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8 BEE OEA EER 269 2HER 257 AAM"
(1. PHEEFEREEBE A DV E B 25 Y H AR5 AT dbat 100050)
Q. TTPHRIGRSE) Vs AR Y S SRR S S SC R % TP BT 530006)

O E: (8] RS ARS ALY N ARKR M1, HZIRKBH U FHAE
FET A, [FEIHSZREEEE0H, A 10 RERAES>BKLE,; @if PCR 7735,
M ZF et 16S IRNA A B 57, FRKEE ZAMSH; @i L. FRELEF AT WL
e, QIERBRIR. LR OBERBURBIKEFE KGR EIREARBCR; KRR T Bk Hf o
BATIRB E M I iE; AT PCR 692 B 75 R AR M & M B AR T A6 44249 NRPS. PKS I. PKS II
RAEFAMERLRE. [£R]) @HWAHIEHET, A 14 FFAOKHEMHE S P EFIHET
146 #&, 16S rRNA KB 53|l £ EMHaH T 13AH 184N E, AV EREARKEA S,
B#R S3Cf-2 A= S3Af1 #) 16S rRNA 3 E 55|05 5H KL F A Couchioplanes caeruleus
DSM44103" (X93202)#= Microlunatus terrae BS6' (JF806519)494810 % & &, 25 A 97.45%7Fa
97.43%, “THE A AT . 3T H T 46 MK A K BEAF SR a9 I E AR MR, 40 MR E A A F M,
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Diversity and antimicrobial activity of endophytic
actinobacteria isolated from eumangroves collected in
Dongzhaigang of Hainan Province

LIJing' DAI Su-Juan' TUOLi' JIANG Zhong-Ke' LIU Shao-Wei'”?
JIANG Ming-Guo® JIANG Rong'* SUN Cheng-Hang'"

(1. Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical College,
Beijing 100050, China)
(2. Guangxi Colleges and Universities Key Laboratory of Utilization of Microbial and Botanical Resources,
Guangxi University for nationalities, Nanning, Guangxi 530006, China)

Abstract: [Objective] To study the diversity and bioactivity of actinobacteria isolated from Mangroves
in Dongzhaigang, Hainan. [Methods] Various tissues from 14 kinds of mangrove plants as samples
were collected from Dongzhaigang National Nature Reserve in Hainan, China. Samples were grinded
into powders after surface sterilization and cultured on 10 different media for strain isolation. To
determine the phylogenetic position of the strains, 16S rRNA gene sequences were obtained by PCR
amplification and direct sequencing, then compared with gene database. The antifungal and
antibacterial activities of the crude extracts were tested by disk diffusion method. Screening of PKS 1,
PKS II and NRPS genes was carried out by PCR and agarose electrophoresis. [Results] 146 strains
affiliated to 18 genera were obtained. The dominant genus is Streptomyces. The highest similarity of
16S rRNA gene sequence between strain S3Cf-2 and the validly described species Couchioplanes
caeruleus DSM44103", between strain S3Af-1 and the validly described species Microlunatus terrae
BS6" was 97.45% and 97.43%, respectively, which indicated that the strains S3Cf-2 and S3Af-1 were
potential new taxa. The antimicrobial activity of crude extracts from the fermentation broths were
tested against different pathogenic microorganisms by paper-disc diffusion method. Antimicrobial test
showed that 40 out of 46 strains exhibited positive results in at least one antifungal or antibacterial
assay, and the total positive rate was 86.96%. Thirty eight in 40 strains with antimicrobial activity,
probably, had at least one antibiotic biosynthetic gene including NRPS, PKS I and PKS II, and
14 strains have all the three kinds of biosynthetic genes of antibiotics. [Conclusion] The study
demonstrates that diversity of endophytic actinobacteria from mangrove are rich and mangrove tissues
as a special niche for discovery of new pharmaceutical microorganisms are waiting to be explored.

