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Abstract: [Background] Pigeon pea (Cajanus cajan) is a medicinal plant with a variety of
pharmacological activities. Considering the limited understanding and research on actinomycetes in the
rhizosphere of pigeon pea, it is necessary to study their application and development potential.
[Objective] An actinomycete strain with broad-spectrum antagonistic activity against plant pathogens
and common pathogens was screened out from the rhizosphere soil of pigeon pea. The taxonomic status,
metabolites and possible biosynthetic pathways were identified to provide data support for the
development and application of the strain. [Methods] With 7 plant pathogenic fungi and 8 common
pathogens as the indicators, plate confrontation method and filter paper diffusion method were used to
screen out the actinomycete strain with broad-spectrum antagonistic activity. The selected strain was
identified based on morphological characteristics and phylogenetic tree, and the secondary metabolites
of the strain were detected by UPLC-Q-Exactive high-resolution mass spectrometry and UPLC-MS/MS.
The polyketide synthase [ (PKS-1) and non-ribosonmal peptide synthetase (NRPS) genes of the strain
were amplified by PCR to clarify the biosynthetic pathways of the antimicrobial substances. [Results]
The actinomycete F5 with broad-spectrum antagonistic activity was screened out and identified as
Streptomyces europaeiscabiei. The strain was able to produce active metabolites like geldanamycin and
emodin. The genes encoding PKS-1 and NRPS were presented in strain F5. [Conclusion] Streptomyces
europaeiscabiei F5 from the rhizosphere of pigeon pea is isolated and identified for the first time. It has
broad-spectrum antagonistic activity and can produce antimicrobial substances like geldanamycin and emodin,

thus demonstrating great application potential in agriculture and medicine and worth of further research.

Keywords: Cajanus cajan; Streptomyces europaeiscabiei; antimicrobial activities; secondary metabolites
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P g ACA PR 7D E R GARPRIL A F5. K2
1 SO [ K BEr=y%t 8 Fhwt s I TR Ay 490 il £
. ¥k M T ISP2 Wk RE 3,
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1 uL, ddH,0 7.5uL. PCR JZh &44: 94 °C
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F. solani

F. solani S. turcica

1 KRERRELEX 7 #EYHRE IR

\ FS\ /”
o\ @\

S. turcica / \\ F. equiseti
‘V\
N\

J& B FRAATE (F. solani), 5K K BE™ B I 160 75 (S.
turcica) . AW (F. equiseti) 10 i %5 A B
o, IR BE L 70%; X AKAE S A 22 A% TR (R.
solani). ¥CHFRAMTE (F. verticillioides). ] H 2%
AEH(S. sclerotiorum)MHIVERTESR , I HRAE
60%—70%2Z 0] ; X ARBHRALE (F. graminearum)if
TRCRAX LSS, MEFALT 50%.

R. solani

C2

Vs

R. solani

F. graminearum |

7 R S A SR ZH R IR - B e T

(A1, A2), EARKREEMBFIGHE (B, B2), AMHRME(CL. C2), K AZEZE (DL, D2), #RkHE
H(E1. E2), [ HZEZMEFL. F2), RAPEMEGL. G2)

Figure 1 Inhibitory effect of actinomycetes from Cajanus cajan on seven plant pathogens. Experimental
group and control group of seven plant pathogens: F. solani (A1, A2), S. turcica (B1, B2), F. equiseti (C1, C2),
R. solani (D1, D2), F. verticillioides (E1, E2), S. sclerotiorum (F1, F2), F. graminearum (G1, G2).
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TRIVER . (R, TRERE FS X i 8 R WL s
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22 EHRFSHMELESER
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mE 3A Fos, fEm K 1S EIREEFRE
B PR I R bR FS TR, R IR

AR R AT BT /N B BE SR SD GO,
RITHRIOCHE; AHGPRE2 )™ 4, AR
22 R A, FENEZ SRR A, A
=,
2.2.2
S
AARSARER L b B SRk i FS A
Bk, JL16S rRNAJENFPSILENCBI K R H L
P AR N, 5 AR dR o 9 TR AR 2 )
= Streptomyces stelliscabiei CFBP4521" (99.86%, %
5 & NR_116532.1) . Streptomyces scabiei
ATCC49173" (99.86%, &5t NR_116531.1)
Hl Streptomyces europaeiscabiei CFBP 4497"
(99.79%, %354 NR _116533.1), HIHiE%
Wk R THER R . Wit MEGA 7.0 4Bkt
ARG KAW, WK 3B PR, KEWEERER,
F5 5 RN EE RS # (Streptomyces  europaeiscabiei)
SRR 89%, LG IZEMREIEAIFIE, %
TE J Wi 5555 B (GenBank %5345}y OK448161).

