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Claisen

acyl coenzyme A (CoA) acyl carrier
protein (ACP)
acyl-CoA acyl-ACP acyl o-anion
o.-anion -

I, 2

acetoacetyl-CoA thiolase =~ 3-hydroxy-3-methylglutaryl (HMG)-CoA synthase

I (©))
B-ketoacyl-ACP synthase (KAS I II III)
* 3 B-ketoacyl-CoA synthase (KCS) chalcone
synthase (CHS) I (type III PKS)
type I PKS type I PKS  keto
synthase (13, 6.7
o-anion

acetoacetyl-CoA thiolase ~HMG-CoA synthase
KAS KCS PKS (6D 1)
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5t e Al Y
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acyl-CoA malonyl-ACP
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MS_C"A HO S—CoA - S—CoA
malonyl-CoA p-ketoacyl-CoA (n=8-11)

acyl-CoA (n=8-11)

HO
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g™

OH
Type Ill PKS | ‘
6 o CHS)
| + 3x (
S—CoA HOMS—COA —_— O OH + 4x HS—CoA
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1

Thiolase acetoacetyl-CoA thiolase HMGS
3-hydroxy-3-methylglutaryl-CoA synthase KAS (I, II, 1ll) B-ketoacyl-ACP synthase KCS

B-ketoacyl-CoA synthase CHS chalcone synthase



Cys (HMGS Glu )

acyl o o-anion
His Asn malonyl B
CO, o-anion (1. 2)
di-keto malonyl-CoA  malonyl-ACP
(extender substrate) acyl-CoA (primer substrate)
( 2 acyl

KASII type Il PKS
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KAS III acyl-CoA malonyl-ACP 1

Claisen B-ketoacyl-ACP
Escherichia coli KAS TIII 2 (C2)  acetyl-CoA
Mycobacterium tuberculosis KAS 1II C12
lauroyl-CoA (11, 12) Streptomyces glaucescens  KAS III C4
butyryl-CoA (13 staphylococcus aureus KAS III  butyryl-CoA
C6  hexanoyl-CoA C4  isobutyryl-CoA a9
Bacillus subtilis 2 KAS III
acetyl-CoA C5 C6 isobutyryl-CoA
isovaleryl-CoA 19 3)
B-ketoacyl-ACP
in vivo
Streptomyces coelicolor M511 KAS III
E. coli KAS III M511
E. coli (16 KAS III

a7,

18)



Escherichia coli

(o] o 0 0o o0
e - - + HS-CoA
/IJ\S—COA HOMS—ACP )J\/”\S—ACF'
acetyl-CoA (C2)
Streptomyces glaucescnse
o] o 0 o o
+ — L + HS—CoA
/\/u\s—cm\ HOJ\‘/U\S—ACP S—-ACP
butyryl-CoA (C4)
Staphylococcus aureus
o o o0 o 0
+ - - /\)k/lj\ + HS—-CoA
/\/u\s-t:oA HOJ\)\S-ACP S-ACP
butyryl-CoA (C4)
o] o 0 o 0
+ . /\/\/IJ\)I\ + HS—CoA
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hexanoyl-CoA (C6)
o o 0 o o
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/L./lOk ] i /l\,j\i
+ _— + HS-CoA
S-CoA HOMS-ACP S-ACP
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Mycobacterium tuberculosis
o 0 o
+ HS—CoA

lauroyl-CoA (C12)

o o
+ —
HOJ\/H\S—ACP (/v\\/ik/u\s—cm

3 KAS I




KAS 1II

B-ketoacyl-ACP  type I PKS type II PKS

Streptomyces coelicolor A3(2)
undecylprodiginine'” RedP“”  S. peucetius doxorubicin®”
( ) DpsC(zz’ %) s, roseofulvus  frenolicin®®?

Frnl Streptomyces sp. R1128 R1128% 20

ZhuH®”  KASTII KAS III
KAS III B-ketoacyl-ACP type I type II PKS
KAS III
( 4
o o o o o N OMe
)LS"CCIA + HOMS—ACP ~ MS—ACP """" Y. \: IN\
acetyl-CoA malonyl-ACP H

0 p U KAS Ili 79 N Stk
\l)\sﬁcm HO S—ACP \])\/LLS—ACP \ 1] [~ R

malonyl-ACP N H
isobutyryl-CoA

U\ M KAS III 9 . _ N OMe
s-Coa T HO SCACE STACP L, »

isovaleryl-CoA malonyl-ACP H
methyldodecylprodiginine

4 Undecylprodiginine KAS Il RedP
Streptomyces coelicolor undecylprodiginine
RedP acetyl-CoA KAS I acyl-CoA
isobutyryl-CoA  isovaleryl-CoA B-ketoacyl undecylprodiginine
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KAS III type III PKS
Type III PKS

Type I PKS

benzalacetone benzalacetone synthase (BAS) BAS
p-cumaroyl-CoA 1 malonyl-CoA
benzalacetone (6, 28) acyl

4-methyl-6-hydroxy-2-pyrone (TAL) 2-pyrone synthase
(2-PS) 2-PS 1 acetyl-CoA 2
malonyl-CoA 2 2-pyrone @ 29)

1,3,6,8-tetrahydroxynaphthalene (THN)

type III PKS THN synthase
malonyl-CoA 4 THN (6.30) type I1I PKS
chalcone synthase  p-cumaroyl-CoA 3
malonyl-CoA chalcone

© 5 type III
PKS
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0 . g 07 2-PS U/ s
x = x HS—CoA
)J\S—COA HOM\S—CGA N\
acetyl-CoA malonyl-CoA OH
2x CO, TAL
5x + 5x HS—CoA
HOMS—CGA i
malonyl-CoA co HO OH
e THN
HO W
o O BAS
+ + 2x HS-CoA
| HOMS—COA \ |
S—CoA lonyl-CoA
malonyl-Co 2% CO, &

p-cumaroyl-CoA
benzalacetone

i s L
HO OH
| + 3x o o | ‘ + 4x HS—-CoA
HOMS-COA ¥

S—CoA
p-cumaroyl-CoA malonyl-CoA 3% CO2 © o
chalcone

5 Type lll PKS
2-PS 2-pyrone synthase THNS THN

synthase BAS benzalacetone synthase CHS chalcone synthase
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naphterpin

Streptomyces sp. CL190 GDCL190
isopentenyl diphosphate (IPP) dimethylallyl diphosphate (DMAPP)
MEP 233 haphterpin

(3% Naphterpin
(34

acetoacetyl-CoA IPP  DMAPP

6 37
2 acetyl-CoA acetoacetyl-CoA acetoacetyl-CoA thiolase
open reading frame NphT7
NphT7

(Protein Data

Bank http://www.pdb.org/pdb/) BLAST KAS I

( 1) CL190

Streptomyces sp. KO-3988 Actinoplanes sp

A40644 S. anulatus

furaquinocin ~ BE-40644 endophenazine

(38-42)

acetoacetyl-CoA thiolase

NphT7 60-70%  identity Orf-F Orf-B
ppzT (1 6
1 NphT7 BLAST

Name PDB Code  Origin Identity (%)  E-value
Orf-F Streptomyces sp. strain KO-3988 73 8.0e ¥
Orf-B —_ Streptomyces sp. strain A40644 59 7.0e®"
ppzT — Streptomyces anulatus 9663 75 1.0e'%
KAS Il 1NHJ Escherichia coli 39 4.8e%
KAS Il 1MZJ Streptomyces sp. R1128 31 9.3e28
KAS Il 1UB7 Thermus thermophilus HB8 37 2.1e?
KAS Il 1HZP Mycobacterium tuberclosis 32 2.8527
KAS IlI 1ZOW Staphylococcus aureus 32 3.0e?”
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(0] o o0
PR + M [nph 1 npht2 >{nph73 >{nphT4 >{nph75 >[nphT6 > [nphT7>
S—-CoA HO S—CoA
acetyl-CoA malonyl-CoA
NphT7
\ HMG-CoA synthase HMG-CoA reductase
o] Thiolase 0O O (NphT8) O 4OH O (NphTS) 0O OH
o o AN = AL —— AN
S—CoA S—CoA HO S—CoA HO OH
acetyl-CoA acetoacetyl-CoA HMG-CoA mevalonate
Mevalonate Phosphomevalonate Diphosphomevalonate
kinase kinase decarboxylase Type 2 IPP isomerase
(NphT1) o OH (NphT3) o OH (NphT2) (NphT4)
HO OoP HO OPP OPP X"0pp
phosphomevalonate diphosphomevalonate isopentenyl dimethylallyl
diphosphate diphosphate
(IPP) (DMAPP)

0 OH
0]
o]
Naphterpin BE-40644
I
COOH
N
=
—
N
Furaquinocin Endophenazine

6

Streptomyces sp. CL190
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NphT7

Escherichia coli

Cys-His-Asn
malonyl-ACP  ACP
Val
Claisen

malonyl-CoA

( 6

ZD

P | i i
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70
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7 NphT7

Cys-His-Asn

KAS III
(catalytic triad)
Arg @) NphT7
(7 NphT7 KAS I 1
malonyl-ACP type Il PKS  KCS
acetoacetyl-CoA NphT7

30
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E. coli KAS 1l (ecKASIII)
Y ACP Arg
ecKASIIl E.coli KAS Il (PDB ID 1HN9)
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NphT7 in vitro
NphT7 KAS 1III acetyl-CoA
acetoacetyl-CoA
( ) NphT7

malonyl-CoA

acetyl-CoA
KAS III
NphT7
KAS
KAS III
NphT7  KAS III catalytic triad
KAS III

in vitro NphT7 in vivo
Streptomyces albus

nphT7

Streptomyces sp. CL190

acetoacetyl-CoA nphT7
( )
NphT7
acetoacetyl-CoA synthase
Acetoacetyl-CoA synthase 1
acetyl-CoA
Acetoacetyl-CoA synthase (aacs)

3-hydroxy-3-methylglutaryl-CoA synthase

16

malonyl-CoA

acetyl-CoA

1 n-propionyl-CoA

malonyl

( )

nphT7

naphterpin
naphterpin

in vitro

(hmgs)



aacs hmgs
KAS III HMGS

@ HMGS KAS III
acetoacetyl-CoA synthase =~ HMGS KAS TIII
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NphT7

1n vitro
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NphT7 KAS I
NphT7 KAS III

Streptomyces sp. CL190 NphT7 ACP Streptomyces coelicolor
A3(2) KAS MI (FabH) malonyl-CoA-ACP transacylase (FabD)
holo-ACP synthase (ACPS) ACP FabD

ACPS in vitro malonyl-ACP LC-MS

malonyl-ACP [1-"*CJacetyl-CoA
positive control S. coelicolor A3(2) KAS III NphT7
[3-"*Clacetoacetyl-ACP ACP ( 1-1-1)

