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Burkholderia sp. IDO3 ¥ #2 ¥ & sk B #AT LA KIAT R 7R AL, MERSRIEEETHA
B LAH . AR R ERF R AT, RAERA R RN, ik, BRARS
FHATHRAL, FHEBEBAEETRBESRMA, [£R) MWET —HELRHAFHE E. coli
IND AB, ZHMAEBE LBIALAKNYIRTERBECEL, “Wotrk iz £ hRE,;
B4k IND_AB 7 30 °C #= 150 t/min &2 F #6/2 LB 3542 P &% 22.9 mg/L #2135, thbiz it
J& =253 25.4 mg/L; At LB AR EA5REE FE TR G2 35.1 mg/L; #hm 50.0 mg/L
Bl 0.1 gL ERBERE FETHHRHE] 57.7 mg/L #= 64.4 mg/L, AtbAnts 2R 57T
152.0%7 181.2%; #€ 35 & i KA B JE R A3 Ak & R BRA3E /AT, B IND AB AT 6 hik
HAE AR, 6-15h HFES Ak, 18h k3| =8P, (48] TLXMAFE IND_AB 7T
AT AW RBHEERTE, HREQRENERIRET AW AR TR,
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Cloning, expression and application of an indigo-producing gene
from Burkholderia sp. IDO3
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Abstract: [Objective] An indigo-producing gene was cloned and expressed, and its application in
indigo production was investigated. [Methods] An indigo-producing gene from Burkholderia sp.
IDO3 was cloned and heterogeneously expressed in Escherichia coli BL21(DE3). Recombinant
strain was able to produce blue pigments. HPLC and LC/MS were applied to analyze the reaction
product. The conditions for indigo production, such as rotary speed, temperature, and growth
medium components were optimized, and indigo-producing curve was also determined under the
optimal conditions. [Results] Recombinant strain IND AB was successfully constructed and could
produce blue pigment in LB medium. Product analysis revealed the blue pigment was indigo. Strain
IND _AB could generate 22.9 mg/L indigo when incubated at 30 °C and 150 r/min. The indigo yield
was improved to 25.4 mg/L and 35.1 mg/L after optimization of environmental parameters and
medium components. The indigo yield was subsequently enhanced to 57.7 mg/L and 64.4 mg/L with
the addition of 50 mg/L indole and 0.1 g/L tryptophan, which rose by 152.0% and 181.2% compared
with initial yield. Time-course analysis indicated that there was no indigo production in the previous
6 h, and indigo was exponentially produced between 6—15 h and reached the maximum at 18 h.
[Conclusion] Recombinant strain IND AB could produce relatively pure indigo, and present study
provided efficient genetic resource for indigo microbial production.

Keywords: Indigo-producing gene, Indole, Tryptophan, Microbial synthesis
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1.1 SRIE#

1.1.1 E®FRKL: Burkholderia sp. IDO3

(i 16S rRNA GenBank
KP895480

CGMCC 10457 Escherichia
coli BL21(DE3) pET-28a(+)

1.1.2 EFE: LB (gL) NaCl10.0

10.0 5.0 50.0 mg/L
113 EERLFIFLE:
-B-D-
(IPTG)
Oxoid
2xTag DNA 2xPfu Master Mix
DNA
(Nco 1T Xho 1) T4 DNA
NEB Metash UV-9000
Eppendorf Primaide
HITACHI Agilent G6224A
/ / (LC/TOF/MS)
Agilent

1.2 WA
121 EEAREFRMEEIRIE:

indAB F 5-CATG
CCATGGTTGAGAAAGATCGGAATCGT-3" (

Nco 1 ) R 5-CGATCTCGAG
TCAGCGTTCCTGTCGGTTCG-3" (
Xho 1 ) IDO3 DNA
2xPfu Master Mix DNA
indAB PCR PCR

(100 pL)
R (10 pmol/L)
40 uL PCR
95°C30s 58°C30s
72°C 5 min
DNA Gel Extraction Kit

IDO3 2 uL F
4 uL  2xPfu Master Mix 50 uL
94 °C 5 min
72 °C 2 min 30

Nco 1
Xhol pET-28a(+) indAB
37°C 6h
T4 16 °C
E. coli BL21(DE3)
LB

PCR

E. coli IND_AB
1.2.2 SDS-PAGE HLjk4 #f:
30 °C 150 r/min
4 °C LB
37 °C 150 r/min ODgoo
0.4-0.6 0.5mmol/L  IPTG
IPTG 16 °C 20h
SDS-PAGE
pET-28a(+)

IND AB

E. coli BL21

1% ( )
30°C 150 r/min 24 h

12 000 r/min
(DMSO0)

