
AB

245

135

180

kDa
IkaA

2 4 6 8 10 12 14 16

O
D

 2
80

 n
m

 (m
A

u)

0

200

volume (ml)

Superose 6 Increase

12.9 ml 
~ 700 kDa

time (min)
0

.04

.08

.12

.16

0 5 10 15 20 25

IkaA + Norleucine
IkaA + Ornithine

IkaA Adenylation Assay
Δ

A
bs

, 3
60

 n
m

0

20
Vol (%)

Size (nm)0.1 1 10 100 1000 10000

DLS for IkaA - Size Distribution by Volume

Low pass �ltered IkaA map
KSA KSBATA

ATB

KRADHAKRB DHB

ACPB
CA

CB

PCPB
AA

PCPA

ACPA

 IkaA 3.1 Å res.

from: 2x Acetyl-CoA, 
6x Malonyl-CoA,

10 NADPH, 1 FADH
1x ATP, 1x L-Ornithine

Order is unclear, but each C12
chain is made by PKS module 
for transfer to amines in ornithine

SH SH

C A PCP TEKS AT ACPDH KR
NRPS ModulePKS Module

Ikarugamycin Synthetase IkaA

O
H2N

H2NS S

O

O
H2N

H2NS S

OO

 IkaB

 IkaC

Ikarugamycin

OHHS
S

O

N
H

NH

O O

O

HO

N
H

NH

O

OOHO

N
H

NH

O

OO
HO

N
H

NH

O

OO

O
SH SH

O

N
H

NH

O O

OPro-Ikarugamycin
Pre-Ikarugamycin

“ketoC12 chain”

“enoylC12 chain” “di-acyl-Orn”

tetramate 
ring

ornithine

a

No ATP 
control

Biosynthesis
reaction

time (min)

co
un

ts
 x

 1
03

1

1.5

.5

0
34 3836 40

EIC m/z 
= 477

LC-MS biosynthesis assay

Class averages

High res
IkaA map

b c d

e

No enzymes
control
Ika biosynthesis 
reaction

time (min)
2510 205 150

�o
ur

es
ce

nc
e

 4
65

 n
m

1

0

NADPH Consumption Assay

.5

f

g

h i

Ikarugamycin biosynthesis and biochemical and biophysical study of IkaA. a. Ikarugamycin biosynthesis showing IkaA 
making tetramic acid intermediate (pro-ikarugamycin) which is processed to pre-ikarugamycin and ikarugamycin by reductases 
IkaB and IkaC respectively. b. IkaA analysed by size exclusion chromatography on Superose 6 increase column (UV at 280 nm). The 
puri�ed sample is monodispersed with an elution volume of 12.9 ml, corresponds to ~700kDa(dimeric). The SDS gel on the left 
shows the sample is highly pure (~341kDa). c. IkaA is active in adenylation of L-ornithine, as shown by a continuous (pyro)phos-
phate release assay. d. IkaA + IkaB biosynthetic activity coupled with con�rmed by LC-MS. Extracted-ion chromatogram at m/z 
=477 indicates the formation of pre-ikarugamycin. e. IkaA keto-reduction activity con�rmed by NADPH consumption assay(rela-
tive absorbance at 340nm). f. IkaA analysed by dynamic light scattering (DLS) indicates monodispered sample with ~10nm diame-
ter.  g. Class averages of IkaA particles (cryoSPARC). h. Zoom-in of a segment of the KS domain in high resolution maps. i. Low pass 
�ltered maps show the NRPS and PKS portions of IkaA.