19



HO-Sery; —ACP

apo-ACP s
¢ 1
/\VN T
oy eefs g
o O
ACPS coenzyme A o-t-ox

Hepe ok oo B
1]

Hg ™~ m/\/ WO—E—O—SEI"&;—ACP
(o] o OH

NH
holo-ACP ; |\;
‘4
o T y OH 5 N N/J
(o] [0} OH OH
Yo ofl
FabD malonyl-coenzyme A o=p-on
OH
O
Y\/ W)Y\O P 0 Serys—ACP
malonyI-ACP e
¢
N N/)
NphT?7 s’“V“\r\/ w('\ro oo
oﬁ
or [1-'*C]acetyl-coenzyme A OziQOH
KAS Il
A~ 0-P-0-Serss—ACP
jrl/\/ 0 OH
[3-'“C]acetoacetyl-ACP
1-1-1 Malonyl-ACP KAS Il
l4C
ACPS S. coelicolor holo-[acyl carrier protein] synthase FabD S. coeliclor
malonyl-CoA-[acyl carrier protein] transacylase KAS Il S. coelicolor B-ketoacyl-[acyl
carrier protein] synthase in vitro malonyl-ACP  [1-*CJacetyl-CoA
KAS 1l NphT7 SDS-PAGE

[3-"C]acetoacetyl-ACP
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Streptomyces sp. CL190

pCLC7%? nphT7 N C
fabD acp acps
Streptomyces coelicolor A3(2) II
(16, 17)( 1-1-1)
Streptomyces sp. CL190  (nphT7 acp) S. coelicolor A3(2) (fabD acps)
DNA PCR
pT7Blue vector
( 1-1-1 )
DNA
pHis8* *Y(nphT7 fabD acps) pET15b (acp)
pHis_nphT7 pHis_fabD
pHis_apcs pET acp S. coelicolor KAS III (scKAS III)
pQE-fabH (pQE30  Sall-HindIII )
E. coli BL21 (DE3) (pHis8-nphT7 acps acp fabD) IM109
(pQE-fabH) IPTG
Ni-NTA NphT7
native
1-1-1
TS542—% il PR &P 22 IBEES (5'-3 )
NPHT7 N BamH]I GGGGGATCCACCGACGTCCGATTCCGC
NPHT?_C EcoRI GGGGAATTCTACCACTCGATCAGGGCGC
ACP N_ NdeHI GGGGCATATGGCCGCCACTCAGGAAGAGAT
ACP:C BamH]I GGGGATCCTCAGGCCTGGTGGTCGAGGATG
ACPS N BamH]I GGGGATCCAGCATCATCGGGGTCGGGATCG
Acps_c Hindlll GGGGAAGCTTCTATCCCTCCGCGATCACCA
FABD-N BamH]I GGGGATCCCTCGTACTCGTCGCTCCCGGCC
FABD:C Hindlll GGGGAAGCTTCAGGCCTGGGTGTGCTCGGC
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Malonyl-ACP
1-1-2
holo

30°C
LC-MS

KAS 111

39 ug(
12

negative control

100 uL 25°C 12

1-1-2 Holo
100 mM Tris-HCI (pH 8.0)
1 mM CoA
5 mM MgCl,-6H,0
1 mM Dithiothreitol
76 uM ACPS

100 nM ACP

FabD malonyl-CoA 1 nM
12
malonyl-ACP

10pL( 1-1-3) 0.3 pg(
390 pg /mL)  NphT7
[1-"*C]acetyl-CoA

SDS-PAGE (18% )

ACP

1-1-3
100 mM Tris-HCI (pH 8.0)
84.7 uM [1-'“Clacetyl-CoA
13.5 uyM Malonyl-ACP
1 mM Dithiothreitol

22

apo-ACP

1 mM

malonyl-ACP
KAS III

30 ug /mL)

KAS III
37°C



His ( 1-1-2)
(NphT7, 38 kDa; KAS 111, 37kDa; ACPS,

16 kDa; ACP, 10.9 kDa; FabD, 36 kDa)

NphT7 63 kDa Streptomyces sp. CL190
acp S. coelicolor II
acp
Malonyl-ACP
Malonyl- LC-MS 212 (1) 215
(2) 2 ( 1-1-3) 1 2
2276.5 22589  [M+5H] deconvolution
11377.4  11289.7 [M] malonyl-CoA  holo-ACP
11375.6 Da 11289.3 Da (malonyl-ACP

[M (C490H778N1350168PS3)]:11375.6 hOlO—ACP [M (C487H776N1350165PS3)]:11289.3)

KAS 111
KAS III
KAS TII

NphT7

malonyl-ACP

1-1-4 positive control

ACP negative control
ACP

ACP negative control

NphT7
acetyl-CoA [1-"*Clacetate  NphT7 Cys
NphT7 malonyl-ACP

KAS III

23



A
scKASIII

(kDa) LMW 1 2 3 4 5
97.0
66.0

45.0

30.0
B c
(kDa) LMW FabD (kDa) PM ACP  ACPS
970 [~ 16.9
660 | oo g 144
107 |
g N
450 |
6.2
—
300 [ .

1-1-2 SDS-PAGE

A NphT7 ( ) scKAS Il () SDS-PAGE (10% ) B
FabD SDS-PAGE C ACPS ACP SDS-PAGE
(18% ) LMW Low
molecular weight marker PM Peptide marker 1 2 3 Ni-NTA

4 5 FabD FabD ACP ACP

ACPS ACPS
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)

Intensity (mAU

B
1
6 . i [M+5H]*=2276.5
= 5 TIC+AI MS .
= a
T H >
g % 4-
E 24 1 =N
£ 28433
04 04 I
I I L) Ll 1 1 ) 1 L] L) T I 1 1) 1 ) I 1 1 1 1
16 18 20 22 24 26 28 30 32 3 1000 2000 3000
Retention time (min) m/z
2545
_. 2.0 .
4004 2 UV (at 220 nm) & [M+5H]**=2258.9
x 1.5
2
2004 @ 1.0
1 o
< 0.54
& 1883.4 2821.8
0,0— b | La
I I I I I I I 1 I ] T T T T T T T T T
16 18 20 22 24 26 28 30 32 34 1000 2000 3000
Retention time (min) m/z
1-1-3 LC-MS malonyl-ACP
A Total ion () 220 nm uv () 1
21.2 2 215 B 1 2 MS
[M+5H]>* deconvolution 11377.4 (1) 11289.7
2 [M] malonyl-ACP holo-ACP

11375.6 Da 11289.3 Da
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kDa) 1 2 3 4 1 2 3 4
450 [ = = NphT7

' - - -— or
30.0 1w S KAS IIi
14.3 |8 .

ACP

6.5 - . derivatives
3.5

2.3

Autoradiogram  Coomassie stained

0 O O
KASIII © O
+ + HS—CoA
)*J\s—ooA HOMS—ACP "‘),{\)J\S_Acp

1-1-4 KAS I
SDS-PAGE 18%
1 Rainbow maker 2 NphT7 3 KAS I (positive control) 4
(negative control) KAS Il * *c
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Acetoacetyl-CoA
NphT7 KASIII
malonyl-CoA NphT7 HPLC LC-MS
acetoacetyl-CoA

( 1-2-1) 50 uL 15 pg( 0.3 mg/ mL) NphT7
30°C 2 100% 5 uL
1 M MES (pH6.0) 10 15,000 g 4°C 10
10 uL. HPLC
LC-MS HPLC LC

dibutylammonium acetate

HPLC LC-MS 1-2-2 CoA
259 nm UV MS negative mode
HPLC LC-MS
1-2-1

100 mM Tris-HCI (pH 8.0)

1 mM Acetyl-CoA

1 mM Malonyl-CoA

1 mM Dithiothreitol

27



1-2-2 HPLC LC-MS

ho L Shiseido Capcellpak C18 MGII 4.6x250 mm, 5 um. (HPLC, B4 %)
Shiseido Capcellpak C18 MGII 2.0x250 mm, 5 um, (LC-MS, 4% )
SHRE  25°C (HPLC)
40°C (LC-MS)
BIE A 5 mM dibutylammonium acetate +
5 mM ammonium acetate (pH 6.5)
BIEB MeOH
BHEH  liner gradient
i 1.0 mL / min (HPLC)
0.2 mL / min (LC-MS)
BHTOTS L4
B¥fE (59) AR ARE (%) B BIRE (%)
0 90 10
15 20 80
16 90 10
36 90 10

28



1-2-1 acetyl-CoA(4 10.1 )

malonyl-CoA(3 9.1 ) 9.3 9.5 2
12 CoA acetoacetyl-CoA

LC-MS 766.1096 788.0876(1) 850.1284
872.1092(2) m/z 1 CoA(M

(C21H36N7016P3S)-H]™ m/z  766.1096, C;H3sN;016P3S, caled 776.1074; [M
(C21H36N70,16P3S)+Na—2H] m/z 788.0876, C,1H34N;06P3SNa, calcd 788.0893) 2
acetoacetyl-CoA([M (CasH4oN7O13P3S)-H] m/z 850.1284, C,sH39N;0;5P3S, caled
850.1285; [M (CysH40N;0;3P3S)+Na—2H] m/z 872.1092, C,sH33N;03P3SNa, caled
872.1105)

NphT7 acetyl-CoA malonyl-CoA acetoacetyl-CoA
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>

100 =

Intensity (mAU)

9 10 11 12
Retention time (min)

B
766.1096

1004 1
8 7 CoA
3 calcd. [M=HJ-, 766.1074
= =
2 504 calcd. [M+Na—-2H]-, 788.0893
o
2
5 J
@
(n' -

A 788.0876

0 L L L m L] l L)

700 720 740 760 780 800

m/z
850.1284
100- 2

8 -
E . Acetoacetyl-CoA
8 calcd. [M=HJ-, 850.1285
® — caled. [M+Na—2HJ, 872.1105
=
g
4

i 872.1092

O |I L

800 550 840 850 850 900
m/z
1-2-1 NphT7 HPLC LC-MS
A (259 nm) B 12 (negative mode) A
NphT7 NphT7
1 (CoA) 9.3 2 (acetoacetyl-CoA) 9.5 3 (malonyl-CoA) 9.1 4 (acetyl-CoA)
10.1
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NphT7 acetoacetyl-CoA
NphT7 acetoacetyl-CoA acetyl-CoA malonyl-CoA
CoA acetoacetyl-CoA

10
20 30 60 120 100% 5 uL
HPLC
NphT7 malonyl-CoA
CoA 3
HPLC 1-3-1
1-3-2 NphT7 1

acetyl-CoA 1 malonyl-CoA 1 CoA acetoacetyl-CoA
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— NphT7,120 s
. NphT7,60s
— NphT7,30s
— NphT7,20s
— NphT7,10s

