Phe Arg Met Pro Gln
325 330 335

Gly Val Ser Leu Gly Asp Leu Leu Gly Gln Phe Gln Gly Asn Gly Gly
340 345 350

Met Pro Pro Asp Leu Gly Ala Leu Pro Ile Glu Ala Tyr Tyr Pro Glu
355 360 365

Gly Tyr Thr Pro Gln Val Ser Gly Gly Ala Thr Trp Thr Phe Ala Tyr
370 375 380

Ser Glu Ser Asp Thr Ala Thr Val Gly Val Glu Tyr Phe Tyr Asn Ser
385 390 395 400

Met Gly Tyr Pro Gly Ser Leu Ala Tyr Pro Tyr Leu Ile Leu Gln Gly
405 410 415

Gln Tyr Gln Pro Phe Tyr Leu Gly Arg His Tyr Ala Ala Val Tyr Ala
420 425 430

Phe Leu Ser Gly Pro Gly Ser Trp Asp Asn Thr Asn Phe Ile Leu Ser
435 440 445

Asn Leu Gly Asn Leu Ser Asp Arg Ser Phe Ile Thr Arg Leu Asp Val
450 455 460

Thr His Arg Ala Leu Arg Tyr Leu Ser Ile Glu Ala Phe Ile Ala Ala
465 470 475 480

Asn Tyr Gly Gln Arg Gly Gly Glu Phe Arg Phe Ala Leu Asn Leu Pro
485 490 495

Ala Leu Arg Met Gly Glu Gln Val Thr Pro Pro Ile Ala Val Ala Pro
500 505 510
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Pro Thr Ile Gln Ala Gly Val Gly Leu Arg Ile Asp Leu
515 520 525

<210> SEQ ID NO 66

<211> LENGTH: 261

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(261)

<223> OTHER INFORMATION: ORF7

<400> SEQUENCE: 66

Met Thr Leu Arg Asn Leu Leu Gly Ala Leu Phe Ala Ala Leu Leu Leu
1 5 10 15

Ala Ala Pro Thr Ala Arg Ala Asp Leu Thr Asp Pro Ala Glu Ile Lys
20 25 30

Lys Leu Leu Glu Thr Leu Asp Asn Arg Gln Arg Asn Gly Gly Asp Tyr
35 40 45

Lys Ser Leu Val Tyr Ile Glu Gln Lys Glu Lys Asp Lys Thr Asp Val
50 55 60

Val Arg Glu Ala Val Val Tyr Arg Arg Asp Glu Lys Asp Gln Leu Met
65 70 75 80

Ile Leu Met Thr Lys Pro Lys Gly Glu Ala Gly Lys Gly Tyr Leu Arg
85 90 95

Leu Asp Lys Asn Leu Trp Ser Tyr Asp Pro Asn Thr Gly Lys Trp Asp
100 105 110

Arg Arg Thr Glu Arg Glu Arg Ile Ala Gly Thr Asp Ser Arg Arg Ala
115 120 125

Asp Phe Asp Glu Ser Arg Leu Ala Glu Glu Leu Asp Gly Lys Phe Glu
130 135 140

Gly Glu Glu Lys Leu Gly Lys Phe Thr Thr Trp Lys Leu Val Leu Thr
145 150 155 160

Ala Lys Pro Asn Val Asp Val Ala Tyr Pro Val Val His Leu Trp Val
165 170 175

Glu Lys Asp Thr Asn Asn Ile Leu Lys Arg Gln Glu Phe Ala Leu Ser
180 185 190

Gly Arg Leu Met Arg Thr Ser Tyr Phe Pro Lys Trp Met Lys Leu Phe
195 200 205

Ser Glu Ser Lys Lys Ala Asp Val Trp Tyr Pro Gln Glu Met Arg Phe
210 215 220

Tyr Asp Glu Val Glu Lys Thr Asn Ser Thr Val Ile Val Val Lys Ser
225 230 235 240

Val Asp Leu Arg Ser Leu Glu Glu Asn Ile Phe Thr Lys Ala Trp Phe
245 250 255

Glu Ser Lys Ser Arg
260

<210> SEQ ID NO 67

<211> LENGTH: 433

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(433)

<223> OTHER INFORMATION: ORF8
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<400> SEQUENCE: 67

Met Gln Gln Leu Leu Leu Ile Ala Val Arg Asn Leu Gly Thr His Lys
1 5 10 15

Arg Arg Thr Leu Leu Leu Gly Gly Ala Ile Ala Gly Val Thr Ala Leu
20 25 30

Leu Val Ile Leu Met Gly Leu Ser Asn Gly Met Lys Asp Thr Met Leu
Arg Ser Ala Thr Thr Leu Val Thr Gly His Val Asn Val Ala Gly Phe
50 55 60

