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Abstract: [Objective] The purpose of this work was to identify and characterize the Streptomyces
strain AF1,which was selected from Madagascar forest soil with resistance to MRSA. [Method] The strain
AF1 was characterized by observation of morphology, physiological and biochemical characterizations and
16S rDNA sequence analysis. Using agar diffusion plate method, the stability of fermentation products of
AF1 and the resistance to MRSA were measured. [Result] The conidium of AF1 strain was straight or
wavy curved,and the spore chain was loose spiral. AF1 strain could use glucose,galactose,sucrose, maltose
and rhamnose but not fructose, mannitol and inositol. AF1 strain could hydrolyze starch but not cellulose.
The 16S rDNA of AF1 was 1 242 bp (GenBank ID:KF059834. 1), having the homology of 100% with pota-
to scab pathogen XSD-102. The antimicrobial substance was not sensitive to the external environment. It

had stability when pH was 2—10, temperature was 30 —80 ‘C,or under ultraviolet radiation. The activity
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was lost when treated by 90 C for 60 min. The MIC of ethyl acetate extract against MRSA was 68 pg/mL

[Conclusion) AF1 strain was identified as Streptomyces galilee AF1 and its metabolites showed antimicro-

bial activity against MRSA.

Key words: Streptomyces galilee ; MRSA ;identification;antimicrobial activities
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i, F 28 °CL160 r/min BEMEEE 3 7 d, 4R J5 8 000
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1.5.4 16S rRNA 5 7] 5 ¥ & L 2 % & F o #F
ZMOCERL1L] M 7 ik 32 B AFL TR R 56 41 DNA,
PCR ¥ ¥R B AW F: 5-AGAGTTTGATC
CTGGCTCAG-3',R:5 -ACGGCTACCTTGTTAC
GACT-3', PCR W& R ERFL 25 L, Hoh 4
10X Buffer 2.5 uL.dNTP 0. 2 pL,MgCl, 2. 2 uL,
Primer F 2 pL, Primer R 2 puL, Taq B 0. 3 pL (3
U/pL) ,DNA #ifg 1.0 pL,ddH,O 14. 8 pL, TR
B 94 CHIAEYE 5 min;95 ‘CA84E 1 min,55 C
Bk 1 min,72 CZEfP 2 min, 2 33 NG ; 15 3 45
WA .72 CHJGLE 3 min, $ PCR =¥k Lifg: T
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80,90,100 “C &M F 7K, /KB [ 30 A1 60 min
2 b RERE R RS L A3 S B RS 0 & TR 20
p Ly SR FHBR AT ALk (FLAE A 6 mm) ™ i) 2
X MRSA WG, B2 3 I, LS T i Em
KW AE SR X B AR I B 0 M S A O

AR 400 B 36 1 = b BRI iR B AR — 6 mm)/
O BEZH 10 B Bl B 42 — 6 mm) X100 %,

)M E . M 1 mol/L NaOH #1 1
mol/L. HCU ¥ & B pH H 43 3 W5 & 2. 5.3. 5,
5.5,6.5,7.3,8.9,9. 8 Fl 10. 2; % i # & 30 min
J5 s 1 mol/LL NaOH #1 1 mol/L HCIl &R AT %
B pH 2 7.3 BUAL B S 1 R R 20 pL, >R 3
B AR FTFL I 2 H % MRSA M @G, £4 3
Wo DA TEWATE SR okt B B30 RE X 40 oA 3
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B 20 min, 43R E R 23T 0TS PEIE .
1.6.3 Rt =mevamit KEBKRMN LR
FEAE P V5 1 T3 I b, A5 AR B2 B 15 O 1 TN TR 4
RoEANE A 2 mL K H B ZBE TN A 7S A
B A EE R 3k, UGS R W 20 pl,
K HIBEAG - AR AT L0 7 X MIRSA B 400 18 37 1
1.7 AF]l B & B R Z8 ZEEHERY T MRSA §

REMEREREMIO

KR R R R 2 AFL B iR & 8=
XF MRSA () MIC'' | % AF1 Btk R BEW 1) & R
CTRHL B2 W T P9 R s i ) R BT & vk 2 O 1 088
pg/mL MY, ¥ MRSA 76 LB 3isf b i%
b, ARG R TE LB AR IE SR 5 135 5% 12 ho PB4
AN . BEHERE (12 mm X100 mm)12 37, &4
I mL LB X538 56, 7255 1 8 i A0 259 5 i
(1088 pg/mL) 1 mL V& 57, # A% Lb # B I K W
R ARG TEREAE hoin A A5 45 19 MRSA 4270 ) &