--- Heat denatured NphT7,120 s

100 -
3 4
!
£ |
2> 50 -
'E
=
8
£
0
8 9 10 11

Retention time (min)

1-3-1 HPLC
1 CoA 2 acetoacetyl-CoA 3
malonyl-CoA 4 acetyl-CoA
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1.2
1.0 5
s
£ 0.8
[
e
® 0.6
=
(4)]
2 0.44
@]
O
0.2 N
=
0.0 , . . . : g
0 20 40 60 80 100 120

Time (s)

o) N O O O O P
)I\S—COA HOMS—COA )J\/LLS—COA HSTCoA
4 (A) 3(@) 2(V) 1(O)

1-3-2 Acetoacetyl-CoA
1-3-1 NphT7
malonyl-CoA CoA 3
CoA 1 (o) CoA 2 (v) acetoacetyl-CoA 3

(@) malonyl-CoA 4 ( ) acetyl-CoA
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Acetoacetyl-CoA

B-ketoacyl-CoA (acetoacetyl-CoA)

303 nm ( 1-4-1)% 49 (100
mM Tris-HCI pH 8.0 1 mM Dithiothreitol 5 mM MgCl, 6H,0 acetyl-CoA
malonyl-CoA) 5 pg NphT7( 5 pg / mL) 30°C 303
nm 1
acetoacetyl-CoA-Mg*" (&) 8300 Acetyl-CoA
Kmn malonyl-CoA 100 uM malonyl-CoA K,
acetyl-CoA 200 uM Lineweaver-Burk
K Keat 1-4-2
R™ "S—CoA  HO §—CoA —p g §—CoA —P pieX
Acyl-CoA Malonyl-CoA B-ketoacyl-CoA Al
1-4-1 B-ketoacyl-CoA (acetoacetyl-CoA)

B-ketoacyl-CoA

303 nm B-ketoacyl-CoA  acetoacetyl-CoA
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1-4-1

Michaelis-Menten Lineweaver-Burk 1-4-2
acetyl-CoA malonyl-CoA
68.3+4.2 28.3£2.6 uM Keat 10.3£0.2 5™
1-4-1

Vmax (umol / min / mg) K AcetiCoA (M) K Melonyt CoA(uM) K, (s71)

Kool K, MalonyiCoA (14 (|M1)

8.9+0.3 68.3+4.2 28.3+2.6 10.34£0.2

0.3
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Malonyl-CoA = 100 uM

-
]

v (umol / min / mg)
S

5 1/ v (umol / min / mg)
(=]
[o3]

2 T .
- R ——
0.0 0.1
1/ Acetyl-CoA (uM)
O L) L) L) ) L) 1
0 100 200 300 400 500 600
Acetyl-CoA (uM)
B 8

Acetyl-CoA = 200 uM

_— 6 T -

[=)

=

S—

P 06
E 4 - & i
— <

© E

£ 503
= £

> 2 =

X

oo 01
1/ Malonyl-CoA (uM)
0 T T 1 L L 1
0 20 40 60 80 100 120
Malonyl-CoA (uM)
1-4-2 Michaelis-Menten Lineweaver-Burk
A Acetyl-CoA Knm 10 20 50 100 500 puM
malonyl-CoA 100 uM B malonyl-CoA Km
20 30 50 100 uMm acetyl-CoA 200 uM
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E. coli KAS IIl(ecKAS III)

acetoacetyl-CoA “3) 0.093 pmol /

min / mg NphT7 100

hexanoyl-CoA Staphylococcus aureus  KAS III(saKAS III)

B-ketoacyl-CoA
0.014 pmol / min / mg NphT7 630 (
1-5-1)
1-5-1 KASIII NphT7 B-ketoacyl-CoA
Bxa VmaxE7-I&tiEME(umol / min / mg) BEIERHDOEE R
ecKASII| 0.093 (EEiEH) 0.1 mM acetyl-CoA. 5 mM malonyl-CoA
saKASIII 0.014 (LLiEH) 0.1 mM hexanoyl-CoA. 1 mM malonyl-CoA
NphT7 8.9+0.3 (Vmax) AXSH
NphT7 KAS III in
vitro
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NphT7
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Catalytic triad

E. coli KAS III NphT7 Cys-His-Asn
(catalytic triad) ( ) in
vitro ( ) E. coli
KAS TIII catalytic triad (
2-1-1)% > *D Cys acyl Claisen
acyl His-Asn malonyl
o-anion Cys
acyl
B-ketoacyl-ACP His-Asn
malonyl-ACP oi-anion
acetyl-ACP His Asn
malonyl-ACP
B-ketoacyl-ACP ©) NphT7  catalytic triad
Cys (C115) His (H256) Asn (N286)
Ala NphT7-CI15A
NphT7-H256A NphT7-N286A
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) 0 0 i 0

Hlsz44\(‘ 7 }—Asnm Hi5244\ﬂ'|\7 }_ ASN 74 H|5244\€\7 r?_ AsNor4
N A
HHH “W W H H HH

(0]
Phe@ )I\S—C()A — > Phegs — F’he@
CoA.

S—=CoA )
; s
S S—\Ig) S/CI?-—
Cysq12 [ [ (& [ F%
N,H H\N/GI Cysqi2 H H. ¥YS112 H W
| | Clyzos | | Glysos | | Glysos

Cys BEA~D acyl ZE A

HS—-CoA

0 0
His 244N >_A5n2” Hisza4 Q }—Asnzu
‘(\_N) N ‘1 N

H HH HHH

)J\/J\s ~ACP

®)
F’he@ (}\S-ACP 47— Pheggs
CO,
s~ s

Cysq12 [ HOH - Cys2 [ HOH o
N N N” i
[ | Glyas | | Glyaos

rm

His-Asn 52 & (2 &k HB% i B R G & a—anion D4R

0
) 0 Hisz44 2 Asn
H|5244\€\> y_Asnzn \(‘ 7 ?‘ 274
N, N H H H
H HH

o _-Phe9 & B
€205 S—ACP
i MS-ACP

Cysi12 [N’H Ho

Cysqiz
H H - | | Glysos

| | Glysos

Claisen ff§ & & p-ketoacyl-ACP M4 Rk
2-1-1 KAS I

KAS llI Cys acyl
His-Asn malonyl o-anion a-anion Cys

acyl Claisen B-ketoacyl-ACP E. coli KAS IlI
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( 2-1-1) Quickchange® XL

Site Directed Mutagenesis Kit PCR
pHis-nphT7 PCR E. coli DH5a
E. coli BL21 (DE3) TB IPTG
Ni-NTA
2-1-1
T7543—% IEERS| (5'—3 )
NphT7-C115A_N GACGTCAACGCGGTCGCGTCCGGCACCGTGTTC
NphT7-C115A_C GAACACGGTGCCGGACGCGACCGCGTTGACGTC

NphT7-H256A_N AGCCACTTCGTGCCGGCGCAGGCCAACGGTGTC
NphT7-H256A_C GACACCGTTGGCCTGCGCCGGCACGAAGTGGCT

NphT7-N286A_N GTCGAGACCTACGGCGCGACGGGAGCGGLCCTCC
NphT7-N286A _C GGAGGCCGCTCCCGTCGCGCCGTAGGTCTCGAC
1 mM acetyl-CoA 1 mM malonyl-CoA 50uL ( 1-2-1 )
70 ng NphT7-H256 ( 1.4 mg / mL) 50 ug NphT7-C115A (
1.0 mg / mL) 30°C 5 (NphT7-H256A) 10
(NphT7-C115A) HPLC
NphT7-H256A acetyl-CoA
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NphT7-C115A NphT7-H256A
NphT7-N286A

( 2-1-2)
NphT7-C115A NphT7-H256A NphT7-N286A
(kPa) 1 2 3 4 5 6 12 3 4 5 6 1 2 3 4 5 6
97.0
66.0
45.0
30.0
2-1-2 SDS-PAGE
1 Low molecular weight marker 2 3
4 Ni-NTA 5 6 SDS-PAGE 10%
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NphT7-C115A NphT7-H256A 2-1-3
NphT7-C115A NphT7 acetoacetyl-CoA CoA
malonyl-CoA acetyl-CoA
His-Asn malonyl-CoA o-anion
acetyl-CoA
NphT7  Cys acyl
NphT7-H256A CoA  acetoacetyl-CoA
Asn286 o-anion
KAS 1III
0.2 umol / min / mg
( 2-1-2) NphT7 8.9 umol / min / mg (
32 1-3-1 acetyl-CoA ) 44
2-1-2 NphT7 NphT7-H256A
BR% HERMHF LESEME (umol / min / mg)
NphT7-H256A 1 mM acetyl-CoA + 1 mM malonyl-CoA 0.2
NphT7 1 mM acetyl-CoA + 1 mM malonyl-CoA 8.9
NphT7  H256
N286A H256A
NphT7 Cys-His-Asn

catalytic triad

43



A (NphT7-C115A)

150 -

Intensity (mAU)

9 10 11 12
Retention time (min)

B (NphT7-H256A)

150 -
3
— i
=] : 4
= 100 :
E
2
2
i) 50 1
=
0 -
9 10 11 12
Retention time (min)
2-1-3 NphT7-C115A H256A HPLC
A NphT7-C115A HPLC B NphT7-H256A HPLC 1
mM acetyl-CoA 1 mM malonyl-CoA NphT7-C115A
10 NphT7-H256A 5 1 CoA 2
acetoacetyl-CoA 3 malonyl-CoA 4 acetyl-CoA CoA 259

nm
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acetoacetyl-CoA
NphT7 Cys-His-Asn

Cys-His-Asn KAS 11

acyl-CoA malonyl-ACP

acetyl-ACP (.12 type 11
PKS 2-PS  acetyl-CoA malonyl-CoA

acetyl-CoA
6-methyl-4-hydroxy-2-pyrone (TAL) 9)
THNS malonyl-CoA 1,3,6,8-tetrahydroxynaphthalene

(THN) (6, 30) NphT7 acetyl-CoA

malonyl-CoA acetoacetyl-CoA

( 2-2-1)
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o] o o

+
)ks ~CoA HOMS—COA €0,

O o
or NphT7 + HS-CoA
G MS—COA
2x acetoacetyl-CoA
HOMS_COA 2xCO,
o) + 2 0O O
X
)\s—cm Tt 2xCO;
2-PS |
or =~ + 3xHS—CoA
O O OH
3x
HOMS— CoA 3xCO, TAL
OH OH
. O O THNS R
X x =Co
e ue
HO OH
5x CO, THN
2-2-1 NphT7 malonyl-CoA acetoacetyl-CoA
NphT7 2-PS
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1 mM malonyl-CoA ( 1-2-1 ) 50 ul. 30 pug NphT7(

