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disease-inhibiting and growth-promoting effects

HUANG Jun'??, TANG Ying"**", HUANG Binbin"*?, LI Ye"*?, ZHANG Cuiyang"?*”,
GUO Zhaohui*?, LIU Qingshu'**"

1 Hunan Institute of Microbiology, Changsha 410009, Hunan, China

2 Agricultural Microbiology Application Engineering and Technology Research Center of Hunan Province,

Changsha 410009, Hunan, China
3 National Collection of Plant-associated Microbes (Hunan), Changsha 410009, Hunan, China

Abstract: [Objective] To study the plant disease-inhibiting and growth-promoting effects and
identify the antimicrobial components of Sreptomyces levisL2. [Methods] Morphological features
and the phylogenetic tree based on the 16S rRNA gene sequences were employed to identify the
strain L2 isolated from the rhizosphere of drought-tolerant Echinochloa crusgalli. The
antimicrobial components produced by the strain were identified by chromatography and
high-resolution mass spectrometry. The whole genome of the strain was sequenced by Illumina in
combination with Nanopore. antiSMASH was employed to search for the biosynthetic gene
clusters. [Results] Sreptomyces levis L2 and its fermentation broth inhibited the growth of
Gram-positive bacteria and phytopathogenic fungi, and the strain produced a large transparent zone
on the CAS (chrome azurol sulphonate) plate and could produce indole-3-acetic acid (IAA). The
antimicrobial components of the strain showed the m/z of 537.102 0 [MJrH]+ (calcd for Cy7H20012,
537.103 5, 2.2x10°%) and 523.086 3 [M+H]" (caled for CagH 3012, 523.087 8, 2.9x10°%), which
were consistent with the exact masses of a-rubromycins, B-rubromycins and y-rubromycins, with
the errors less than parts per 5 million. Their HPLC retention time were in agreement with that of
standard rubromycins. The whole genome of L2 had a length of 8.8 Mb and carried 32 biosynthetic
gene clusters for secondary metabolites including rubromycins. [Conclusion] S levis L2 exhibited
excellent plant disease-inhibiting and growth-promoting properties, thus could be further
developed as biocontrol agents. It produces the antimicrobial components rubromycins and its
biosynthetic gene clusters contained 6 more modification genes than the previously published gene
clusters for rubromycins and several genes with unknown functions.

Keywords: Streptomyces levis; plant growth-promoting bacteria (PGPB); rubromycin; disease
inhibiting and growth promoting
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¥4 g/L, B 10 g/L 3 %0 4 g/L). HDI
BiFRIEGE SR 10 g/L, TKIER 10 g/L, nliEhE:
JERY 5 g/L, KH,PO, 1 /L),
1.2 REFAREN T BEL

¥ 5 g WA RS LA RS 45 mL
W N 0.25%B9 LT Ringer VR 3R MHD!, T
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0.25%F% Ringer YEFBEZE 107, 107, 107,
B 200 pL WRAEFAR, BB 3 AEEC, £
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1.3 E#k L2 #IESE AN E
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2-3 d B9 R ELTE AT AL AR TR T 22 42 KA AT
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FL, FEREBREINA 100 pL & B FI#, 28 °C
eGSR 3-5d, LTI INTE R o K4 i
BRI . AR AR IR A T LB Al b, A
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1.4 EK L2 BESYFE. £EREENF R
514534

W R EEF T MS Al |, KR 2d)E, W
MRS TRVRIEA, iR LA H 22 WA (Zeiss
YNEIDVUIE 29577 411119 727

PREATHVEERT T SV2 sl K% 2 d
Jo, WK, Jom 2B KR 1 A, #RK
BIFE, B pL VRN PCR BEAk, FH 40T @
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CCTGGCTCAG-3")#1 1492R (5-GGTTACCTTG
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PCR JZ W {4 % : PrimeSTAR® Max (TaKaRa 23 i)
15uL, . FH#E514%(10 pmol/L)4% 1 uL, itk
1 uL, ddH,0 12 uL. PCR JZJW 4. 98 °CHiAL
£ 5 min; 94 °CAZPE 155, 55°CiBk 155, 72 °C
FEM 15 s, 35 MEHR; 72 °CALEAH 10 min, K
1 DNA J& [l ieiatn] & (e B AR ) TR A R
O D), 38 AT SRR I FL UK B H A% PCR 747,
7% T R R AR )RR A B w5 0 2
L H EzBioCloud #177EZL LX), £ Clustal
Omega 172X E, R4 MEGA X
AT Z PRI A, WERERFE LB .

