
www.chembiochem.org

Accepted Article

A Journal of

Title: Precursor-directed Diversification of Cyclic Tetrapeptidic
Pseudoxylallemycins

Authors: Huijuan Guo, Alexander Schmidt, Philipp Stephan, Luka
Raguž, Daniel Daniel Braga, Marcel Kaiser, Hans-Martin
Dahse, Christiane Weigel, Gerald Lackner, and Christine
Beemelmanns

This manuscript has been accepted after peer review and appears as an
Accepted Article online prior to editing, proofing, and formal publication
of the final Version of Record (VoR). This work is currently citable by
using the Digital Object Identifier (DOI) given below. The VoR will be
published online in Early View as soon as possible and may be different
to this Accepted Article as a result of editing. Readers should obtain
the VoR from the journal website shown below when it is published
to ensure accuracy of information. The authors are responsible for the
content of this Accepted Article.

To be cited as: ChemBioChem 10.1002/cbic.201800503

Link to VoR: http://dx.doi.org/10.1002/cbic.201800503

http://crossmark.crossref.org/dialog/?doi=10.1002%2Fcbic.201800503&domain=pdf&date_stamp=2018-08-30


F

 
 
 
 
 

P
P
H

K

B

Ab

oft

cli

re

ps

Ps

ho

ac

Ps

ac

str

21

In

No
wi
po
ap
en
wh
pr
pr
ac
m
wi
fo
Th
de
as
ba
(X
Fu
div
im
in
xy
a 
an
ba
an

FULL PAP

Precurso
Pseudox
Huijuan Guo

Kaiser,[c,d] Ha

eemelmann

bstract: Cyclic 

ten exhibit a b

inical trials with 

ported the 

seudoxylallemyc

seudoxylaria sp

omoallenyl-L-tyro

ctivity against

seudomonas a

ctivity studies, 

rategy. Here, w

1 new pseudoxy

ntroduction

onribosomally 
idespread se
ossessing bioa
pplications.1 T
nzymes known
hich incorpor
roteinogenic a
roducts are fur
cylation or gl
achinery frequ
ith respect to 
rmation of sev
he biosyntheti
egree of evolut
s exemplified in
ased bacter
Xenorhabdus n
ungi are know
verse NRPS

mmunosuppress
secticidal d

yloallenolide A 
mangrove-ass

nd antitumor 
assiana.10,11 W
ntibacterial tet

[a] Leibniz Ins
– Hans Kn
Germany, 

[b] Friedrich-S
[c] Dr. Marcel 

Public Hea
[d]  University 
 
 Supporting

of the docu

PER 

or-direc
xylallem
o,[a] Alexand

ans-Martin D

ns*[a]  

peptides conta

road bioactivity

good prospects

discovery of 

cins A–F (1

p. X802. Thes

osine moiety a

t the Gram

aeruginosa. To 

we pursued 

we report the pur

ylallemycin deriv

n 

synthesized 
condary meta
activities that 
They are bio
n as nonribosom
rate proteinog
amino acids.3 

rther enzymati
lycosylation.1-4

uently reveals 
the accepted 

veral derivative
c flexibility is
tionary advant
n the nonribos
rial xenema
ematophila).5  

wn producers 
-derived natu
sant cyclospor

destruxin fro
containing an 

sociated Xylaria
bassianolide a

We recently 
tracyclic peptid

stitute for Natural P
nöll Institute, Beute
Christine.beemelm

Schiller University,
 Kaiser, Parasite 

alth Institute, Socin
of Basel, Petersp

g information for th
ument. 

cted Div
mycins  

er Schmidt

Dahse,[a] Ch

ining non-prote

y spectrum and

s for drug deve

six cyclic 

–6), from a

se compounds 

and showed pro

-negative pat

perform more

a precursor-dir

rification, identif

vatives. 

