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A—% mEE HAM ERE KR
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B E. [¥%] &1AFAREILE (Phellinus noxius Corner)fZ 4 5] A2 #4 M IR AABAR I8 2 = & /& T IR
Beg—ERE, LRI LR EXGZFMA. [B 89 ] MARIRARAR R 238 F 76 kb A AR 97
HEH SRERERGARB AR, AZRTAG AL RER, [F 5] RAHERT R0 B
AR, FAR s IR LA Kk B R BRI E AR, B3R, A T2 A (LAFAE A 16S rRNA
KB 5 A7 # 8 F o K s AR B B F K Ee Ao 1 5K I8 AR 456 T I IR R B B oy BB AT

[4 3R] 05k ) — AR ARARAR i B A S 5% 4 4 AE R 69 7R B B Ak 17-7, H ATkt L ag 5 Ak &
B ¥R BT a3 4I4E A . B 17-7 5 F k48 & B (Streptomyces samsunensi) # 4 % £ 838, BB 54
AE. BT AR A T A AR IR AARSE . X AR R BBy Aodg b4 5 4. #1&4% 20.0 g/L.
K 2% 250 g/L. KH,PO,1.0g/L. NaCl 0.5g/L. CaCO;0.5g/L, 3&# s £ #% % 150 mL/500 mL, #
% pH 8.0, 4RH#RIZH4Eik A 140 r/min, BFEH 10%, 2FIREH 28 °C, BT A 5d. [44]
B bk 17-7 #2574 F A 44 & H (Streptomyces samsunensi), T IR B4R 7k B A 45k 49 3 A A .
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Screening, identification and fermentation optimization of an
antimicrobial actinomycete strain 17-7 to Phellinus noxius
LIU Yi-Xian SHI Yu-Ping DAI Li-Ming LI Lan-Lan CAI Zhi-Ying

Yunnan Institute of Tropical Crops, Jinghong, Yunnan 666100, China

Abstract: [Background] Rubber brown root disease, caused by Phellinus noxius Corner, was a disease
causing severely damage to rubber trees and huge economic losses in rubber industry. [Objective] To
isolate and screen antimicrobial actinomycetes strains with inhibitory activity on Phellinus noxius from the
rhizosphere soil of rubber tree. [Methods] The method of dilution plate coating was applied to isolate
actinomycetes; The methods of growth plate-confrontation and mycelia growth inhibition were used to
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screen antimicrobial actinomycetes. Strain 17-7 was identified based on morphological, physiological,
biochemical characteristics and 16S rRNA gene sequence. The conditions of fermentation and medium
composition were optimized through single factor and orthogonal experiment. [Results] Strain 17-7
showed antimicrobial activity to five plant pathogens of rubber trees. According to the results of
morphological, physiological, biochemical characteristics and 16S rRNA gene sequence, strain 17-7 was
identified as Streptomyces samsunensi. The optimum culture conditions of strain 17-7 were with a medium
of glucose 20.0 g/L, soy powder 25.0 g/L, KH,PO, 1.0 g/L, NaCl 0.5 g/L, CaCO3 0.5 g/L, and liquid
volume 150 mL in 500 mL flask, pH 8.0, rotation speed 140 r/min, inoculation amount 10%, culture
temperature at 28 °C for 5 d. [Conclusion] Strain 17-7 was identified as Streptomyces samsunensi and
showed strongly inhibitory activity against Phellinus noxius.

Keywords: Phellinus noxius, Actinomycetes, Screening, Identification, Fermentation condition
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oW BE A 2R AR FR L (YMG)MT ;S % 1
R (/L) 3R 10.0, KNO;z 20.0, KH,PO,
1.0, NaCl 1.0, CaCO33.0, pH7.2-7.4,
1.1.3 FERFALE

Bacteria Genomic DNA Kit, b5t R k4t
ml; PCR 51W), dbaisa R RILEBHAT R 2
Hl; ATIRPEREN . KNOs. KHPO, %543 #r 4l i
A, AETAEYTREE)RAARAF. PCR YL,
Applied Biosystems 2\ w]; HLUKAX, JLai/s—4:4)
BHEA R A HIRSEIRA, eIk e 55 Kl
ks E] EIRIRG IR, B RS A R
2HE
114 #hlEK

