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Abstract: [Objective] Rhizosphere contains a phylogenetically diverse array of microorganisms
affecting the growth and health of plants. This study aims to examine the diversity and structure of the
microbial community in Brassica juncea var. tumida rhizosphere. The isolated microbial strains can be
explored to unleash their chemical potential. [Methods] Roots of B. juncea var. tumida were collected
from two villages in Fuling Disctrict of Chongqing. Microbial isolates were then obtained after
cultivation on different media. One strain was selected for genome sequencing (Pacbio RS II and
[llumina HiSeq) and subsequent bioinformatic analysis. The antiSMASH 6.0 was used for the detection
and comparison of biosynthetic gene clusters (BGCs) encoding secondary metabolites. A multiplex
amplification-and-ligation strategy was employed to clone the gene cluster responsible for violacein
biosynthesis. The gene cluster was then transferred into Streptomyces lividans TK23 by intergeneric
conjugation. [Results] A total of 256 microbial isolates were obtained, of which 120 were identified.
Duganella sp. BjR8, which produced violacein, was detected. Sequencing of the genome of BjRS8
revealed a single circular chromosome of 7 205 593 bp in length with 64.67% G+C content and 6 421
coding sequences. Bioinformatic analysis showed that the strain contained 9 putative secondary
metabolite BGCs, of which 7 had low similarities to BGCs encoding known compounds. Heterologous
expression of the violacein gene cluster in S. /lividans TK23 resulted in the production of
deoxyviolacein. [Conclusion] The diversity and structure of the microbial community was examined by
phylogenetic analysis of microorganisms isolated from B. juncea var. tumida rthizosphere.
Bioinformatic analysis revealed that BjR8 had great biosynthetic potential for novel compounds. The
vio gene cluster was cloned from BjR8 and expressed successfully in the surrogate host S. lividans
TK23.

Keywords: rhizosphere microorganisms; Duganella; violacein; genome sequencing; biosynthetic gene
cluster; heterologous expression
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Genetic organization of violacein biosynthetic gene cluster (A) and biosynthetic pathway of violacein (B).

Figure 1
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Table 1  Strains in the study

Strains Genotype/description Reference/source

Duganella sp. BjR8  Wild-type, violacein producer This work

Escherichia coli

JIM109 endAl, recAl, gyrA96, thi, hsdR17 (r,, my"), relAl, supE44, A(lac-proAB), Promega
[F’traD36, proAB, lacl"ZAM15]

BW25113/p1J790 K-12 derivative, AaraBAD, ArhaBAD/plJ790 [24]

ET12567/pUZ8002  dam dcm hsdS cat tet/pUZ8002 [25]

Streptomyces

S. lividans TK23 spc-1, SLP2", SLP3”~ [26]

TK23-pSET152 S. lividans TK23 containing pSET152 This work

TK23-vio S. lividans TK23 containing pSET152::vio This work

&2 AR ETR B

Table 2 Plasmids in the study

Plasmids Relevant characteristics Reference/source

pBluescript Il KS(+)  Routine cloning and subcloning vector, Amp" Stratagene

pSET152 Integrative vector, Apr® [27]

pSET152::P),3-neo  pSET152 containing neo driven by hrdB promoter [28]

pBS::vio A derivative of pBluescript II KS(+) containing the violacein biosynthetic gene This work
cluster, AmpR

pSET152::Py, 45 pSET152 containing the constitutive 4rdB promoter, Apr® This work

pSET152::vioUpDn  pSET152 containing hrdB promoter, 503 bp of vio4 and 500 bp orf0372-0373, Apr®  This work

pSET152::vio

A derivative of pSET152 containing the violacein biosynthetic gene cluster with vio4
driven by the hrdB promoter, Apr®