Tyr Lys Val Thr Ala Gly Gln Ser Ala Pro Val Val Thr Ser Tyr Pro
65 70 75 80

Lys Leu Leu Glu Gln Leu Arg Lys Glu Val Pro Glu Leu Asp Phe Ser
85 90 95

Val Gln Arg Thr Arg Gly Trp Val Lys Leu Val Ser Glu Ser Gly Ser
100 105 110

Val Gln Thr Gly Ile Gly Gly Ile Asp Val Ala Ala Glu Thr Gly Ile
115 120 125

Arg Lys Val Leu Gln Leu Arg Glu Gly Arg Leu Glu Asp Leu Ala Gln
130 135 140

Pro Asn Thr Leu Leu Leu Phe Asp Glu Gln Ala Lys Arg Leu Glu Val
145 150 155 160

Lys Val Gly Asp Ser Val Thr Leu Ser Ala Ser Thr Met Arg Gly Ile
165 170 175

Ser Asn Thr Val Asp Val Arg Val Val Ala Ile Ala Ala Asn Val Gly
180 185 190

Met Leu Ser Ser Phe Asn Val Leu Val Pro Asn Ala Thr Leu Arg Ala
195 200 205

Leu Tyr Gln Leu Arg Glu Asp Ser Thr Gly Ala Leu Met Leu His Leu
210 215 220

Lys Asp Met Ser Ala Ile Pro Ser Val Gln Ala Arg Leu Tyr Lys Arg
225 230 235 240

Leu Pro Glu Leu Gly Tyr Gln Val Leu Glu His Asp Pro Arg Ala Phe
245 250 255

Phe Met Lys Phe Gln Thr Val Asn Arg Glu Ala Trp Thr Gly Gln Lys
260 265 270

Leu Asp Ile Thr Asn Trp Glu Asp Glu Ile Ser Phe Ile Lys Trp Thr
275 280 285

Val Ser Ala Met Asp Ala Leu Thr Gly Val Leu Ile Phe Val Leu Leu
290 295 300

Ile Ile Ile Ala Val Gly Ile Met Asn Thr Leu Trp Ile Ala Ile Arg
305 310 315 320

Glu Arg Thr Arg Glu Ile Gly Thr Leu Arg Ala Ile Gly Met Gln Arg
325 330 335

Trp Tyr Val Leu Val Met Phe Leu Leu Glu Ala Leu Val Leu Gly Leu
340 345 350

Leu Gly Thr Thr Val Gly Ala Leu Val Gly Met Gly Val Cys Leu Leu
355 360 365

Ile Asn Ala Val Asp Pro Ser Val Pro Val Pro Val Gln Leu Phe Ile
370 375 380

Leu Ser Asp Lys Leu His Leu Ile Val Lys Pro Gly Ser Val Met Arg
385 390 395 400
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Ala Ile Ala Phe Ile Thr Leu Cys Thr Thr Phe Ile Ser Leu Ile Pro

405

410

415

Ser Phe Leu Ala Ala Arg Met Lys Pro Ile Thr Ala Met His His

Gly

<210>
<211>
<212>
<213>
<220>
<221>
<222>
<223>

<400>

420

PRT

SEQUENCE :

Met Gly Gln Leu

1

Val

Val

Met

Ser

Glu

Val

Ala

Leu

Arg

145

Leu

Thr

Ala

Leu

Leu

225

Arg

Met

Ala

Thr

Ser

Leu

Ser

50

Ala

Pro

Gln

Thr

Arg

130

Gly

Leu

Thr

Phe

Glu

210

Arg

Met

Met

His

Ile

Arg

Val

35

Arg

His

Asp

Gln

Phe

115

Asp

Gln

Glu

Asp

Trp

195

Asn

Tyr

Arg

Leu

Arg

275

Ala

Ile

20

Val

Ser

Ser

Leu

His

100

Ile

Leu

Ile

Glu

Pro

180

Ala

Arg

Val

Ile

Ser
260

Leu

Met

SEQ ID NO 68
LENGTH:
TYPE :
ORGANISM: Cystobacter velatus
FEATURE:
NAME/KEY: MISC_FEATURE
LOCATION:

701

(1) ..(701)