16S rRNA EEHFI I EE RFKiH L

B2 AEREFRIMEEX SHERFRERMMEKIR A KIBiTE; B: FEUDER; C: Ml
FFie s D: G OHAERE; E: EWMERE; F: 802 AZhTR; G: BOEERRE; H: BZRMEAMR . CK.

Eﬁ@; Ka: 4@%%%
Figure 2

Inhibitory effect of actinomycetes from Cajanus cajan on eight common clinical pathogens. A: E.

coli; B: S. marcescens; C: B. subtilis; D: S. aureus; E: E. faecalis; F: S. aureus G: C. albicans; H: P. aeruginosa.

CK: Methanol; Ka: Kanamycin.
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F5 (OK448161)

Streptomyces europaeiscabiei CFBP 4497" (NR_116533.1)

Streptomyces deccanensis DAS-139" (NR_044183.1)

Streptomyces diastatochromogenes NBRC 3337" (NR_112484.1)
100 Streptomyces diastatochromogenes NBRC 13389" (NR _112386.1)
Streptomyces neyagawaensis ISP 55887 (NR_114838.1)

Streptomyces bottropensis NBRC 13023" (NR_041096.1)
Actinobacterium (FJ_429814.1)

100 6,0 s0myces sp. NSC16T (MG, 833367.1)

e ——

0.0050

3 HEEEFSBHIESESDTFLETE A: BkkFSTE GS BT 28 °C B35 10 d IETETEA; B: Btk
F5 5T 16S rRNA [N P57 () neighbor-joining &G A B W (7335 FAIEUT . bootstrap LI ;

RZIBE 0.005: FP5I 225 (197 S )

Figure 3 Morphological and molecular identification of strain F5. A: Colony morphology of strain F5 on GS
medium after 10 days of incubation at 28 °C; B: Neighbor-joining phylogenetic tree based on 16S rRNA gene
sequence of strain F5 (numbers in each branch points: percentages supported by bootstrap; Bar=0.005:

nucleotide divergence)