0.6 mg / mL) 30 60 90 120 100%
5 uL HPLC
NphT7
malonyl-CoA CoA 3

malonyl-CoA

HPLC 2-2-2
2-2-3 NphT7  malonyl-CoA
acetoacetyl-CoA 2
malonyl-CoA 1 CoA  acetoacetyl-CoA

NphT7 KASIII type IIl PKS

5
2-2-1) KAS III (
1-5-1 ) NphT7
malonyl-CoA KAS III
2-2-1 NphT7 KASII
BERA EEFH EESETE (umol / min / mg)
NphT7 1 mM acetyl-CoA + 1 mM malonyl-CoA 8.9
NphT7 1 mM malonyl-CoA 1.8
ecKASIII 0.1 mM acetyl-CoA + 5 mM malonyl-CoA 0.093
saKASIII 0.1 mM hexanoyl-CoA + 1 mM malonyl-CoA 0.014
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— NphT7,120 s

— NphT7,90 s

— NphT7,30s

--- Heat denatured NphT7, 120 s

100 -
3
i
S i
= :
E
2> 50 -
‘»
[ =t
3
£
0
8 9 10 11
Retention time (min)
2-2-2 HPLC
CoA 2 acetoacetyl-CoA 3
malonyl-CoA CoA

259 nm
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o

o

Concentration (mM)
(]

0 20 40 60 80 100 120
Time (s)

GREEG) O O
X  — + HS—CoA
2 HO/U\/U\S—COA MS—COA

3 (@) 2(V) 1(O)
2-2-3 acetyl-CoA acetoacetyl-CoA
2-2-2 NphT7
malonyl-CoA CoA 3
CoA 1 (o) CoA 2 (V)

acetoacetyl-CoA 3 (@) malonyl-CoA
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Acetoacetyl-CoA acetyl
NphT7 acetyl-CoA acetoacetyl-CoA
acetyl

acetoacetyl-CoA

1 mM [1,2-"CJacetyl-CoA (99% atom) 1 mM malonyl-CoA

( 1-2-1 ) 50 uL 15 ng  NphT7 ( 0.3 mg / mL)
30°C 2 100 uL  HPLC
acetoacetyl-CoA LC-MS
LC-MS 2-3-1 852.1353 m/z
[1,2-"CJacetyl-CoA  malonyl-CoA [3,4-°C]
acetoacetyl-CoA  m/z [M (Ca3'*C,H4oN;0,sP3S)-H] = 852.1352
NphT7  acetyl-CoA acetyl
850.1302 m/z
Bc acetoacetyl-CoA m/z
[M(C25H4oN70,5P3S)-H] = 850.1285 malonyl-CoA
acetyl-CoA NphT7
1 mM acetoacetyl-CoA
acetoacetyl-CoA 1 mM
in vivo in vitro
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852.1353

100 -
q) =
&
= y
®
©
c . Acetoacetyl-CoA
= | .
I calcd. [M—H]-, 850.1285
] 50 "
0:5) - [3,4-*C] Acetoacetyl-CoA
'-*c-'; calcd. [M—HJ-, 852.1352
[
0 -

850.1302
O . . .| | v .| I . .
846 848 850 852 854 856 858
m/z
2-3-1 LC-MS
[1,2-13C]acetyI-CoA malonyl-CoA acetoacetyl-CoA MS
[3,4-*CJacetoacetyl-CoA °C acetoacetyl-CoA

negative mode
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( ) NphT7

acetyl-CoA
n-propionyl-CoA butyryl-CoA isobutyryl-CoA isovaleryl-CoA
malonyl-CoA
methylmalonyl-CoA ( 2-4-1)

0] o]

\)I\S—COA /\)kS—COA

n-propionyl-CoA butyryl-CoA

E$H acyl-CoA ( FAtREHE )

i JOR
\%S—CoA S—CoA

isobutyryl-CoA isovaleryl-CoA

4 5 $8 acyl-CoA ( BItAEE )

o O

HOJ\H\S—COA

methylmalonyl-CoA

(fRREEH)

2-4-1
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50 uL ( 2-4-1) 150 pg NphT7 ( 3 mg / mL)
30°C 10 HPLC
LC-MS
malonyl-CoA

acetyl-CoA
2-4-1
100 mM Tris-HCI (pH 8.0)
1 mM FsREE
1mM HRAE
1mM Dithiothreitol
n-propionyl-CoA 5
10.8 ) (6 104 ) ( 2-4-2A)
LC-MS 864.1450 886.1252 m/z
( 2-4-3A) n-propionyl-CoA  malonyl-CoA
3-oxo0-pentanoyl-CoA m/z (M
(Co6H42N70153P3S)—H] = 864.1442 [M (Cy6H42N7NaO;gP3S)+Na—2H] = 886.1261
isobutyryl-CoA (7
11.6 ) (8 11.2 ) ( 2-4-2B)
878.1589 900.1401 m/z ( 2-4-3 B)

isobutyryl-CoA malonyl-CoA
4-methyl-3-oxo-pentanoyl-CoA  m/z [M (C7H44N,OsP3S)—H]
=878.1598 [M (Cy7H44N7NaO;sP3S)+Na—2H] =900.1418

n-propionyl-CoA isobutyryl-CoA

butyryl-CoA isovaleryl-CoA

( 2-4-2D E)

Methylmalonyl-CoA 9 CoA
acetyl-CoA
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n-propionyl-CoA 5)

(10 103 ) ( 2-4-2 C) LC-MS
5 822.1304 844.1139 m/z (
2-4-3 C) n-propionyl-CoA m/z (M
(C24H4oN7017P3S)—H] = 822.1336 [M (Cp4H4N7NaO7P3S)+Na—2H] = 844.1155
methylmalonyl-CoA 10
864.1436 886.1239 m/z ( 2-4-3D)

acetyl-CoA methylmalonyl-CoA
2-methy1—3-oxo-butanoyl-CoA m/z [M (C26H42N7O 18P3 S)_H]_ =
864.1442 [M (C26H42N7Na0 1 8P3 S)+Na—2H]_ = 886.1261
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A n-propionyl-CoA (5) + malonyl-CoA
150
5 3
< ] |
: 100 !
=
® 50
Q
B
04
8 9 10 11 12 13 14
Retention time (min)
B isobutyryl-CoA (7) + malonyl-CoA
150
'3“ 3
: 100 §
2
2 504
8
£
0
T T R TR Y
Retention time (min)
C acetyl-CoA + methylmalonyl-CoA (9)
150
2
1001 4
0
(=]
@
£

10 11 12 13 14

8 9
Retention time (min)

2-4-2

(243
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D butyryl-CoA (11) + malonyl-CoA
150
5
< 100 :;’
E 11
a i i
a 5
]
£
0
8 9 10 11 12 13 14
Retention time (min)
E isovaleryl-CoA (12) + malonyl-CoA
150
2
: 100
2 12
g 50
2 i
= ‘
0
SURMT ORRNET JRE (O e TN
Retention time (min)
1, CoA
2, acetoacetyl-CoA
3, malonyl-CoA
4, acetyl-CoA
5, n-propionyl-CoA
6, 3-oxo-pentanoyl-CoA
7, isobutyryl-CoA
8, 4-methyl-3-oxo-pentanoyl-CoA
9, methylmalonyl-CoA
10, 2-methyl-3-oxo-butanoyl-CoA
11, butyryl-CoA
12, isovaleryl-CoA
HPLC



>

Relative Abundance

Relative Abundance (@) Relative Abundance

w)

Relative Abundance

100 864.1450
5
50
886.1252
ot M0
500 1000 1500 2000
m/z
878.1589
100 - o]
] 7
50
] 900.1401
500 1000 1500 2000
m/z
100- 822.1340
50
] 844.1139
O-I‘l'.} _ll L _lu_ ; — = z i
500 1000 1500 2000
m/z
- 864.1436
] 4
50
| 886.1239
0 ,IJ.,,[_ ——
500 1000 1500 2000
miz
2-4-3
2-4-2
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0 0 0
+ [
S—CoA HOJ\/U\S_CM Ns—cm
3

6, 3-oxo-pentanoyl-CoA
calcd. [M-H], 864.1442
calcd. [M+Na-2HJ, 886.1261

0O

8
8, 4-methyl-3-oxo-pentanoyl-CoA
calcd. [M-HJ, 878.1598
calcd. [M+Na-2HJ, 900.1418

o o o
HOJ%S—COA \)Ls—cm
9 5

5, n-propionyl-CoA
calcd. [M-H],, 822.1336
caled. [M+Na-2H], 844.1155

0 . 0O o 0 O
)LS—COA Hows—cm )H)\s—cm\
10

9

10, 2-methyl-3-oxo-butanoyl-CoA
calcd. [M-H], 864.1442
calcd. [M+Na-2H], 886.1261

LC-MS



n-propionyl-CoA

methylmalonyl-CoA

isobutyryl-CoA

acetyl-CoA

acetyl-CoA malonyl-CoA

NphT7  acetyl-CoA malonyl-CoA
( 2-4-2) 3-oxo0-pentanoyl-CoA
2-methyl-3-oxo-butanoyl-CoA
NMR
2-4-2 NphT7
BAIL R REE HE3EHE (umol / min / mg)
n-propionyl-CoA malonyl-CoA 0.012
isobutyryl-CoA malonyl-CoA 0.009
acetyl-CoA methylmalonyl-CoA 0.012
acetyl-CoA malonyl-CoA 8.906
2 malonyl-CoA acetoacetyl-CoA
acetyl-CoA acetyl-CoA  malonyl-CoA
o.-anion
acetyl-CoA
NphT7
butyryl-CoA  isovaleryl-CoA
acetyl-CoA
2 NphT7 malonyl-CoA
acetyl-CoA
NphT7 butyryl-CoA
malonyl-CoA 3-oxo-hexanoyl-CoA isovaleryl-CoA
malonyl-CoA 5-methyl-3-oxo-hexanoyl-CoA 6

( 2-4-4FG)