peptides are 
abolites in n
can be explo

osynthesized 
mal peptide sy
genic as we

 Many NR
cally transform
 The NRPS-
a certain deg
substrate sco

es of the same
s proposed to
tage to the pro
omal peptide s
atide divers

of a broad a
ural products
rine from Tolyp
om Metarhiz
aromatic allen

a sp. 2508,9 as
and beauveric
reported the

des, named p

Product Research
enbergstraße 11a
manns@hki-jena.
, Jena, Germany 
Chemotherapy Un
nstraße 57, 4002 
latz 1, 4003 Base

his article is given 

versifica

,[a] Philipp S

hristiane W

inogenic amino

 many have en

lopment. We re

tetrapeptides,

 termite-asso

contain a ra

omising antimic

thogenic bact

e detailed stru

rected diversifi

fication and test

amongst the 
nature, with 
ited for therap
by large, mo

ynthetases (NR
ll as many 
PS-derived n

med by methyl
based biosyn
gree of promi
ope resulting i
e compound fa
 provide a c

oducing organi
synthetases (N
sification str

array of struct
s,6 which in
pocladium infla
zium anisop
ic ether moiety

s well as insect
cin from Beau
 isolation of

pseudoxylallem

h and Infection Bio
, D-07745 Jena, 
de 

nit, Swiss Tropica
Basel, Switzerlan
l, Switzerland. 

via a link at the e

 

ation of

Stephan,[a] L

Weigel,[a] Ger

o acids 

ntered 

ecently 

 the 

ociated 

are O-

crobial 

terium 

ucture-

ication 

ting of 

most 
many 
peutic 
odular 
RPS),2 

non-
natural 
lation, 
nthetic 
scuity 
in the 
family. 
certain 
sm,1-4  

NRPS) 
rategy 

turally 
nclude 
atum,7 
pliae,8 
y from 
cticidal 
uveria 
f the 

mycins 

A–F 
fungu
Altho
phar
poss
gene
differ
or th
altern
prom
precu

R1

Figur

In li
intere
pseu
exhib
bacte
conta
tetrap
cons
prod
cond
are 
doma
doma
respe
spec
appro
synth
core 
The 
indic
more
deriv
pseu
antim

 

ology 

l and 
nd. 

end 

f Cyclic 

Luka Raguž

rald Lackne

(1–6), from the
us-growing term
ough many of 
macologically
ess desirable s

erate a broad s
rent approache
e re-engineeri
native approac

miscuity of th
ursor-directed 

HN

N

O

O

O

e 1. Structures of 

ght of our r
ested in the 

udoxylallemycin
biting promisin
eria.  Pseudox
aining two L-Ph
peptide produ
ists of two O-h
uced in minor 

ditions. Current
biosynthesized
ain specific fo
ain for arom
ectively.17 To 

cificity in detail,
oach and teste
hetic and com
structure.  
results of our 

cate promiscuo
e than ten diff
vatives. Here
udoxylallemycin
microbial, antip

Tetrape

ž,[a] Daniel B

er,[a,b] and C

e stowaway fun
mites (Figure 1
those NRPS-d
important activ
selectivity and 
substrate libra
es including la
ng of NRPS v
ch is to make
e underlying 
biosynthesis. 14

N

NH

O

R2

R


a

pseudoxylallemyc

recent discov
simultaneous

n A (1), B (2) 
g activity agai

xylallemycin A 
he-NMe-L-Leu 
ced by X802.

homoallenyl-L-T
amounts, dep

tly, we hypothe
d by an iterat
r an aliphatic 
matic amino 

understand 
we applied a 

ed the incorpor
mmercial - ami

precursor-dire
ous NRPS mac
ferent para-su
, we report 
n derivatives 
arasitic, and cy

eptidic 

Braga,[a] Ma

Christine 

ngus Pseudoxy
1).12,13 
derived natural
vities, most co
pharmacokine
ry for further b

abour-intensive
variants have b
e use of the in

biosynthetic 
4-16   

A (1): R1 = H R
B (2): R1 = a 
C (3): R1 = H 
D (4): R1 = H 
E (5): R1 = H R
F (6): R1 = a 

R3

O

a

cins A‒F (1‒6).  

very, we bec
s formation o
and C (3) (Fig
inst Gram-neg
(1) is a symm
units and is th
. In contrast, 
Tyr-NMe-L-Leu
pending on the
esize that pse
tive NRPS co
amino acid (L

acids (O-a
the underlyi

precursor-direc
ration of differe
no acids into 

ected biosynth
chinery that is

ubstituted arom
the isolatio

and the eva
ytotoxicity activ

 

arcel 

ylaria sp. X802

l products exh
ompounds do n
etic properties. 
biological testin
e (semi)synthe
been applied.
ntrinsic substra

machinery, 

R2 = H R3 = H
R2 = a R3 = H
R2 = a R3 = H
R2 = a R3 = OH
R2 = b R3 = H
R2 = b R3 = H

O

b

ame particula
of NRPS-deriv
gure 1), all thr

gative pathoge
metric tetrapept
he most domina

derivative B 
u units and is o
e applied cultu

eudoxylallemyc
ontaining one 
Leu) and one 
lkyl Tyr, Ph
ng amino a
cted biosynthe
ently substitute

the tetrapepti

esis experime
s able to tolera
matic amino a
on of 21 n
aluation of th
vity.  