68

Lys

5

Asn

Val

Ile

Lys

Ser

85

Pro

Asn

Tyr

His

Asp

165

Ala

Asp

Ile

Gly

Val
245
Lys

Asp

Asp

Leu

Leu

Gly

Ile

Asp

Ala

Asn

Ser

Lys

Ser

150

Met

Asp

Phe

Ala

Thr

230

Glu

Phe

Leu

Pro

Leu

Leu

Gly

Gly

55

Glu

Leu

Val

Gly

Lys

135

Leu

Lys

Ala

Asp

Pro

215

Asp

Gly

Thr

Ile

Gln

OTHER INFORMATION: ORF9

Leu

Ile

Ser

40

Ser

Leu

Asp

Lys

Asn

120

Ala

Gln

Arg

Glu

Glu

200

Tyr

Leu

Thr

Tyr

Lys

280

Leu

425

Gln Val
10

Gly Gly
25

Leu Val

Val Ala

Ser Leu

Asp Phe
90

Thr Val
105

Thr Ile

Ala Gln

Ala His

Arg Arg
170

Ala Met
185

Lys Pro

Met Thr

Val Asn

Pro Val
250

Glu Asn
265

Glu Ala

Gln Arg

Ala

Asp

Gly

Phe

75

Ser

Val

Asp

Gly

Val

155

Glu

Ala

Phe

Asp

Phe

235

Pro

Asp

Arg

Trp

Leu

Ile

Ser

His

60

Gly

Arg

Pro

Leu

Asp

140

Arg

Ile

Arg

Asp

Gly

220

Gln

Pro

Phe

Asp

Val

Arg

Phe

Val

45

Leu

Gln

Ile

Met

Thr

125

Thr

His

Ile

Ala

Ser

205

Asp

Lys

Gly

Lys

Thr
285

Lys

430

Asn

Phe

30

Asp

Gln

Met

Lys

Gly

110

Leu

Pro

Ile

Asp

Arg

190

Leu

Met

Thr

His

Leu
270

Asn

Glu

Leu

15

Gly

Glu

Val

Gly

Gln

95

Thr

Ala

Glu

Ile

Asp

175

Ser

Glu

Leu

Phe

Arg
255
Lys

His

Asn

Ile

Phe

Thr

Ala

Tyr

Arg

Leu

Gly

Arg

Leu

Thr

160

Lys

Glu

Phe

Ser

Asp

240

Gly

Thr

Lys

Gln
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290 295 300

Thr Gln Thr Arg Glu Ile Leu Phe Gln Leu Asp Asp Leu Lys Thr Lys
305 310 315 320

Gln Ala Val Glu Arg Leu Gln Arg Val Leu Gly Ser Gln Glu Thr Asp
325 330 335

Leu Gly Lys Leu Leu Pro Ala Phe Phe Thr Met Asp Asp Ala Asn Phe
340 345 350

Asp Thr Arg Tyr Gln Gln Phe Tyr Ser Glu Leu Ala Thr Leu Leu Asp
355 360 365

Leu Tyr Arg Ile Arg Ile Gly Asp Asp Leu Thr Ile Thr Ala Phe Ser
370 375 380

Arg Thr Gly Tyr Val Gln Ser Val Asn Val Lys Ile Tyr Gly Thr Tyr
385 390 395 400

Gln Phe Asp Gly Leu Glu Lys Ser Ala Val Ala Gly Ala Leu Asn Leu
405 410 415

Leu Asp Leu Met Ser Phe Arg Glu Leu Tyr Gly Tyr Leu Thr Ala Glu
420 425 430

Lys Lys Ala Glu Leu Ala Gly Leu Gln Lys Ala Ser Gly Val Gln Gln
435 440 445

Val Lys Arg Glu Asp Ala Glu Thr Ala Leu Phe Gly Glu Gln Gly Ser
450 455 460

Ala Ser Leu Val Ala Glu Gly Thr Ala Gly Gln Ile Asp Glu Asp Lys
465 470 475 480

Gln Leu Asp Gly Leu Ala Gln Lys Leu His Arg Glu Glu Leu Ala Ser
485 490 495

Arg Val Tyr Thr Gln Gln Glu Ile Glu Ser Gly Val Val Leu Ser Thr
500 505 510

Ala Val Leu Leu Lys His Pro Glu Lys Leu Glu Gln Thr Leu Ala Glu
515 520 525

Leu Arg Lys Ser Ala Asp Asp Ala Lys Leu Pro Leu Arg Ile Ile Ser
530 535 540

Trp Gln Lys Ala Ser Gly Thr Ile Gly Gln Phe Val Leu Val Ala Lys
545 550 555 560

Leu Val Leu Tyr Phe Ala Val Phe Ile Ile Phe Val Val Ala Leu Val
565 570 575

Ile Ile Asn Asn Ala Met Met Met Ala Thr Leu Gln Arg Val Arg Glu
580 585 590

Val Gly Thr Leu Arg Ala Ile Gly Ala Gln Arg Ser Phe Val Leu Ser
595 600 605

Met Val Leu Val Glu Thr Val Val Leu Gly Leu Val Phe Gly Val Leu
610 615 620

Gly Ala Ala Met Gly Gly Ala Ile Met Asn Met Leu Gly His Val Gly
625 630 635 640

Ile Pro Ala Gly Asn Glu Ala Leu Tyr Phe Phe Phe Ser Gly Pro Arg
645 650 655

Leu Phe Pro Ser Leu His Leu Ser Asn Leu Val Ala Ala Phe Val Ile
660 665 670

Val Leu Val Val Ser Ala Leu Ser Thr Phe Tyr Pro Ala Tyr Leu Ala
675 680 685

Thr Arg Val Ser Pro Leu Gln Ala Met Gln Thr Asp Glu
690 695 700
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<210> SEQ ID NO 69

<211> LENGTH: 253

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(253)

<223> OTHER INFORMATION: ORF10

<400> SEQUENCE: 69

Met Ser Gln Val Thr Ala Leu Pro Gly Ser Thr Gln Pro Ile Val Ser
1 5 10 15

Leu Thr Glu Val Thr Lys Thr Tyr Ser Leu Gly Lys Val Gln Val Pro
20 25 30

Ala Leu Arg Gly Val Thr Leu Glu Val Tyr Pro Gly Glu Phe Ile Ser
35 40 45

Ile Ala Gly Pro Ser Gly Ser Gly Lys Thr Thr Ala Leu Asn Leu Ile
50 55 60

Gly Cys Val Asp Thr Ala Ser Ser Gly Val Val Ser Val Asp Gly Gln
65 70 75 80

Asp Thr Lys Lys Leu Thr Glu Arg Gln Leu Thr His Leu Arg Leu His
85 90 95

Thr Ile Gly Phe Ile Phe Gln Ser Phe Asn Leu Val Ser Val Leu Ser
100 105 110

Val Phe Gln Asn Val Glu Phe Pro Leu Leu Leu Gln Arg Lys Leu Asn
115 120 125

Ala Ser Glu Arg Arg Thr Arg Val Met Thr Leu Leu Glu Gln Val Gly
130 135 140

Leu Glu Lys His Ala Lys His Arg Pro Asn Glu Leu Ser Gly Gly Gln
145 150 155 160

Arg Gln Arg Val Ala Val Ala Arg Ala Leu Val Thr Arg Pro Lys Leu
165 170 175

Val Leu Ala Asp Glu Pro Thr Ala Asn Leu Asp Ser Val Thr Gly Gln
180 185 190

Asn Ile Ile Asp Leu Met Lys Glu Leu Asn Arg Lys Glu Gly Thr Thr
195 200 205

Phe Ile Phe Ser Thr His Asp Ala Lys Val Met Thr His Ala Asn Ala
210 215 220

Val Val Arg Leu Ala Asp Gly Lys Ile Leu Asp Arg Ile Thr Pro Ala
225 230 235 240

Glu Ala Gln Lys Val Met Ala Val Ser Glu Gly Gly His
245 250

<210> SEQ ID NO 70

<211> LENGTH: 397

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(397)