This work

x3 AHRFAASY
Table 3 Primers in the study

Primers Sequences (5'—»3%) Purpose

vio 1-F AATTTCTAGAGGCCCGCCCCCGCTCCGTGCAC PCR 1 620 bp of F1
vio 1-R AATTGAATTCGGATCCGTGTAGAACTCGACCCCGTGCGG PCR 1 620 bp of F1
vio 2-F AATTTCTAGAGGATCCGCAAAGCGCGCATC PCR 4 121 bp of F2
vio 2-R AATTCTCGAGCGCCATGTTCATGCC PCR 4 121 bp of F2
vio 3-F AATTTCTAGACTCGAGGATGTGTACGTCTTCATCACG PCR of 2 038 bp of F3
vio 3-R AATTGGTACCCCCGGGTTGGATGCGCCGCCG PCR of 2 038 bp of F3
vio 4-F AATTTCTAGACCCGGGCGCGGGCCGCATCG PCR of 3 213 bp of F4
vio 4-R AATTGGTACCACAATGAACGATGCTGAACC PCR of 3 213 bp of F4
hrdB-F AATTTCTAGACCGCCTTCCGCCGGAACG PCR 428 bp of hrdB
hrdB-R AATTGGATCCGAACAACCTCTCGGAACGTTG PCR 428 bp of hrdB
vio Up-F tccgagaggttgttc ATGACACAGTATTCCGACATTTG PCR 503 bp of vio4
vio Up-R AAGCTTTGCGTTTCCGGATGC PCR 503 bp of vio4
vio Dn-F tccggaaacgcaaagcttGGATCCGGGCTGCGCGAACCAGCTGTG PCR 500 bp of orf0374
vio Dn-R ctatgacatgattacgaattc GGTACCACAATGAACGATGCTG PCR 500 bp of orf 0374

Underlined sequences for restriction enzyme recognition sites, and lower case letters for overlapping between DNA sequences.

<l actamicro@im.ac.cn, & 010-64807516
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Figure 2 Cladogram depicting the phylogenetic relationship among 120 isolates from Chinese mustard
rhizosphere. The inner ring depicts the medium used for culture of the isolated microbial strains. The outer ring
shows the four phyla to which the isolates belong. The outermost tag indicates strain numbers.
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3 HIRICHE BjR8 EAREKIEFRE LA, ByFIRIAEFEPHERIFR(C, D)
Figure 3 Growth of Duganella sp. BjR8 on different solid media (A, B) or in liquid media (C, D).

Duganella phyllosphaerae strain CCM7824 (MT760182)

Duganella zoogloeoides (D14256)
Duganella aceris strain SAP-35 (MN737197)
Duganella sp. BjR8 *

Duganella pernnla strain FT109W (MN865815)
Janthinobacterium lividum strain DSM 1522 (NR026365) *
Duganella levis strain CY42W (MN865814)

Duganella lacteal strain FTS0W (MN865818)

Duganella guangzhouensis strain FT80W (MN548380)

Duganella callida strain DN04 (MN736119)
Duganella flavida strain FT135W (MN865820)
Duganella sacchari strain Sac22 (EU672806)

Duganella radices strain Sac-41 (EU672807)
Duganella violaceinigra strain YIM31327 (AY376163) x
—EPseudoduganella sp. NI28 (KM087999) *
Duganella rivi (MN865823)
*‘EDuganella fentianensis (MIN865822)
Duganella gianjiadongensis (MN865821)
Duganella aquatilis (MK968135)
Duganella alba strain FTOW (MK968133) *
Chromobacterium subtsugae strain PRAA4-1 (NR042853) *
Chromobacterium piscinae (AJ871127) *

—_ \—E Chromobacterium pseudoviolaceum LMG3953T (AJ871128) *
0.02 Chromobacterium violaceum strain ATCC12472 (NR074222) *

El 4 ET 16S rRNA EEFIEBRFLEH

Figure 4 Phylogenetic tree showing the relationships between Duganella sp. BjR8 and closely related species.
Violacein-producing strains were indicated with a purple star, and numbers in parentheses represent accession
numbers of 16S RNA sequences in GenBank.
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£ 4 HIBEKE BjRS BIE R BIHE

Table 4 Genomic characteristics of Duganella sp. BjR8

Feature Chromosome characteristics
Chromosome size/bp 7205 593
G+C content/% 64.67
Predicted genes 6241
rRNA operons 14

tRNA genes 84

sRNA genes 29

Genes assigned to COG 5479
Genes assigned to GO 1720
Genes assigned to KEGG 3001
CRISPR repeat regions 65
Prophages 0