3 min

3 min
12 000 r/min
- 618 nm

DMSO
618 nm

A=0.066 2 Cingigo+0.003

A Cindigo R 0.999
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DMSO 0.45 pm
(HPLC) /
/ (LC/TOF/MS)
Hypersil ODS2 (5 um 250 mmx
10 uL

4.6 mm) 1 mL/min

280 nm
0—20 min  60%—70% ( )
(ESID)
AR SRR FEMMIL: 24 h

IND_AB

1.24

0-250 r/min
20 25 30 37 45°C
NaCl 1.0-30.0 g/L
1.0-20.0 g/L 1.0-15.0 g/L

0-200.0 mg/L 0-1.0 g/L

IND_AB

2 HREAM
21 BREAREERMRERENEHERNLE

Burkholderia sp. IDO3

pUC19
3035 bp
3 (D
1266 534 813 bp GenBank
KX611609
BLAST NCBI
1 1 266 bp

40%

1266 bp 534 bp 813 bp —

indA indB 1 kb
—

/;

Indigo producing genes 1 796 bp

1 E#k IDO3 BT EE Fr R E E 45 53 4
Figure 1 Gene organization of the DNA fragment from
strain IDO3 genomic clone library

UniProtKB/Swiss-Prot

28% 29%
indA 534 bp
36%
indB ind4d  indB
Burkholderia sp. IDO3 DNA
PCR 1 800 bp
indAB 2A
pET-28a(+) E. coli BL21(DE3)
E. coli IND_AB
SDS-PAGE
2B
~43kD ~19kD
IndA IndB

indAB  E. coli BL21(DE3)

IndA

IndA IndB

2.2 ELHE IND_AB & HHR
30 °C
IND AB LB
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IndAB
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%=1 ZEH IndA 0 IndB 5% BLAST EE3F 447

Table 1 Sequence BLAST analysis of protein IndA and IndB

Protein description Similarity (%) Strains
IndA Oxygenase (APT36898) 100 Burkholderia sp. IDO3
Hypothetical protein (WP_043185613) 94 Burkholderia cepacia
Hypothetical protein (WP_017224118) 71 Cupriavidus basilensis
Flavin oxidoreductase (WP_019656472) 44 Variovorax paradoxus
Oxygenase (WP_031505929) 42 Streptomyces megasporus
Oxygense subunit protein (WP_009461224) 42 Alcaligenes
Styrene monooxygenase large component (050214) 29 Pseudomonas sp. VLB120
Styrene monooxygenase large component (006834) 28 Pseudomonas fluorescens ST
IndB Flavin reductase (APT36899) 100 Burkholderia sp. IDO3
Hypotherical protein (WP_043185899) 92 Burkholderia cepacia
Monooxygenase component (WP_015435487) 55 Azoarcus sp. KH32C
Flavin reductase (WP_043742128) 52 Thauera sp. SWB20
Flavin oxidoreductase (WP_019656472) 55 Variovorax paradoxus
FMN reductase (NADH) NtaB (P54990) 51 Aminobacter aminovorans
Styrene monooxygenase small component (O06835) 36 Pseudomonas fluorescens ST

bp bp
116.0
4500 662
3000
2000 45.0 IndA
1200
35.0
800
500
25.0
200
18.4 IndB
14.4

2 indAB ER I IEEHI(A)FIRIEFY) SDS-PAGE 43 #7(B)
Figure 2  Gel analysis of indAB amplification products (A) and SDS-PAGE analysis (B) of indAB expression
A M DNA marker 1 PCR .B M Marker 1 pET-28a(+) E. coli BL21(DE3) 2
IND AB 3 IPTG IND AB 4 5 )