2 of 

ibit 
not 
To 
ng, 

esis 
An 
ate 
i.e. 

arly 
ved 
ree 
nic 
ide 
ant 
(2) 
nly 
ure 

cins 
A-
A-

he) 
cid 

esis 
ed - 
dic 

nts 
ate 
cid 
ew 

heir 

10.1002/cbic.201800503

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemBioChem

This article is protected by copyright. All rights reserved.



F

 
 
 
 
 

R

Pr
Fo
al
pr
de
al
re
Su
by
ac

 

Ta
22

e

[a] 
HC
o/n
o/n

In
Ps
cu
ac
de
2.
co
ex
co
da
ps
clu
As
in
al
ba
ty
ps
ab
ps
re
Ty
po
(F
ps

FULL PAP
Results and

recursor-direc
or subsequent 
kylated tyrosin
rotocol (Table 
eprotonated us
kyl halides und

eaction conditi
upporting Info
y acidic Boc-de
cids (18–22) in 

able 1. General sy
2). 

entry R 

1  

2  

3  

4  

5  

Method A: 1. Cs2C
Cl, 0 oC to rt, 4.0 h
n; 2. 10% LiOH, T
n; [b] isolated yield

 a next ste
seudoxylaria 
ultivation cond
cids. In short, 
extrose-agar (P
0 mM and 6.0

overed agar w
xtracts were us
omparative UH
ata was analy
seudoxylallemy
uster arrangem
s depicted F
corporation of
kyne-L-tyrosine
ackbone (23‒4
rosine and tyro
seudoxylallemy
bundant tetrac
seudoxylallemy
eplaced by the s
yrosine derivat
otential biosy
Figure 3), the 
seudoxylallemy

PER 
d Discussio

cted Diversific
cultivation exp

ne derivatives 
1).18 In sho

sing Cs2CO3 
der reflux (Met
ons (Method 
rmation).19 Su
eprotection affo
overall moder

ynthetic procedure

metho

A 

A 

A 

A 

B 

CO3, R-X, reflux, 
h. Method B: 1. DI
THF, rt 30 min; 3. 
 over 3 steps. Iso

ep, we subje
sp. X802 (fr

ditions with an
strain X802 w

PDA,6-well plat
0 mM of the r

was extracted 
sed to generat

HPLC-MS and 
ysed using m
ycins were cle
ment (Figure S3
Figure 2 and
f almost all te
e derivatives
40), except ste
osine itself (Su
ycin A (1) ((L-
cyclic peptide, 
ycin C derivati
supplemented 
ives 18, 20 and
ynthetic prec

aromatic a
ycins B‒D (2‒

on 

cation  
periments we 
18–22 using 

ort, Boc-L-Tyr(
and reacted w
thod A) or sub

B: 1-butinol, 
ubsequent sap
forded the des
rate to good yie

e for preparation o

od[a] prod

1

1

2

2

2

17 h; 2. 1 M LiOH
IAD, PPh3, 1-butin
HCl in Et2O (4 M)
lated intermediate

ected the pr
rom now on 
nd without the

was grown for 
tes, 8 mL/well)
respective am
using MeOH 
te 10.0 mg/mL
MS2 analysis. 

molecular netw
arly detectable
3). 
d Figure 3, 
ested O-alkyl,
 into the 
erically deman
upporting Infor
-Phe-NMe-L-Le

followed by 
ves, in which 
modified amin

d 22 (Table 1) 
cursors of O
amino acid 
‒4). However, 

first synthesize
a Williamson 

(OH)-OMe (7)
with the respe
jected to Mitsu

DIAD, PPh3

ponification foll
ired modified a

elds (30%–80%

of L-tyrosinyl ethe

duct Yie

8 80

9 83

20 29

21 69

22 30

H, 0 oC to rt, 2.5 h;
nol, 0 oC, 30 min, 
, 5 min, then HCl-

es 8–17 not shown

roducing orga
named X802

e respective a
3 weeks on p
) containing 0.5
ino acid. Myce
and the metha

L stock solution
Subsequently

working GNPS
e in a characte

we detected
O-alkenyl an

pseudoxylalle
nding O-tert-bu
rmation). In ge
eu)2) was the 
the non-symm
one Phe resid

no acid.  
are suspected
O-homoallenyl-
building bloc
supplementati

 

ed O-
ether 

) was 
ective 
unobu 
, see 
lowed 
amino 

%).  