Keywords: Mangrove, Endophytic actinobacteria, Drug resistant bacteria, Biosynthetic gene cluster
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IFEIERE T A 7 H 14 DR 30 MR Gk,
HIRDEFEN GO L AR A W) 2 BV E AT T R
WA, (AR P R LR I B SR
Bt XS LR PN A TR T T A 3R B IR ST AR
Bbo i, AT R AR ZEUE LM AR 5 4% 1 2R
RAPIX AR 14 FREZIMAEYI IR G2, THRLIR
L) N 2R TR T 22 R P AR 9 B B T T 1 T R 114 7
e, DA SRR B b B i RAE AL A5 I s 5
AR RIZERE, R OB PR RSO LA

1 MRS 5

1.1 ##

1.1 EOFEYHR: 20144550 REHHE R
FEURLIA AR [ SRR D X A ELLT AR R A 3k 1440
TR B UL, FEA2E T35 cmx45 con Bl [ £148
W, BOEW RIS E, B T4 OIS
112 ERE: (1) SERFL. 35KemE"
KRR, B LUT 1083 B 5 R 600 T I bk
. A(g/L): BERHRE0.25, K,HPO,L0.50, Bl

F1 REMAKMKERER

Table 1 Information of mangrove plants

AT EE /RN RFERAL SRAF: HbL A
Sample Plant name Type of sample Site information

S1 A 2=, fE. . Rz N19°57'02.25"E110°34'34.82"
Bruguiera gymnorrhiza

S2 EpEp: E N19°57'01.71"E110°34'35.07"
Avicennia marina

S3 VT R, X M . B N19°56'59.41"E110°34'32.19"
Bruguiera sexangula

S4 AT ZE O, Rz e N19°57'02.05"E110°34'34.91"
Sonneratia caseolaris

S5 PARY Y R, X M R N19°57'02.12"E110°34'35.51"
Rhizophora stylosa

S6 PANE i/ 5y R, X M . B N19°57'01.63"E110°34'35.26"
B. sexangula var. rhynchopetala

S7 J: /N R, ZE. M W N19°57'02.12"E110°34'35.51"
Ceriops tagal

S8 FixeA W, X M R N19°57'01.88"E110°34'34.93"
Laguncularia racemosa

S9 AN ] E N19°57'01.88"E110°34'34.93"
Acanthus ilicifolius

S10 R s N19°57'01.88"E110°34'34.93"
Acrostichum aureum

SIT SEEIRLIH . 2 N19°57'01.88"E110°34'34.93"
Rhizophora mangle

S12 A R, 22 M W N19°57'01.82"E110°34'34.96"
Xylocarpus granatum

S13 Al AR 2, B2 N19°57'02.02"E110°34'34.96"
Parmentiera cerifera

S14 Frf 3 A = M N19°57'00.15"E110°34'32.27"

Aegialitis annulata
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15, pH 7.2; B (g/L): J&FH£1.0, Na,HPO,0.50,
KCI 1.71, MgSO47H,0 0.05, FeSO47H,0 0.01,
CaCO05 0.02, Bif§15.0, pH 7.2; C (g/L): JLTJ#2.0,
K,HPO, 0.7, KH,PO4 0.3, MgSO4+7H,0 0.5,
FeSO,47H,0 0.01, ZnSO, 0.001, MnCl, 0.001, 3%
§15.0, pH 7.2; D (g/L): HF#AHH6.0, KNO50.5,
Na,HPO,4 0.3, MgS0,-7H,0 0.2, CaCl, 0.3, Bifi515.0,
pH 7.2; E (g/L): NAR#H2.0, NH4NO50.1, KC10.1,
MgS0,-7H,0 0.05, FeSO47H,0 0.05, Fif515.0, pH
7.2; F(g/L): RIEMEEH#2.0, K,HPO, 0.5, MgSO,
0.5, KNO; 1.0, NaCl 0.4, FeSO,-7H,0 0.01,
Jg§15.0, pH 7.25; G (g/L): fTHE5.0, L-4HER
1.0, KNO;1.0, NaCl 1.0, CaCl,2.0, K;HPO,1.0,
MgS0,7H,0 1.0, BifK15.0, pH 7.2; H (g/L): 3%
MR 440.9, NH4H,PO, 0.5, MgSO,7H,0 0.1,
FeSO47H,0 0.01, ¥ifig15.0, pH 7.2; 1(g/L): ¥k
1%0.12, NaNOs 1.5, K;HPO43H,0 0.4, MgSO47H,0
0.1, CaCl,H,0 0.05, EDTA 0.02, Na,CO3 0.2, F
J§15.0, pH 7.25 J(g/L): BELHEENUHI4.0, 2227420
¥110.0, #i%iHE4.0, Bi815.0, pH7.2,

