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FIGURE LEGENDS FOR SUPPLEMENTAL FIGURES 

 

Supplemental Fig S1. Phylogenetic tree of aldoketo reductase (AKR) superfamily 

proteins. The phylogenetic tree was constructed using CLUSTALW 

(http://clustalw.ddbj.nig.ac.jp) and was drawn in Njplot. For information on AKR 

numbering and sequences, refer to https://www.med.upenn.edu/akr/.  

 

Supplemental Fig S2. Alignment of AKR proteins. AKR13B1 (accession number: 

AE003996_7) is a phenylacetaldehyde dehydrogenase from Xylella fastidiosa. 

AKR13D1 (AY766462) is a perakine reductase from Rauvolfia serpentine. AKR11A1 

(BSU39780) and AKR11B1 (BSU09530) are putative AKRs from Bacillus subtilis. The 

conserved catalytic tetrads are highlighted by triangles.  

 

Supplemental Fig S3. Phylogenetic tree of NTF2-like superfamily proteins. The BdsB 

homologs are shown as accession numbers. Accession numbers of other functionally 

known enzymes are also shown.  

 



Supplemental Fig S4. Alignment of NTF2-like superfamily proteins. The putative 

active sites of SnoaL2 are highlighted by triangles.  

 

Supplemental Fig S5. 1H-NMR and 13C-NMR spectra of scytalone (3). 

 

Supplemental Fig S6. Chiral chromatography of 3,8-dihydroxy-6-methoxy-tetralone 

(7). Chromatograms of racemic-7, (R)-7 derived from in vivo experiments, and (R)-7 

derived from in vitro experiments are shown in the bottom, middle, and top, 

respectively.  

 

Supplemental Fig S7. In vitro reconstitution of 1,8-DHN (1) synthesis by recombinant 

proteins. (A) Authentic 1. (B) Reaction of SoceCHS1, BdsA, and BdsB with 

malonyl-CoA and NADPH. (C) Negative control reaction of B using boiled enzymes. 

(D) Reaction of SoceCHS1 with malonyl-CoA. (E) Negative control reaction of D using 

boiled SoceCHS1.  

 



Supplemental Fig S8. Oxidation of (R)-scytalone (3) by BdsA. (A) HPLC 

chromatogram of the reaction containing BdsA, (R)-3, and NADP+. Flaviolin (6) is 

derived from auto-oxidation of T4HN (2). (B) Negative control reaction of A using 

boiled BdsA. 

 

Supplemental Fig S9. Reduction of T3HN (4) by BdsA. (A) Reaction containing BdsA, 

4, and NADPH. (B) Negative control reaction of A without NADPH. (C) Negative 

control reaction of A using boiled BdsA.   

 

Supplemental Fig S10. 1H-NMR spectrum of vermelone (5). Unassigned signals are 

from an unknown derivative of 5. 

 

Supplemental Fig S11. Reduction of 1,3-DHN (9) by BdsA. (A) Scheme of the 

reduction of 9 by BdsA. (B) Reaction containing BdsA, 9, and NADPH. (C) Negative 

control reaction of B using boiled BdsA. (D) Chiral HPLC chromatogram of racemic 11. 

(E) Chiral HPLC chromatogram of (+)-11. 



 

Supplemental Fig S12. Dehydration of vermelone (5) by BdsB. (A) Reaction 

containing BdsB and 5. (B) Negative control reaction of A using boiled BdsB.  

 

Supplemental Fig S13. Gene organization of Bds operons. Type III PKSs, AKRs, and 

SnoaL2-like proteins are shown in red, green, and blue, respectively.  

 

Supplemental Fig S14. SDS-PAGE analysis of recombinant proteins. The gels were 

stained with Coomassie Brilliant Blue R-250.   

 

Supplemental Fig S15. 1H-NMR spectrum of 1,3,8-trihydroxynaphthalene (4). 

Unassigned signals are from an unknown derivative of 4. 
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0.06

5D1

3A1

3B1

9C1

13C1

12C1

5C1

4B1

2B1

3D1

6B1

2E1

15A1

4C1

11C1

1D1

5F1

4A1

6C1

3F1
3E1

2A1

Sor.oxidoreductase

9B1

11B1

1E1

1G1

13A1

1B1

11A1

13D1

3C1

12B1

5B1

5A1

6A1

9A1

5G1

8A1

1A1

7A1

5E1

14A1

2D1

10A1

2C1

1C1

12A1

13B1

Perakine reductase	

Aldehyde reductase	

Gluconic acid  reductase	

Yeast and Fungus !
AKRs	

Potassium channel β-subunits	

Aryl-alcohol dehydrogenases	

Strept. sugar biosynthesis	

Bacterial AKRs	

Chalcone and codeienone reductase	

Mannose and xylose reductase	

Bacillus AKRs	

YAKC AKRs	

Pridoxal reductase	
Pridoxal dehydrogenase!