NphT7
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( 2-4-4 A-D) 5
o
acetyl-CoA methylmalonyl-CoA

methylmalonyl-CoA n-propionyl-CoA

methylmalonyl-CoA 2-methyl-3-oxo-pentanoyl-CoA (

5) ( 2-4-2C 2-4-4 E)
A (o] + o 0 8 . 9 o 0O
—_—
)Ls—cm HO S—-CoA Ms—c\m
acetyl-CoA malonyl-CoA acetoacetyl-CoA
B o + 99 0.012 o o0
’u‘s—ccm HO S—CoA S—CoA
acetyl-CoA methylmalonyl-CoA 2-methyl-3-oxo-butanoyl-CoA
o o o 0.012 o o
C + _—
\)Ls—ccm HO S-CoA \)J\’Ls—c:m
n-propionyl-CoA malonyl-CoA 3-oxo-pentanoyl-CoA
o o o 0.009 o o
D + A A —
S—CoA HO S—CoA S—CoA
isobutyryl-CoA malonyl-CoA 4-methyl-3-oxo-pentanoyl-CoA
E [o] i o o o o
\)LS-COA HO S-CoA \“s-c\m

n-propionyl-Cos

methylmalonyl-CoA

2-methyl-3-oxo-pentanoyl-CoA

F (o] (o] (o] (o] (o]
+ A
A)\S—COA HOMS—COA S—CoA
butyryl-CoA malonyl-CoA 3-oxo-hexanoyl-CoA

o
G )\)\s—c‘m

isovaleryl-CoA

B-ketoacyl-CoA

malonyl-CoA

2-4-4 NphT7
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o o o] o
+ AL
HOJ\’LS—G«:A S5-CoA

5-methyl-3-oxo-hexanoyl-CoA

B-ketoacyl-CoA

(umol / min / mg

2-4-2



Thiolactomycin cerulenin
Cerulenin Thiolactomycin II KAS
(B-ketoacyl-ACP synthase) Cerulenin KAS
Cys-acyl KAST II KAST KASII
acyl-ACP Cerulenin
KAS T II acyl
KASIII KAS1 KAS 1T
thiolactomycin ~ malonyl-ACP  malonyl
(KAST KASII; His-His, KAS III; His-Asn)
KAS 149 2.5-1)
NphT7  KAS III acetyl-CoA cerulenin
thiolactomycin
NphT7
H,N & RNAF il —
\g. g(\/\/\/\ \)\Eio
Cerulenin Thiolactomycin
(KAS |, Il inhibitor) (KAS I, II, Il inhibitor)
Ll N\v (/N il Hisygs \ij (foHism3
_&N NJ_ i NG
H, H Ha
e ) Hydrophobic pocket P
SI{“\/\/\/\/ 5
- - HO
CysmLT.O.H\(Gwsm N

acyl-Cys intermediate

2-5-1 Cerulenin

Cys-His-His KAS | KAS Il

Il His-His

59

malonyl-His-His or His-Asn intermediate

thiolactomycin KAS

KAS Il  His-Asn  KASI|



( 2-5-1 100puL 0.6 pug NphT7( 6 ug / mL) 30°C

3 cerulenin acetyl-CoA
thiolactomycin malonyl-CoA 70 uM 30 uM
30°C 1 negative control positive
control DMSO NphT7
NphT7 NphT7
Km 1 M MES (pH 6.0) 2 15,000 g
4°C 10 20 uL HPLC
NphT7 malonyl-CoA
CoA
2-5-1
100 mM Tris-HCI (pH 8.0)
70 uM acetyl-CoA (cerulenin DIFEIXREITHM)
30 uM malonyl-CoA (thiolactomycin DI IEHZEITHN )
1mM Dithiothreitol
1 mM Cerulenin or Thiolactomycin in DMSO
HPLC cerulenin thiolactomycin
( 2-5-2)
NphT7  Cys-His-Asn
Cys-His-Asn KAS
M1
Cerulenin acetyl-CoA thiolactomycin
malonyl-CoA  NphT7 3
malonyl-CoA acetoacetyl-CoA
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1009 — Thiolactomyecin (T.)
- Heat denatured NphT7 (H.) 3 - [0 3 (malonyl-CoA)
— No Inhibitor (N.) B 1(CoA)
g ] [0 2 (acetoacetyl-CoA)
£ 21 B 4 (malonyl-CoA)
— 50 4
P
= .
c
1]
= 1
T T T T O'
9 10 11 12 H. N. T
Retention time (min)
B
1009 __cCerulenin (C.)
------- Heat denatured NphT7 (H.) 3 O 3 (malonyl-CoA)
— No Inhibitor (N.) m 1(CoA)
5 [0 2 (acetoacetyl-CoA)
£ 2- W 4 (acetyl-CoA)
S 50_
> 4
&
= 3 12\[\ 1
& A\
0 P I— .J:_;_j"-....f \&a‘f.x__.__“_.__.._..
1 1 1 1 O-
9 10 11 12 H. N. C.
Retention time (min)
2-5-2 Thiolactomycin(A) cerulenin(B)
NphT7
70 uM acetyl-CoA 30 uM malonyl-CoA 1mM
CoA 259 nm
NphT7
malonyl-CoA CoA
CoA 1 CoA 2 acetoacetyl-CoA 3

malonyl-CoA 4 acetyl-CoA
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KAS III
(9. 59 NphT7

( 58 2-4-4) acetyl-CoA
acyl-CoA
M. tuberculosis KAS IIT (mtKAS 11T) E. coli
KAS III (ecKAS III) S. aureus KAS III (saKAS IIT)
( 2-6-1) acyl ( 2-6-1 @ ) M. tuberclosis
KAS 111 Thr E. coli S. aureus Phe
NphT?7 Gln NphT7 Q90 T F
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NphT7

1
eckKASIl 1
sakKASIl 1
mtKASIE 1 MTEIATTSGA
70 100
. ﬁ | I _. . | | |
NphT7 54 THOLETARGR A sprPDRPQEP T TIEITAA
eckKASIl 51 VEJTMGF|SEJAT M) TSATHAF|[ZS A KiEgC P A
sakASIl 51 TEDO LEAYIRIS V D AQIGDMPFIgTV GKVASMBIOQ LI
mtKASIl - 61 AASMEITIHACR N NEIH F LQ;F‘A KILG
140 180
A P . L
NphT7 114 SVAGTLVYR - AGAIVIENGERES
eckKASIl 111 VEIDQ YV K S[EA PAEFAANL AASE
sakKASIl 111 TEKQYVQS[ED EYeyAYV | I[EEVS
mtKASIl 121 ALMADM | RGIEG AVmVETF'
200 210 220 240
P [ PP IR ERPP RN | | .o |
NphT7 173 v ALHTFEGLTD LIRVPAGGSR QPLDTDGLDA RRFVTEHL
eckKASIl 170 S HLHAPMIEISYGE LLTLPNADRY NPERS--- - - - - IHLTMA[EN KVEIVTEL
sakKASIl 171 EGR S--Y EMGSPIETGGK HLYLDKDTGK LKMQ------ -------- €] R KFEVRIM
mtKASIl 180 -FQ GP--T VAGSPBIEEQAD AIRQDIDWIT FAQRIPS---G PRPFVRLE[gP A R AFKM
250 260 270 280 290 300
PR T Lt R KPP [P (P SRPRRPPERE AP [P RPN I
NphT7 233 PQLIKGFLHE [{evDAAaDlsH NGEGREFIIGVM LDEVFGEMHL PRATMHRT -V
eckASIl 221 AHIVDETLAA NNLDRSQL R 1 ISATAKKAGM SMBINVVVT - L
saKASIl 215 GDASTRVVEK BNLTSDD L B EGEYYY ] MESARER[MG | SKBKMSVS -V
mtKASII 235 GDMGRRAMDA EGVRPDQ VGRS EEE NELLVKN[SQL RPMAVVANDI
310 320 340
P [ U PSP R PR
NphT7 292 Y ! TMplAAVR AESFR EV ASFALIEW- - -
eckKASIl 280 VJCALBMEAVR D[R | Q[yVv WGSALVRF - - -
sakKASI 274 JEYLS IBMAQELK NEKLADDDT I WGAMT | KWGK -
mtKASI 295 EHALAMAELLT TEAA o] I YAAQVVRMPK G

2-6-1 KAS I NphT7
A Cys-His-Asn m ACP Arg e
PDB ID ecKASIII E. coli KAS Il (acetyl-CoA

1HN9) saKASIII S. aureus

KAS Il (lauroyl-CoA 1HZP)

KAS 1l (butyryl-CoA 1ZOW) mtKAS Il M. tuberclosis
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( 2-6-1)

Mutagenesis Kit (Stratagene) PCR
NphT7 pHis-nphT7 PCR E.
coli DHS5a
E. coli BL21 (DE3)
TB IPTG
NphT7-Q90T NphT7-Q90F Ni-NTA
2-6-1
T54T—% IBEASI (5'—-3 )
NphT7-Q90T_N  CCGGACCGGCCGACGCCGCCCACGGCG
NphT7-Q90T_C  GGCCTGGCCGGCTGCGGCGGGTGCCGC
NphT7-Q90F_N CCGGACCGGCCGTTCCCGCCCACGGCG
NphT7-Q90F_C  GGCCTGGCCGGCAAGGGCGGGTGCCGC
I mM malonyl-CoA ( ) (53 2-4-1
) 50 uL 70 nug  NphT7-Q90T ( 1.4 mg / mL) 80 ug
NphT7-Q90F ( 1.6 mg / mL) 30°C 10
HPLC malonyl-CoA
n-propionyl-CoA butyryl-CoA isobutyryl-CoA
isovaleryl-CoA (52 2-4-1 )
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NphT7-Q90T NphT7-Q90F

( 2-6-2)
NphT7-Q90T NphT7-Q90F
kbay 1 2 3 4 5 6 1 2 3 4

..--'*ﬁb-“"o‘

—
.
S—
—

30.0| -

2-6-2 SDS-PAGE
1 Low molecular weight marker 2

4 Ni-NTA 5 6 SDS-PAGE 10%
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NphT7-Q90F  NphT7-Q90T 2-6-3  2-6-4

(55
2-4-2) NphT7
NphT7-Q90F
( 2-6-3 A-D) NphT7 malonyl-CoA
acetoacetyl-CoA NphT7-Q90T
n-propionyl-CoA
3-oxo-pentanoyl-CoA NphT7
( 2-6-4A) 0.041 pmol / min / mg
NphT7 33 ( 2-6-2) NphT7-Q90T
malonyl-CoA acetoacetyl-CoA acetyl-CoA
NphT7-Q90T n-propionyl-CoA
2-6-2 NphT7 NphT7-Q90T  n-propionyl-CoA
BEA EERE TESETE (umol / min / mg)
NphT7 1 mM n-propionyl-CoA + 1 mM malonyl-CoA 0.012
NphT7-Q90T 1 mM n-propionyl-CoA + 1 mM malonyl-CoA 0.041

66



A n-propionyl-CoA (5) + malonyl-CoA C butyryl-CoA (11) + malonyl-CoA

Intensity (mAU)

B

Intensity (mAU)