ME&HE FS mMEEHIREELS
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AT FS K h S8 1 2 R 590 A ik
G AEW 1S 2, WKl 4 R,
waEW 1, D TFEFIE [M+Nal' 1y m/z
3 583.255 49 (& 4A), HEMH TR N
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1A R B U2 pH [M+Na] " 2 20 B I 3670 B A
[M+Na—CONH,]", i % 442 i B AT o
B, WIPHENAL G 1 s RIERE R . i —
N, RS IR TR ZRARME L R R F5 AR I
WILBUY 4T UPLC-MS/MS %58, WL F5
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Figure 4 Identification of geldanamycin and emodin in actinomycete F5 extracts. A: Primary mass spectra of
compound 1; B: Secondary mass spectra of compound 1; C: Primary mass spectra of geldanamycin produced
by actinomycete F5; D: Primary mass spectra of standard geldamycin; E: Primary mass spectrum of compound
2; F: Secondary mass spectra of compound 2; G: Primary mass spectra of emodin produced by actinomycete F5;
H: Primary mass spectra of standard emodin
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KR B b A P RRE i (B 4C) S hRiE L —
(& 4D), ATLARUEAL A 1 AR IR 2
G 2, WTETWEM-HI M mz K
269.043 18 (& 4E), i H oo R 4 A
CisH100so TE 0 ik [ b A 7 40 1) 6, 3R
5 MS/MS # F (Kl 4F), m/z 241.048 84,
225.052 96, #EM s FEFILEYR L HW A
m/z 269.043 18 [M—-H] B FI%, —ZJRiET m/z
269.043 18 E4 ik CO J5 k1S m/z 241.048 84
B [M—-CO-H] WEH B F, m/z 225.052 96 #EH
BETNEMERET mz 241.048 84 FEE—14
AR T B A2 9 [M—CO-O-H] FE R 8 1. alad
XA BRI R T8, WIAPHENL G 2 R
KEER . LN, R BEARE S R
W FS KBRS T UPLC-MS/MS %5E, i
R FS K BAME S YR R (81 4G) S hRifE
i (B 4H)—2, TR A9 2 W REE,
2.4 PKS-1 #1 NRPS E R &N 45 R
FilA i (polyketide synthase, PKS)FIIE
WA Z iKA A (non-ribosomal peptide synthetase,
NRPS)& A R AR R B2 1y o A A A
LKA B SRR . XS R R A A A 22 ik b
EOEADR . DU A EN S R
FEE YRR FS A9 T BUREH & A (PKS-T )5
AR RS (NRPS) & L K117 T PCR 47
W, BERH KA R A S N, RBLUE
1 2001 400 bp 5 700 bp Z=A7 AT AMIZ R R 5351
P S HUEAL Y PKS-1 A BEFl NRPS J
B, BN 9 PKS-1 A NRPS 2K 751 7E NCBI
Bl PE P A TARURE Hoxt, 25 SR R PKS-T 3%
K5 Actinoplanes sp. ID05-A0637 (AB432241.1)4
UEEIR 98.73% , NRPS JE[H 5 Sterptomyces marinus
(AB492022 DAMLIEETE 98.5%. %45 A T jiksk
F5 SATginRmZs . AR AR b R A
WAL, RBE A R B AR AR IR BT
AZ, PRI B T AR R VR PR

bp

2000

1 000
750
500

Bl 5 ®E#k F5 2 E A H NRPS 7 PKS-1 EF ¥ 18
M: FrifEsrFEEbRid; 1: NRPS; 2: PKS-I
Figure 5 PCR amplication of NRPS and PKS- I

genes from strain F5. M: Standard molecular weight
marker; 1: NRPS; 2: PKS-1 .

3 winEE#

Hilter 7£ 1904 A H K42 TRPRIHEE,
VORI Z2 3R T8I R B 452 32 A AR 5 0 1Y) - 48 DXk
FROARBRU S ARBRAEAE AR Ry A 2 14
KAMEFESE A TR %M. MRPREA Y- 1 5% -
WAV EAE R . Y BRI BE B SS e KA 5 AR
M AN AR BRARA: P ) BC R AR 2
TR LAY, I BAR PR ™ AR
U S5 R At A R ) 5 A L ] 2
TR B S Rl R YR A T SR AR S A
60 A2 FIAE PR PR 37 B s T 17 DA A
19900 RERARPRILA R, Bon 25 YR
TR SRRSO 1) 2 R

A ST 38 A AR ST TR MO AR AT T — Pk
HA T BRSO AR TARPRI R F5, &IE
B 50T W ) S R WU s i 5% i A
(Streptomyces europaciscabiei), VAL SOESE
JIH . ERRBE IR AR SE 7 Rk s )5 A
AT . BBV R S 8 i WL It A
HAT &k .
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181k UPLC-Q-Exactive focus PUME -t Hi 3%
8 B A PO AR UPLC-MS/MS 5
ik, KRIMELE F5 /P AR R TERE R . RER
2 FPIEPEAC . Ok B R AR A A
5 — RN 5y, AT 2 mzVault,
mzCloud % ChemSpider $4%E 47 H X 51 K
AT, BRA% R TERR R KB R AMA K E s
3-[(3- HH T g 3 -2- 3 35 2 HH i 5 ) 2 0 1-8- 0 Ot
-2,6- —HISE-4.9- T A HE-1,5- R -7- 38 3-H R T
REE . 5-{2-[(5,6- 2. %-2,3- " A-1H-Eli-2-3) &
H-1-BR 5y -2-40-1,2- A -8-m kI B-D-nit.
Wl ) ) BE TR . 2/~ 4A0-2'-[(3,5- - H AL R
MEJL) 2 HE]-N-(1- 25 FED IR P45 10 Al
g3, X SE Ao W SCERKE R BT R B, 4T
FEEIROE FEE P TRRES R SRR
2 AR =, (HX 2 B A o RS DA
Bph AR TR A R O X T s M 7
ok TAEHE— 29 . ST FS )15
PUATE L, HEMAS RTERE R 5 KE R AR
VER T R BT M