Note: A: M: DNA marker; 1: PCR products of gene indAB. B: M: Protein marker; 1: E. coli BL21(DE3) with empty pET-28a(+) plasmid; 2:
Strain IND AB without IPTG induction; 3: Strain IND_AB with IPTG induction; 4: Supernatant of induced IND_AB crude enzyme mixture;
5: Precipitation of the induced IND_AB crude enzyme mixture.
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[12]
5A
IND AB 100 t/min 150 r/min
3 ATHEMABITEAMELE IND_ AB (B)E 100 r/min 150 r/min
LB EFEPHEKRR
Figure 3 LB growth media images of E. coli strain with
empty pET-28a(+) (A) and recombinant strain IND_AB (B)
(>200 r/min)
HPLC
9.9 min
286 nm 618 nm 4A )
( ) [13-14] 5B 37 °C
LC/TOF/MS
4B A
[M-H] m/z 261.066 8 250
IND AB LB 20.0
2
é" 15.0
&
IND AB ~_§ 10.0
5.0
A ) 0.15 i 00
2 0w 618 0 50 100 150 200 250
L Z oos Rotary speed (r/min)
0.00
' 200 400 600 800 B 300 r
Wavelength (nm)
7 8 9 10 11 12 13 14 15 207
Retention time (min) 200k
2
B _ Eo
= Z 150
x 4 261.066 8 o %o
23 [(C,¢H,(N,O,)-H] N S 100+
- O~
=1 50f
g 0 1 1 1 b 1 1 I 1
-:—)D 252 256 260 264 268 272 276 280 0.0
mlz 20 25 30 37 45
oy . o T ture (°C
B4 FHE IND_AB & F I = HAE 5 4T (A PR emperature (°C)
S H(B) 5 HERAFIBEGB)MERE~ SR
Figure 4 HPLC (A) and mass spectral (B) analyses of the Figure 5 Effects of rotary speed (A) and temperature (B)
catalytic products by strain IND_AB on the production of indigo
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IND AB A 350
45 °C 30.0
7 m B
E" 20.0
& 15.0
2
~ 10.0
37 °C 150 r/min 5.0
IND AB 30 °C 0.0
150 t/min 22.9 mg/L 10 50 100 150 200 300
NaCl concentration (g/L)
IND AB LB
B
25.4 mg/L
24 EFREEHIERES RS0
LB IND_AB -~
NaCl 2
Na’ S
2
LB
6
y y | 1.0 5.0 10.0 15.0 20.0
5.0¢gL 10.0 g/L NaC Yeast extract concentration (g/L)
15.0-30.0 g/L c
25-30 mg/L NaCl 40.0 -
20.0 10.0 15.0 g/L 3501
32.7 mg/L NaCl ) 00F
B 250
20.0 g/L 15.0 g/L E
2 20.0
10.0-15.0 g/L 35.1 mg/L _g 1501
10.0 |-
NaCl 20.0 50F
150 10.0 g/L (35.1 mg/L) 00E 10.0
(229 mg/L) 1.53 LB Tryptone concentration (g/L)
BEl6 NaCl(A). EEEH(B)LL K & B BR(C)MKE X HE i 7=
=10
Figure 6 Effects of NaCl (A), yeast extract (B), and
R A , tryptone (C) concentrations on the production of indigo
2.5 SMAnmGIRER & EBL X AT S S AR S0

IND_AB
[14]

LB

24 h
7A
50.0 mg/L
57.7 mg/L
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A 0.1 g/L LB
60.0 -
50.0 18h
= 400 64 mg/L
o
E . y
S 3001 3 wWhig
2
=
~ 20.0 -
10.0 -
2,6-8,17
0 250 500 750 1000 200.0 P450 : :
Indole concentration (mg/L)
B
70.0 -
60.0 -
_ 50.0 - A
= 60.0 -
2 400} o S
E
2 300¢ 450
200 = %
)
ok S 300¢
2
=
0.0 -
0 010 025 050 075 1.00 15.0F
Tryptophan concentration (g/L.)
7 SMINEIR(A)F & SUBA(B) AT BRI = B B B 0op /7 . . .
Figure 7 Effects of indole (A) and tryptophan (B) on the 0 5 10 15 20 25
production of indigo ¢ (h)
B
75.0 -
[15-16] — I
60.0 - %/i —1
( 7B) -
S 450 F
0.1 g/L 64.4 mg/L 2
2.6 EHE IND AB & RETIE sk £ 300}
=
15.0
IND AB 8A 0.0 -———/
IND AB 50.0 mg/L LB 0 5 10 15 20 25
6 h t(h)
615 h 8 Ek IND_AB 7E5MN 50 mg/L BIRR(A)F1 0.1 g/L
18 h BEE(B)A LB 5 E S AT H L
Figure 8 Time course of indigo production from LB medium
58 mg/L 8B IND _AB by adding 50 mg/L indole (A) and 0.1 g/L tryptophan (B)
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Burkholderia sp. IDO3

IndAB
IND_AB LB
LB
[14]
3.
IND AB LB
9
P450 [9,18-20]
IND_AB
50.0 mg/L
LB IND AB
57.7 mg/L
152.0% 0.1gL LB
(0]
OH
/NH7
A\ “ Tryptophanase N\
Tﬁ{ N
Tryptophan Indole
lndAB\
(0] 0 OH
L~ —— | O
II:II N
H
(0]
Tndigo Indoxyl

9 Ftk IND AB S RETEIRIZA
Figure 9 Proposed indigo formation pathway by strain
IND_AB
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[20,24]
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