150 150
3 .
] ! 2 100!
100 E 100 1
:h*..; ®
2 50
)
’ 0
9 10 11 12 13 14 8 9 10 11 12 13 14
Retention time (min) Retention time (min)
isobutyryl-CoA (7) + malonyl-CoA D isovaleryl-CoA (12) + malonyl-CoA
1501 150
3 —_—
1001 2 100
i £
¥ ? = i
504 | B gl |
ki )
-' I'. 8 - |!I
0 A L 0 - Ji\
9 10 11 12 13 14 8 9 10 11 12 13 14
Retention time (min) Retention time (min)
—— NphT7-Q90F RI&iAH& 1, CoA
e 2, acetoacetyl-CoA
— NphT7 RIGAR 3, malonyl-CoA
wns. G TENPhT7 RIS A & 4, acetyl-CoA
5, n-propionyl-CoA
6, 3-oxo-pentanoyl-CoA
7, isobutyryl-CoA
8, 4-methyl-3-oxo-pentanoyl-CoA
11, butyryl-CoA
12, isovaleryl-CoA
2-6-3 NphT7-Q90F HPLC
CoA
(55 2-4-2) CoA 259 nm
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A n-propionyl-CoA (5) + malonyl-CoA C butyryl-CoA (11) + malonyl-CoA

150 150
=) 7 5 3
< 100 | < 1001 |
E e'% E |
= =
0 2 50,
2 2
= L=
04+
8 9 10 11 12 13 14 8 9 10 11 12 13 14
Retention time (min) Retention time (min)
B isobutyryl-CoA (7) + malonyl-CoA D isovaleryl-CoA (12) + malonyl-CoA
1501 150
= 3 = 3
< 100/ } 2 100
E E
2 ( > i 12
7 7] ] i
: £ J\’Z\A . JL
= = (|| 4
U. M
8 9 10 11 12 13 14 8 9 10 11 12 13 14
Retention time (min) Retention time (min)
—— NphT7-Q0T RI&iA#& 1, CoA
e 2, acetoacetyl-CoA
— NphT7 RIGA®K 3, malonyl-CoA
wns. BHENPhT7 RIS B R 4, acetyl-CoA
5, n-propionyl-CoA
6, 3-oxo-pentanoyl-CoA
7, isobutyryl-CoA
8, 4-methyl-3-oxo-pentanoyl-CoA
11, butyryl-CoA
12, isovaleryl-CoA
2-6-4 NphT7-Q90T HPLC
CoA
(55 2-4-2) CoA 259 nm
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NphT7 acetyl-CoA  malonyl-CoA
Cys His Ala
NphT7 Cys-His-Asn

acyl
Q90F
NphT7 E. coli KAS III
KASIII  thiolactomycin NphT7
KAS III
KAS 1III
(1)
NphT7 KAS III
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NphT7

1n vivo
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nphT7
NphT7  in vivo acetoacetyl-CoA
3-hydroxy-3-methylglutaryl (HMG)-CoA synthase (nphT6)
HMG-CoA reductase (nphT5)  nphT7 S. albus

Streptomyces sp. CL190

pUMVI181  nphT7 AcclIl
nphT6 Sse83871 nphT6
C nphT7 2.1 kb DNA
- pSE101 (thiostrepton )2 nphT5
nphT6 pSEMV25°?  pSE101 HindIII
Sse83871 8.7kb DNA
pSE101 nphT7 nphT6 N
2.1 kb nphT5 nphT7
pSEMV40 ( 3-1-1)
pSEMV40 pSEMV25 pSE101
Streptomyces albus G153
thiostrepton nphT6 nphT7 ( 3-1-1) colony
directed PCR YEME-thiostrepton 10
mL ( thiostrepton 30 png / mL) 30°C 3
KG-thiostrepton 10 mL ( thiostrepton 30 ug/mL) 1%
30°C 9 4 9 1
I mL pH 2.0 2 mL
2
100 pL  2-
HPLC HPLC 3-1-2
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3-1-1

T743—% IRERS (5" -3 )

NphT7_N GGGGGATCCACCGACGTCCGATTCCGC

NphT7_C GGGGAATTCTACCACTCGATCAGGGCGC

NphT6_N GGGGCATGCTCCATCTCCATAGGCATTCAC

NphT6_C CCCAAGCTTCTAGCGCGCCTCGTAGATGCG
3-1-2

ho L

SIRE

A

AQUASIL C18 (4.0x150 mm. 5 um. > a—Ff%F)

40°C

0.1% acetate + 0.1% triethylamine in water

isocratic (100% A. 30 %)

1.0 mL / min

TEEFEREEE (RI-74, BFEL)
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/\\
1kb gg’a%
— &’ 2.1kb
# i

|
PUMV181 ——{ nphT1 > nphT2 >{ nphT3 >{nphT4 3 nphT5 > nphT6 >~ nphT7 >

l Acclll 381t
l KimFa{t
l Sse83871 341t

>
PN S l 2.1 kb O FrEEIR
& »
@ O
& o
I
pSEMV40  — nphT5 > nphT6 >~ nphT7 I <4— ligation

T Sse8387I SH1t
T KinFBt
T HindIll 3H1t

1
pSEMV25  —{ nphT5 > nphT6 |

3-1-1 pUMV181 pSEMV25 pSEMV40
pUMV181 Acclll-Sse8387I (Acclll ) pPSEMV25 Sse8387I-Hindlll

(Hindlll )
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3-1-2

pSE101
pSEMV?25 9 109+9mg/g
PSEMV40 8 379+
55mg/g pPSEMV25 3
acetoacetyl-CoA  nphT7
in vitro in vivo acetoacetyl-CoA
1 kb
500 - @, pSEMV40 | nphT5 >l nphT6 > l nphT7>
&) O, pSEMV25 [ nphT5 | nphT6 >
o
é i V¥.pSE101  No Insert E
=
'c%} [ ]
= i
©
o
o
~S ¢
L [ )
®
S 5
s 1 ¢ o o
2 o
= /. - v
0 7/ Y Y T Y Y Y
0 4 5 6 7 8 9
Time (day)
3-1-2
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Naphterpin

Naphterpin

CL190

naphterpin

Naphterpin

naphterpin

(54)

nphT7
CL190 acetoacetyl-CoA
naphterpin
nphT7 in vitro
in vivo
( 3-2-1)
o a o 2§
As—caﬁfﬂoﬂ\/u‘s—cm x)\s—cm
acetyl-CoA  malonyl-CoA acetyl-CoA
NphTT\ %iolase
o o
S5-CoA
acetoacetyl-CoA
J HMG-CoA synthase (NphT&)
O 4OH O
Ho’l\)\/u\s—cm
HMG-CoA
l HMG-CoA reductase (NphT5)
O 4OH
Ho’u\/‘?\/\OH
mevalonate
J, Mevalonate kinase (NphT1)
QP
HO’LK*)\/\OP
phosphomevalonate
J,ll NphT3, 2, 4
)\/“\0” /k/\opp <+—— MEP pathway
isopentenyl dimethylallyl
diphosphate diphosphate
(IPP) (DMAPP)
OH O
naphterpin
3-2-1 NphT7 CL190
nphT7 IPP DMAPP
IPP DMAPP
IPP DMAPP MEP
nphT7 mevalonate kinase
naphterpin
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Streptomyces sp. CL190

pUMVI181  Smal nhpT6 nphT7 2.5
kb DNA pUCI119  Hincll
nphT7 N SnaBI Bglll
Belll 1
nphT7 HindIII
Xbal DNA pSE101
pSEAnphT7 ( 3-2-2)
pSEAnphT7 Streptomyces sp. CL190
pSEANnphT7 CL190 2
nphT7  In frame deletion Instagene matrix (stratagen)
nphT6 N nphT7 C
(72 3-1-1 ) nphT6 nphT7 22kb DNA
DNA Bglll 0.9 kb 1.3
kb DNA nphT7
naphterpin
NphT7 10 mL KG 3 28°C
100 mL KG (500 mL ) 1% 3 28°C
control mevalonate kinase nphT1 (T. kuzuyama unpublished
result)
100 mL 2
2
2
100 uL 5 uL
HPLC HPLC 3-2-1
naphterpin 265 nm
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(100 mg / mL in MeOH) naphterpin

naphterpin
3-2-1 HPLC
$N5 L PEGASIL ODS C18 (4.6%250 mm. 5 pm. £ >3 1 —Rl&)
PHRE 30°C
B A 0.1% acetate in MeOH
BIEB 0.1% acetate in water

BHEH  isocratic (80% A -20% B, 304)

Tk 1.0 mL / min
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1kb

2.5kb

Ll

pUMV181 —{InphT?‘ 1>|Ir'.-,crhT2 D{ nphT3 >nphT4 ™ nphT5 |>l|-| nphT6 > nphT7 |

l Smal 4t

l 2.5 kb DM A EEIR

l pUC119 @ Hincll 8#4:Z(< ligation

N
& &
|
pUCAPhT? —— pTe S{api7 Sl

l e

lxﬁ$ﬁm

lBgIII (8 mer) 1) h—d ligation

lHindIIL Xbal 41t
lz,s kb (B £ EIR

pSE101 @ Hindlll-Xbal &4 ligation

1.3kb | 0.9kb
pSEANphT7 ——— nphT6 >— nphT7

3-2-2 nphT7
Smal SnaBI Balll

puUMV181 Smal

25 kb DNA pUC119  Hincll

pUCANnphT7 pUCAnphT7  SnaBI DNA

8 mer Bglll Bglll

1 HindllI-Xbal
25kb DNA pSE101 nphT7

pSEANphT7
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HPLC 3-2-3 naphterpin

naphterpin 3-2-4
naphterpin 0.91+0.05 mg / g (naphterpin / ) nphT1
0.34+0.03mg / g nphT7 0.69+£0.03mg / g
nphT7 naphterpin
CL190 acetoacetyl-CoA naphterpin
NphT7 nphT1 naphterpin
acetoacetyl-CoA thiolase Acetoacetyl-CoA thiolase

coelicolor A3(2) S. avermitilis S. griseus

CL190 (53)

LAy B

ANnphT7 ¥
—— AnphT1 ¥
ﬂaphterpln %Fll:l!l

Intensity (AU)
o
w

10 11 12 13 14
Retention time (min)

3-2-3 HPLC

naphterpin 265 nm
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1.0 -

|
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Fe)
E 1
= 1
o
o g
e
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3]
g L
£ I
o
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e
Q.
@© i
c
0
wild type AnphT7? AnphT1
3-2-4 nphT1 nphT7 naphterpin
Naphterpin
wild type AnphT7 nphT7 AnphT1 nphT1 (mevalonate kinase
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NphT7  in vivo acetoacetyl-CoA
Acetoacetyl-CoA

acetoacetyl-CoA thiolase in vitro

M KAS III

B-ketoacyl-ACP B-ketoacyl-CoA
malonyl-CoA  acetyl-CoA ATP
thiolase
NphT7  acetoacetyl-CoA thiolase
( 3-3-1) nphT7

poly-B-hydroxybutyrate (PHB) acetoaetyl-CoA
PKS

methylmalonyl-CoA  ethylmalonyl-CoA  acetoacetyl-CoA

(55

NphT7

0 oltitto AG<0

)LS—COA i HOMS—COA

Acetoacetyl-CoA thiolase
o AG=7 kcal / mol

i )-LS_COA

3-3-1 acetoacetyl-CoA

2 acetyl-CoA acetoacetyl-CoA

(AG) malonyl-CoA
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NphT7 in vitro in vivo
acetyl-CoA malonyl-CoA
acetoacetyl-CoA
NphT7
acetoacetyl-CoA synthase
Acetoacetyl-CoA synthase acetoacetyl-CoA

acetoacetyl-CoA synthase

(56-60)