(2) RHARGFRHE(g/L): BERHREI4.0, 2 2F4R
5.0, #j#%bE4.0, 3I§15.0, pH 7.2,

(3) kBRI FEH(g/L): BERHERYA.0, £
5.0, #j%kE4.0, pH 7.2,

(4) ¥5 78 B Bk 5 % £ . MUELLER-HINTON
AGAR (#[EOXOID),
1.1.3  #PFIFI(mg/L): ZEMERNRR2S, HERFRHN2S,
L AR50,
1.1.4 J57RER: HE: PHIERERE (Cryptococcus
laurentiiy CCTCC91013 . K {4 & Bk Wi (Candida
albicans) CCTCC930250F B K2 i [ AR 57
PR L s B2 [RBPE A0 TR - 4 o €8 3 2 3K T
(Staphyloccocus aureus) ATCC25923 | 4 T (O] A BR
B (S. aureus)TH 25152641 . &M BRE (Enterococcus
faecalis) ATCC29212, ZEMERH(E. faecalis)i 24 A
ATCC33186; == [CEIVEA R « B % A ST

(Acinetobacter baumannii) ATCC19606 . #f15 ANshFT
W (4. baumannii) Tif 25 T8 2799 . i &% & 5 50
(Pseudomonas aeruginosa) ATCC27853 , Hil 2% {5 iy
W (P. aeruginosa) it 25 7 2774 . K W % & W
(Escherichia coli)y ATCC25922 . KR (E. coli)
i 25 #2800 . ili 4 5 75 111 18l (Klebsiella pneumonia)
ATCC10031, fiti R s T A (K. pneumonia)iit 24 7
ATCC700603 4 4 4 Fir {4458 .
1.1.5 EERFIFOMES: 2xEasyTag SuperMix . DNA
Marker., SYBR Greent%2 %4t . High Fidelity PCR
SuperMix , Trans-T U2 5410 . pEASY-T1 Cloning
Kit# g A3t 2L &A= WH ARG RA A ;
Chelex100# g, Z£[EBio-Rad/AH]; Agarose, F[E
AndyBioZv ] 5 Hg i34 = o Afr i)
I TAEAYT-CI-IND, dUa 2RI A
RN )5 fE IR By 5% 46 ZDP-2120 FljiE 7% =0 #E IR
ZHWY-211C, LR s A BRA 5
JEZ&81R K5 Autoclave MLS-3750, HAR =7\ F
INETES U3 HLCentrifuge 1-14, f#[E Sigma/y /) ; PCR
1448 Veriti 96 well fast thermal cycler, 3¢ [E Applied
Biosystems/ 7l ; HLIKIXDYY-6CHY, JbaiTiss—1X
s BERR X Gel Doc™XR", 3E[EBio-Rad/y
Al ERE 7% K& {LOSB-2100, HASEYELAAH;
MBEXTS20, bl ARRAT; 96k, €
[ElCorning/A 7l ; M WEALRT-04, 22 BERG 2 BH A B
N,
1.2 A%
1.2 ZIRHEYIRERAAIE: % E s
ks, PERFEMLIRHEDIAE G e T S i K ot
T4, FREFIEGE, MR L BRI R R 420,
AP BY VIS em 245 K AT Bt A 7 3R 1