R 11 AR % T (Rigidoporus  lignosus) . 15 i
B #5 A2 9% i (Phellinus noxius) . 2 1 7% JH 5 1
& f1 J JH R
(Colletotrichum gloeosporioides) . #E%% 7% 3 &
(Corynespora cassiicola)4 ph A8 SEI6 2 (747
12 A&
121 MEEMSBSSK

e RAR N L FETE B ARSI R IRT, TR
AIBFERBIEE , RIC 2.5 g WFIS J A i T 25 mL
TowKI = Sirh, IR 5HE 10 min, R
BB RERR R, IR R 100 £5 1Y 200 b AR 5%
MAER R—5 P b RERFRAEE R 28 °C,
BRI P ASE AN, 4-5 d JatRdsprss
TR, VIS R A e PR e 75 3
174 o KRR DX 3 & B kA T e s T
RHHE 4 °C fRAFFTHRAE T -20 °C 17
122 WM& E T

SR ST ARG RR 325565 53 8 3] 1) A 4 T kA T4 TR
PRI . 761 AR U R 4 B B Ab B Rh A 2R TR
28 °CHiFt 2d, TPk K s, e
P A— M HL B (Phellinus noxius) (B2 A
5 mm). L EAZRNE R IR E X RR, EA
3K, WNTEERAGIRA N 28 °C, KA E TSR
AN 4-5d J5, B ISR N AR

(Colletotrichum acutatum) .

123 HEMH%EEER

KRR 22K SRR YMG
P THEREFE, 28°C 160 r/imin K53% 5d J5 1 mL
28 0.22 pm JERETIEE RS 19 mL @ik s %
12 60 °C A 471 PDA R 2 3EIR T, DIZEAR
WK PDA WRAEMERXTI, WECEAR . 75
e g3 ol H: AR A AR 9 1A (Rigidoporus
lignosus) . A% i A% #8 H2 4% 24 (Phellinus noxius) ., 2R
I 5 % FH (Colletotrichum acutatum) . JiE 8 5 JH
Ji 7 (Colletotrichum gloeosporioides) . #& i %
7% I 955 T (Corynespora cassiicola) & Jf (E & K
5mm), EE 3K, WERFMHEE N 28°C, &
TRFRAEN 4-5 d Jaluh . & TE HAAR A
T A XGEA T, IR 22 A K
5 2 (%) =[Ok g Jirt T 781 ¥ 142 — A 3L Dot o
W Tx BRI B R R TR B R - W UF B
#£)1x100.
124 HEHRBIETE

s s, SR R, B R R R —
3 IR MRA — 8 R R AR, KT Y e B
FRHG AR RS, AR5 TR R T4 AN
FRHAE AL . 7E 28 °C fHIRIEFAE RS 10-30 d
i, M/ G, BT TR
WY b, TERAE B AR T WSS SR A N TR 22 |
SAETR IR AR AL LA S A5 A 045

FE SRR B AR B A AR . TR AR 3E IR R L
52 I R AR 2 BRI AR A5 VO AT

ARG R TS, SRHCEARERR S DNA,
K 16S rRNA [N 03 FH 5 19 27-F 1 1492-R X
FHZH DNA ##47T PCR Y73 . & 3" Wik A Y1 4
REER AT —HOBm Y, 28 Contig Express k{4
PHEG R PSR C & GenBank., #34E BLAST 7E4k
FXTs A, SEHUE 35 B AR LR 9F B A ROk
FHYHEMRES, FH MEGA 6.0 B/FAR e T IR
GrHT, WERRGRKEW.
125 BirEkRAERS&
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R R — SRR =i, & T 28 °C (kR
5 IRAA 140 rimin 353% 5 d.