<223> OTHER INFORMATION: ORF11

<400> SEQUENCE: 70

Met Pro Gln Lys Phe Val Gly Lys Trp Lys Gly Gly Arg Val Lys Leu
1 5 10 15



US 2016/0145304 Al May 26, 2016
172

-continued

Val Asp Gly Arg Lys Val Trp Leu Leu Glu Lys Met Val Ser Gly Ala
20 25 30

Arg Phe Ser Val Ser Leu Ala Val Ser Asn Glu Glu Asp Ala Leu Ala
35 40 45

Glu Leu Ala Leu Phe Arg Arg Asp Arg Asp Ala Tyr Leu Ala Lys Val
50 55 60

Lys Ala Asp Arg Ser Glu Glu Val Gln Ala Ser Thr Val Ala Gly Ala
65 70 75 80

Val Pro Leu Ser Gly Asp Val Gly Pro Arg Leu Asp Ala Asp Ser Val
85 90 95

Arg Glu Phe Leu Arg His Leu Thr Gln Arg Gly Arg Thr Glu Gly Tyr
100 105 110

Arg Arg Asp Ala Arg Thr Tyr Leu Ser Gln Trp Ala Glu Val Leu Ala
115 120 125

Gly Arg Asp Leu Ser Thr Val Ser Leu Leu Glu Leu Arg Arg Ala Leu
130 135 140

Ser Gln Trp Pro Thr Ala Arg Lys Met Arg Ile Ile Thr Leu Lys Ser
145 150 155 160

Phe Phe Ser Trp Leu Arg Glu Glu Asp Arg Leu Lys Ala Ala Glu Asp
165 170 175

Pro Thr Leu Ser Leu Lys Val Pro Pro Ala Val Ala Glu Lys Gly Arg
180 185 190

Arg Ala Lys Gly Tyr Ser Met Ala Gln Val Glu Lys Leu Tyr Ala Ala
195 200 205

Ile Gly Ser Gln Thr Val Arg Asp Val Leu Cys Leu Arg Ala Lys Thr
210 215 220

Gly Met His Asp Ser Glu Ile Ala Arg Leu Ala Ser Gly Lys Gly Glu
225 230 235 240

Leu Arg Val Val Asn Asp Pro Ser Gly Ile Ala Gly Thr Ala Arg Phe
245 250 255

Leu His Lys Asn Gly Arg Val His Ile Leu Ser Leu Asp Ala Gln Ala
260 265 270

Leu Ala Ala Ala Gln Arg Leu Gln Val Arg Gly Arg Ala Pro Ile Arg
275 280 285

Asn Thr Val Arg Glu Ser Ile Gly Tyr Ala Ser Ala Arg Ile Gly Gln
290 295 300

Ser Pro Ile His Pro Ser Glu Leu Arg His Ser Phe Thr Thr Trp Ala
305 310 315 320

Thr Asn Glu Gly Gln Val Val Arg Ala Thr Arg Gly Gly Val Pro Leu
325 330 335

Asp Val Val Ala Ser Val Leu Gly His Gln Ser Thr Arg Ala Thr Lys
340 345 350

Lys Phe Tyr Asp Gly Thr Glu Ile Pro Pro Met Ile Thr Val Pro Leu
355 360 365

Lys Leu His His Pro Gln Asp Pro Ala Val Met Gln Leu Arg Arg Asn
370 375 380

Cys Ser Pro Asp Pro Val Val Thr Arg Glu Ala Glu Ala
385 390 395

<210> SEQ ID NO 71
<211> LENGTH: 124
<212> TYPE: PRT
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<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(124)

<223> OTHER INFORMATION: ORF12

<400> SEQUENCE: 71

Val Leu Leu Ala Phe Pro Ser Gly Leu Leu Ser Leu Ala Leu Leu
1 5 10 15

Thr Thr Thr Glu Ile Ser Ala Ala Leu Pro Val Asp Glu Cys Glu
20 25 30

Ala Ser Leu Arg Ile Glu Leu Pro Ala Thr Pro Gly Gly Lys Pro
35 40 45

Val Val Cys Leu Gly Pro Gly Leu Pro Ile His Phe Arg Phe Asp
50 55 60

Ala Leu Gln Gln Lys Ser Leu Arg Ile Gln Asp Arg Gly Trp Phe
65 70 75

Asp Trp Ala Leu Gly Gln Gln Thr Leu Val Leu Thr Pro His Asp
85 90 95

Leu Val Ala Gly Lys Arg Ser Glu Val Glu Val Cys Phe Ala Asp
100 105 110

Ala Ala Pro Ala Cys Ala Ser Phe Val Leu Arg Arg
115 120

<210> SEQ ID NO 72

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(112)

<223> OTHER INFORMATION: ORF13

<400> SEQUENCE: 72

Met His Thr Lys Val Pro Ser Val Phe Glu Ala Thr Pro Glu Ser
1 5 10 15

Ser Asp Val Asp Tyr Gln Phe Trp His Glu Asp Phe Pro Arg Val
20 25 30

Glu Arg Gln His Ile Asp Ala His Ala Val Pro Ala Ile Gly Ala
35 40 45

Leu Gly Glu Val Leu Val Arg Asn Leu Gly Gly Lys Trp Ile Pro
50 55 60

Gln Lys Leu Asp Glu Ala Gln Val Leu Val Gly Asn Arg Val Trp
65 70 75

Pro Phe Ala Arg Ala His His Tyr Met Arg Ser Cys Glu Ser Leu
85 90 95

Asp Tyr Ser Leu Thr Gln Leu Tyr Arg Val Ala Glu Arg Tyr Arg
100 105 110

<210> SEQ ID NO 73

<211> LENGTH: 304

<212> TYPE: PRT

<213> ORGANISM: Cystobacter velatus
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (1)..(304)