Simple tandem repeats 178
Interspersed repeats 56
Genomic islands 7
Carbohydrate-active enzymes 237
Transposable element 4
Antibiotic resistance genes 386
Virulence factors 858
Secondary metabolite gene clusters 9

RNA processing and modification
Chromatin structure and dynamics
Energy production and conversion
Cell cycle control, cell division, chromosome partitioning
Amino acid transport and metabolism
Nucleotide transport and metabolism
Carbohydrate transport and metabolism
Coenzyme transport and metabolism
Lipid transport and metabolism
Translation, ribosomal structure and biogenesis
Transcription
Replication, recombination and repair
Cell wall/membrane/envelope biogenesis
Cell motility
Posttranslational modification, protein turnover, chaperones
Inorganic ion transport and metabolism
Secondary metabolites biosynthesis, transport and catabolism
General function prediction only
Function unknown
Signal transduction mechanisms
1 U: Intracellular trafficking, secretion, and vesicular transport
1-70I V: Defense mechanisms
8OIW: Extracellular structures

1. B Y: Nuclear structure

B Z: Cytoskeleton
1.90 g 165 TRNA

W 23S _rRNA

2.00 m 55 TRNA
2.7 0 B (RNA

EEEEEEEE

[ 1 B |
SeARIQZEN A EQmmUOwWy

5 #RIKE BjRS BIEEAHE

Figure 5 Circular genome map of Duganella sp. BjRS8. Starting from the inner circle moving outwards, the
following tracks are shown: GC-Skew, G+C content, rRNA and tRNA, predicted protein coding genes on
forward and reverse strand, and genome size.
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(genetic information processing). A L&A iy F
4t (organismal systems) fl ¥ 5% {5 & 4b B
(environmental information processing) 6 25, HH
TR SCIE R EH H 2 465 4~( 6). £ COG %X
PEEHIA 5 479 AFEN, H AR H B
87.79%, fufh 22 FhRAY, B T ARAIIREZLAISF,
& 5% L (signal transduction mechanisms)#l
% 5% (transcription) M L N B H ik £, 43510

Cell MOtility pos 140
Cell growth and death 34
Cellular community-prokaryotes 193
Transport and catabolism & 75
Biosynthesis of other secondary metabolites g 76

443 A~F1 419 4K 7). GO Bl EH 3t 1720 4>
IR, HEIEEEHEB 27.56%, RIEDIREARIFH
XEESLR YA 3 25, HEFIRE (molecular
function) ., i i ZH h¥(cellular component) 144
1 2 (biological process) (& 8).
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BIAES), W HIER A S 47 T antiSMASH
Gt , HRB 9 ARG W A=) B
W, aldn 2 REENE 1-9 (& 5), @
1 A ERRAR 2 IR G Ui (NRPS)ZE L 1 SR &
ACEE(PKS)ZE . 1~ NRPS-PKS 28| 4 4k
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M Human diseases

M Genetic information processing
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Global and overview maps i — o H Environmental information processing

Xenobiotics biodegradation and metabolism e 79
Carbohydrate metaboliSm r— 33
Lipid metabolism g 95
Metabolism of other amino acids s 9(
Amino acid metabolism se—1 53
Metabolism of cofactors and vitaming s 185
Metabolism of terpenoids and polyketides m 37
Energy metabolism s 174
Nucleotide metabolism s 102
Glycan biosynthesis and metabolism mm 58
Cancer: overview m 26
Infectious disease: bacterial & 23
Neurodegenerative disease 14
Infectious disease: viral |5
Cardiovascular disease Ez]
Endocrine and metabolic disease '3
Cancer: specific types 520
Substance dependence [:1
Infectious disease: parasitic | 7
Drug resistance: antineoplastic 522
Drug resistance: antimicrobial == 45
Immune disease |1
Translation s 84
Replication and repair == 56
Folding, sorting and degradation m= 52
Transcription [ 4
Immune system | 6
Endocrine system = 24
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Excretory system 2
Nervous system 5
Environmental adaptation | 20
Circulatory system 3
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Development and regeneration |
Signal transduction me— 1?0
Membrane transport S— | 5 I