K. £ 500 mL — i A 100 mL S
KR, DL 10% M a7 = Al iEAL
BFRG0F 7, BT 28 °C {HIRYRY 54
160 r/min #5%% 5 d J5, &M 12 000 r/min &L
15 min, ¥ EIHFREEE S — KE MO8 H,
2022 pm W RLFLE B U, RS O &
UEW
126 KEEEMEML

(1) ASFlfm ., ZIEXTERE 17-7 & B i s
(IRZI . SRTIERE R R SR, DL 1% (AR
Fe) B, 430 16 RE M . A RE . W e
Wy ZZZEME . FLBEVEMERIE; DL 2% Eefl, 435
EFHEAK. K. FRE. BEE . Mk
B . ZZRM . KNOs YRR . ARHE TR S I0 45
P R R RO B 5 A%JFH L mL 5 99 mL @ik
B HIZ 60 °C A A 1) PDA S FRFEIRS), DLSHATR
WKLY PDA IRABIENSTRE, Hl AR, 7E-FH
Hgu g A — MG A R B (B A2 0 5 mm), HE
3K, IR ERKMGIR, REFGE, AR
W yet T, IS EIATE, H8H 1L RERE
T B B AR T (), BT R VR R SRR B
(9/L), ik b A AR AU

(2) 1IEACIRE . MR LA A T 1 7 3 R B R
RIS 3 FPOCHLER, AR bk B R i 56 By i
Ve AR AR, 53T 5 I 4 KRy IEAS IS
(1),

F1 EXFEAIERMKEZIT
Table 1 The orthogonal test on factors and levels

[H ¥ Factors 7K Levels

1 2 3 4
A Glucose (g/L) 10.0 15 20.0 25
B Soy powder (g/L)  10.0 15 20.0 25
C KHzPO, (g/L) 05 1 15 2
D NaCl (g/L) 05 1 15 2
E CaCO; (g/L) 05 1 15 2

() Kl TEWE RIEIAN R IR &
RO B FERD F IR A |, I R R & BEACF T R
17-7 B 22T B AU IR TR0 A M AR T A T %
PEo 1) H4A pH: PRFEHADRE IR AR, TR
FRYdELG pH 4} 5.0, 6.0, 7.0, 80, 9.0, 10.0, #f
SERGE pHE; 2) s PR AR AR,
7E 500 mL =i, 2% A 50, 100, 150,
200 mL PyREFREL, e ad i ; 3) K.
PREFHASE SR A, BB PRI FRIRE N 25,
28, 30. 32 °C, WHEHAERTIRRAE; 4) Sell: [R5
HAIEFR RS, BRI HER 140, 160, 180,
200. 220 r/min, HE RIS, 5) iR, f
FEHADESR RS, HRFIRLL 2%, 4%, 6%.
8% . 10%MERI A A BB FRIE D, #f s Fe RN
iy 6) FEFERTIE] . CREEAEE IR RS, A3 hiEs
355, 6, 7. 8. 9. 10d, #iERfERFRIE],

2 HBR54Wr
21 MEZEEMSBESEK

M2 A F2 BRI & A DX (VT
VOS2, LW, &), P (i . L), I
V8 (i B )RS AR o ICREERIY 44y HFEh 4y
BIBIMTA 161 bk, X BETERRAY A R 22 AR F Y
i, BRAE AT TR A AT AR AN, KER A
BT AR,
2.2 FEIM&E YT

K FH V- B URF ¥ X 4 25 3] 109 ik 4 T AT )
i, O3 B — R AR IR 4 AR s T A S A i A
MWL EE 1), 45k 17-7, WRIEEEEN
46.84 mm, 5XJREAH L EA BT A HIRCR .
23 ENMBEENER

SRR FR T AR 17-7 T RS
PAFRBER , WL K EAREIE T Wbk 17-7 X
PRI b 5 Flos IR A A TR VA 1, 45 SR SR TRk
17-7 R BRI 5 Rl [ B R 0 EL AT G
MHIERGER 2), MEZELE 78.71%-90.01%Z 1],
PRI o WA e fb B P FHAR AR 7T (€] 2)
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1 B 17-7 MG EAS IR A B R ER

Figure 1 The antagonism of strain 17-7 against Phellinus noxius

HE A: %HE 17-7 E‘Ji‘%ﬁ?ﬁﬁﬁ, B: X"Jlﬁﬁ

Note: A: The antagonism of strain 17-7; B: Control.

R 2 H¥K17-7 REERY 5 MR R E R AHIER IO R, TR A5350 90.01% ., 89.28%.

