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Esmeraldin (EsmB1) phenazine-1,6-dicarboxylic acid

Tr
id

ec
ap

tin
 (T

riE
) v

al
in

e

Nocardicin A (nocA) hydroxyphenylglycine

D
ap

to
m

yc
in

 (d
p

tE
) d

ec
an

oi
c 

ac
id

Vancomycin (VpsD) beta-hydroxytyrosine synthesis

Echinomycin (Ecm13) quinoxaline-2-carboxylic acid synthesis 

Eponemycin (epnJ) leucine

Thalassospiramide (ttcC) tyrosine

Gobichelin (gobK) salicylateBacillibactin (dhbE) 2,3-dihydroxybenzoic acid

Valinomycin (VLM1) alpha-ketoisovalerate

Ba�lomycin (BafX) 5-aminolevulinic acid

S
yr

in
go

m
yc

in
 (S

yr
B

1)
 th

re
on

in
e

Ba
cil

lo
m

yc
in

 (b
m

yC
) s

er
in

e

Capreom
ycin (Cm

nO) serine or alanine
FK506 (fkbB) dihydroxycyclohexenylcarboxylic acid

R
am

op
la

ni
n 

(R
am

o1
7)

 th
re

on
in

e

Caerulomycin A (CrmE) 2,3-dihydroxybenzoic acid

P
ol

ym
yx

in
 (P

m
xB

) t
hr

eo
ni

ne

GE81112 (getM) 6-chlorohistidine synthesis

Tetronate R
K

-682 (R
kA

) palm
itate

Kendomycin (ken16) 2,3,5,6-tetrahydroxy-4-methylbenzoic acid

Anabaenopeptin
 (a

pnA) a
rginine or ty

rosin
e

Le
gi

ol
iu

lin
 (L

gl
D

) c
in

na
m

ic
 a

ci
d

Re
ve

ro
m

yc
in

 (R
ev

S)
 a

lky
lm

al
on

at
e

C
yl

in
dr

oc
yc

lo
ph

an
e 

(c
yl

A
) d

ec
an

oi
c 

ac
id

Myc
osu

btilin
 (m

yc
C) s

eri
ne

Al
bi

cid
in

 (A
lb

04
) a

sp
ar

ag
in

e

A
lthiom

ycin (alm
A

) glycine

C
innabaram

ide (C
inB

) β-hydroxycyclohex-2’-enylalanine 

Maduropeptin (MdpB2) 3,6-dimethylsalicylate

Geldanamycin (GdmA1) 3-amino-5-hydroxybenzoic acid

M
an

no
pe

pt
im

yc
in

 (m
pp

A
) s

er
in

e

Triostin A (TrsR) 3-hydroxyquinaldic acid synthesis

Nocardicin A (nocB) serine

En
du

ra
ci

di
n 

(E
nd

D
) t

hr
eo

ni
ne

Promysalin (ppgM) salicylate

Vancom
ycin (VpsA) hydroxyphenylglycine

Ansamitocin (asmA) 3-amino-5-hydroxybenzoic acid

FK
22

8 
(D

ep
A)

 in
ac

tiv
e

Lactonam
ycin (lct28) glycine

Tallysomycin (tlmIII) inactive

Thiocoraline (tioJ) 3-hydroxyquinaldic acid

Thiocoraline (tioK) 3-hydroxyquinaldic acid

A40926 (dbv25) hydroxyphenylglycine

O
xazolom

ycin (O
zm

O
) glycine

Griseoviridin (SvgE6) cysteine

SW-163 (Swb18) 3-hydroxyquinaldic acid synthesis

C
ep

ha
m

yc
in

 C
 (p

cb
AB

) 2
-a

m
in

oa
di

pi
c 

ac
id

Friulim
ycin (pstA

) diam
inobutyric acid

Kutznerides (KtzN) glutamate

Enterocin (EncH) cinnamic acid

B
E-14106 (becL) glycine

M
icr

oc
ys

tin
 (M

cy
A) s

er
ine

Andrimid (AdmK) valine

Cuevane (Cuv1) 3-hydroxybenzoic acid

Sp
iru

ch
os

ta
tin

 (S
pi

A)
 in

ac
tiv

e

Balhimycin (bpsD) beta-hydroxytyrosine synthesis

K
or

an
im

in
e 

(K
or

A
) 