HEE AR 1%L R-202 1 min, KGR
I 0.4% A 351 08 min, 2.5%7i BT AR
523110 min, 75% AT min, 10%6RR =M
1110 min, RHESR WS HICHKIGEE3 K. FEmiET
Je FEAR ERUA 5 FH
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122 EWESBSRE: BUE R EYE R 5
FESTBIGFRART, E28 °CHE 268, 2/ Z)A,
BERULZE T B EEFR B P RTR TEAS , T PRBUR L A
T AT TR SlAL o AiAb TR 3 0 LA R 4 °CIREL
[ LA20% (AR LG ) HAlVE R 450, —80 °CLREL .
1.2.3 ETF16S rRNAEEFFIB LS H: (1) K
2 # 16S rRNAKEH F A M FoE: KkH
Chelex-1003:" " R IBULZ I N 4IDNA, PCREH
WG #I27F (5'-AGAGTTTGATCCTGGCTCAG-3")
F11492R (5'-GGTTACCTTGTTACGACTT-3"), 50 uL
PCRI W K % : 2xEasyTag SuperMix 25 pL,
20 umol/L 27F 1.5 uL, 20 pmol/L 1492R 1.5 pL, #%
M2 L, JCHZK20 pLo WA : 95 °C 5 min;
94 °C 1 min, 55°C 1 min, 72 °C 2 min, 35§ ;
72 °C 10 min, PCRF=#J 1 %63 N HHEE I o PR
Bio-Rad &¢I UGS Lk 45 2R . ¥ PCR™ ik |
A TA W) TREHOR IR 55 A BR 2 W) AT 246 31
¥ o 2N I A RRS3 AL 1 FIS3CE-2 ) PCRY 14
FEY A U IR, pEASY-T15e 8RS
AV % Trans-T UBAZ S A, BRICHME e+,
FPCRIESAE vERE Y e BOR/NR BiEAE TAEY) T
FRHAR MR S5 A BRA AT . (2) FFIVHT IR G &
B FTNF 5 EEZBioCloudZs /> I Bda % v
HEATARMIMEIR R, A R B Ho A R0 R 1)
IR RRAYES), FIBioEdit! YA T S X,
FHIMEGA 5.01 {1 4B 42 (Neighbor-Joining)!
TR R RGE L BN, BRI R
PEKimura two parameterfEAIPEAY, FEEUEL 000
UCHEAT A JRAE A, PRAS HE AR A D A5 A i AR
M

1.2.4 FEHEMNE: (1) LS5 fRhm B4k
KA AR TR 4 D T34 100 mL & B35 5 2 1Y
500 mL=f, 28 °C. 180 r/mink5377 d. A%
4 500 r/min0>20 mindffS IR SEAK, LiE
W2 mL; R BRSO R CBE R,
PAFHIERAR R TS5, FH3 mL W BRI A5

i KIZEEAE50 mL, We4i T8 /5 H3 mLH EEK%
TSR AR HIRNERR24 h, LU=
T, 12 RHE T 5 3 mLH B SR A7 45 . () Bt
PRSP I 5« IR AR ) % ) DU 2R 60 pL
BT EHAE N6 mmFEIE TR g4 b, 7 BT
L, W TS AR BRI IR 5L |, 37 °CHiFR24 h,
ARSI ST B KN