ers (18–

eld[b] 

0% 

3% 

9% 

9% 

0% 

; 3. 2 M 
then rt, 
-gas, rt, 
n. 

anism, 
2) to 
amino 
otato-
5 mM, 
elium-
anolic 
ns for 

y, MS2 
S20 as 
eristic 

d the 
nd O-
mycin 
utyl L-
eneral, 

most 
metric 
due is 

d to be 
-L-Tyr 

ck of 
ion of 

18 o
conta
the 
conta
Supp
homo
of X8
unsy
2).
phen
back
indic
brom
incor
pseu
MS2,
prope
highe

Figur
grown
homo
O-hom
Phe (
select

To te
aliph

or 20 did not
aining pseudox
respective O

aining derivati
porting Inform
opropargyl tyro
802 significan

ymmetric allene
We then an

nylalanine deriv
kbone. Again, 
ated the forma

mo-substituted 
rporation of 4
udoxylallemycin
 presumably
erties (lower g
er millimolar co

e 2. Comparative
n on solid media s
propargyl-L-Tyr 22
mopropargyl-L-Tyr
2.0 mM); g) L-Ty
ted ion). 

est the promis
atic amino ac

t increase the
xylallemycins B

O-alkyne (23‒2
ves (29‒31) w
ation). In con
osine derivativ
tly shifted the 
e-containing ps
alysed if co

vatives were in
LC-MS analy

ation of 4-meth
pseudoxylallem

4-nitro and 4-
n core structure
as result of 
rowth rates, de

oncentrations.  

e LC-MS analysi
supplemented with
2 (0.5 mM); c) O-
r 22 (6.0 mM); e)
r (0.5 mM) (Y-ax

scuity of the a
cids (Leu), w

e production 
B‒D (2‒4) (Fi
28) and O-a
were isolated

ntrast, supplem
ve 22 to the fe
e production ra
seudoxylallemy
ommercial par
corporated into

ysis of culture
hyl-, 4-fluoro-, 
mycins (41‒52
-amino-phenyla
e was detectab
their electron

ecreased biom

is of culture extr
h: a) solvent contr
-homopropargyl-L

) O-butyl-L-Tyr 18
xis represents the

adenylation dom
we also suppl

 
rates of allen
gure 2). Instea

alkenyl-L-tyrosin
(Figure 3, a

mentation of 
ermentation bro
ates towards t
ycin C (3) (Figu
ra-substituted 
o the tetrapept
 extracts clea
4-chloro- and 

2). However,
alanine into t
ble by HRMS a
ic and cytoto

mass formation)

racts of strain X8
rol DMSO/H2O; b)
-Tyr 22 (2.0 mM)

8 (0.5 mM); f) 4-C
e relative intensity

main recogniz
emented grow

ne-
ad, 
ne-
and 

O-
oth 
the 
ure 

L-
ide 
arly 

4-
no 
the 

and 
oxic 
) at 

 

802 
) O-
; d) 

Cl-L-
y of 

ing 
wth 

10.1002/cbic.201800503

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemBioChem

This article is protected by copyright. All rights reserved.



F

 
 
 
 
 

m
an
LC
NM
pr
 
Is
To
pr
pe
su
ac
O-
br
we
pi
ex
Su
pu
ps
0.
an
 
Bi
Su
an
pr
an
Ps
hu
th
S3
ps
an
an
pr
rh
 
Ch
Th
co
pu
ps
ch
de
co
ar
id

R

Sc

FULL PAP
edium with L-a
nd N-methyl-L-
C-MS analysis 
Me-L-valine de
ropargylglycine

olation of pse
o pursue the
rominently fo
erformed a la
upplemented w
cid precursors 
-homopropargy
romo-phenylala
eeks until the
eces were ex
xtracts were pu
ubsequent Se
urification resu
seudoxylallemy
2–2.0 mg we
nd ESI-HRMS/

ioactivities  
ubsequently, w
ntiparasitic acti
revious reports
nd 47–52) s
seudomonas a
uman umbilical
e introduced s
33). As pa
seudoxylallemy
ntiparasitic act
nd C (3) sho
roperties, unse
hodesiense (Ta

hemical Modif
he observed a
onjugates 57 a
ursue poten
seudoxylallemy
hemistry condi
erivatives 57 a
ompounds, suc
re suitable fo
entification.22   