Table 2 Fermentation liquid inhibitory effects of the S R T SR 2, I 78.71%
strain 17-7 on 5 pathogenic fungi ’ ' °

TR kR W= 24 FSYFEFIEFTHHE
Plant pathogenes Inhibition rate (%) WRk 17-7 EER—S R LE A6,
Colletotrichum gloeosporioides 90.01+1.69a MRS e i fn,, SRS N B SRR R
S 132 R ’ 7 A ) ==
Colletotrichum acutatum 78.71£3.22b & (& 3), LR 17-7 1E5% 3 thi) 9 Fpksar At
Corynespora cassiicola 79.08+1.95b EWERKRLE, RAERLZH®GASPL, ISP5,
Rigidoporus lignosus 82.62+4.09b ISP6)., AR (ISP2, ISP7. MIk—Shisk) . IR
, i 2 1
Phellinus noxius 89.26+1.38a E(PDA). JALE(ISP3 . 1SP4), AT 2L
{5, (PDA). F14,(ISP1, ISP2, ISP3. ISP5. ISP6.
T %Eﬁﬂ%ﬂtiﬁ)ﬁd\fﬁ?ﬂﬂﬂ%ﬁﬁ P<?.05I7J<$§%';Iﬁ%d B SREFIL)  RBEISPY) . k@ (ISPT),
Note: Significant difference at P<0.05 level was reflected in
different lowercase letters following the figures. FEA L (ISP3) . I (ISP2, ISPT)(A K (% 3).

2 K 17-7 REEEIRX G EAB AR B RO R

Figure 2 Inhibition effect of fermentation filtrate of strain 17-7 on Phellinus noxius
He A XTI B: BERE 17-7

Note: A: Control; B: Strain 17-7.
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3 B 17-7 EAFRMETHSERLFS(400x)
Figure 3  Aerial mycelia of strain 17-7 under optical
microscope (400x)

F 3 EHK 17-7 BEETREHE

Table 3 Cultural characteristics of strain 17-7

HE Ak AR ERWZ  AAMEEER

Medium Aerial mycelium Vegetative  Soluble
myceliun pigment

PDA Dark grey Orange-yellow None

Gause No.1 agar Black White None

ISP1 White White None

1SP2 Black White Orange-yellow

ISP3 Gray black White Yellow

ISP4 Gray black Sandy beige None

ISP5 White White None

ISP6 White White None

ISP7 Black Reddish Orange-yellow
brown

25 HEIEEWAFE

AEFAEACEHEIRIGZS R BR(GR 4), Witk 17-7
Rer AR A A . DREEFNAENE, REAE AL |
AP BEE AL | AHBRER IS | R Yk R 4
AEZRME), AREMVEMKIRO" A TERTIE), ANEe™ A4
AALRBER HS, NaCl iy 323 o 1%-4%, pH iy
it 32y Bk 6.0-8.0, AT LARIFH 20 . 222000 . ik
Wi L, RRERIUEARNE, AEA AR RN
REFIANAR . HAR., RELAR. MAR. 1§
AR

x4 B L7-7 IR LFE

Table 4 Physiological and biochemical characteristics of
strain 17-7

R H 4k X H 4R
Items Results i Items Results
Oxidase test - i pH tolerance  6.0-8.0
Catalase test + Glucose +
Urease + | Maltose +
Lipoidase + Cane-sugar +
Gelatin liquefaction + D-fructose -
Coagulation of milk + ' Lactose +
Peptonization of milk + Alanine -
Hydrolysis of starch = Arginine =
Cellulose decomposition + Asparagine =
Nitrate reduction + Tyrosine -

H,S production = Glycine =

Salt tolerance 1%—4%

Vb BIRE; - BIEE
Note: +: Positive; —: Negative.
26 ARHEKXEFHHE

FH 16S rRNA & [K] 38 F 5 [ ik 17-7 #6477
)P 1IN F 2] 1520 bp (IFA, B F sl HEAC )
GenBank, FKf3% 55 MK530504, £ BLAST Lt
XF, EHCE 35 B R ALPE 55 R HA SOR R TR R
Y17 16S rRNA ZEKFHNM R G R T 40T, R
SRBRE 4). WRELSRATLIE HEKE 17-7 5
P45 R 1A (Streptomyces samsunensis) M1463 R 7&
[ —A533 b, HIPSUAIE S, 99.72%, 2547
PRIEEFFE A BRAEARRRIE , SO Wtk 17-7 R
Z W55 14 (Streptomyces samsunensi) .
2.7 B 17-7 BEFREHRMRL
271 AEFEREMBBENEMK 17-7 XBERIEE
MEFAE £ FERI SN

