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Isolation, identification, and bioactivity evaluation of an
actinomycetes strain RX2-2 against star anise anthracnose

PAN Jieming, CHEN Xueyu, BEI Yongjian, ZHANG Yuqing, WEI Aixiang, MO Sha,
LIANG Zili, LAI Jieling"
College of Biology & Pharmacy, Yulin Normal University, Yulin 537000, Guangxi, China

Abstract: [Background] Star anise anthracnose is a fungal disease caused by Colletotrichum horii,
which has caused serious economic losses to star anise industry in China. [Objective] To isolate and
screen out the actinomycetes strains with inhibitory effect on C. horii from the rhizosphere soil of star
anise trees. [Methods] Actinomycetes strains were isolated by dilution-plating method, and a plate
confrontation experiment was conducted to screen out the strains with antagonistic effects on C. horii.
The antagonistic strain was identified based on morphological, physiological, and biochemical
characteristics combined with 16S rRNA gene sequence analysis. The antagonistic activity was
evaluated based on the mycelial growth rate. The biocontrol effect of the cell-free fermentation broth
was tested with detached star anise leaves. [Results] An actinomycetes strain RX2-2 was isolated from
the rhizosphere soil of star anise trees, which had a strong antagonistic effect against C. horii, with the
inhibition rate of 95.48%. RX2-2 had a broad antimicrobial spectrum, with strong inhibitory effects on
other seven plant pathogenic fungal species and five common bacterial species. The antibacterial
substances in the fermentation broth of RX2-2 have good thermal stability. The cell-free fermentation
broth showed the biocontrol effect up to 47.62% on detached star anise leaves infected with C. horii.
RX2-2 was identified as Streptomyces lunalinharesii based on the morphological, physiological, and
biochemical characteristics in combination with 16S rRNA gene sequence. [Conclusion] RX2-2 has a

promising prospect in the biological control of star anise anthracnose and other plant diseases.

Keywords: actinomycetes; strain identification; star anise; anthracnose; Colletotrichum horii; biological
control

I\ licium verum))g& /\ffiF}+(lliciaceae)/\
A& (Hlicium), X4 /\fAWi#, 23R ER T 5
KA R R 2 —U2 ) e E R
EHIMTET TE . =R R, SN ARG
XEA Hod P R AR R £, e
WANS A R A2 & R, AR
AIREETIE, g 2 TR R b
Mkt L Bdh L B B B OB SR,
RIS L NP0 REEARECE 570N
R EE R —P Ak, AR R
Wit ok, (Hil FAMEEE I 0RY, 28

I\ AR B S B e /A R
s, KAETERT . BURTERE, XMAR
PR A B A T E A, S EO\ L
TR T, BRI, SR RIER
B BSIH T (Colletotrichum horii)JE&Ye Frag'? | 35
fE N R RS BORCRIER S, RS
B BN AR R R BT A
S IEAETESE, PeE R IR A el

H X 1200 1 B 16 2k k2= B iR, (K
A 27 245 500 2 felt s Dt D 7 LR U241k TR]INE 25 5
TSR TR IR . R, A A B i A W R s

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WA\ BN AE DUBER T RX2-2 17 B4 5E

N A TE VAN 993

EPATEYIBTIE BT TSR

FI AR B A W B e AR s 3 B = a2
4 R A AT SIS, TR E RSN
FEHEMRT . V2R RY, AR WA
ZEFFT B I T R 55 1T LA AT A% 3 A e I
(18 A U0 L v ZE AT BRI B e 1 e
B, BRI, 2R AT R BRAAR
JERUT L BRI R AR B
EFIAROR R KRN KB W
RGP L KRREUHE Y KRR BG4
LA B VAR B2 . B iR B e e A
TL A 3 PRI RN, AL R X\ A A
I 0 I I AT 5 S A 0

A5 DA\ AR B - 458 v 228 38— AR %\
£ ¢ JEL 0 s Dt T EL A T S A o Ak SR Y T Rk
RX2-2, i JEAFRE . A PRAILERAE 2 16S
rRNA L P H) Bz sk T %0, FFE1T
TR E P S A AR B AN, LA\ A
SRR A B TR R B T R BT TR I A 5T ) 43
PRALHLS A

WL

1.1 ##y
1.1.1 it HiE

i R BT B RS, SRAERT
FElH PR PR T R 1, SRR N 10-20 cm
Ab ) - SRR SR AR, 4 °C IR
.12 #ilEk

P B R A B I A (Colletotrichum
horii) . AIAEERS f T (Alternaria tenuissima) N At
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SRR KT URF S B 4 W, M\ FARPR 56 4)
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Figure 1 Inhibition of RX2-2 strain against
Colletotrichum horii. A: Inhibition of RX2-2 strain

against Colletotrichum horii; B: The control of
Colletotrichum horii.