<223> OTHER INFORMATION: ORF 14

<400> SEQUENCE: 73

Ser

Ser

Pro

Ser

Glu

80

Asn

Gly

Leu

Phe

Tyr

Arg

Leu

80

Leu

Gly
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-continued

Met

Leu

Leu

Pro

Ile

65

Trp

Trp

Pro

Met

His

145

Asp

Phe

Glu

Gly

Ala

225

Asp

Ala

Leu

Ser

Lys

Thr

Glu

Glu

50

Trp

Leu

Phe

Leu

Val

130

Ser

Ala

Trp

Arg

Ser

210

Glu

Leu

Leu

Ser

Ala
290

Val Leu

Phe Glu
20

Pro Phe

35

Val Val

Lys Ala

Tyr Arg

Pro Pro
100

Thr Arg

115

Arg Thr

Val Ala

Arg Thr

Leu Asn
180

Met Leu

195

Ile Leu

Ala Arg

Arg Phe

Ala Pro
260

His Val

275

Leu Thr

Gly

Gly

Phe

Ser

Leu

Thr

85

Leu

Phe

Trp

Asp

Ala

165

Val

Ser

Leu

His

Asp

245

Val

Val

Ser

Leu

Ala

Gln

Gly

Glu

70

Gln

Pro

Ala

Ala

Arg

150

Arg

Phe

Thr

Val

Ala

230

Thr

Glu

Asp

Ile

Gly

Leu

Ala

Arg

Glu

Arg

Pro

Glu

Ser

135

Ala

Arg

Gly

Pro

Thr

215

Gln

Val

Pro

Ser

Thr
295

Asp

Asp

Leu

40

Arg

Arg

Pro

Ala

Lys

120

Cys

Leu

Asp

Pro

Ala

200

Trp

Ala

Leu

Cys

Val

280

Glu

Val

Pro

25

Glu

Arg

Arg

Thr

Leu

105

Glu

Tyr

Ala

Gly

Lys

185

His

Pro

Arg

Arg

Phe

265

Ala

Leu

Lys

10

Gln

Glu

Leu

Asp

Leu

90

Asp

Arg

Pro

Gly

Phe

170

Leu

Arg

Thr

Ala

Thr

250

His

Ile

Trp

Ser

Ala

Tyr

Lys

Glu

75

Glu

Val

Cys

Val

Ala

155

Asp

Val

Val

Ala

His

235

Leu

Pro

Arg

Leu

Glu Asp Ser

Ala

Ala

Tyr

60

Arg

Met

Met

Arg

Thr

140

Pro

Arg

Glu

Glu

Ala

220

Val

His

Asp

Met

Ser
300

Leu

Gly

45

Ser

Ser

Ser

Thr

Gln

125

His

Asp

Ile

Ala

Glu

205

Asp

His

Glu

Val

Trp

285

Thr

Glu

30

Asp

Arg

Thr

Leu

Thr

110

Phe

Ala

Phe

Tyr

Val

190

Leu

Phe

Leu

Arg

Ala

270

Lys

Ser

Leu Arg
15

Lys Val

Trp Met

Ala Asn

Asp Thr
80

His Leu
95

Val Gln

Val Glu

Ala Ala

Gly Arg

160

Glu Ile
175

Gly Arg

Pro Asn

Ala Gly

Arg Pro

240
Ser Ala
255
Pro Leu

Thr Trp

Trp Arg

RSZ

. A compound of formula (V)

V)

wherein

R’! is a hydrogen atom, or a C,_ alkyl group;

R°?is a hydrogen atom, F, Cl, a hydroxy group, aC,_s alkyl
group or a group of formula —O—C,_; alkyl;

R’?is a hydrogen atom, F, Cl, a hydroxy group, a C,_4 alkyl
group or a group of formula —O—C,_; alkyl;

R>*is ahydrogen atom, F, Cl, a hydroxy group, a C,_, alkyl
group or a group of formula —O—C, g alkyl;

R>? is a hydrogen atom, F, Cl, a hydroxy group, aC,_, alkyl
group or a group of formula —O—C, g alkyl;

D is N or CR®S;

Eis N or CR%7;

G is N or CR®®;

M is N or CR*?;
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R>%is a hydrogen atom, F, Cl, a hydroxy group, aC,_¢ alkyl
group or a group of formula —O—C,  alkyl;

R>7is a hydrogen atom, F, Cl, a hydroxy group, aC,_¢ alkyl
group or a group of formula —O—C, _; alkyl;

R>®is a hydrogen atom, F, Cl, a hydroxy group, aC,_¢ alkyl
group or a group of formula —O—C,  alkyl;

R>?is a hydrogen atom, F, Cl, a hydroxy group, aC,_,alkyl
group or a group of formula —O—C, ¢ alkyl; and

Ar® is an optionally substituted phenyl group or an option-
ally substituted heteroaryl group having 5 or 6 ring
atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen;

or a pharmaceutically acceptable salt, solvate or hydrate or
a pharmaceutically acceptable formulation thereof.

2. A compound according to claim 1 of formula (VI)

VD

R57

/D A\ §\”/Ar6
—
0 R38 0
R

s

rs1—C.

wherein

R>! is a hydrogen atom, or a C,_g alkyl group;

R>?is F, Cl, a hydroxy group, a C,_¢ alkyl group or a group
of formula —O—C, ¢ alkyl;

Dis N or CR®S;

R>%is a hydrogen atom, F, Cl, a hydroxy group, aC,_¢ alkyl
group or a group of formula —O—C,  alkyl;

R>7is a hydrogen atom, F, Cl, a hydroxy group, aC,_alkyl
group or a group of formula —O—C,  alkyl;

R>®is a hydrogen atom, F, Cl, a hydroxy group, aC,_¢ alkyl
group or a group of formula —O—C, _; alkyl;

R>?is a hydrogen atom, F, Cl, a hydroxy group, aC,_¢ alkyl
group or a group of formula —O—C, ¢ alkyl; and

Ar® is an optionally substituted phenyl group or an option-
ally substituted heteroaryl group having 5 or 6 ring
atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen;

or a pharmaceutically acceptable salt, solvate or hydrate or
a pharmaceutically acceptable formulation thereof.