¥4 /R 15 %5 % (geldanamycin, GDM) & Hi
IKEER T AR ORI B 2y R hi A R, HA
. PUER . R PUR SR,
¥ R IBFE R JE—Fh Hsp90 I, A5 #HUATE
H Hsp90 456G ISz s+ 1802
RE, iR 24 A P 3 22 B 1 o R R
T 900 461 P9 240 1 2 1 3 5 | & e 4 it B &
P, AR 22 8 2 EGBH A T A — B8 > PGB
PER A PR E M, A PR EYRE R HSNIL
TP o WF5T 3 IS IR T 2 X A TR At A A
SMTLE TR TR

KIERE PN RR BT EY, 24
TEFRE . RAL. ey G rh Ry rh ) ]
APPSR RS . 75 B 0o 22 8 = 2R PO
H TR B R A G AE R A v AR DL & . K

B RO 2 QP AT R, U X 2R
FELRFTRT . Aty 0 25 60 A BT R 4 00 7 2 3K o g 4
TR B &P, XS A5 Hh 2B SR i 0
GERBYIG o AW FS A PRt 2Ein ek
W R ZE AT I . v O 2 BR A A R 22 IR
MRk I 7K S o N )R A S AN A 2
PRI R4 PR OR S A, EDX ) = AN 3 A TR A
IR A M SO 55 . B RIIR BT R
PR A RT3 A 5 R 2R B A I A4 R T 4 e 1
SEEMEA KT,

AR, BRI DR S A 0
RAE R KIR =W i s b 2 3 )1z el
XTTRAR FS PLAE R A BRI TR, 4553k
IR B R 2H /A AE PKS- T 5 NRPS J:[H
PEOR VL TR R AT B 38 AF 5 ok 3R Bl 25 R A A A 4
RPUA R R PR o ik P a Bk
Rk AR ) 5 G SR SRR U OG, 18
R IR AN L TR A A — SE U
Wi, e REAENRERFMETARa®R
ik, AU A =Y, BR PRS- T 5
NRPS & BagfEsl, Wkk F5 A ] ae A A
AR BN R L S B R RO . AR AR PR LR
i F5 TPk ZFE 5 R 0 A AR 8 BAT R 2
IR R L g J1, WwalfER iy b G W
SAW AL rSTA el

FI AR S v i DI s 9 B %5 TR (Streptomyces
europaeiscabiei) 5 M\ Hy £ 55 TR DX YL A5 i o
) L8 R R oy B A, A SR B A 1Y
—FPEOR B P, B A A kR R B R
AR WL ke YN AR T
B IE S A AR R R s Ao, oA
FEAE B 0 A IR B[] 2 T () 44 A
[FD) R B PR AN R, AR . PhREFIR
AT REAATEAR R 22 5 o AR Al R R T2 A PR
HR B A 20 15 s 18 BRI 9 ik 25 TR (Streptomyces
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europaeiscabiei) F5 JL48 5 J8 Y T4 2IE Jiidi i
LD i N I (NS 7 S = 2708 0 I [ A -
A= WA i A R AR

I 2 T ) R 2B ARG 7 0 o 9 A= 40 o 3
HEMBUAZR, TELO Rl PRI 245 Sl 2 45
L . © A B R i BE % T (Streptomyces
europaeiscabiei) & W il & A= 1) il I B i S8 25
BB 1) % R P2 SR 1 A & A S 7 A
IRTERE R MR R B R TS5 7 FhAEd)
o S EL R A AT R SE 8 Al S IR B A
TR T S P R AR R IE o FEIS SRS,
A OLA B ARTE R 5% 550, SR AR TR T
BOCTRARTE PEACH ™ P i R A TR AT ST,
T2 TR R TE ARl A = 24 4535 1 1 R BRI 5 B 1 TR
BT
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