2.2 RX2-2 EHRHIETE
221 FESEHHE
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Figure 2 The colony morphology and microscopic

morphological characters of RX2-2 strain. A: Colony
morphology; B: Conidiophores and conidia (400%).
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Fz1 RX2-2 HHEBIIEFRIFE
Table 1 Culture characteristics of RX2-2 strain

iRk FENF UEH % BT A AR

Medium Substrate mycelium Aerial mycelium Growth characteristics

PHEChndE Ir ik P (EHE) HE AR A, gAY

YMS medium Brown yellow White Raised and folds, the periphery is irregular

WL A TR IR W EHE) o EA R, DGO, HURRE 2 A

ISP 2 Yellow White Raised and folds, the periphery is smooth, peripheral radiate

M Ky Bl @ KE TR, GNP R R

ISP 3 Green Gray Raised, the periphery is irregular and has transparent circle,
off-flavor

TCHLERTE R Bl F@ F i, AN, A e

ISP 4 White White Raised, the periphery is irregular and has transparent circle

MR A R F@ F Tk, G

ISP 5 White White Raised, the periphery is irregular

MERRITAR F@ F RGAN, A RR

GA medium White White The periphery is irregular and has odour

IR AL e F IGHRAR, ORI 2277 A=

Czapek’s medium Buff White The periphery is jagged, peripheral radiate

F Ik 1 SRR KA F ok, BEAEIR, HORRTE 225 A4

Gauze’s medium No.1 Offwhite White Raised, the periphery is lace, peripheral radiate

PDA FiFr ik e F SRICITAT SR E2 & S WL R

PDA medium Buff White Raised, the periphery is irregular, and folds

2.2.2 RX2-2 EHRRYEIRE LAFE R 2 RX2-2 EHRRYE A (LAFAE

A P A ARG 45 R B, RX2-2 HRk I TER Table 2 Physiological and biochemical characteristics
3 e ety of RX2-2 strain
WK LFYER KR ASTRER IR IR . 2R W iR AL S5

WiH gl
éﬁ%ﬁ]ﬂﬂﬁﬁ'ﬁ, Eﬁﬂi{&’ﬂﬁ\ @ﬁ’ﬂﬁ%:h\ @?szﬁéﬁ Items : Results
PRI BRERIA SR ss S B, iy OF Diement -

BH i 1k, Gelatin liquefaction

fHEWFE 2. L4 KR Cellulase +

223 RX2:2 BEHMIDFERGREEHOR A EE [ RAE Milk coagulation  +

il PCR 43678 RX2-2 Mikkay 165 UCHIM Amylolysis :

. / . 4t 5 Hydrogen sulfide -

2% GenBank (¢S N MW888341), F M Glucose +

. . s . HERE Sucrose +
NITZ Sy yi Q > ;

RO AT AR R S TR D :

(Kl 3), 25K RX2-2 Witk Streptomyces — D-#ki#i D-raffinose +

lunalinharesii RCQ1071 (NR_04354 1)7E [7]— 4~ D-iiﬁ D-mannitol "

. . , D-Ki# D-xylose +

o3 B AUER 99%. L, AR ERE . miar mositol ;

A FEA AV ARIE K 16S rRNA & K3 51 40 #r 45 L- i Z50% L-rhamnose +

D-3 B D-fructose +

B, WA K E RX2-2 WK Streptomyces

lunalinharesii,

W o+ BHME; - FAME

Note: +: Positive; —: Negative.
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83 Streptomyces chattanoogensis DSM 40002 (NR114918)
99 | Streptomyces chattanoogensis NBRC 12754 (NR112260)
Streptomyces lydicus ATCC 25470 (NR026444)

64

96

10

99

Streptomyces tubercidicus DSM 40261 (AJ621612)
Streptomyces yunnanensis YIM 41004 (NR025149)
RX2-2 (MW888341)
Streptomyces lunalinharesii RCQ1071 (NR043541)
100, Streptomyces bangladeshensis AAB-4 (AY750056)
Streptomyces rameus LMG 20326 (AJ781379)
100_{: Streptomyces aurantiogriseus NBRC 12842 (AB184188)
91 Streptomyces tuirus NBRC 15617 (AB184690)
Streptomyces seoulensis IFB-A01 (GU722514)
Streptomyces lateritius LMG19372 (AJ781326)
Streptomyces phaeofaciens NRRL B-1516 (NR115789)
Streptomyces aureofaciens KACC 20180 (NR042792)
Wl:&reptacidzphilus anmyonensis AM-11 (DQ904546)
Kribbella jejuensis HD9 (NR025735)
Stackebrandtia nassauensis NRRL B-16338 (AY650268)
Actinomadura meyerii A288 (AY273787)
Nocardiopsis rhodophaea YIM 90096 (NR043031)