HN

N

O

O

O

23 R = H

•24

cheme 1. Chemica

PER 
allylglycine, L-p
-alanine (Table
 revealed only

erivatives (53‒5
e was observed

eudoxylallemy
e isolation an
ormed pseud
arge-scale cult
with 2 mM (or 
(O-methyl-, O-
yl-L-tyrosine (
anine). Again,
e agar was fu
xtracted twice 
urified using pr
ephadex LH2
ulted in the 
ycins. Overall,
re fully charac
MS analysis (F

we evaluated 
vity of our exte

s,12 pseudoxyla
showed mode
aeruginosa (M
l vein endothe

side chain mod
art of our 
ycins A‒C (
tivity assays. O
owed antipara
elective activi

able S34).  

fications 
anti-microbial a
nd 58 containi

ntial mode 
ycin G1–G2 (
tions21 and co

and 58 (Schem
ch as 24 and 5
or further in 

N

NH

O

O

4-azidocouma
CuI, TB
MeOH/H

r.t., overni

O
r.t., overni
MW, 50 °C

al modification of 

propargylglycin
e S2 and Figu
y trace amoun
55), but no inc
d (Figure S2).  

ycins G1–M3 
nd characteriz
doxylallemycin 
tivation of X8
0.5 mM) of th

-homoallyl- (20
22), 4-methyl-
, X802 was 
lly covered w
using MeOH

re-activated SP
20 and sem

isolation of 
 21 new deri
cterized using
Figure 3, Suppo

the cytotoxicit
ended compou
allemycins G1–
erate inhibitor
MIC ~ 12.5 µg

lial cells HUVE
ifications (GI50

bioactivity 
1–3) were a
Overall, pseud
sitic, but due
ity against Tr

activity prompte
ng a fluoropho

of action 
(23–24) was 
oumarin fluoro

me 1). It is inte
58, are bifuncti

vivo modific

arin (56)
BTA
H2O

ight 57 (65%

ight, then
C, 1 h

58 (68%

O

R

pseudoxylallemyc

e, N-methyl-L-v
re S2). Subse
ts of three po
orporation of a

ation of the 
derivatives, 

802 on PDA 
he respective a
), O-propargyl-
-, 4-chloro- an
cultivated for

with mycelium. 
H and concen
PE-C18 cartridg
ipreparative H
the correspo

vatives obtain
 comparative 
orting Informat

y, antibacteria
nd library. Sim

–M3 (23–31, 3
ry activity ag
g/mL) and tow
EC independen

0 9–15 µg/mL; 
screening e

also subjecte
oxylallemycin

e to their cyto
rypanosoma b

ed us to synth
ore tag to be a

studies.
subjected to 

ophore (57) to 
eresting to note
ional molecule
cations and 

)

)

NHN

NHN

O

O

O

N

N
N

O

O

cins G1–G2 (23–2

 
valine 

equent 
ssible 

allyl or 

most 
we 

(5 L) 
amino 
- (21), 
nd 4-
r four 

Agar 
trated 
ges.12 
HPLC 

onding 
ned in 

NMR 
tion).  

al and 
milar to 
38–43, 
gainst 
wards 
ntly of 
Table 

efforts 
ed to 

B (2) 
otoxic 
brucei 

hesize 
able to 

First, 
click 
yield 

e that 
es that 
target 

O

 

24). 