K 5 R ARAF R bR 17-7 KEER LB S
BIXT AR A T A — o F Ve, b A2
WA AR ) TR R & BRI R 2% 55 /=1 , i 65.00%,
B T HAMBRIR(E 5). RWE. REWE. ZZFHE.
AT PR TE A VR Ry B BV M AN BRAR, R T
R ZE MR (13.92%) . LU 5 il & 5 1
AT, #EE RN RIATER 9.91 gL,
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57
99

73

50

Strepromyces samsunensis strain XY-I'W47 (MI'664376.1)
17-7 (MK330504)
Strepiomyces malaysiensis (AF117304.1)

gﬁF Streptonmyees samsunensis strain M1463 (EU077190.2)

99 ' Streptomvees malavsiensis ATB-11 (NR114497.1)
Streptomvees canghringensis DI13P3 (AI391831.1)

Streptonvees asiaticus AL4PL{AI391830.1)

Streptomyees griseiniger NRRL B-1865T (AJ321818.1)
Streptomyvees indonesiensis DSM 41739 (D(Q334783.1})
Strepromyces rhizosphaericus A1OP1{AJ391834.1)
Streptontyees geldancmycininus strain NRRL 3602 (DQ334781.1)
Streptomvees castelarensis DSM 40830 (AY508511.1)
Sweptomyvees mordarskii NRRL B-1346 (EF408735.1)
Streptomyces vatensis (AF336800.1)

Streptomyvees melanosporofaciens NRRI, B-12234T (AJ271887.1)
Streptomyees amtimycoticus NBRC 12839 (AB184185.1)

Strepromvees yogvakartensis C4R3 (AJ391827.1)

§|—— Streptomvces juvensis B22P3 (AJ391833.1)
Streptomyces himastatinicus ATCC 533653 (EF408736.1)
Streptomyvees ruanii 15P 5276 (EF408737.1}
Streptomyces violaceusniger NRRL B-1476T (AI391822.1)
Strepromyees albiflaviniger NRRL B-1356T (AJ391812.1)
Streptomyces demainii NRRL B-1478 (DQ334782.1)
Streptomyvees hvgroscopicus NRRL 2387T (AJ391820.1)
Streptomyces sporocinereus NBRC 100766 (AB249933.1)

— Strepiomyees rapamveinicus NRRL:5491 (EF408733.1)
Streptomyvees macrasporus (768099.1)

|
100 |

—
0.005

Streptomyvees megasporus {Z68100.1)

4 FT 16S rRNA ERE FFIBIE K 17-7 K GenBank HUIEEPHXEMRNRK LB SR
Figure 4 Phylogenetic tree of strain 17-7 and other related strains downloaded from GenBank based on 16S rRNA gene sequence

¥ : Bootstrap IR E N 1000, SFEEMWERGEETR; 55 HNAETH] GenBank &5 47 AMIET- /R Bootstrap R ;

FRIR 7R 0.5% 1) 751 #E1k 25 5.

Note: The number at branch nodes are the percentage bootstrap support based on neighbor-joining analysis of 1 000 resample data sets.
Numbers in parentheses are GenBank accession number. The numbers in each branch point denote the percentages supported by bootstrap.

The scale presents 0.5% sequence variance.

AR, R PR A AR A R R 7R
SEM AR o HOA 7 R RUIE T BAR 17-7 KRR
PURETEYE, 1550 7 R RN AR R T AT — 2
AR T, o o 9 e A e 1 R 22 2R R
KGN, MERDH N 45.01%. 40.94%, W&
FIHAAIE . HAA R R & B S i AR T
ZIERK . FRRE . KERHEERTERES
TFHAMAWE, 451K 6.47. 6.13. 6.08 g/L (3 6).