1.2.5 MEZEYMEHRERE(NRPS. PKS I #1 PKS
BN . FEFZ] DNA B30 1.2.3, SR
PCR 4 IR AR Z IR G iU (NRPS) LR A 2514
W(514%) A3F: 5-GCSTACSYSATSTACACSTCSG
G-3'; ATR: 5-SASGTCVCCSGTSCGGTAS-3")!"
RN £&4: 95 °C 5 min; 95 °C 0.5 min, 59 °C 2 min,
72 °C 4 min, 35 MfEF; 72 °C 10 min; 4 °C {45,
P 1 RUIRER A B (PKS 1) KS Z5HB(518)
KIF: 5-TSAAGTCSAACATCGGBCA-3'; M6R:
5'-CGCAGGTTSCSGTACCAGTA-3)" ) =z I 4%
4+ 95 °C 5 min; 95 °C 0.5 min, 59 °C 2 min,
72 °C 4 min, 35 MEH; 72 °C 10 min; 4 °C f-4F,
P 11 AR RS BE(PKS 1L KS 45519
KSa: 5-TSGCSTGCTTGGAYGCSATC-3'; KSP:
5-TGGAANCCGCCGAABCCTCT-3"" 114 Jz 1j 4%
. 96 °C 2 min; 96 °C 1 min, 60 °C 2 min, 73 °C
1.5 min, 35 MEH; 72 °C 8.5 min; 4 °C {545, 7=
VI 1%3 IR IS FEL KRS , Bio-Rad #EME UYL
pUE =SSP

2 ZER545W
21 MEEZHM

KA 10 oy ieaRdt, M 14 fy B W YIRE
mn AR BIR B AR 215 PR TR IEHER
F1 16S rRNA JEH 7 7341, ARAR LR B R PR 146
PRGR 2), N5 T 8 AN H 13 4FH 18 M&E, fudh
B WE (Streptomyces) . W & J&E
(Microbacterium) . X K & (Gordonia). T4k
MEJE(Cellulomonas) . 9 JCH TR # /&
(Amycolatopsis) . T4 E J& (Cellulosimicrobium) |
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Bl ECUE B 8 (Couchioplanes) . Bl % 1 J&@
(Cryptosporangium) . MK [CI# & (Dietzia) . 7% 5%
W & (Kocuria) . /INH W& (Microlunatus) . /NPEAIEE
J&(Micromonospora) . $lifi K [CIH & (Nocardiopsis) |
P HF A R B (Nonomuraea) . ¢ 8 i 26 H @
(Actinoplanes) . TEY)JE W& (Phytohabitans) . ¥§%
U JE (Saccharopolyspora) f 4k J&
(Jishengella), Hh k25T & (Streptomyces) AL
JBo 146 MRRRZHEME AT LI 1, Btk S3Af-1
SRAE AR R HER M. terrae BS6' (JF806519)
KL N 97.43%, LA 16S rRNA FE[H 51 3L,

K FHAR 2 (Neighbour-Joining , NN R AL H
W, ERE S3Af-1 5/NH BB (Microlunatus) 34

REHE M. terrae BS6' Ml Microlunatus Soil
CC-12602" BN —HITEM— DML 533, 25

mE 2 Fis. Wk S3Cf-2 Sk REE C.
caeruleus DSM44103"(X93202) 4Ll %K 97.45%, 5
Krasilnikovia cinnamomea 3-54/41" (AB236956).
Phytohabitans suffuscus K07-0523"(AB490769) .
Phytohabitans rumicis K11-0047" (AB663559),

Pseudosporangium ferrugineum 3-44-a-19"
(AB302183)Fl1 Actinoplanes globisporus

JCM3186"(AB048219)HI L4 51 97.36% .
96.97%. 96.91%. 96.88%7F1 96.88%, {HRF4B#E
% (Neighbor-Joining, NJ). & KMBIRE
(Maximum-Likelihood, ML)l K f# £k

R2 6 MMEEMZHMEDHIFER

H
Order

Table 2 Biodiversity and distribution of 146 strains

HEFEP H Streptomycetales

#ATH B Corynebacteriales

1%3KE B Micrococcales

B R E B Pseudonocardiales

FR22FL G H Frankiales

HEAIHER H Streptosporangiales

/LA H Micromonosporales

NIRFTI H Propionibacteriales

# J& PRIARES
Family Genus Number of strains

HEFE A B} Sterptomycetaceae HERL I B Streptomyces 65
K [REFl Nocardiaceae KA E Gordonia 30
i % R AL Dietziaceae WP [CTAE Dietzia 1
AT E R Microbacteriaceae AT E Microbacterium 18
2 4E R A Cellulomonadaceae L4 PR R Cellulomonas 10
JE/NEA TR} Promicromonospore Y B Cellulosimicrobium 1
#HERE AL Micrococcaceae Z T REE Kocuria 1
{3 = EC Al Pseudonocardiaceae PTG PR B & Amycolatopsis 7