KEGG pathways
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Number of genes
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Figure 6 The annotation result of Duganella sp. BjR8 genome against KEGG database.
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Figure 7 The annotation result of Duganella sp. BjR8 genome against COG database.
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Figure 8 The annotation result of Duganella sp. BjR8 genome against GO database.
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A ARG B 2 BRIPP)E L 1 iR
(terpene)Fll 1 ~E¥Hd(alkaloid)Zs, o, J&
H#% 2 53 B Duganella sp. B2 S @ E &
FHHEA 100% R, 5k A L0
(Chromobacterium violaceum)™" 45 01T 1 & K&
A 80%MRMEYE, FEFEFE 9 S5k A RN
i (Vibrio fischeri) ES114Bf) APE R NFEA 40%
PRI, o 7 AN EER RS 2 AL G Y b 5L
PRI IR IR EARATG , D B o B 7 Ak 2R B4k
BT
24 XENEZRNERE

LT RH R FCTE BjRS AR AR B SE R 4
G o3, FA TN R 245 7 R SR O R R 1V BE
J1o R T Bk —4EN, FAT4E T PDB. R2B.
YMB F1 NB #J A& B, @it HPLC 7347t PDB
R ARSI R 2 A~ B I g, LR B B[] 43
A 21.1 min A1 22.3 min, 535454 L&Y 1 H
2 (Kl 9A). 7E R2B il YMB i ] 5x 2 Mk
GV, BHIEEV B WIL, m7E NB LT R
DE] 3% AN AEAZE(E] 9A). HRMS 4347 & 3
&9 1 15> TR 344.094 1 [M+H], 1b&W
2 (4> 75 328.099 5 [M+H]" (Kl 9B), #iEfk
Y1 RO EE, (LAY 2 WA AR
Fo DLEGERFR, R4 G BjRS AT DL AR 2
OFFER PR S AT R 2R, HA7E PDB 35k
H R R
25 FEMNEREEFENZEREFRERIE

ZE bk, AR CE BjRS A AE —4
SOFE R IR BEGEHFE 2), #H#E—H 0 L,
FE AR — 5 SR BRI Y, 0rf0366-0370, H:
Gt =) 5k VioA-E MIFRIHE (R 6). N
TP RIE RN R R TR AT R AEY
A, AT E SE AR G T BjR8 LRI 41 AR,
3 PCR 205l 35 A5 w5 28 AN L % 1Y 4 4~ DNA
B FI-F4, KR &E/GY) . 3% B I v b 5
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pBluescript 11 KS(+) I+, 32IE4H Gk pBS::vio
(El 10A). BiJ5, i#id PCR-targeting A9 7772%,
FEH RS R B B G RSOk pSET152 |,
53§ 40 JFoki pSET152::vio (B 10A), {H5—4%
B2, 7E pSET152::vio H, vioABCDE FikH 2
Y hrdB (R W 4% 75 16 sigma 70 Zmfid L)
Bl ¥ R4S B H L BRI 2 EcoR 1/ Hind 111
SN YIIG , AT IR B EE R L UK AR N, R B
HL Yk 2% 5 U —20(& 10B), 36 FRATT A ) e
PEAS B T 58 AT T R L

W E AR pSET152:vio WA HKS
AAS LI EE 2 T TK23 h, 15 %) 5 4 B Ak
TK23-vio, [EIA}, Ffiki pSET152 S AZ T
BERE A TK23 1, 1528 % B TR A% TK23-pSET152,
AR HY T BE T TK23 . TK23-pSET152 Al
TK23-vio 4 H3FF RSMS A |, 255 & H
TK23 il TK23-pSET152 SLHLL {4, T TK23-vio
IR AR 11A), VLIS ORI R SR e R
B R ) F IR FRIA . ¥ TK23 ., TK23-pSET152
il TK23-vio 45 7E SCM3 ki1 &, 4535
N, HUA TK23-vio F) % PR S BB I8 1 48 €6 (%]
#x5 HBKE BjRS E£FLHAY antiSMASH 747