4
o 91

0.01

3 RX2-2 E#ET 16S rRNA ERFIHRF L ER
GenBank % 53¢5; #3R 0.01 AR FI L2257
Figure 3 Phylogenetic tree of RX2-2 strain based on 16S rRNA gene sequences. Numbers at branch nodes

present bootstrap value; Numbers in parentheses are GenBank accession numbers; The scale bar 0.01 represents
sequence variance.

53 A BUEFIR bootstrap {8 ; 155 N EE N

2.3 RX2-2 WHRHTIEIE N E

PURA TSI E 45 S B, RX2-2 B REXT 7 B
5 B PR B R R A PV T, LB R R ks
70% , ot ok e SR T B R IR B AR

97.54% (] 4)o RX2-2 IEARXT 5 Pl DLAN B th 5
ABGRMFEEPUER, MIEEEAYE 10 mm D
e e X R S B AR A )N,
B R 10.06 mm; X AAAT R 40 i 4 F 4

(71.55%); X A& IR R A R ey, =il

5%, HANTE P Rk 19.68 mm ([ 5).

4 RX2-2 EHMHAEYRIRE
W 1 5/NFl; D: FAERIAR; E: RS ZEME; F: AMERIDNE; G: KREFIERE; H: K
s Vil

Figure 4 Inhibitory of RX2-2 strain on other plant pathogenic fungi. A: Colletotrichum horii; B: Alternaria
tenuissima; C: Fusarium oxysporum f. sp. cubense racel, FOC1; D: Colletotrichum musae; E: Mango
pestalotiopsis; F: Colletotrichum gloeosporioides; G: Pyricularia oryzae; H: Dragon fruit Fusarium.
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El5 RX2-2 EfRx 5 #HERMBEMMEMER  KIPAGoy BMEX R, A5 d; A e
B B: MHZFAIFFE; C: &WEMWERE; D: M AUMEREOHERE; E: KIirE

Figure 5

Inhibitory of RX2-2 strain on 5 common bacteria. The left side of the figure is the positive control,

and the right side is the experimental group; A: Pseudomonas aeruginosa; B: Bacillus subtilis; C:
Staphylococcus aureus; D: Methicillin-resistant Staphylococcus aureus; E: Escherichia coli.

24 RX2-2 EHhABEFENMKKL

R BERE TR AL LI 2 R, [ G2 B
FRIEIT, RX2-2 MR A K I 00X Iy B3 I T 114 41
RGP, AN 99.16%; HUUR/NK
Braedk, HAMH AR 92.51% (Kl 6).

1207

Inhibition rate (%)
oB 5381
‘o :o
e
I
e
o
[on
(=N
(=N

& N P
Q@ QQ & oz}z' "o
%

.,Qo‘&

y&o

6 EFEX RX2-2 EHRMEEEMEE A
) /NG BRI A5 b P ) 22 5 W 25 (P<0.05)

Figure 6 Effect of medium on the antibacterial

activity of RX2-2 strain. Different lowercase letters

indicate significant differences between treatments
(P<0.095).

2.5 AEERBIARIREMENE

PRASE PRSI0 I 2 45 R R W, RX2-2 Witk &
PV BT DA TS PR o B R AR e T, Ak
PRI EETE 120 °C DL Ao WA B 0 I 1 1 i 2% 48
PREFTE 95%LA I, F AT D e e ik 1) 410 B 0%
W o A R A AR E TR (B 7).

—

x O

o O
T

~
[}

Inhibition rate (%)
D
[w]

[\
(=]

[«}

40 60 80 100 120
Temperature (°C)

7 RX2-2 BHRAEBEREAIREMMAN  CK:
RAEH K TR
Figure 7 Test of thermal stability of the fermentation

broth from RX2-2 strain. CK: Untreated fermentation
broth.
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2.6 ITHEAERN/I\fABEKRNF RGN E

BRI B BRI 45 SRR W, I R i
W7 dfE, RERARRTEREECH 100%, AbFRZ
FIRTETEECA 52.38%, JOHH A& B AL BRI A
I B LA BH S /N X6 BE AR B LA, FLBIA IR
H 47.62% (& 8).