TmL, 55 1825 118 W B R 700 o 544,
272,136,68,34,17,8.5,4.25,2.125,1.06 A1 0. 53
pg/mL, BAHERE 3 K., KIRARE THE 30
C 3 160 r/min 5K EREFR 5 h 5. AR BN
FELH W 0 5 7 A8 1 R ) B T 5 MIRS A 5 372 ¥ 14 T2
JEE (ODyo) - M5 NCCL A K2 Ui X D .
TE Y A MIC (8. % E kR 77 00l A 4
FRTR R X MRSA AR 5 30 48 ]

2 AR5

2.1 AF1 B#%HINELEE

2.1.1 EHBEREBARFE K LA BN ERE
AF1 fER R 1 SRR IR 10 d 5 % R 2
KA A FRAE 9, Be - AE AR L B R 4
A A T 22 B R R R L L R B P AR e
AR AT 53 46 7L 2 A3 ARl K/ 1.5 pm X
0.45 pm, £, REOLHE (K 1-B.C,D).,

AF1 FEHRAE 7 A ISP K7 5 B 3557 30 d 5 1
FRAE WS S5 R WL 2 1., 3R 1 ol LA . AFT 1 #
1 ISP1.1ISP4 F1 ISP5 Kk A KA, 75 HiAlh 4
P IRk FAERK B4 R R K LG A RSO TE
7R EE SR R AT A R H AR ISP1LISP3
FMISPS FoMFR£L a4 3R . 78 ISP4 A1 ISP7 |24 K
a2, 7 ISP2.ISP6 I 43 il > ¥ 4 €8 AR K €5 €5
2.1.2 A r  AFL kA B 10
WMAEZE R E 2, i3 2 Al W, AFL T bk e A 4
ZPHE D2 ZLWE 2 2 L RS BE R RE R K R R T
D- S8 D- T 8 B UL 5 8 7K i 0 4 o 1B AN e 7K i
LR TEWI R AL AR AR BRI 7 AL =
i 12 6 3 it g 4 i v 4 2 PR
2.2 AF1 E#% B 16SDNAFIMERRZZELES

T

M AF1 HE#EE 16S rDNA 4K 5 1 242 bp,
275 27 GenBank 20, & 545 2 KF059834.
1, BLAST 3 thxf 25 R 7R AF1 Wk 5 Gen-
Bank H 0 #1) F) 4% % 1F XSD-102 (Streptomyces gal-
ilee XSD-102) B £k 19 [A) 5K N 100% . 5 Strepto-
myces bolili HBUMI174851 Hl Streptomyces sp. SX-
A ALY S 99% . F Megab. O #4444 2 1 &R
GRBEM(E 2) B8, AF1L 5 Fk 3 A bk ag ik
PR B R



% 8 3]

P ERAE 1 BRPUI F 4 PG AR B B (0 A 4 o A R T 0 s R AR I 7 A 0 e e AT 11

B 1 TERE AFL B S FRE
A. AF1 B & HHE s B(8 000 X)) ,C(20 000> Hl D20 000X). 43 %]k AF1 B 22 48 F 1Y 45 46 v 4%
Fig. 1

A. Colony of strain AF1;B represents the morphological characteristics of hypha of AF1 under a scanning electron

Morphological characteristics of strain AF1

microscope (8 000X);C and D represent the morphological characteristics of hyphae and spores of AF1 (20 000X ) ,respectively

Fk 1 AF] HHRE 7 7 ISP 552 s w45 1T
Table 1 Characteristics of strain AF1 cultured on seven different media
o T 22 B KA LB TR ;
B3 P TERLHE g KRB T b 0,5
; Substrate Aerial mycelium | .
Media . Growth Soluble pigment
mycelium color color
1SP1 FLH 4 Oyster white K, Silvery grey —f#% Moderate FE40 {4 Brown
1SP2 9 {1, White 9 {1, White R Abundant 4 {0, Pale brown
ISP3 FL A {4 Oyster white FE 41 {% Brown K % Abundant #4105 Brown
1SP4 9 {4 White FLH @ Oyster white — & Moderate K AL, Grey
ISP5 H B {0 Pale yellow MELL {7 Peach tan — & Moderate FEL0 {8 Brown
1SP6 RIK (4, Silvery grey IR A5 Silvery grey B 4f Abundant LK (A, Silvery grey
ISP7 T KA Green-gray T KA Green-gray K % Abundant JK A Grey
F 2 AF] BMRMEEELEE
Table 2 Physiological and biochemical properties of strain AF1
i H PN TESE S i H NSRS E S
Ttem Test result Item Test result
W% BE D-glucose + W i Wi ik Gelatin liquefaction +
W . AL AR AR
D2 7LHE D-galactose + Sulfureted hydrogen and melanin formation -
2 ZEBE Maltose + A4 EE A Milk coagulation +
2Bk L-rhamnose + 495 )i Ak Milk peptonization —
HEME Sucrose + i R £h 18 J5. Nitrate reduction +
D8 D-fructose — 21 4k Z K i Cellulose hydrolysis +
D-H #%EFE D-mannitol — JLEE T-inositol —