Table 5
sequence of Duganella sp. BjRS8

antiSMASH analysis of the genome

Most similar
Cluster Type From To

known BGC
1 RiPP 30 602 41295 unknow
2 Alkaloid 419316 442337 Violacein
3 RiPP 585161 607 099 unknow
4 RiPP 1604586 1613666 unknow
5 RiPP 2181326 2192973  unknow
6 Terpene 3783019 3806355 unknow
7 NRPS 3914526 4005801 unknow
8 PKS 4507847 4559826 unknow
9 NRPS-PKS 5627658 5671264 APE Vf
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Table 6 Summary of genes within the violacein biosynthetic gene cluster of Duganella sp. BjR8
No. of . . Amino acid
ORF amino acids Proposed function Protein Homology Identity/%
vioA 435 FAD-dependent Rugamonas sp. FT8§1W FAD-dependent oxidoreductase 423/434 (97)
oxidoreductase (WP_161087100.1)
vioB 1007 Iminophenyl-pyruvate Rugamonas sp. FT81W iminophenyl-pyruvate dimer synthase974/1 006 (97)
dimer synthase VioB (WP_161087101.1)
vioC 431 FAD-dependent Rugamonas sp. FT81W FAD-dependent monooxygenase 426/430 (99)
monooxygenase (OFA07151.1)
vioD 373 Tryptophan Rugamonas sp. FT81W tryptophan hydroxylase 364/372 (98)
hydroxylase (MYMO98255.1)
vioE 190 Violacein biosynthesis Rugamonas sp. FT81W violacein biosynthesis enzyme VioE 183/189 (97)
enzyme (WP_161087104.1)
(A) 1
1000
900 F
800 |
0 ;_PDB 2
2 6000
E C P 7 , 7’
500 :_R2B , , 7 . 3 s
400 £ ~ -
300 E—YMB 0 e
200 .7 7
100 £ g .
AN . Pl
; 1 1 1 1 1 1 | | | |
170 18.0 19.0 200 21.0 220 230 240 250 26.0 27.0
t/min
B +
(B) [M+Na]* _— LM+Na]
[M+H]" @ [M+H]” =
e o=
o NS 33
S35 00D
by g HO =4 X
=) * =]
= =
=) S
= i "
Violacein (1) Deoxyviolacein (2)
Calculated: 343 . Calculated: 327
Il | 1 11 1 T O ] T PSP T
100 200 300 400 500 100 200 300 400 500
mlz m/z

9 ##KE BjR8 £Bi%AT HPLC 21 R E =87 HRMS 747
Figure 9 HPLC analysis of Duganella sp. BjR8 in different fermentation media (A) and the result of HRMS
analysis of Compounds 1 and 2 (B). 1: violacein; 2: deoxyviolacein.
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(A) (B)
Xbal BamH]1 Xho'1 Sma 1 Kpn1 Kb
: = 10.0 11.0
vioA vioB vioC vioDvioE i
Xba 1 BamH 1 Xho 1 Smal Kpnl 4.0
3.0 3.0
Fl F2 F3 F4 20
Restriction digestion and ligation 16
1.0
0.7
kb
1%.0 9.6
J-Red-mediated recombination with 5 4.4
BamH 1linearized pSET152::vioUpDn 4.0
3.0
2.0
F1 pSET152::vio F4 1.0 1.0/1.0
0.7

Hind 111

10 ELHFRL pSET152::vio BIME R & B R H B0 E
Figure 10 A simplified schematic diagram for the construction of pSET152::vio (A) and confirmation of the
recombinant plasmids by restriction digestion (B).

3
(A) TK23-pSET152 TK23-pSET152 TK23-pSET152  (O)
TK23-vio
© _TR23-pSET152
TK23
Dexoyviolacein
19020021 .022.0 23.0 24.0 25.0 26.0 27.0 28.0
®) ®) t/mm
c\; [M+Na]*
ke
[M+H] 23
- %cn
= o*
= X
(=}

TK23-pSET152 TK23 -vio TK23-vio

TR T

— H
Deoxyviolacein (3)
T B PR Calculated: 327
100 200 30/0 400 500

11 ZEHEREEEANRBEREREFYET HREEKE RSMS B ERERIEA), &
SCM3 WIS IR 5 K I (B) A B & BRI HPLC 43-#7(C)Fl HRMS #6:l (D)

Figure 11 Heterologous expression of the vioABCDE gene cluster in S. lividans TK23. The recombinant
strains were cultivated on R5SMS solid plates (A), in liquid SCM3 (B), and the fermentation broths were
subjected to HPLC analysis (C) and HRMS analysis (D).
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