Wi Z {08 Saccharopolyspora 1
[ Al Cryptosporangiaceae [ fI2E T JE Cryptosporangium 3
iR FC A Nocardiopsaceae Wit R JE Nocardiopsis 2

HEAIFE B Streptosporangiaceae

/NHLAI T FE Micromonosporaceae

NFERFTF#FL Propionibacteriaceae

PP [CER & Nonomuraea
JETVF BN B Couchioplanes
YT 8 Jishengella
/NS & Micromonospora
TN E R B Phytohabitans
Wesh 2 % )& Actinoplanes

/NA HiJ& Microlunatus
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99 —Jishengella endophytica 202201 (EU560726)
58 S7Ba-1 (KT992127)
Micromonospora echinospora ATCC15837" (U58532)
99LS6Ca-1 (KT992133)
S3Cf-2 (KT996126)
Couchioplanes caeruleus DSM44103™ (X93202)
S8Ca-1 (KT992134)
Phytohabitans rumicis K11-0047" (AB663559)
Actinoplanes ferrugineus IFO15555" (AB037002)
90 S8Da-2 (KT992136)
r—Cryptosporangium arvum IFO15965T (D85465)
100 — S8Ha-1 (KT992125)

100 | Dietzia cercidiphyll YIM65002" (EU375846)
S9Dc-4 (KT992138)

99 ,j Gordonia amarae NBRC15530T (BAED01000079)
100— S7Af-1 (KT992130)

64 100 Saccharopolyspora rosea IMMIBL-1070" (AM992060)
I'S14Ab-1 (KT992128)
——Amycolatopsis kentuckyensis NRRLB-24129" (AY183357)
27 1005=S13Bb-1 (KT992129)
| Streptomyces spiralis NBRC14215T (AB184575)
100L.82Cb-1 (KT992135)
58] 100 [~ Kocuria rosea DSM20447" (X87756)
L S11d-1 (KT992132)
100 | Cellulosimicrobium funkei ATCCBAA-886" (AY501364)
87 S1Ab-1 (KT992124)
5 J‘: Cellulomonas hominis DMMZCE40" (X82598)
S3Hb-1 (KT992126)
61 ~Microbacterium maritypicum DSM125127 (AJ853910)
1001 $2Ce-1 (KT992131)
100 [Nocardiopsis synnemataformans DSM44143T (ANAW01000308)
LS6Je-1 (KT992137)
78 — Nonomuraea endophytica YIM65601T (GU367158)
100 —s6da-2 (KT992139)
,—Microlunatus terrae BS6" (JF806519)
100 L——— S3Af-1 (KT749873)

67

99

A
0.01

Bl 1 ET 16S rRNA EEFHIMZE SR RS B E RS HIER 2 B 8 R G0 H
Figure 1 Neighbour-joining phylogenetic tree based on almost complete 16S rRNA gene sequence, showing the relationships
among representative strains and their closely related type strains

T 55 AR 16S IRNA FEFEFFI7E GenBank HHYE S5 4330 BB FRR R GERT 1000 YIHSEITE M%7
MIE AT AR B 0.01 103 1% 16S rRNA L JFH 3k k25 5.

Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those type strains.
The numbers in the branching points are bootstrap values (expressed as percentages of 1 000 replications). The scale bar indicates 0.01
substitutions per nucleotide position with their 16S rRNA gene sequences.
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Microlunatus terrae BS6T (JF806519)

87

77 [——
85 Microlunatus soli CC-12602T (FI1807672)

S3Af-1 (KT749873)

Microlunatus cavernae YIMCO1117T (KC693588)

Microlunatus parietis 12-Be-001T (FN556016)

Microlunatus ginsengisoli Gsoil633T (AB245389)
Microlunatus phosphovorus NM-1T (AP012204)