A A —. B

Note: +. Positive; —. Negative.
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99 |—Streptomycespseudovenezuelae ISP 5212 (AJ399481.1)
17] I—Strepz‘omyces resistomycificus 18-11 (EU054370.1)
37 Streptomyces alboniger NBRC 12738 (AB184111.1)

0.001

|Streptomyces galilaeus Ca413 (KF317984.1)
100|Streptomyces alboniger D708 (KF317957.1)
I—Streptomycesplumbiresistens EB-3S-4 (JF439617.1)
44 Streptomyces chartreusis DA10203 (HQ400614.1)
100 |Streptomyces glomeroaurantiacus HBUM 174707 (FJ486424.1)
I Streptomyces glomeroaurantiacus NRRL B-3375 (EF178692.1)

— 75| Streptomyces sp. AF1 (KF059834.1)
\—Streptamyces galilaeus XSD-102 (EU273538.1)
90 Streptomyces bobili HBUM 174851 (FJ486389.1)
6

6 IStreptomyces sp.SX-4 (AM889497.1)

Kl 2 AF1 Wik 16S rDNA JFFI A R G0 & B W
P& H (9 8045 2 bootstrap Ky B0 {H , /R 1% 43 3l T bootstrap K 58 OB A B R B H 43 L
Fig. 2 Phylogenetic tree of strain AF1 based on 16S rDNA gene sequence

The data in the figure are the bootstrap test values,representing the ratio of times each branch

passes to the total number of times by bootstrap detection

2.3 AFl &R iaE N
2.3.1 #AEH  AF1 BB DT R G
FE PRI e 2l LA 3,
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Relative activity
[}
=)
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~e_ -
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iR JE/C
Temperature
&3 AT TR MR I T8 I M 4 B 0 P A2

Fig. 3 Effect of temperature on antimicrobial

activity of strain AF1
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pH

& 4 pH X; AFT Bk K IE W 400 T 1% 12 4 o
R A 1 1) 52
Fig. 4 Effect of pH on antimicrobial

activity of strain AF1

i & 3 TR 7E 30~80 C R, AF1 B BRAC I ™
Py HE W PE RO W fb i A 38 ) £ A G 5
WA R A . 90 A 100 °C s A= 49 76 1 B 4 R B, 90 °C
AL PR 60 min A1 100 C &4 F i IL-FiH k.
2.3.2 BmmAAZKE AR pH B EMTAFL &
TR VR ) T 1 0 R T PR I AR DL 4. BT 4 3R
WL 80 pH JEH A . pH A X & B W 4 5T Y 0
PR M R N B, RS R R R AR . (BB E
pH A A2 T W 1% 1 6 708 AR R L A TR M 2 A
T RFHE OISR A,
2.3.3 sPESSEBANA TR AF] KEBRE
A2 R G 1 e M 25 R LI 5. TR 5 KL AR
KRB 2 5 AN R IR AN TR B () I AR s —
FE I AR AN ] b B W L0 RS PR R A —
1) 58 AT 32 1

98.0

AF X 0 BV /%

Relative activity
O O
~ ~
(=] [
T T

©

N

3
T

96.0 1 I 1 I ]
20 30 40 50 60

A []/min
Time

Bl 5 SRAMR BRI XS AFL P Ak & R
0B ) T A B T

Fig.5 Effect of ultraviolet ray on antimicrobial

activity of stain AF1
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2.4 AF] A% EEEYRERS A AEE
M 3 A UL RS pH S5 E T L AFT TR bR A BE
TR B8 LR W) TG PR BRI 23 RE Y TR LR FIIE T I
A, = GG ot A HCRICR AR A8 55 A il ik LT A g
£
x3 FHBAN AF] BHREBREEYWRAOZFNRR
Table 3 Extraction of active substances of

strain AF1 by organic solvent

e T P A2/ mm
sl

Solvent KA HALAH

Aqueous phase Organic phase

2T 2T Ethyl acetate 0. 00 4.10%£0.05
1E T Butyl alcohol 0. 00 4,304+0.09
=4 W & Trichloromethane 2.334+0.12 1.4340.03
f1 il Petroleum ether 4.104+0.05 0. 00