th
re

on
in

e

Tallysomycin (tlmVI) asparagine

Polyketomycin (pokM3) 3,6-dimethylsalicylate

El
an

so
lid

 (E
laJ

) p
ar

a-
hy

dr
ox

yb
en

zo
ic 

ac
id

Ana
bae

no
pep

tili
de (

ap
dA) N

-fo
rm

ylg
lyc

ine

Guadinomine (gdnE) guanidinoacetate

GE81112 (getE) hydroxypipecolic acid

C
ho

nd
ro

ch
lo

re
ns

 (c
nd

A
) b

ut
an

oi
c 

ac
id

Apicidin (APS1) pipecolic acid

Naphthomycin (natA) 3-amino-5-hydroxybenzoic acid

Thiocoraline (tioN) inactive

N
ap

ht
hy

rid
in

om
yc

in
 (n

ap
N

) m
yr

is
ta

te

M
yc

os
ub

til
in

 (m
yc

B
) t

yr
os

in
eC

om
plestatin (com

A) hydroxyphenylglycine

Echinomycin (Ecm1) quinoxaline-2-carboxylic acid 

M
ycotrienin (m

ycC
) alanine

Antim
ycin (AntF) 3-form

am
ido-

2-hydroxybenzoic acid

Ristocetin (Orf7) hydroxyphenylglycine

C
ep

ha
lo

sp
or

in
 (p

cb
AB

) 2
-a

m
in

oa
di

pi
c 

ac
id

Porothramycin (por20) 3-hydroxyanthranilic acid

A
zinom

ycin (aziA
1) 

3-m
ethoxy-5-m

ethylnaphthoic acid

Gramicidin (L
grA) v

aline

Ta
lly

so
m

yc
in

 (t
lm

VI
) β

-a
m

in
oa

la
ni

na
m

id
e

P
olyoxypeptin (P

lyC
) m

ultiple substrates

M
L-449 (M

laL) glycine

Itu
rin

 (it
uA

) m
yri

sta
te

SF2575 (SsfL1) salicylate

Rubradirin (RubA) 3-amino-5-hydroxybenzoic acid

Mycotrienin (mycD1) 3-amino-5-hydroxybenzoic acid

Coli
st

in 
(p

m
xA

) le
uc

ine

R
am

op
la

ni
n 

(R
am

o2
6)