 

Figur
X802 

Con

Pseu
conta
Supp
subs
X802
into 
simu

e 3. Newly isolate
using a precursor

nclusions

udoxylallemycin
ains two 
plementation 
tituted phenyla

2 resulted in th
the pseudoxy
ltaneous prese

ed and characteriz
r-directed biosynth

ns are presu
A-domains 
of either O-

alanine derivati
he incorporatio
ylallemycin cor
ence of new p

zed pseudoxylalle
hesis strategy. 

umably of NR
of different 

O-modified tyro
ives to the ferm
on of the unna
re structure. I
pseudoxylallem

 

emycins produced

RPS origin th
promiscuity

osine or pa
mentation broth
atural amino a
n all cases, t
mycin derivativ

 

d by 

hat 
y.17 

ara-
h of 
cid 
the 
ves 

10.1002/cbic.201800503

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemBioChem

This article is protected by copyright. All rights reserved.



F

 
 
 
 
 

an
su
de
de
bi
in
ne
ps
cli
id
un
m
fu

E

Su
iso
sp

A

W
Fo
47
ge
Sc
an
Ze
de
W
ac
an

Ke

al

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10

FULL PAP
nd previously 
uggest a ce
ependency on 
erivatives wer
oactivity studi
dependent inh
egative pathog
seudoxylallemy
ick chemistry, 
entification. 
nderstanding t
oiety and pse
ture engineerin

xperimenta

upplementary In
olation procedur
pectra as well as 

Acknowledg

We are grateful 
oundation (DFG
799/3-1) and 
enerously sup
chool for Micro
nd DB  are a
eiss Foundatio
e Beer for supp

Werz (FSU Jen
ctivities, Mrs. H
nd Mrs. Andrea

eywords: natu

lenes • bioactiv

]  a) R. Finking,

A. Felnagle, 

D. McMahon

Walsh. Nat P

Angew. Chem

]  a) M. A. Fisc

Weissman, N

Schmeing, B

]  C. T. Walsh, 

7098. 

]  a) M. A. Fis

Wang, D. P.

Acad. Sci. 20

] J. M. Crawfo

Lett. 2011, 13

] X. Wang, M. 

] D. M. Canafa

] K. Sowjanya

64, 119. 

] S. Wang, Z. 

2008, 22, 612

0] Y. Fan, X. L

Proc. Natl. A

PER 
reported der

rtain degree 
pseudoxylalle

re isolated a
es of isolated
hibitory activit
gen Pseudom
ycins can be 
modifications 
Future work 
the biosynthet
eudoxylallemyc
ng of this intrig

al Section 

nformation (SI) 
res, ESI-HRMS,
chemical modific

gements  

for financial su
G, CRC1127 C
the Daimler 
ported by the
obial and Biom
lso grateful fo
n. We thank M
porting our fiel
na) for initial 
Heike Heinecke
a Perner (HKI) 

ural products • 

vities • amino a

, M. A. Marahiel, A

E. E. Jackson, Y.

, M. G. Thomas, M

Prod Rep. 2016, 

m. Int. Ed. 2017, 5

chbach, C. T. Wal

Nat. Chem. Biol.

Biochim Biophys A

R. V. O’Brien, C. 

schbach, J. Clard

. Fewer, L. Holm

014, 111, 9259–92

ord, C. Portmann,

3, 5144. 

Lin, D. Yu, D. Lai

ax, N. L. Ascher, C

 Sree, V. Padma

Xu, W. Mao, Z. S

2. 

Liu, N. O. Keyhan

cad. Sci. U S A. 2

rivatives 1‒4 
of amino 

mycin formatio
and characte
d derivatives 
ies against th

monas aerugin
chemically fu

that can be us
is now d

tic pathway o
cins, in greate
uing pathway. 

available: ferm
 1H NMR, 13C 
cations.  

upport from the
ChemBioSys, B

Benz foundat
e International
molecular Inte
or financial sup
Michael Thomas

d work, Stefan
assessment o

e (HKI) for reco
for HRMS mea

non-ribosomal

acids 

Annu. Rev. Microb

. A. Chan, A. M. P

Mol. Pharmaceuti

33, 127; d) R. D

56, 3770.  

sh, Chem. Rev. 2

. 2015, 11, 660;

cta. 2017, 1865, 1

Khosla, Angew. C

y, Nat. Chem. B

, L. Rouhiainen, 

264. 