Aflatoxin reductase!
E. coli aldehyde reductase !

Aldose reductase	
1,5-Anhydro-D-fructose Reductase 	

Hydroxysteroid dehydrogenase	
Steroid reductase	

Phenylacetaldehyde!
 dehydrogenease	

BdsA     	



Fi
gu

re
 S

2　
!

As
p6

2	
Ty
r6
7	

Ly
s9
2	

Hi
s1
42
	

C
LU

ST
A

L 
2.

1 
M

U
LT

IP
LE

 S
EQ

U
EN

C
E 

A
LI

G
N

M
EN

T
Fi

le
: /

U
se

rs
/so

ne
yu

us
uk

e/
D

es
kt

op
/B

ds
A

 a
lim

en
t/a

aa
aa

aa
aa

aa
aa

.p
s

D
at

e:
 F

ri
 O

ct
 1

3 
15

:3
3:

28
 2

01
7 

Pa
ge

 1
 o

f 1
  

  
  

  
  

  
  

  
  

   
  

 .
.:

  
  

  
  

  
 .

  
. 

 :
* 

* 
  

: 
* 

  
  

  
 :

 .
 .

  
 :

: 
  

  
*:

 :
:*

*:
  

**
  

  
.*

::
: 

 .
::

  
  

  
 :

 :
 *

* 
. 

  
  

  
  

  
  

  
  

  
  

  
  

: 
. 

  
 *

*:
.*

  
: 

*:
*:

 :
* 

 *
 

Bd
sA

 
-M

TN
AS

LK
TP

SL
RF

TL
GG

DR
PV

CR
MG

YG
AM

YL
TG

PG
YW

GP
PA

DP
DA

AV
RL

LR
RA

VD
LG

VN
FI

DT
AD

AY
G-

PD
TN

EQ
II

RR
AL

HP
YP

--
AG

LV
IT

TK
GG

LL
RS

GP
ED

WT
VQ

GR
PY

IV
PC

GR
PA

YL
RQ

QV
EM

SL
RN

LG
LE

RI
EL

YQ
LH

RI
DP

AK
R1

3B
1_

XF
_1

72
9 

MK
LD

AS
LS

G-
--

QF
AI

GG
DL

TV
NR

LG
FG

AM
RI

TG
PD

VW
GE

PE
DH

DE
AI

RV
LK

RL
PE

IG
VD

LI
DT

AD
SY

G-
PF

VS
EQ

LI
AD

AL
HP

Y-
--

GG
IK

IA
TK

GS
LV

RY
-P

GN
ST

NP
SW

PV
IG

--
-D

PA
YL

RQ
CV

YM
SL

RR
LK

LE
QI

DL
WQ

LH
RI

DP
AK

R1
3D

1_
AY

76
64

62
.1

 -
MP

RV
KL

GT
--

--
--

--
QG

LE
VS

KL
GF

GC
MG

LS
G-

DY
ND

AL
PE

-E
QG

IA
VI

KE
AF

NC
GI

TF
FD

TS
DI

YG
EN

GS
NE

EL
LG

KA
LK

QL
P-

RE
KI

QV
GT

KF
GI

HE
IG

FS
GV

KA
KG

--
--

--
--

TP
DY

VR
SC

CE
AS

LK
RL

DV
DY

ID
LF

YI
HR

ID
T

AK
R1

1A
1_

BS
U3

97
80

 
-M

KK
AK

LG
K-

--
--

--
-S

DL
QV

FP
IG

LG
TN

AV
GG

HN
LY

PN
LN

E-
ET

GK
EL

VR
EA

IR
NG

VT
ML

DT
AY

IY
G-

IG
RS

EE
LI

GE
VL

RE
FN

-R
ED

VV
IA

TK
AA

HR
KQ

GN
D-

FV
FD

N-
--

--
--

-S
PD

FL
KK

SV
DE

SL
KR

LN
TD

YI
DL

FY
IH

FP
DE

AK
R1

1B
1_

BS
U0

95
30

 
-M

EY
TS

IA
D-

--
--

--
-T

GI
EA

SR
IG

LG
TW

AI
GG

-T
MW

GG
TD

E-
KT

SI
ET

IR
AA

LD
QG

IT
LI

DT
AP

AY
G-

FG
QS

EE
IV

GK
AI

KE
YG

KR
DQ

VI
LA

TK
TA

LD
WK

NN
Q-

LF
RH

A-
--

--
--

-N
RA

RI
VE

EV
EN

SL
KR

LQ
TD

YI
DL

YQ
VH

WP
DP

  
  

  
  

  
 

1.
..