K P ISP 2 WA 35 5L 1% 9% 1.2, 12 000 r/min
B0 S min R, F TEN Sk 1 i
J&, FREDIES R B, H R 2RI
BT IR 55 ABR A ), %A Nanopore M 47 A
BT EFER AT
1.5 RF=IRRE, &7 #RIE RS8R
iEREERy Rl

DL S%lPeRh e iE ki L2 ik % HD1 85
FeHd, 30 °CHi3E 72 h JE, WIRFLI IS
Amberlite® XAD-16, 4k£%55% 24 h Ji, 12 000 r/min
B0 5 min WA K XAD, #F EiE, AL
AR BESE 30 min, BERZRIOKSGIET
10 mL I,

KRIEREEBUIZE 12 000 t/min #53# ES.0> 10 min
Je it U, Ak A R B 2 K AR T R A P
43 #T (high resolution mass spectrum, HRMS), A
FHAL 2% Agilent 6545 Q-TOF Y (Agilent 23

Al), SRAARER IS B . @5 Agilent
Eclipse Plus C18 column (2.1 mmx50 mm, 1.8 um),
WA & 0.1% P ERINK X 20

ERAR 5 Agilent 1260 (Agilent 23
"), iEkE#SH Eclipse XDB-C18 (4.6 mmx
250 mm, 5 um). AN EAH 0.1%H BRI K K
N, Wi 1 mL/min, YEBEEREE: 0-2 min, 5%
25 2-18 min, 5%—95%Z.Jfi§; 18—20 min, 95%
ZNE; 20-21 min, 95%—5%ZME; 21-23 min,
5% o Kl 310 nm.

2 ZXR53b

2.1 HEHE L2SEREMNEENE

TS 5 AR AR s r 0 2 38— A 0T L T B
2% PR PR R A I RSCR SRR, A s L2,
TR/ T b 3 YOG 7K R 20K 95 7 (Rhi zoctonia
solani Kuhn) . 3 # %< JH %% B (Colletotrichum
capsici). P4 JIVA, 2245 )57 (Fusarium solani) .,
JI\ K %5 9% T4 (Botrytis cinerea) . 4 25 7% B 0
(Alternaria alternate) (4l il 2253 514 37%.17%
13%. 45%. 48% (I 1), X4 w ek
(Saphylococcus aureus) M A & 25 i AT 1 (Bacil lus
subtilis) 4 #1R1 El A2 200 14 mm AT 12 mm
2.2 HHk L2 BIRASYHE

FIAR L2 78 MS P R URDE K H A5
7 REDGH . AKEEST . ANEV], BRI
Al IE AT P 2 A R (K 2A) . MZE RIET T
WK 22K 32 (K] 2B), Hi22 FRyea fHYE:

1 B L2 X 5 MEdmREENINEEME
Figure 1

The inhibitory activity of strain L2 against five phytopathogenic fungi. A: Rhizoctonia solani Kuhn,

the causative agent of rice sheath blight. B: Colletotrichum capsici. C: Fusarium solani, the causative agent of
cucurbits fusarium wilt. D: Botrytis cinerea. E: Alternaria alternate (Fr) Keissler.
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2 FHEHEE L2 NE%RA). BFESB)
(2 000x)

Figure 2 The colony (A), cell morphology of
SreptomyceslevisL2 (B) (2 000x).

2.3 oM REFEBS T

DL L2 B AR, 1514 27F/1492R AL
PIGFN T 1.5 kb A4 RIS, PRI RN
1373 bp, IFHIC L E GenBank, &35 H
PP905231, ¥i%/¥515 EzBioCloud K NCBI %{
T 2 o e A A T X, A5 L S AR R A
EHEMCN S levis NBRC 154237, AN

3 ETFY4HTESE L2 16S rRNA EEFF R EHUFIRRER RS % B/ (ERIE)

99.93%, L TRl BIE 98.70%", HEH
AR R AR AT 16S rRNA JE[H P 5 i R 5 L &
(K 3), APEEFRE L2 5 S levis NBRC 154237
fLFR—43 b, HIEGEEE N 0, PRI

YT BT
A FER I IS AR L2 1) GHC SN
72.11%, BKJE 8.8 Mb, LKL IFRE, At

8 075 /ML, HAguh i A BT 7 991 4,
Zfih RNA AL 84 4>, 28 antiSMASH il H I
RS 32 MRGAC W E )& U R %
(biosynthetic gene cluster, BGC), ffGii2s | ZEMHS |
%%@ﬂ JEAZBEARL i%ﬁ*ﬂi(*%(%% 1),

CEAE RN, AL, SR R . B
ﬁ@%ﬁm@%ﬁ%l“”, u&%ﬂt@%ﬁ@%l(ppa\ ppX
H1 ppkl) . JEHEFEE (phoB . phoR F1 phoU) . ffizdt
H(hppA. pit)!",