 R. Kontnik, C. T

, L. Zhou, Molecu

Clin. Pharm. 1983

aja, Y. L. Murthy, 

She, N. Tan, C. Li

ni, G. Tang, Y. P

2017, 114, E1578.

in culture ex
acid concent
on. In total, 21
erized. Subse
indicated stru
he bacterial G
nosa. Further
unctionalized 
sed for future t
dedicated tow
of both, the a
er detail to e

mentation proce
NMR, and 2D 

e German Res
BE 4799/2-1 an
tion to CB. L
l Leibniz Res
ractions (ILRS
pport from the
s Poulsen and 
nie König and O
of anti-inflamm
ording NMR sp
asurements.  

 peptide syntha

biol. 2004, 58, 453

Podevels, A. D. B

ics 2008, 5, 191; c

D. Süssmuth, A. 

2006, 106, 3468; b

 c) K. Bloudoff, 

1587.  

Chem. Int. Ed. 20

iol. 2007, 3, 353

K. Sivonen, Proc

T. Walsh, J. Clard

ules 2017, 22, 206

, 2, 515. 

Pest Manag. Sci.

, Y. Lin. Nat. Prod

Pei, W. Zhang, S.

 

 
xtracts 
tration 
1 new 
equent 
cture-

Gram-
rmore, 
using 
target 
wards 
allenic 
enable 

edures; 
D NMR 

search 
nd BE 
LR is 
search 
S). GL 
e Carl 
Z. W. 
Oliver 

matory 
pectra, 

ase • 

3; b) E. 

erti, M. 

c) C. T. 

Mainz, 

b) K. J. 

T. M. 

013, 52, 

; b) H. 

c. Natl. 

y, Org. 

69. 

i. 2008, 

d. Res. 

. Tong, 

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

S. E. Helaly, B

10.1039/c8np00

H. Guo, N. B. K

C. Weigel, D. K

Org. Lett. 2016, 

a) S. Yan, S. Li, W

Song, H. W. Liu,

Zhai, Q. Xuan, T

R. Traber, H. Ho

H. Kries, R. W

Angew. Chem. In

X. Wang, M. Lin

a) C. Steiniger, S

D. Süssmuth, C

Zhan, Nat. Comm

S. L. Solar, R. R

O. Mitsunobu, M

a) J. Watrous, P

Kersten, M. van 

S. Moore, J. La

Sci. USA 2012, 

M. Sanchez, N

Kapono, T. Luzz

Meehan, W.-T. L

Sandoval-Calde

Duncan, C.-C. 

Northen, R. J. 

Michelsen, L. J

McLean, J. Piel, 

Humpf, M. Maan

Sidebottom, B. E

Torres-Mendoza

Demarque, E. P

Granatosky, E. 

Kharbush, Y. Ze

McPhail, K. F. N

Koyama, O. B. V

S. Jenkins, V. M

R. Neupane, J. 

Dorrestein, B. M

Nothias, T. Alex

Metz, T. Peryea

Müller, K. M. Wa

B. Ø Palsson, K

W. H. Gerwick,

Biotechnol. 2016

T. R. Chan, R. H

2853. 

M. Winn, J. K. F

317. 

. Thongbai, M. S

010g  

reuzenbeck, S. O

K. Aanen, C. Hertw

18, 3338. 

W. Wu, F. Zhao, L

, Chem. Biodivers

T. Wang, Chem. B

ofmann, H. Kobel, 

achtel, A. Pabst,

nt. Ed. 2014, 53,1

, D. Yu, D. Lai, L. 

S. Hoffmann, A. M

hem. Sci. 2017, 8

mun. 2017, 8, 153

. Schumaker, J. O

M. Yamada, Bull. C

P. Roach, T. Alexa

der Voort, K. Pog

skin, N. Bandeira

109, E1743; b) M

. Garg, Y. Peng

zatto-Knaan, C. Po

Liu, M. Crüseman

rón, R. D. Kerste

Hsu, D. J. Floro

Dutton, D. Parr

Jelsbak, C. Sohle

B. T. Murphy, L. 

nsson, R. A. Keyz

E. Sedio, A. Klitg

a, D. J. Gonzalez

Pociute, E. C. O'N

Glukhov, F. Ryf

eng, J. A. Vorho

ielsen, L. Vuong, 

Vining, R. Baric, R

acherla, T. Hoffm

Gurr, A. M. C. 

M. Duggan, J. Alm

androv, M. Litaud

a, D.-T. Nguyen, 

aters, W. Shi, X. L

K. Pogliano, R. G. 

, B. S. Moore, P

6, 34, 828. 

Hilgraf, K. B. Shar

yans, Y. Zhuo, J. 