..
..

10
..

..
..

..
20

..
..

..
..

30
..

..
..

..
40

..
..

..
..

50
..

..
..

..
60

..
..

..
..

70
..

..
..

..
80

..
..

..
..

90
..

..
..

.1
00

..
..

..
.1

10
..

..
..

.1
20

..
..

..
.1

30
..

..
..

.1
40

..
..

..
.1

50

  
  

  
  

  
  

  
  

  
   

.*
  

  
  

 :
 .

: 
. 

* 
*:

  
*:

* 
  

: 
: 

: 
: 

  
. 

  
 :

 .
::

  
*.

: 
 *

  
*.

  
. 

  
. 

  
: 

 :
 :

 .
: 

 *
 :

: 
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

: 
 :

::
 :

  
  

  
::

.:
 *

 *
 :

  
  

:
Bd

sA
 

AV
PL

AD
QL

GE
LA

RL
KE

QG
KI

HH
IG

LS
GQ

PE
VT

VE
QL

AK
AR

EI
TE

IA
AV

EN
LY

NV
AD

RS
GE

K-
AL

RY
AE

QH
GM

AF
IP

WF
PM

GH
GD

LA
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

KP
GS

VL
SG

LA
KE

RG
-A

TP
AQ

LA
LA

WL
LH

RS
PS

IL
AK

R1
3B

1_
XF

_1
72

9 
KV

PR
AE

QF
GA

IR
EF

ID
EG

LI
RH

AG
LS

--
-Q

VS
VE

AI
EE

AR
KV

FP
VA

TV
QN

RY
NL

AD
RA

DE
D-

VL
DY

CE
AN

GI
GF

IP
WF

PL
AA

GD
LA

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
KP

GG
AV

DA
LA

KA
KG

-A
TA

GQ
IA

LA
WL

LK
RS

PV
IL

AK
R1

3D
1_

AY
76

64
62

.1
 T

VP
IE

IT
MG

EL
KK

LV
EE

GK
IK

YV
GL

S-
--

EA
SP

DT
IR

RA
HA

VH
PV

TA
LQ

IE
YS

LW
TR

DI
ED

EI
VP

LC
RQ

LG
IG

IV
PY

SP
IG

RG
LF

AG
KA

IK
ES

-L
PE

NS
VL

TS
HP

RF
VG

EN
LE

KN
KQ

IY
YR

IE
AL

SQ
KH

G-
CT

PV
QL

AL
AW

VL
HQ

GE
DV

V
AK

R1
1A

1_
BS

U3
97

80
 

HT
PK

DE
AV

NA
LN

EM
KK

AG
KI

RS
IG

VS
--

-N
FS

LE
QL

KE
AN

KD
GL

VD
VL

QG
EY

NL
LN

RE
AE

KT
FF

PY
TK

EH
NI

SF
IP

YF
PL

VS
GL

LA
GK

YT
ED

TT
FP

EG
DL

RN
EQ

EH
FK

GE
RF

KE
NI

RK
VN

KL
AP

IA
EK

HN
-V

DI
PH

IV
LA

WY
LA

RP
EI

DI
AK

R1
1B

1_
BS

U0
95

30
 

LV
PI

EE
TA

EV
MK

EL
YD

AG
KI

RA
IG

VS
--

-N
FS

IE
QM

DT
FR

AV
AP

LH
TI

QP
PY

NL
FE

RE
ME

ES
VL

PY
AK

DN
KI

TT
LL

YG
SL

CR
GL

LT
GK

MT
EE

YT
FE

GD
DL

RN
HD

PK
FQ

KP
RF

KE
YL

SA
VN

QL
DK

LA
KT

RY
GK

SV
IH

LA
VR

WI
LD

QP
GA

DI
  

  
  

  
  

 
..

..
..

.1
60

..
..

..
.1

70
..

..
..

.1
80

..
..

..
.1

90
..

..
..

.2
00

..
..

..
.2

10
..

..
..

.2
20

..
..

..
.2

30
..

..
..

.2
40

..
..

..
.2

50
..

..
..

.2
60

..
..

..
.2

70
..

..
..

.2
80

..
..

..
.2

90
..

..
..

.3
00

  
  

  
  

  
  

  
  

  
   

: 
*:

  
  

:*
  

  
  

  
 .

* 
..

: 
  

:.
  