 7
-m

et
hy

lo
ct

a-
2,

4-
di

en
oi

c 
ac

id

B
le

om
yc

in
 (b

lm
VI

) β
-a

m
in

oa
la

ni
na

m
id

e

Zorbam
ycin (zbm

VI) asparagine 

Zorbamycin (zbmIII) inactive

Pe
ni

ci
llin

 (p
cb

AB
) 2

-a
m

in
oa

di
pi

c 
ac

id

Promysa
lin (ppgJ) proline

Acinetobactin (BasE) 2,3-dihydrobxybenzoic acid

N
od

ul
ar

in
 (N

da
A

) t
hr

eo
ni

ne

Ja
m

ai
ca

m
id

e 
(J

am
A

) 5
-h

ex
yn

oi
c 

ac
id

Rubradirin (RubC1) 3-amino-4-hyrdoxy-7-methoxycoumarin

Pristinamycin (snpA) 3-hydroxypicolinic acid

Hygrocin (HcgA) 3-amino-5-hydroxybenzoic acid

Tarom
ycin (tar4) octa-2,4-dienoic acid

Triostin A (TrsA) quinoxaline-2-carboxylic acid 

Ascomycin (fkbB) dihydroxycyclohexenylcarboxylic acid

Teixobactin (txo1) phenylalanine

Ba
ci

llo
m

yc
in

 (b
m

yB
) t

yr
os

in
e

Andrim
id (AdmP) glycine

Chloroeremomycin (Cep19) beta-hydroxytyrosine synthesis

Rhiz
ox

in 
(R

hiB
) s

er
ine

Ristocetin (Orf26) beta-hydroxytyrosine synthesis

A
lb

ic
iti

n 
(A

lb
09

) p
ar

a-
am

in
oh

yd
ro

xy
be

nz
oi

c 
ac

id

B
ac

itr
ac

in
 (B

A
1)

 is
ol

eu
ci

ne

K
utznerides (K

tzB
) chloroisoleucine synthesis

Cylindrospermopsin (C
yrB) guanidinoacetate

Ty
ro

cid
ine

 (T
yc

A) p
he

ny
lal

an
ine

HC-toxin (HTS1) proline

Itu
rin

 (i
tu

B)
 ty

ro
sin

e

Macbecin (mbcA1) 3-amino-5-hydroxybenzoic acid

S
treptolydigin (slgN

1) β-m
ethylaspartate

Collismycin A (clmAL) 3-hydroxypicolinic acid

S
alinosporam

ide A
 (salB

) β-hydroxy-L-3-cyclohex-2’-enylalanine 

Balhim
ycin (bpsA) hydroxyphenylglycine

Vibriobactin (VibE) 2,3-dihydroxybenzoic acid

Friulim
ycin (lipA

) 12-m
ethyl-tridec-3-enoic acid

Barbamide (barE) alpha-ke
totric

hloroleucine 

A
54

14
5 

(lp
tE

F)
 d

ec
an

oi
c 

ac
id

Streptothricin (orf 5) beta-lysine

A
rylom

ycin (A
ryD

) glycine

Albomycin (AbmQ) serine

Laspartom
ycin (O

rf23) 13-m
ethyl-2-dodecenoic acid

Azin
omycin (aziA

3) alpha-ketoisovalerate

Kutznerides (ORF8) inactive

Streptothricin (orf 13) inactive

Divergolide (DivK) 3-amino-5-hydroxybenzoic acid

Neo
an

tim
yc

in
 (n

at
D) a

lp
ha

-k
et

oi
so

va
ler

at
e

C
oronatine (C

m
aA) 