Stadler, Nat. Pro

Otani, M. Garcia-A

tweck, M. Poulse

L. Bao, R. Ding, H

s. 2011, 8, 1689; b

Biodivers. 2014, 11

J. Antibiot. 1989,

, B. Wanner, D. 

10105. 

Zhou, Molecules 

Mainz, M. Kaiser, K

8, 7834; b) D. Yu

349. 

Org. Chem. 1966, 

Chem. Soc. Jpn. 1

androv, B. S. Hea

gliano, H. Gross, J

a, P. C. Dorreste

M. Wang, J. J. Car

g, D. D. Nguyen

orto, A. Bousliman

nn, P. D. Boudrea

ten, L. A. Pace, 

os, R. G. Gavila

rot, E. E. Carlso

enkamp, P. Pev

Gerwick, C.-C. Li

zers, A. C. Sims, A

gaard, C. B. Larso

z, D. B. Silva, L.

Neill, E. Briand, E.

ffel, H. Houson, 

olt, K. L. Kurita, 

M. Elfeki, M. F. T

R. R. Silva, S. J. M

man, V. Agarwal, P

Rodríguez, A. L

maliti, P.-M. Allar

don, J.-L. Wolfend

D. VanLeer, P. S

Liu, L. Zhang, R. K

 Linington, M. Gu

P. C. Dorrestein

rpless, V. V. Fokin

Micklefield, Nat. 

 
od. Rep. 2018, D

Altares, H. M. Dah

n, C. Beemelman

H. Gao, H. A. Wen

b) F. Song, S. Wu

1, 673. 

42, 591. 

Niquille, D. Hilv

2017, 22, 2069. 

K. Voigt, V. Meyer

, F. Xu, S. Zhang

31, 1996. 

967, 40, 2380. 

ath, J. Y. Yang, R

J. M. Raaijmakers

in, Proc. Natl. Ac

rver, V. V. Phelan

, J. Watrous, C.

ni, A. V. Melnik, M

au, E. Esquenazi,

R. A. Quinn, K.

an, K. Kleigrewe,

on, B. Aigle, C.

vzner, A. Edlund,

aw, Y.-L. Yang, H

A. R. Johnson, A.

on, C. A. Boya P,

 M. Marques, D.

. J. N. Helfrich, E

H. Mohimani, J

P. Charusanti, K

Traxler, N. Engene

Mascuch, S. Tom

P. G. Williams, J. D

amsa, C. Zhang,

rd, P. Phapale, L

der, J. E. Kyle, T.

Shinn, A. Jadhav,

Knight, P. R. Jens

utiérrez, N. P. Lop

, N. Bandeira, N

n, Org. Lett. 2004

Prod. Rep. 2016, 

DOI: 

hse, 

nns, 

n, F. 

, Y. 

vert, 

r, R. 

g, J. 

. D. 

s, B. 

cad. 

n, L. 

 A. 

M. J. 

, M. 

 R. 

 T. 

 F. 

, J. 

H.-U. 

. M. 

, D. 

. P. 

. A. 

. J. 

. L. 

e, N. 

asi, 

Dai, 

, K. 

L.-F. 

. O. 

, R. 

sen, 

pes, 

Nat. 

4, 6, 

33, 

10.1002/cbic.201800503

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemBioChem

This article is protected by copyright. All rights reserved.



F

 
 
 
 
 

 
F

W
ps
as
ac
ch

 

 

FULL PAP

FULL PAP

We report the id
seudoxylallemy
ssessment of th
ctivity and first 
hemical derivat

PER 

PER 

entification of 2
ycin derivatives
heir antimicrob
studies toward
tization. 

21 new 
s, the 
bial 
ds their 

 

 

 

 

 

Huijuan Guo
Stephan, Lu
Marcel Kais
Christiane W
Christine Be

Page No. –

Precursor-d
Cyclic Tetr
Pseudoxyla

 

 

o, Alexander S
uka Raguž, Da
ser, Hans-Mart
Weigel, Gerald
eemelmanns* 

– Page No. 

-directed Dive
rapeptidic 
allemycins  

 

Schmidt, Philipp
aniel Braga, 
tin Dahse, 
d Lackner, and 

rsification of 

p 

10.1002/cbic.201800503

A
cc

ep
te

d 
M

an
us

cr
ip

t

ChemBioChem

This article is protected by copyright. All rights reserved.