  
  

  
  

  
  

  
  

  
  

  
  

  
  

 
Bd

sA
 

AI
PG

TS
SI

KH
LE

EN
CR

AA
DM

KL
DE

SE
LA

AI
ED

AA
AA

AK
TW

RP
SA

SE
SR

AA
HT

KE
TP

--
--

--
AK

R1
3B

1_
XF

_1
72

9 
PI

PG
TS

KV
AH

LE
EN

VA
AA

AI
TL

SD
EE

FA
EL

DA
AA

PR
G-

--
--

--
--

--
--

--
--

--
--

--
--

AK
R1

3D
1_

AY
76

64
62

.1
 P

IP
GT

TK
IK

NL
HN

NV
GA

LK
VK

LT
KE

DL
KE

IS
DA

VP
LD

EV
AG

ES
IH

EV
IA

VT
NW

KF
AN

TP
PL

K
AK

R1
1A

1_
BS

U3
97

80
 

LI
PG

AK
RA

DQ
LI

DN
IK

TA
DV

TL
SQ

ED
IS

FI
DK

LF
A-

--
--

--
--

--
--

--
--

--
--

--
--

--
AK

R1
1B

1_
BS

U0
95

30
 

AL
WG

AR
KP

GQ
LE

AL
SE

IT
GW

TL
NS

ED
QK

DI
NT

IL
EN

TI
SD

PV
GP

EF
MA

PP
TR

EE
I-

--
--

--
  

  
  

  
  

 
..

..
..

.3
10

..
..

..
.3

20
..

..
..

.3
30

..
..

..
.3

40
..

..
..

.3
50

..
..

..
.3

60
..



Figure S3!
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Actinosporangium sp. NRRL B-3428 ! IH_34RS
01965!

IH_34RS
01970!

IH_34RS
01975!

IH34_RS
01960!

IH_34RS
01980!

A3CU_RS
0106865!

A3CU_RS
43725!

A3CU_RS
43720!

A3CU_RS
0106850!

Amycolatopsis taiwanensis !

Inquilinus limosus DSM 16000 ! G537_RS0
117385!

G537_RS
38455!

G537_RS
0117395!

G537_RS0
117380!

G537_RS0
117400!

G537_RS0
117460!

Pseudomonas cichorii JBC1 ! PCH70_
45330!

PCH70_
45320!

PCH70_
45310!

PCH70_
45340!

PCH70_
45300!

hypothetical!

FMN 
reductase!

glyoxalase!

methyl 
transferase!

N-acetyltransferase!

peptidase!

hypothetical! hypothetical!

BZ163_!
29010!

BZ163_!
29015!

BZ163_!
29020!

hypothetical!

BZ163_!
29025!

methyltransferase!

BZ163_!
29030!Pseudomonas sp. VI4.1!

PMA3_RS
00675!

PMA3_RS
00670!

PMA3_RS
00665!

ABC transporter 
permease!

PMA3_RS
00660!

methyltransferase!

PMA3_RS
00650!Pseudomonas sp. A3(2016)!

SAMN05421
837_103989!

SAMN05421
837_103990!

SAMN05421
837_103991!

glycosyltransferase !

SAMN05421
837_103992!

hypothetical!

SAMN05421
837_103993!

SAMN05421
837_103988!

P450 oxygenase!

Amycolatopsis pretoriensis !
strain DSM 44654 !

1 kbp!

Figure S13 !



Streptomyces sp. PRh5 ! Z951_RS
13135!

Z951_RS
13130!

Z951_RS
13125!

Z951_RS
13140!

Z951_RS
13120!

hypothetical! hypothetical!

Streptomyces sp. MnatMP-M27! GA0115260
_102427!

GA0115260
_102426!

GA0115260
_102425!

GA0115260
_102428!

GA0115260
_102424!

hypothetical! hypothetical!

A6051_RS
06345!

A6051_RS
06340!

A6051_RS
06335!

Luteibacter rhizovicinus strain L214 
ID_1656838!

A6051_RS
06350!

hypothetical!

A6051_RS
06330!

phosphoketolase!

Streptomyces sp. MnatMP-M27! GA0115260
_102427!

GA0115260
_102426!

GA0115260
_102425!

GA0115260
_102428!

GA0115260
_102424!

hypothetical! hypothetical!

Ralstonia solanacearum CMR15 ! CMR15_
mp20430!

CMR15_
mp20429!

CMR15_
mp20428!

CMR15_
mp20433!

CMR15_
mp20427!

Nocardia casuarinae  BMG51109 ! D892_RS
41505!

D892_R
S41500!

D892_RS
0118995!

D892_RS
0119010!

D892_RS
0118985!

hypothetical! conserved exported protein 
of unknown function!

hypothetical! hypothetical!

1 kbp!

Figure S13 continued !



Figure S14!
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1H NMR spectrum of 1, 3, 8-trihydroxynaphthalene (4) 

δ 6.56 (C7H)	
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δ 6.47 (C2H)	

Figure S15!
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