95
100L—— Microlunatus aurantiacus YIM457217 (EF601828)
Microlunatus panaciterrae Gsoil954T (AB271051)
Auraticoccus monumenti MON2.2T (FN552748)
7 Friedmanniella lucida FA2T (AB445454)
9 —Friedmanniella spumicola ACM5 1217 (AF062535)
100 “—— Friedmanniella antarctica DSM11053T (Z278206)

oo

B2 ET 16S rRNA EEFHIMZBEN S3AL-1 SRR AR BRI N-J Rt
Figure 2 Neighbour-Joining tree showing the phylogenetic relationships between strain S3Af-1 and representatives of family
Propionibacteriaceae based on 16S rRNA gene sequences

T 55 BRI 16S IRNA FEFFH7E GenBank SRS 5 4332 8 F VBT RN RGBT 1 000 RIHEEHE 01y
FINT IR s BRI 0.01 £RFR 1% 16S rRNA JEF 741 1 #E 4k 2% 5.
Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those type strains.

The numbers in the branching points are bootstrap values (expressed as percentages of 1 000 replications). The scale bar indicates 0.01
substitutions per nucleotide position with their 16S rRNA gene sequences.

(Maximum-Parsimony, MP)F4J % 1) 22 e AL (&
3), Hitk S3CF-2 N5iX 6 A RUE £ H R ATAT
— AR, TRITE AL T — S 230, BRIt
M TRRE S3AL-1 AN ERAT BEREIN TR v 2E 5T,
WK S3CE2 R/ N R P 1 — MV LE TR , MRk
TR TR Z A0 3 255805 5 SCR R
22 M6 MR EEFEREYHERTHSH
et A-T (UL 1.1.2 BE3R38) R MIRE & ik
LHHEE LK 4 FE 5, Hodh H BR300 5
BN IER R R I 2 27 bk, HUOR: A K555 23 B
FE 14 RESL T, S3 RF TR 43 1 P S 2 T T P
%N 33 o
2.3 MEEMFELE R
2.3.1 46 KM R IMEIETEITEM: 146 PRI FE £
16S rRNA FEH FPHI S E A T 18 N&E , R wvE
TESFHIER 16S TRNA FEHFFIAHBIR, R w8
VEHGHR MR AR, H 46 BRI, W H LB
PR THURTRPE I, A 40 PRI F] 2= /D
H—FUTE M, SRR 86.96%. MU

PHYE MR BT 25 SR (B 6) s, FRSh AL 13 A
APCEETEPE, 40 BRA BUE 2 TR A B i
23 WA DUE L IRATEA B G T . FREA R
S, GRSE R TR B- PN ok e Al 48 B A B A 4
TEPEMTRAR 6 Bk, X PRI 24 (Y B 2 AN Sk i 2
PRSP ERE 12 Bk, XEEWFIE8s R NP 25 14
PrAERMN A IEE T 1A,
2.3.2 EREFYIMBE L S3CL-2 0 S3Af-1 AYEMEIT
. PURATEPER IS R GR 3)3RW], Witk S3Cf-2 &
i £ T B BTN 22 G P P T (4 5 0 ) 46 K R
FEWHERTAT) . F 22 IR M O A A 4 5 75
TR S TR (1A (00 B B R 0 A0 BB TR S5 A T
b 4 (0B 2 BR A TR R S, AT R BB AR R
28 mm,, X Z NI A B M BRI A — e Th bk,
PR HARIE 17 mmo AR S3AL-1 /KJZFE G X
=2 PRI 1t 4 e B A1 BT S B TR 1 (8 R I 3
— B
2.4 NRPS. PKS I #1 PKS I £ & 847515k 45 R
Xt 40 BREA PR TEER I FETT R NRPS
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99 -Actinoplanes globisporus JICM3186 T (AB048219)
81 ‘—Actinoplanes rishiriensis RI50-RCA114" (AB641831)
S3Cf-2 (KT996126)

Krasilnikovia cinnamomea 3-54/41" (AB236956)
Pseudosporangium ferrugineum 3-44-a-19" (AB302183)