coronam
ic acid synthesis

S
af

ra
m

yc
in

 (s
fm

A
) 3

-h
yd

ro
xy

-5
-m

et
hy

l-O
-m

et
hy

lty
ro

si
ne

Anatoxin (AnaC
) proline

Myc
osu

btili
n (m

yc
A) m

yri
sta

te 

Griseobactin (DhbE) 2,3-dihydroxybenzoic acid

M
icr

os
cle

ro
de

rm
in 

(m
sc

A) p
he

ny
lac

et
at

eMicrocyst
in (M

cyG
) p

henyla
cetate

Rapamycin (RapA) dihydroxycyclohexene carboxylic acid

Zorbam
ycin (zbm

VIIb) hydroxyvaline

B
E-14106 (becJ) 3-am

inonon-5-enoic acid

Te
ic

op
la

ni
n 

(o
rf1

3)
 d

ec
an

oi
c 

ac
id

Anthramycin (ORF21) 4-methyl-3-hydroxyanthranilic acid

Leinam
ycin (lnm

Q
) alanine

Yersiniabactin (YbtE) salicylate

Neocarzinostatin (ncsB2) naphthoic acid

N
aphthyridinom

ycin (napH
) β-hydroxy-3-hydroxy-5-m

ethyl-O
-m

ethyltyrosine Itu
rin

 (it
uC

) a
sp

ar
ag

ine

C
ro

ca
ci

n 
(C

ro
A

) c
in

na
m

ic
 a

ci
d

GE81112 (getJ) 6-chlorohistidine

Equisetin (eqiS) serine

GE81112 (getG) 5-hydroxy-2-aminopentanoic acid

Bleomycin (blmIII) inactive

SW-163 (Swb12)  3-hydroxyquinaldic acid

Teicoplanin (TeiA) hydroxyphenylglyicne

M
L-449 (m

laJ) 3-am
inoundeca-5,7-dienoic acid

Bleomycin (blmVI) asparagine

Indanom
ycin (Idm

K) proline

La
sp

ar
to

m
yc

in
 (L

pm
A

) d
ia

m
in

op
ro

pi
on

at
e

Nosto
phycin (n

pnA) p
henyla

cetate

Mycotrie
nin (m

ycA4) cyclohexanecarboxylic acid

Lygnbyatoxin (LtxA
) valine

Zo
rb

am
yc

in
 (z

bm
VI

) β
-a

m
in

oa
la

ni
na

m
id

e

Griseoviridin (SvgD1) 3-hydroxypicolinic acid

Pyoluteorin (PltF) proline

Pyrrolom
ycin (Pyr8) proline

C-1027 (SgcC1) β-tyrosine

Streptothricin (orf 19) beta-lysine

Prodigiosin (PigI) proline

Albicidin (Alb07) 

para-hydroxybenzoic acid

Capreomycin (CmnG) capreomycidine

Herbimycin (HbmA1) 3-amino-5-hydroxybenzoic acid

Tomaymycin (tomA) hydroxyanthranilic acid

Cryp
to

phy
cin

 (C
rp

A) p
he

ny
lac

et
at

e

Acinetobactin (BasA) threonine

Padanamide (padA1) hydroxyleucine

P
ro

di
gi

os
in

 (P
ig

I) 
pr

ol
in

e

K
or

an
im

in
e 

(K
or

D
) v

al
in

e

Capreomycin (CmnF) diaminopropionate

Pyochelin (PchD) salicylate

Po
lym

yx
in 

(P
m

xA
) p

he
ny

lal
an

ine

Respirantin (unit A) 3-formamido-

2-hydroxybenzoic acid

B
arbam

ide (barD
) trichloroleucine synthesis

Pyralom
icin (PrlK) proline

A
ndrim

id (A
dm

J) β-phenylalanineH
ec

to
ch

lo
rin

 (H
ct

A
) h

ex
an

oi
c 

ac
id

C
ap

re
om

yc
in

 (C
m

nA
) s

er
in

e/
al

an
in

e

Aer
ug

ino
sin

 (A
er

A) p
he

ny
lla

ct
ic 

ac
id

Zwitte
rm

icin (Z
maJ) 

aminomalonyl-
ACP sy

nthesis

Bac
illa

en
e 

(b
ae

J) 
alp

ha
-h

yd
ro

xy
leu

cin
e

Chloroerem
om

ycin (CepA) hydroxyphenylglycine

Bac
illo

myc
in 

(bmyA
) m

yri
sta

te

A47934 (O
RF21) hydroxyphenylglycine

Rifamycin (RifA) 3-amino-5-hydroxybenzoic acid

Nodularin
 (N

daC) p
henyla

cetate

H
orm

aom
ycin (H

rm
L) proline

Acyl-adenylate ligase
Aryl-adenylate ligase
Docking adenylation domain
Starter adenylation domain
Trans adenylation domain
Standalone adenylation domain
Biosynthetically inactive domain
Adenylation module without 
thiolation domain

Fatty acid ligases

3-amino-5-hydroxybenzoic 
acid ligases

Dihydroxycyclohexane-
carboxylic acid ligases

3-formamido-2-hydroxybenzoic 
acid ligases

Quinoxalate/quinoxaline
biosynthesis domains

Threnonine
adenylation domains

β-hydroxytyrosine
biosynthesis domains

Prolyl-AMP ligases

Aromatic starter
unit ligases

α-hydroxy and 
α-ketoacids