(6163 n_butanol
(59, 64, 65) acetoacetyl-CoA

thiolase thiolase

Acetoacetyl-CoA synthase

acetyl-CoA
Acetoacetyl-CoA synthase
(  2-1) Mycobacterium
( 2-1
CoA
( 2-2 A-C)
NphT7 PKS
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poly-B-hydroxybutyrate

Cys-His-Asn
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Streptomyces



2-1 NphT7

etk Score Identity (%) E-value  Accession No.
Streptomyces sp. strain KO-3988 470 73 8e 31 BAD86806
Streptomyces anulatus 443 75 1e122 CAX48662
Streptomyces sp. strain KO-3988 431 72 6e"® BAE78983
Actinoplanes sp. strain A40644 338 59 7e% BADO07381
Streptomyces sp. C 331 54 6e® ZP_ 05511702
Streptomyces flavidofuscus 313 55 2e® ZP_04335288
Mycobacterium ulcerans Agy99 311 52 8e8 YP_907152
Mycobacterium marinum M 309 53 3e®2 YP_001851502
Streptomyces sp. Mg1 307 51 1e® ZP_05002626
Streptomyces sp. AA4 298 51 6e™® ZP_05478992
Streptomyces roseosporus NRRL 15998 252 47 5e% ZP_04696763
Streptomyces viridochromogenes DSM 40736 233 45 1e°® ZP_05529691
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contains acyl-CoA N- acyltransferase

superfamily domain
lipoprotein LppM
§ . contains acyl-CoA N- acyltransferase
hypothetical protein superl'ami'ffydomm *
vophceph . IdsA2Z Bpeprotein Lppht
hypothetical protein
hypothetical protein
pyrophosp ¥ IdsA2
reguiatory protein
" ine-protein kinase L hypathatical protein
(] regulatory protein D 1 kb
fransposase L ine-protein kinase L

polyprenyl synthetase ldsB_2

HMG-CoA synthase

HMG-CoA reductase HMG-Cof synthase

phasphomevalonate kinase

X I 1em oad

g
phosphomavalonate kinase 5 3-Col reductnse L
;‘ HMG-CoA reductase diphosphomevalonate decarhoxyiase
diphosphomevalonate decarboxylase 1 |phosphomevalonate kinase
e e 1| mevalonate kinase
2 |diphosphomevalonate decarboxylase
.
sopentenyl-diphosphate delta-isomerase 3] mevalonate kinase H Tyon 2 PP momemse
| | ‘ransposuse [R)sopentenyl-diphosphale delta-womerase H MG Gl redodame
. polyprenyl synthetase IdsB_1 yl synthetase IdsB_1
H 3| HMG-Co& synthase
. terpene cyclase lhl‘n‘l‘e cyclase
~ l
fransposase 3-decxy-D-arabino-heptulosonate-
7-phosphate synthase ArcG % Q o Q
3-decxy-D-arabino-heptul [ ] hypothetical protein a = EB
7- h A o
phosphate synthase AroG "WP’“ I protein = -9‘_ _‘g _9..
hypaothetical protein :n)rpolrnh'cal il g o '6- =]
| p'm
hypothetical protein E ‘?: 3 ‘g
£ 1= cerol-3- ate
hypothetical pratein “omﬁr%mhrmmm g 8 E &
i Iycerol-3-phosphate [ hypothetical protein D B o
O-acyﬁrmsreme_ | hypothetical protein i w b w
hypothetical protein W o o o
i i (") hypaothetical protein D . s -
hypathetical protein () hypothetical protein Y |
3 hypothetical protein N i ] i Lo =
£ hypothetical protein oy fatty-acid-CoA igase o Lz L
- = m =
ain-fatty-acid-Cod ligase el =
Fadoi e N > A Py
ngynmmm =~ Q (@]
glycosyltransferase Lo = )
| hypothetical protein [e)] % %
hypothetical protein B & E £ @ 0]
hypothetical protein I oo o
hypothetical protein [ hypothetical protein
= hypothetical protein N
containg 3-5'exonuclease domain
contains 3'-5'exonuclease domain
b
L/ ; P
[ cytochrome C oxidase (subunit IIl) CtaE
) cytochrome C oxidase (subunit i) CtaE [ ubiguinolytochrome C
[ ublquinat c |_J reductase QerC
|| redbctase tarc Rieske iron-sulfur protein ClorA
Rieske inon-sulfur protein QorA ™
5 ubiquinal—c&hocrmme(‘.
ublquinak optochvome C R e
reductase o
el
s s
Q Q
o o
o o
g g
-~ ~
(4] @
=1 3.
S S
£ 3
> b
E‘E 3.
o 3
: :
7] 3
p=
P =
-
(<]
[<=]

2-1 NphT7
NphT7

Mycobacterium
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o)
UPIDM oligopeptidase family protein

Zn with function

iojap-related protein
fructose-2 B-bisphosphatase

ghycosidase
Periplasmic binding proteins and sugar binding dom
drate ABC transp binding
rbohydrate ABC protein
ABC transp protein 2
alpha-hydroxyacid dehydrogenase

ABC-type multidrug transport system

DCo—chape«JNn GroES

transcriptional regulator, ArsR family
Activator of Hsp80 ATPase homolog 1-like protein

DNA helicase, Rad3

U

| glutamate racemase

DFnDnFm-dependenl dehydrogenase

D ey fatty acid synth

rate ABC transporier substrate-binding profein,

carbol
CUT1 family

rate ABC transporter membrane protein 1,
o CUT1 {g

na‘buh{:lmba ABC transporter membrane protein 2,
U cum

acyl-CoA synthetase (AMP-forming/AMP-acid ligase ||

leucyl-tRNA synihetase

{

'sos regulatary protein LexA

transcriptional regulator NrdR

adenosylcobalamin-dependent

subunit,

subunit,

NphT7

2-2 A CoA

-

[FIATP-dependent protease Clp, ATPase subunit

b K

|

K

P kinase
rod shape-determining protein MreB
red shape-determining protein MreC
rod shape-determining protein MreD

LI

penicillin-binding protein 2

I

rod shape-determining protein RodA

ot

]Rﬂdiul SAM superfamily, Fe-S oxidoreductase

|_|uncharacterized conserved protein
=

ribonuclease, Rne/Rng family, RMAse G

LSU ribosomal protein L21P
LSU ribosomal protein L27P

GTP-binding protein Obg/Cata

alabmoae efflux permease family protein

iA-famr biosynthesis repeat protein

MarR family transcriptional regulator

p(oaodod oxidoreductase similar to aryl-alechol dehydrogenase

.ooenzyme F390 synthetase

snoasnjopiney) seoAwoidesls ]

CoA

ORF
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NphT7

' Pelyketide synihase modules and related proteins
Acyl-Coh dehydrogenases.

Acyl-Coh synthetases (AMP-forming MAMP-acid bgases

Respanse regulators consisting of a Che-fike recai

Acyl-CoA synthetases (AMP-forming/AMP-acid igases

ABC-type multidrug transpert system

. modular polykelide synthase

0 “ds seafwo)dans

ORF



(11 kb

[ GniR family transcriptional regulator

acyl-CoA dehydrogenase demain protein

2-epi-5-epi-valiclone synthase
pyruvate dehydrogenase complex, E2 component.

putative pyruvate dehydrogenase E1 beta subunit
TPP- acetoin dehydrog
Acyl dehydratase

putative crotonobetaine/camiling-CoA ligase
acyl-CoA dehydrogenase

putative g alcohol dehy

3 y-Coh

proplonyl-CoA carboxylase

domain. ining pratein
transmembrane efffux prodein
Predlmed hydrolases or acyliransferases
wybdopbem dehydrogenase, FAD-binding protein
(2Fe-25)-binding protein
[D)TetR family transcriptional regutator

aming acid permease
amine oxidase

periplasmic binding protein

non-ribosomal peptide synthase

@
g
[=]
~
&
B
X
2-2 B CoA
NphT7 CoA

glebin

aases O

LB “ds seofwojdans
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cratonyl-CoA reductase

hydroxybutyryl Cof reductase

NphT7

ORF



putative secreted glycosyl hydrolase

3-carboxymuconate cyclase
Fungal alpha-L-arabinofuranosidase
integral membrane protein
Poly(3-hydroxybutyrate) depolymerase Predicted phosphatase/p hohex -

secreted glycosyl hydrolase

secreted protein
- TRANSCRIPTIONAL REGULATOR

D chitin-binding domain 3 protein

Phage-related replication protein

"
Poly(3-hydroxybutyrate) depolymerase

A | 4 |
3
|6 G

Bela-l.4-xAylanase.