3. A compound according to claim 1 of formula (VII)

(VID)

R53 R57
NHR®
g PTNA
R5! -0, /
e 61
fo) R
o) RSS RGO

wherein

R>! is a hydrogen atom, or a C,_g alkyl group;

R>?is F, Cl, a hydroxy group, a C,_, alkyl group or a group
of formula —O—C, ¢ alkyl;

Dis N or CR’S;

May 26, 2016

R’%is a hydrogen atom, F, Cl, a hydroxy group, aC,_4 alkyl
group or a group of formula —O—C, g alkyl;

R>7is a hydrogen atom, F, Cl, a hydroxy group, a C,_s alkyl
group or a group of formula —O—C, g alkyl;

R’%is a hydrogen atom, F, Cl, a hydroxy group, aC,_4 alkyl
group or a group of formula —O—C, g alkyl;

R>?is a hydrogen atom, F, Cl, a hydroxy group, a C,_4 alkyl
group or a group of formula —O—C, g alkyl;

R% is a hydrogen atom, F, Cl, a hydroxy group, aC,_, alkyl
group or a group of formula —O—C, g alkyl;

R® is a hydrogen atom, F, Cl, a hydroxy group, a C,_4 alkyl
group or a group of formula—O—C, ; alkyl; and

R® is a hydrogen atom, an alkyl, an alkenyl, an alkynyl, a
heteroalkyl, a cycloalkyl, a heterocycloalkyl, an alkyl-
cycloalkyl, a heteroalkylcycloalkyl, an aryl, a het-
eroaryl, an aralkyl or a heteroaralkyl group;

or a pharmaceutically acceptable salt, solvate or hydrate or
a pharmaceutically acceptable formulation thereof.

4. A compound according to claim 1 of formula (IV)

av)

R7
5
R: RS " %
HOOC
4 (6]

wherein

R? is a group of formula —O—C, 4 alkyl;

R® is a hydroxy group;

R is a group of formula —O—C, 4 alkyl; and

R® is a hydrogen atom, an alkyl, an alkenyl, an alkynyl, a
heteroalkyl, a cycloalkyl, a heterocycloalkyl, an alkyl-
cycloalkyl, a heteroalkylcycloalkyl, an aryl, a het-
eroaryl, an aralkyl or a heteroaralkyl group;

or a pharmaceutically acceptable salt, solvate or hydrate or
a pharmaceutically acceptable formulation thereof.

5. A compound according to claim 3, wherein R® is a

hydrogen atom or a group of the following formula:

s

s

wherein R® is COOH or CONH, and R'° is COOH or
CONH,,
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6. A compound selected from:

M

OMe
H,NOC O
O
O
OH HN
O CO,H;
NO,
Cystobactamide A
@
OMe
HOZC O
NH HN.
O
O
OH HN.
O CO,H;
NO,
Cystobactamide B
&)
H,N.
O
HN
O
O

OH HN
)\ 0;
O
OH

Cystobactamide C

May 26, 2016

-continued
@

O
OgNH O

NH OMe
NHz,

NO,
Cystobactamide D

®)

NH OMe
R"

NO,
Cystobactamide E
(R' is NH, or OH and R" is NH, or OH)
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-continued

NH
el
NH OMe
O
O

NH O

NO,
Cystobactamide F

COH

NO,
Cystobactamide G

NHy,

)

M

177
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-continued
®
COH
Q\OMe
o NH
OH
o’
NH
e
NH OMe
NH,.
o 2
Og NH O
O NH
NO,
Cystobactamide H

7. A compound of formula (I)

08)
Rl—Ar—L!—AP?-1?—AP-L— At 14— Ar-R?

wherein

Ar' is an optionally substituted phenylene group or an
optionally substituted heteroarylene group having 5 or 6
ring atoms including 1, 2, 3 or 4 heteroatoms selected
from oxygen, sulphur and nitrogen;

Ar? is an optionally substituted phenylene group or an
optionally substituted heteroarylene group having 5 or 6
ring atoms including 1, 2, 3 or 4 heteroatoms selected
from oxygen, sulphur and nitrogen;

Ar’ is an optionally substituted phenylene group or an
optionally substituted heteroarylene group having 5 or 6
ring atoms including 1, 2, 3 or 4 heteroatoms selected
from oxygen, sulphur and nitrogen;

Ar* is absent or an optionally substituted phenylene group
or an optionally substituted heteroarylene group having
5 or 6 ring atoms including 1, 2, 3 or 4 heteroatoms
selected from oxygen, sulphur and nitrogen;

Ar’ is absent or an optionally substituted phenylene group
or an optionally substituted heteroarylene group having
5 or 6 ring atoms including 1, 2, 3 or 4 heteroatoms
selected from oxygen, sulphur and nitrogen;

L' is abond, an oxygen atom, a sulphur atom or a group of
formula NH, CONH, NHCO, C0O, OCO, CONR?,
NR?CO, OCONH, NHCOO, NHCONH, OCONR?,
NR*COO, NR*CONR*, NR?, —CNR*—, —CO—,

~80—, —SO0,-, —SONH-, - NHSO,,
~ SO,NR* — NR?SO, ., — COCH,—,
~ CH,CO—, —COCR’R*_, CRPR*CO,
~ NHCSNH, — NR3CSNR*, — CH—CH