F T 22 2E38 0 R R M ) 3 B0 B R RN R AR
TREZES, BT A BIEPER T AE I ik
KPR TR 1) Fe A U
272 EFEZHHEXRRE

M AR . AR I 2 A, R A
KEHK . KHPO,. NaCl, CaCO; 54N ZE, HEfT
5RZE 4K FIEASIRIR(F 7), MM PR A
TEE R R A REER . IEZR S mE R
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x5 AREBEME 17-7 BIRERMABGIEEME
BIFZ T

Table 5  Effect of different carbon sources on the
accumulation of mycelium and inhibition activity of
submerged cultured strain 17-7

Tkl TS RRTE
Carbon source Inhibition rate (%) Dry weight (g/L)
Sucrose 13.96+2.82¢ 8.21+0.33b
Maltose 17.56+0.08ch 8.10+0.41b
Lactose 22.53+3.28h 8.09+1.03b
Glucose 65.00+4.11a 9.91+0.92a
Soluble starch 15.80+4.67c 8.90+0.98ab

%6 ARIRIEMEK 17-7 WAL K ABRINEFE

A

Table 6 Effect of different nitrogen sources on the

accumulation of mycelium and
submerged cultured strain 17-7

inhibition activity of

IR M BT H
Nitrogen source Inhibition rate (%) Dry weight (g/L)
Soy flour 40.94+1.22a 6.08+0.32ab
Beef extract 14.54+45.61d 6.13+0.96ab
KNO3 12.64+2.62d 4.00+0.08c
(NH,),SO4 9.76+1.08d 3.93+0.03c
Peptone 21.7546.69¢ 5.31+0.49b
Yeast extract 32.34+4.23b 5.47+0.37b

Malt extract 45.01+3.43a 6.47+0.4a

T RPEER RS FEARIRIRTE P<0.05 K F-25 57 B3,
Note: Significant difference at P<0.05 level was reflected in
different lowercase letters following the figures.

K1 BERABEREDEEFMDELSKEER

I RPEER G/ NG FEEARIRIRTE P<0.05 /K25 57 3.
Note: Significant difference at P<0.05 level was reflected in
different lowercase letters following the figures.

Table 7 Results of the orthogonal test with different nutritional facts on the antifungal activity of submerged cultured strain 17-7

No. A B C D E R F 2 TH
Inhibition ratio (%) Dry weight (g/L)

1 1 1 1 1 1 20.79 4.70

2 1 2 2 2 2 36.93 7.04

3 1 3 3 3 3 2.02 9.60

4 1 4 4 4 4 37.00 11.93

5 2 1 2 3 4 36.11 7.35

6 2 2 1 4 3 38.39 8.24

7 2 g 4 1 2 12.57 8.56

8 2 4 3 2 1 42.23 9.16

9 3 1 3 4 2 15.92 5.39

10 3 2 4 3 1 44.25 6.06

11 3 3 1 2 4 15.25 10.88

12 3 4 2 1 3 58.14 11.61

13 4 1 4 2 3 18.23 6.88

14 4 2 3 1 4 12.39 9.57

15 4 3 2 4 1 2.13 7.94

16 4 4 1 3 2 50.06 8.15

Ky 24.19 22.76 31.12 25.97 27.35

K, 32.33 32.99 33.33 28.16 28.87

Ks 33.39 7.99 18.14 33.11 29.20

Ky 20.70 46.86 28.01 23.36 25.19

R 12.69 38.87 15.19 9.75 4.01

Ky’ 8.32 6.08 7.99 8.61 6.97

Ky’ 8.33 7.73 8.49 8.49 7.29

Ky’ 8.49 9.25 8.43 7.79 9.08

Ky’ 8.14 10.21 8.36 8.38 9.93

R’ 0.35 413 0.49 0.82 2.97
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Figure 5 Effect of different culture conditions on the accumulation of mycelium and inhibition activity of submerged

cultured 17-7

W A: W6 pH; B: $ERhiE; C: %3 D it E: KMETR]; F. B INSFEARRFIRTE P<0.05 K P25 .
Note: A: Initial pH; B: Inoculation amount; C: Rotate speed; D: Medium volume; E: Fermentation time; F: Temperature. Significant

difference at P<0.05 level was reflected in different lowercase letters.
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