3 winEE#

R RAE HAR S 2 A 7E, HARE L |
TRBHRE 3 . P, BRI A A

Al BI C|
D
120

m Discase index
100 f @ Control effect

80

60

40 ?
. 7

Fermentation Carbendazim Sterile
broth solution water
Treatment

8 TEAEBRMBA/NATHEBBEYE A-C:
SIANTCEK . ZW R K ERAL B Fr s D
AN [RIAL 3 BT T AR

Figure 8 The biocontrol effect of cell-free
fermentation broth against Colletotrichum horii on
detached star anise leaves. A—C: Leaves treated in
sterile water, carbendazim solution and fermentation

broth respectively; D: Control effect of different
treatments.

Index (%)

FHEEMBRD R R R — 2R EA 4T
WA s, BRTfETT g Bl i He
R, T0%LL R R T T A . R
PRI, H 2B I T A R A A )
FEAE 995 6 A= By i b R PV B PR il
B WL 5E 45 Wi 5% K PR S 4 % B AT (Streptomyces
badius) DX23 X Eh 4458 i IH s EAA AR 5 A 4
VERPY SRIAERIFSY & B2 FCRERZ I8 (S. rochei)
St AR R LA AR A RS HUACR™) ;. Boukaew %5
IR R B 1 Streptomyces philanthi RM-1-138
%t C. gloeosporioides HITNTHIZRH 88.40%!; i
AR IR T FX28 X JH IR Ml SR IR
W HA BRI FEHIE T, ik 86.40%%;
R B SERT Y R BRI 215 R T SVFJ-07 Xof g2
DA B B R i5 70.06% 5 ol HUpE 5T
K BUBERE B TRGG-11 Xt B AT 2841 sk SR
i, MHRRE L 80.48%™; IR 5T & PR FR
SR TR T22 X0 B4 B s T R 2 A K B T A 40 T
HORGT AN 81.50%F1 84.60%). MUk Al L, %%
B I R O TR TR W0 T AR P BT A IE T ST
IO PGS RE o A BIF T O 0 A B Y B T R
RX2-2 TR\ A SRR W B A A PER],
MR EIE 95.48%. ZEMKIMETE) 12, X4k
HEM A (A ternaria tenuissima)Zs 7 FHE IR IR
TR 1 4 B {048 2 BR 1 (Staphylococcus  aureus) %5
5 PP HAABGRMIIRIVER ; Bkt R Bk
e 25 B, RX2-2 TR PR I JC TR & v T L) B
DN BIE IR B A K AN R/, B iA SO &
ik 47.62%, 5 1 mg/mL 2 B R Z5HAY, UL
Wz v B B A AW Ba T A8 7

R WS T A W) AR ARG PR ™ P ) i
ROV TN [ 14 R T 2% A D) 2 AR 3 2 1 1
PEF= A R AR EE 52, Vela Gurovic 259
GERBY, AN 1R e P 5 33 o AR ™ ) B BT A
M AR R ) — B IR,
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ANTEIRBUR | ORI R e T S R AR A AR S
o AR 975 BT U R 2 0 A T ARt g R
O FCARIR] 0 K B SR LA TO0AL, 455, fff
FH G2 R 3L RX2-2 B RR 1) IRV %o IS 36 0 I
PR R0 TR S0 5 o TR 2 SR 5 IR 3 AT oE 25
W3 B R WA R S WO TRA = 7 1
PEACH =00, DR AT St RX2-2 T AR A %
RWERTR] . R pH & KBS Ry itk
— R

AR 7 15 1 RS T 2 7 T R 1Y
FEREU AT P A R AR
pH S5 554 T 45 55 S BOM BRI Mk 55 L 2 Bk 45
ARSI R R A R, AR A
HD-109 =Py i 6 AN =, 7 vl A A
T PE R . FE A 5T 0 e kT
RX2-2 k& BERAE 120 °C = iaAb 3R o i
BIH N A RIFTE 95%L) F, Atk ar At
WP TEPE IR B AN K, IR TR
AHIEFE L T v i P 2R RX2-2 B RR 52,
{EXTF AN ERE ST . pH, JERSER KA
Frift— AT

i 5 TR AR TR BR 8 7 AR R TE M AR 1Y
RGACHT= Y, WnRIRNERZE . A he .
B OBERIE . BAFIE. DREZE R A ED,
AR A BB RX2-2 FRIGYE B4, "I
W BTG /\ AR o A P o R R TR, (]
AR SCHON R RS AT TS, X F R EER T
P A= PR FP S | alifb e | AEYIBIRHL
PREE )RR Fr it — DR 5E
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