—CR?>—=CR*—, or a heteroarylene group having 5 or 6
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ring atoms including 1, 2, or 3 heteroatoms selected
from oxygen, sulphur and nitrogen, or a heteroalkylene

group;
L?is a bond, an oxygen atom, a sulphur atom or a group of
formula NH, CONH, NHCO, COO, OCO, CONR?,

NR3CO, OCONH, NHCOO, NHCONH, OCONR?,
NR3*COO, NR*CONR?, NR?, — CNR®*—, —CO—,

~ S0, —SO,, —SO,NH -, —NHSO,
~ SO,NR* — NR?SO,, — COCH,—,
—CH,CO—, —COCR®R*-, —CR’R*CO—,
~ NHCSNH—, —NR3CSNR*, — CH—CH

—CR?>—=CR*—, or a heteroarylene group having 5 or 6
ring atoms including 1, 2, or 3 heteroatoms selected
from oxygen, sulphur and nitrogen, or a heteroalkylene
group;

L? is absent or a bond, an oxygen atom, a sulphur atom or
a group of formula NH, CONH, NHCO, COO, OCO,
CONR?, NR?*CO, OCONH, NHCOO, NHCONH,
OCONR?, NR*COO, NR?*CONR?, NR?, —CNR’—,

—CO—, —SO—, —SO,, —SO,NH—,
_ NHSO,—, —SO,NR*—, _NR3SO,—,
_COCH,—, —CH,CO—,  —COCRR*—,
__CRPR*CO—., —NHCSNH_—, — NR*CSNR,
—CH—CH—, —CR?>—CR*—, or a heteroarylene

group having 5 or 6 ring atoms including 1, 2, or 3
heteroatoms selected from oxygen, sulphur and nitro-
gen, or a heteroalkylene group;

L* is absent or a bond, an oxygen atom, a sulphur atom or
a group of formula NH, CONH, NHCO, COO, OCO,
CONR?, NR*CO, OCONH, NHCOO, NHCONH,
OCONR?, NR*COO, NR?*CONR?, NR?, —CNR’—,

—CO—, —SO—, —S0,—, —SO,NH—,
—NHSO,—, —SO,NR>—, —NR?*SO,—,
—COCH,—, —CH,CO—, —COCR*R*—,
—CR’R*CO—, —NHCSNH—, —NR?CSNR?
—CH=—CH—, —CR?>—=CR*—, or a heteroarylene

group having 5 or 6 ring atoms including 1, 2, or 3
heteroatoms selected from oxygen, sulphur and nitro-
gen, or a heteroalkylene group;

R'isahydrogen atom, a halogen atom, a hydroxy group, an
amino group, a thiol group, a nitro group, a group of
formula —COOH, —SO,NH,, —CONH,, —NO, or
—<CN, an alkyl, an alkenyl, an alkynyl, a heteroalkyl, a
cycloalkyl, a heterocycloalkyl, an alkylcycloalkyl, a het-
eroalkylcycloalkyl, an aryl, a heteroaryl, an aralkyl or a
heteroaralkyl group;

R?is ahydrogen atom, a halogen atom, a hydroxy group, an
amino group, a thiol group, a nitro group, a group of
formula —COOH, —SO,NH,, —CONH,, —NO, or
—<CN, an alkyl, an alkenyl, an alkynyl, a heteroalkyl, a
cycloalkyl, a heterocycloalkyl, an alkylcycloalkyl, a het-
eroalkylcycloalkyl, an aryl, a heteroaryl, an aralkyl or a
heteroaralkyl group;

the groups R? are independently from each other a hydro-

178
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8. A compound according to claim 7 of formula (II)

an

R!—Arl=Ll1—AP=-12—AF-R?

wherein

Ar', Ar?, Ar®, L', L R' and R? are as defined in claim 7.

9. A compound according to claim 7, wherein

Ar' is an optionally substituted 1,4-phenylene group or an
optionally substituted 1,3-heteroarylene group having 5
ring atoms including 1, 2, or 3 heteroatoms selected
from oxygen, sulphur and nitrogen;

Ar? is an optionally substituted 1,4-phenylene group or an
optionally substituted 1,3-heteroarylene group having 5
ring atoms including 1, 2, or 3 heteroatoms selected
from oxygen, sulphur and nitrogen;

Ar is an optionally substituted 1,4-phenylene group or an
optionally substituted 1,3-heteroarylene group having 5
ring atoms including 1, 2, or 3 heteroatoms selected
from oxygen, sulphur and nitrogen;

Ar* is absent or an optionally substituted 1,4-phenylene
group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroa-
toms selected from oxygen, sulphur and nitrogen; and

Ar® is absent or an optionally substituted 1,4-phenylene
group or an optionally substituted 1,3-heteroarylene
group having 5 ring atoms including 1, 2, or 3 heteroa-
toms selected from oxygen, sulphur and nitrogen.

10. A compound according to claim 7, wherein

L' is a group of formula —CONH—, —NHCO—,
—SO,NH—, —NHSO,—, —CH—CH—,
—CR?>—=CR*— or an optionally substituted het-
eroarylene group having 5 ring atoms including 1, 2, or
3 heteroatoms selected from oxygen, sulphur and nitro-
gen, wherein R® and R* are independently from each
other a C,_4 alkyl group;

L? is a group of formula —CONH—, —NHCO—,
—SO,NH—, —NHSO,—, —CH—CH—,
—CR?>—=CR*— or an optionally substituted het-
eroarylene group having 5 ring atoms including 1, 2, or
3 heteroatoms selected from oxygen, sulphur and nitro-
gen, wherein R* and R* are independently from each
other a C,_4 alkyl group;

L? is absent or a group of formula —CONH—,
—NHCO—, —SO,NH—, —NHSO,—,
—CH—CH—, —CR*—CR*— or an optionally substi-
tuted heteroarylene group having 5 ring atoms including
1, 2, or 3 heteroatoms selected from oxygen, sulphur and
nitrogen, wherein R*> and R* are independently from
each other a C,_¢ alkyl group; and

L* is absent or a group of formula —CONH—,
—NHCO—, —SO,NH—, —NHSO,—,
—CH—CH—, —CR*—CR*— or an optionally substi-
tuted heteroarylene group having 5 ring atoms including
1, 2, or 3 heteroatoms selected from oxygen, sulphur and
nitrogen, wherein R*> and R* are independently from
each other a C,_¢ alkyl group.