Transcriptional activator of acetoin/
et Hynase L glycerol metabolism
Alpha-N-arabinofuranosidase putative aldehyde dehydragenase

Hrpa-ike helicases

X1

g Ketosteroid isomerase homolog

large secreted protein
crofonyl-CoA reductase

™y 1A . CE 4 - -
A-hd Cod d [~] RNA polymerase ECF-sutsfamily sigma ar
L short-chain dehydrogenasefreductase S
L-alanine-DL-glutamate epimerase and
U amine oxdase related enzymes of enclase superfamaly
3 i and related (™ binding-protein-dependent transport
beta-hydroxyacid aamr%m 6-phosphoglu- L] systems inner membrane componen
conate dehydrogenase NAD-binding p.;?\lgll';laled sugar ABC transparter
-
bela-hydroxyacid dehydrogenases, .
. beta-nycironyac detycroge [ 48 type sugar transport system
[J predicted . gar epi ; GrIR family regulator
acyl-CoA dehydrogenase type 2 domain protein
2 o g . and
related beta-hydroxyacid dehydrogenases | |
short chain dehydrogenase " putative sugar phosphate
S conserved proteinidomain typically associated L snmera:;xmmmu
|_Iwith Ravopratein oxygenases, DIMB/NTAB famdy ABC-type sugar transport system
-

Ketosteroid momerase homolog maonosaccharide-transporting ATPase

b
ibose ABC transporter pamme
type | polyketide synthase e, n s ¥ ]

D-nibose transporter ATP binding protein

(1kb

9¢/0¥ INSQ SauaboloiyoopLin seafwojdas

2-2 C CoA NphT7
NphT7 CoA

ORF

87

type | modular polyketide synihase

bata-katoacyl synthase
in polykebde synthase

cratonyl-Cod reduciass

2w CoA

TDP.-mycarosyl glycosyltiranslerass

acyl fransfernse domain-containing protein
in polyketide symhase

86651 THHN sn/odsossol seafwojdang
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NphT7 HMGS

KAS III @
Glu
(7
KAS
(66, 67) 1
II
HMGS Glu-Cys-His-Asn
Cys-His-Asn
ACP
HMGS KAS 1II

acetoacetyl-CoA synthase
( 23

88

ACP
HMGS
KAS III'  Cys-His-Asn

KAS
KAS II1
KAS III
o-anion Glu
KAS III



Thiolase Homolog A. pemnix Ancestral thiolase (CH)

HMGS M acetivorans
100 E HMGS M jannaschii
HMGS A. pemix

| A

7 HMGS S. cerevisiae o o o O +OH O
% 7 IO HMGS X+ A — AN
1 CoA-S CoA-5 CoA-5 OH
i00 HMGS A, thaliana (Glu-Cys-His-Asn)
HMGS C. eleg

9 JamH L.

7] HMGS 5. aureus

5 HMGS Streptomyces sp. CL190
-AACS Streptomyces sp. strain CL190 ’ 5 o o
7]
1 +
KAS Il E. coli coA—sJ\ GDA-SMDH ~a o o
o KAS Ill G. max
100 L— KAS 11l A, thaliana KASIII 5 o o ¥ N
KASIII M. tuberculosi (Cys-His-Asn) (m_s)j\/u\o“
= KASIII . griseus
100l KASIlI S. coelicolor 1+ M ~ M
as L KASIN S. avermitilis CoA-5" 'R ACP—§ OH ACP-§ R
gor KCS B. napus
KCS 8. arvensis
& KCS A. thaliana KCS fk|-/"|\ + M —p m
. CoA-§ CoA-5 OH CoA-§
100 KCS M. polymorpha (CyS-HIS-ASI"I) neB-11 ° n=B-11
100 KCS Z. mays
KCS D. salina
o9 41005 BAS R. palmatum
_— PYS G. hybrid CHS o NN
954| Fro A (Cys-His-Asn) con-sor M cons o ;
100 RppA S. griseus Polyketldes
o o /
®
— A,
2-3 AACS (NphT7) Cys-His-Asn
KAS Il KCS CHS Cys-His-Asn HMGS Glu

( ) AACS

89



90



LB (
Bacto-tryptone
Bacto-yeast extract
NaCl

(Bacto-Agar

B

Bacto-tryptone
Bacto-yeast extract
Glycerol

KH,PO4*
K,HPO4*

%

KG

Glucose

Soy bean meal
Dry yeast(
CaCOs

1.0 %
0.5 %
0.5 %
1.5%)

1.2 %
24 %
0.504 %
0.231 %
1.254 %

2.5%
1.5%
0.2%
0.4%

6.2
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SK 11
Soluble starch 2%
Yeast extract 0.5%
Polypeptone 0.2%
Meat extract 0.3%
KH,PO4 0.02%
MgSO4 7H20 0.06%
pH 7.6

YEME

Bacto Yeast Extract 0.3%
Bacto Polypeptone 0.5%
Oxoid Malt Extract 0.3%
Glucose 1.0%

Sucrose 34%

R2YE
Sucrose 515¢g
K>SOy 0.125 ¢
MgCl, 6H,0 506 g
Glucose 50¢g
Bacto Casamino Acid 0.05¢g
Trace Element Solution 1 mL
Bacto Yeast Extract 25¢g
11 g
/400 mL
5.73% TES Bufter (pH7.2) 50 mL 3.68%
CaCl, 2H,0 40 mL 0.5% KH,PO4 5 mL 20%

L-Proline 7.5 mL
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Trace element Solution
ZnCl,

FeCl, 6H,0

CuCl, 2H,0O

MnCl, 4H,0

Na;B404 10H,0
(NH4)6M0,0,4 4H,0

40 mg

200 mg
10 mg

10 mg

10 mg

10 mg

/1L
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[1-"*CJacetyl-CoA  GE healthcare Coenzyme A
[1,2-"*CJacetyl-CoA acetyl-CoA  n-propionyl-CoA  butyryl-CoA
isobutyryl-CoA isovaleryl-CoA malonyl-CoA methylmalonyl-CoA

cerulenin
thiolactomycin HPLC
HPLC
(TFA)
Di-n-butylammonium acetate ammonium
acetate Naphterpin
Ligation High ( )
DNA DNA Blunting
kit ( ) Colony directed PCR PCR master mix (Promega)
nphT7 acp acps fabD PCR Expand
High Fidelity PCR system (Roche)
PCR QuickChange® XL Site Directed Mutagenesis Kit (Stratagene)
10 kb QIAGEN Plasmid Mini Kit
(QIAGEN) DNA QIAGEN
Minielute Gel Extraction Kit (4 kb ) Qiaquick (4-10 kb ) QiaexII (10
kb ) Instagene matrix (Bio-RAD)
Ni-NTA Ni-NTA

Superflow (QIAGEN) Bradford
Protein assay kit (Bradford)
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PCR
II ACP (acp) holo-ACP synthase (acps)
malonyl-ACP transferase (fabD)
Streptomyces coelicolor A3(2)
(Genome Information Broker http://gib.genes.nig.ac.jp/)
acp SCO02389 apcs SCO0O4744 fabD SCO2378 Acp

Streptomyces sp. CL190 DNA PCR
Acps fabD Streptomyces coelicolor A3(2) DNA PCR
PCR
PCR

MiniElute Gel Extraction Kit (QIAGEN)
pT7 Blue Vector (

Novagen) E coli DH5a
LB (50 mg IPTG 20 mg X-Gal 50 pg / mL ampicillin) 37°C
12 M13 M4 M13 RV

colony direct PCR

LB (50 pg / mL ampicillin) 37°C 12
DNA pHis8(29)( )
pET15b( Novagen)
Molecular
cloning (3rd Edition) (68)
E.coli BL21(DE3) (pHis-nphT7 pHis-fabD pHis-acps pET-acp) E coli
JIM109 (pQE-fabH) LB
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37°C 12 colony

direct PCR LB
37°C 12 TB 1% 37°C
ODgpo=1.0 10 1 mM
IPTG 18°C 12

Ampicillin 100 pg / mL Kanamycin

50 ug / mL
100 mL 5,000 g 10 lysis buffer
40,000 g 20
Ni-NTA resin 2 mL (QIAGEN) 20 mL  wash
buffer 20mL  elution buffer resin
1L
2 VIVA SPIN 20 (VIVA SCIENCE)
NphT7 KASIII
buffer I mM  dithiothreitol
Buffer

Wash Buffer (pH8.0)
50 mM Tris-HCl

0.5 M NaCl

20% (v/v) Glycerol
20 mM Imidazol

Lysis Buffer (pH 8.0)
Wash Buffer + 1% (v/v) Tween 20
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Elution Buffer (pH 8.0)
50 mM Tris-HCl

0.5 M NaCl

20% (v/v) Glycerol
250mM Imidazol

KAS 1 (pH 7.5)
50 mM HEPES (pH7.5)
200 mM NaCl

20% (v/v) Glycerol

NphT7 ACP FabD ACPS (pH 7.5)
50 mM HEPES (pH7.5)

50 mM NaCl

20% (v/v) Glycerol

SDS-PAGE
10% (NphT7 FabD KAS III) 18%
(ACP ACPS) 100 V
HiLoad 26 / 60 Superdex 200 prep grade
(GE Healthcare) 1 mg / mL 1 mL
( 0.2 um Millipore) 600 mL
buffer (50 mM NaCl 100 mM HEPES 20% Glycerol pH7.5) (
1.0 mL / min)
Chymotrypsinogen A (232 kDa) Alubmin (67 kDa) Catalase (25 kDa) (1
mg/ mL GE Healthcare)
Bovine Serum Alubmin (SIGMA)
Bio-Rad Protein Assay (Bio-Rad) Bradford
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Malonyl-ACP
Malonyl

H35 L PEGASIL-300 C4 2.0x150 mm, 5 um. (> 1—F&%)

oaE  25°C

BIEA acetonitrile + 0.1% TFA
BIEB water + 0.1% TFA

BHEH  gradient

IR 1.0 mL / min
BHTOTS L
f (43 BEARE (%) BEBIRE (%)
0 5 95
5 5 95
10 30 70
40 70 30
45 100 0
46 5 95
51 5 95
ACP (ACP Ni-NTA
) Amicon Ultrafree-MC (5,000 NMWL )
2 malonyl-ACP
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PCR

NphT7
(69)
TSB [1% Tryptone soya broth ( ) 2.2% ]
30°C 3 TSB
30°C 3 YEME (+0.5% Glycine 5mM
MgCl, 6H,0 Streptomyces G153 ) SK IT (+1% Glycine pH 7.6
Streptomyces sp CL190 ) 1% 30°C 3
10% Sucrose 2 (5,000 g 4°C 10
) 2 protoplast buffer
2 protoplast buffer
protoplast buffer lysozyme ( 2 mg/mL)
( Img / mL) 30°C 30
2
protoplast buffer
DNA 10 33%PEG (PEG1000  protoplast buffer ) 1
10 protoplast buffer
protoplast
buffer R2YE 30°C 14
thiostrepton ( 30 ug / mL) 30°C 3
Protoplast buffer
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Protoplast buffer

a. Sucrose 103 ¢

K>SOy 0.025 ¢

MgCl,.6H,0 0.202 g

Trace element 0.2 mL

/ 80 mL

b. 0.5% KH,PO4 1 mL
c. 3.68% CaCl, 2H,0 10 mL
d. 5.73% TES Buffer (pH7.2) 10 mL
a d protoplast buffer

Streptomyces sp. CL190 nphT7

In frame deletion ¢ NphT7
pSEANphT7 ( nphT7 N SnaBI
8 mer Bglll ( ) 1
) Streptomyces sp. CL190 R2YE
thiostrepton
1
thiostrepton
R2YE
thiostrepton TSB
2 thiostrepton
nphT6 N nphT7 C
PCR 2.2 kb DNA DNA
Bglll 09 kb 1.3 kb AnphT7
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UV-1600PC (

HPLC
LC-2000 system (

1(CoA
2(

LC-FTMS (CoA

)

PU-2080
UV-2070
RI-74 ( )
AS-2050
CO-2060

LTQ Orbitrap XL (Thermo Fisher scientific )

(FPLC GE Healthcare)
Fraction Collector FRAC-100
Gradient Programmer GP-250 Plus
High Precision Pump P-500
Recorder Rec 102 (Amersham Biosciences)

Monitor UV-1
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