By

Kimura 2-parameter; 43 ALEUE KT 50%HEKAEEER 1 000 1K); HFHLT 24 5 MK R B Rk i

NS T

Figure 3 Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of Sreptomyces levis L2.
Substitution model is Kimura 2-parameter. Bootstrap values (expressed as percentages of 1 000 replications)
above 50% are shown at the branch points. The strain number, sequence accession number are presented in

order after the strain name.
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x1 #HEBE L2 EEAFTNERBRE = IEDE RERE
Table 1 Secondary metabolite BGCs predicted in the genome of Sreptomyces levis L2

Cluster ID Type Gene-start  Gene-end Most similar known cluster Similarity (%)
Cluster 1  Lassopeptide 165 128 187 685 Citrulassin D 100
Cluster 2 Butyrolactone 429 595 438 519 Lactonamycin 5
Cluster 3  Furan, butyrolactone 1268 608 1289 543 Methylenomycin A 23
Cluster 4  Terpene 1538646 1562978 Isorenieratene 100
Cluster 5  Terpene 1704 463 1720539 Albaflavenone 100
Cluster 6  Siderophore 2285082 2296122
Cluster 7 RiPP-like 2497142 2508304 Sisomicin 5
Cluster 8  Terpene 2536842 2557166 Geosmin 100
Cluster 9 Siderophore 2738488 2751614 Lividomycin 10
Cluster 10 NRPS 2754966 2870938 CDAI 87
Cluster 11 Terpene 3323316 3349246 Hopene 92
Cluster 12 Terpene 3660 664 3680719 Cyphomycin 2
Cluster 13 RiPP-like 3706885 3734083 Informatipeptin 100
Cluster 14 Indole 3976 746 3997930 7-prenylisatin 60
Cluster 15 NRPS, TIPKS, LAP 4068 537 4135926 Antimycin 100
Cluster 16 Terpene 4289 115 4310158 Phenalinolactone A 11
Cluster 17 NRPS 111 367 157 428 Kutzneride 2 6
Cluster 18 NRPS 236 152 304 654 AS54145 11
Cluster 19 T1PKS, NRPS 335246 386 430 S-isoprenylindole-3-carboxylate-B-D-glycosyl ester 19
Cluster 20 NRPS, TIPKS 433129 482 411 FR-900520 9
Cluster 21 Melanin 652 633 662 301 Melanin 57
Cluster 22 NRPS 885 604 943 293 Amychelin 81
Cluster 23 Terpene 1116505 1137120 A20la 5
Cluster 24 T3PKS 1178015 1217 185 Herboxidiene 7
Cluster 25 Ectoine 1914568 1924966 Ectoine 100
Cluster 26 T1PKS, NRPS, T2PKS 2 427 627 2522416 Rubromycin (collinomycin) 96
Cluster 27 Terpene 2 666 644 2687543 SCO-2138 21
Cluster 28 Melanin 3012358 3022879 Melanin 100
Cluster 29 Siderophore 3114556 3126328 Desferrioxamin B/E 83
Cluster 30 T3PKS 3625682 3666866 Zorbamycin 6
Cluster 31 Terpene, pyrrolidine 250232 294299 Anisomycin 69
Cluster 32 Lanthipeptide-class-i 359 254 384 394 Pentostatine/Vidarabine 6
2.4 EHk L2 BWHIIEE MR AR SR Xt LT P 5 TR T 56

e R RS IS 2, i 41 HD1 BB R e, BE R 1E L2 BB E

o W HRPUER A 23 RIRTREREA, BEAL, i) B B A > R B M T A 05 A Qi =, i
VEZ UG . AR HGR | BRI HGA B R TR ISP2 BRI A MR, L2 M R BRGNS

o HAET, (CAMTTEIGE TR R AR B RIS MR I 2 uL, HEF IR R B
WIRETE, BB R AE AR A R IR A v ST A B, 5 ISP2 & AR BV M H
WAARE , WS BMr . S EmaERE",  AAMEIE R RIBILE 5.8 min A& T —4
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(K 4A, TEASILRAE), H o miz y 537.102 0
[M+H]" (caled for CayHyOun, 537.103 5,
2.2x10°), 523.086 3 [M+H]" (caled for Co6H 15012,

523.087 8, 2.9x10°) , 5 a/B-rubromycin .
y-rubromycin FARXS 73BT s AR 4R, R2E/
F 1/5000 000 (K1 4B, &l 5. % 2).

it — A A G W BE R A L2 T P A A T

e R A ERER, K p-BER NS L2
A

KRG YA 7 — [ AT T HPLC 70, 4551k
PR B IRl — 2 (K 6).