11. A compound according to claim 7, wherein R* is a

gen atom or a C,_¢ alkyl group; and hydrogen atom, a halogen atom or a group of formula —OH,
—NH,, —COOH, —SO,NH,, —CONH,, —NO,, —CN,
-alkyl (e.g. —CF;), —O-alkyl, —O—CO-alkyl, —NH-
alkyl, —NH—CO-alkyl, or an optionally substituted het-
eroaryl group having 5 ring atoms including 1, 2, 3 or 4
heteroatoms selected from oxygen, sulphur and nitrogen, or

the groups R* are independently from each other a hydro-
gen atom or a C,_¢ alkyl group;

or a pharmaceutically acceptable salt, solvate or hydrate or
a pharmaceutically acceptable formulation thereof.
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an optionally substituted heterocycloalkyl group having 5
ring atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen.

12. A compound according to claim 7, wherein R? is a
hydrogen atom, a halogen atom or a group of formula —OH,
—NH,, —COOH, —SO,NH,, —CONH,, —NO,, —CN,
-alkyl (e.g. —CF;), —O-alkyl, —O—CO-alkyl, —NH-
alkyl, —NH—CO-alkyl, or an optionally substituted het-
eroaryl group having 5 ring atoms including 1, 2, 3 or 4
heteroatoms selected from oxygen, sulphur and nitrogen, or
an optionally substituted heterocycloalkyl group having 5
ring atoms including 1, 2, 3 or 4 heteroatoms selected from
oxygen, sulphur and nitrogen.

13. A compound according to claim 7, wherein L' is
NHCO (wherein the nitrogen atom is bound to Ar') or a group
of the following formula:

OR3®
MeO.
@]
\ H
\‘ N
1 NH
0
O ’
K or
NH,
MeO.
@]
. H
YN
1 NH
' e} /

(wherein the NH group is bound to Ar'), wherein R*° is a
hydrogen atom or a C, _; alkyl group; and/or

L?is NHCO (wherein the nitrogen atom is bound to Ar?) or
a group of the following formula:

OR3®
MeO.
@]
. H
NN
1 NH
0
O ’
K4 or
NH,
MeO.
@]
\ H
‘\‘ N
1 NH
0
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(wherein the NH group is bound to Ar®), wherein R*® is a
hydrogen atom or a C,_; alkyl group; and/or
wherein L? is absent or a group of the following formula:

X O or
/ N
/ H
OMe  OR*
OR3 0
MeO
e}
s H
. N
. NH
0
O ’
S or
NH,
MeO
¢}
s H
. N
1 NH
0
0

(wherein the NH group is bound to Ar’), wherein R*® is a
hydrogen atom or a C,_; alkyl group; and/or

wherein L* is absent or NHCO (wherein the nitrogen atom
is bound to Ar®).

14. Pharmaceutical composition comprising a compound
according to claim 7, and optionally one or more carrier
substances and/or one or more adjuvants.

15. Compound or pharmaceutical composition according
to claim 7, for use in the treatment or prophylaxis of bacterial
infections.

16. A recombinant biosynthesis cluster capable of synthe-
sizing a cystobactamide selected from the group consisting of
cystobactamide A, B, C, D, E, F, G and H, wherein the cluster
comprises all of the polypeptides, or a functional variant
thereof, according to SEQ ID NOs. 40 to 73.

17. An isolated, synthetic or recombinant nucleic acid
comprising:

(1) a sequence encoding a cystobactamide biosynthesis
cluster, wherein the sequence has a sequence identity to
the full-length sequence of SEQ ID NO. 1 from at least
85%, 90%, 95%, 96%, 97%, 98%, 98.5%, 99%, or
99.5% to 100%;
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(i) a sequence encoding a NRPS, wherein the sequence has
a sequence identity to the full-length sequence of any of
SEQ ID NOs. 8, 9, 12 or 13 from at least 85%, 90%,
95%, 96%, 97%, 98%, 98.5%, 99%, or 99.5% to 100%;

(iii) a sequence completely complementary to the full

length sequence of any nucleic acid sequence of (i) or
(ii); or

(iv) a sequence encoding a polypeptide according to any of
SEQ ID NOs. 46, 47, 50 or 51.

18. A vector comprising at least one nucleic acid according
to claim 17.

19. A recombinant host cell comprising at least one nucleic
acid according to claim 17.

20. A method for the preparation of a compound according
to claim 6, the method comprising the steps of:

(a) culturing Cystobacter velatus strain MCy8071

(DSM27004) or a recombinant host cell of claim 19; and

(b) separating and retaining the compound from the culture

broth.

21. A method for treating a subject suffering from or sus-
ceptible to a bacterial infection, comprising administering to
the subject an effective amount of a compound of claim 7.

22. The method of claim 21 wherein the subject is identi-
fied as suffering from a bacterial infection and the compound
is administered to the identified subject.

23. The method of claim 21 wherein the subject is a human.

24. A method for treating a subject suffering from or sus-
ceptible to a bacterial infection, comprising administering to
the subject an effective amount of a compound of claim 1.

#* #* #* #* #*