2.5 AFIEMABRZBZEHERYHPEEYR
FoRey

HI 3 4 WL AT TH AR K BRI O TR S TR LR W)
FRT TR TG M 5T A DR R RS R 0 A R AR
1o AR A A RLRE I D L TR0 20 K TR AT R Bk T
R BT T P B — R EE AR R

x4 BHNBFW AFl BRABREEYROBREE
Table 4 Solubility of active materials of

strain AF1 in organic solvent

e e s S 7%

) Vi W #ee B 5 2/ mm
. .\ Inhibition zone
Solvent Color of solvent .

diameter

7K Water A% Insoluble 0. 00

2 Methanol FELL{0 Red 11.10+0. 26

. Ethanol #2410 {1 Brownish red 10.90+0. 09

i Acetone 241 {% Brownish red 11.70+0. 12

2.6 AF] Btk & B ik Z 8 Z EEHEIR Y3 MRSA
MIC
AF1 bR R W £ TR 2 T L $2 9 % MRSA (1
R UL 6.,

100
80
8
N
@_ S 60r
®z
£ L
E 40 —— b Treatment;
——CK
201
i e, et i, i, S

544 272 136 68 34 17 8.5
JREWE/(ngmL™)

Concentration
6 AF1 kKB £ 18 TR HLEE P XS MRSA B 1 %
Fig. 6

4.25 2.125

Inhabition rate of ethyl acetate

extract of AF1 against MRSA

M 6l DL Y B =272 pg/mL 1Y
AFT B R A& W ) £ TR TR AL 32 ) 4k B MRSA 1,
WK AN FE AR K. 2O B W v fE 34 ~ 136
peg/ Ll I B 5B R R 2 i MIRSA T 44 K 32 3
Wl MR R AR T 34 pg/mL L R R
ARKIMEIAI . 28 NCCL" R, 5 HMEA4 K
XiF BEAE AR T LA 80 26 41 BRI A= K 1 24549 T ik ik
N2 MIC, K, AFL itk & B £ R £ g R
SEWxt MRSA (1 f5e /M B B e 68 png/ml,

33w

ARWFTE M as B, AF L T bk 5 A1 A1) 6 55
W XSD-102 16S rDNA F£ %1 Ay [7] J5 PE 35 100% , ik
¥ AT T8 k8 € 44 8 R F B 55 T (S, galilaeus
AFD . BA TR ER W, S, galilaeus Sy T ¥ BB i
Ji%5 (Potato common scab) % J5L B » 7K 87 2% 0 8 T
o I A [) DX D % 0 o e i T K I O D R
(4 53 A1 FL A PR 520 RO A 2 R R, Ok %0 1
S. galilaeus MA144-M1 Hp R B T e hi 55 = A
B(Aclacinomycin A and B) DX J HoAth 19 Fp&{1¥,
B 5 1 5 2R AR S g 24 W DRI A O U 2 A T
ARAFA ARG J B b AU )1 45 (1 8 rh 4y
BRI T OBR A BRSSPI LA R R B R T 77
3082 o Jy A B KB AERE IR T d R0 R A BE
BT 224K R & BT B 22 H 2 (Aclarubicin) Y {H
A DAY S A B VR B i) T 58 40

MRSA F A2 fd B (4 BB H 45 7™ 5, H i T
TG 77 A I e 1Y 25 W) A7 ) 4 e s (linezolid) ™ ik
5 £ (daptomycein) ™ | 28 | & & (tigecycline) |
FmFR 2 (tigeeyeline) ™ 45 38 A7 — HE 4b T i KA
SERT B 25 Sk A R T B A, B AR
2 BiF 3k R v O T A W A ELBT 24 1 F o
JEEAN R ot 245 BT 1 7 A R PR kg 3-SR T O =X 0
ATy T 2 Pk R A AR B AR A BE . ASBESE R
AF1 AR A W S TR S TR R4 W A R4 1)
PUAN GG . HL R 221G BE R T Rk CFF 53 SOl
TED  BEA AR I 4R PG bR < 00 8 4 K T

(5% k]
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