BEHRAAUSS o, B, y TENRZITEY,
Hrp o885 K U 5% % (collinomycin), J&F
HAZmZpit R, W 11 BREA A (polyketide
synthase, PKS)& L, ZRIFMRI4e M 2% 2K &
L AN CE coe 2 A AT R I /S E-nic s | B A
FU A A YA EL BRI DR R ] it o 8 2

Intensity (x10°)
— 0
o
=

t/min

B

. 537.102 0

23

x

%2

z 1

5 509.106 8 523.086 3 ‘

S0 . . Iy R | T e . . L.

480 490 500 510 520 530 540 550 560 570 580 590
m/z

4 HD1 K ISP2 iEFE P A B E L2 NEREFRIPIN SRS FIEXTEL(A) R E HD1 IEFEF AXB R

FRERIRALRAEL 5

.8 min LLHIE 3 HEEIE(B)

Figure 4 A comparison of the total ion chromatography of the methanol extract of L2 fermented in HD1 and

ISP2 (A) and the high resolution mass on round 5.8 min of the methanol extract fermented in HD1 (B).

5 o B v-BERENGEH

Figure 5 Structures of a, B and y-rubromycim.

WL SRR . HiH y-rubromycin AP BTGP
ok, EAMUBEINE AR, A o/B-rubromycin,
O 4 v 00,74 25 BR TR S A TR A S /N1 T vk R
(minimal inhibition concentration, MIC)t B {i!"¢1
YRS EE R L2 o B R L B s 2 IR P
P, (ERS 22 FRBAME R T 1, 5 Rl — 2.

®2 58 min B FENSOPFERED T
Table 2 An analysis on the HRMS data of for the
ion peak at around 5.8 min

Compound Exact mass Measured mass SE
o/B-rubromycin 537.103 5 537.102 0 2.2x10°
y-rubromycin  523.087 8  523.086 3 2.9x10°¢
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4866

HUANG Jun et al. | Acta Microbiologica Sinica, 2024, 64(12)

120
80
40

Absorbance (mAU) *

14.2

[}
N
e}

120
80
40

Absorbance (mAU) @

12 16

t/min

% 14.2
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6 EFk L2 EMED AR p-EFRnEMB) HPLC 5717
Figure 6 HPLC analyzing the antibacterial component L2 (A) and the standard B-rubromycin (B).

25 EEFREVMERERE
Lo e T B T L2 AR %K
i, AT R B G E R R, R
FETE, 5 30 AR, HrhIhae R A2 H
5 ~(rubQ. rubW., rubH. rubT #l rubz). 5 S
collinus DSM 2012 &4 % BGC #tk, L2
H BGC B, 27 5 4MS5BimpsE",
HERIRe A i — P IuE(E 7, 5 A KA
[K), {H5 Sreptomyces sp. CB0027 118 it &85

Rubromycin L2

5

PR

Rubromycin DSM 2012

0
OIS P

# BGC HA—3,
2.6 RFHFEMEAKEREINE
AR T L2 )05 [WE £, (indole-3-acetic
acid, TAA). WA PLBE. JOHLBE. MER . B4
FRe A TINGE , SRR BEYEN &N L2 B
A BRI PR EA S S Y AE R R TAA 1Y
REJI(E 8). st Mgt R T EATE, H
A= WU RE A T AT PR B8 o L DA A .
KA 2 S IR IR B 1, TR AR AR R

O Pk Oy
SR

7 THEHEEE L2 & Streptomyces collinus DSM 2012 & & EH FKELE
Figure 7 A comparison between the rubromycin BGC from Sreptomyces levis L2 and Sreptomyces collinus

DSM 2012.
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E 8 FUHEMERE L2 TR RXE R L~E R0
KRB (A) K TAA BEFMZE(B)

Figure 8 Color changed zone of Sreptomyces levis
L2 on chrome azurol sulphonate (CAS) plate (A) and
the IAA detection (B).
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5 S collinus DSM 2012 H 165 & BGC #f
b, L2 H11 BGC K, £27T 5 NS 5EMiny 5
[H, {5 Sreptomyces sp. CB00271 Hif¥) BGC
AR—3, 3 AR EA 2 R T RE
KETE ., HRrEHL, EERE L2 SAHBACK
B, REXTARAE T RBR B Rk . b,
BEFE DA L2 MK A Pl A HAb S P vk e Qi
PR, Hirb cluster 1, 10, 13, 1543515
E&4L-E ) citrulassin D, CDAL | informatipeptin
% antimycin (3 IR R AL, X2 RE RS
B L2 e s R IR 7 91 93 b I AE 4 6 i)
FEEENIE T2 M B G S E R MRS, Wit
— SRR EGHEREY G RN P ILEE | 32
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V05 2 ZE LR AR v 1 48 i 5 DR B HL b i PR
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