67 I:Couchioplanes caeruleus subsp. azureus DSM44103" (X93202)
Couchioplanes caeruleus subsp. caeruleus NBRC13939" (D85479)
Actinoplanes toevensis MN07-A0368" (AB468943)
Actinoplanes deccanensis IFO13994" (AB036998)
Actinoplanes brasiliensis DSM43805" (X93185)
Spirilliplanes yamanashiensis IFO15828" (D63912)
60 Phytohabitans rumicis K11-0047" (AB663559)
79 _|—— Phytohabitans flavus K09-0627" (AB663558)
Phytohabitans suffuscus K07-0523" (AB490769)
Catenuloplanes castaneus NBRC15584T (AB523883)

] 62 Asanoa siamensis PS7-2" (AB597931)
490|_—Asanoa ishikariensis IMSNU22004T (AJ294715)

Verrucosispora qiuiae Rtlll47" (EU427445)

Verrucosispora wenchangensis 234402" (HQ123435)

Lishengella endophytica 2022017 (EU560726)

Xiangella phaseoli NEAU-J5T (JQ073732)
Micromonospora rhizosphaerae 211018" (FJ261956)

I: Salinispora pacifica CNR-114" (DQ224161)
100 Salinispora tropica CNB-440" (CP000667)
Micromonospora pattaloongensis TJ2-2" (AB275607)
Micromonospora auratinigra TT1-117 (AB159779)
_58|: Polymorphospora rubra TT97-42T(AB223089)
Plantactinospora endophytica YIM 68255" (GQ494033)
Plantactinospora siamensis CM2-8" (AB454379)

Pilimelia columellifera subsp. columellifera JCM 3367" (AB548688)
Catellatospora coxensis 2-29/17" (AB200232)

33 — Luedemannella helvata 3-9/24" (AB236958)
ogl— Luedemannella flava 7-40/26" (AB236959)

52

A
0.01

3 ETF 16S rRNA EF FFIHE M E K S3CI-2 5/ R HRERIERE N-J RGEE LR
Figure 3 Neighbour-Joining tree showing the phylogenetic relationships between strain S3Cf-2 and representatives of family
Micromonosporaceae based on 16S rRNA gene sequences
T A5 OIBEE R 168 rRNA L FFSI7E GenBank HHAYE 55 70308 B FOR M R GMT 1000 YT %1y
ST ARSI 0.01 FR3 1%09 16S rRNA L 751 Al 22 52
Note: The numbers in parentheses represent the accession numbers in the GenBank for the 16S rRNA gene sequences of those type strains.

The numbers in the branching points are bootstrap values (expressed as percentages of 1 000 replications). The scale bar indicates 0.01
substitutions per nucleotide position with their 16S rRNA gene sequences.
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Media
B4 FEIEFEIBINREENE
Figure 4 The amount of isolates from different media
35 ¢ 33

Number of isolates
(isolate)

S1 S2 S3 S4 S5 S6

S7
Plants

S8 S9 S10 S11

S12 S13  Sl14

E5 AREEFEMIBINHEENE
Figure 5 The amount of isolates from different samples
TE: S AME; S2: FIEHE; S3: MEEE; S4: MR S5. LLMME: S6: JUMEEFE; S7. MR S8: HA; S9. EMW; slo0:
WK SI1: REKRLIR; S12: ACRBR; SI3: H/EM; S14: BiiA.
Note: S1: Bruguiera gymnorrhiza; S2: Avicennia marina; S3: Bruguiera sexangula; S4: Sonneratia caseolaris; S5: Rhizophora stylosa; S6: B.

sexangula var. rhynchopetala; S7: Ceriops tagal, S8: Laguncularia racemosa; S9: Acanthus ilicifolius; S10: Acrostichum aureum; S11:
Rhizophora mangle; S12: Xylocarpus granatum;, S13: Parmentiera cerifera; S14: Aegialitis annulata.

PKS I #1 PKS Il A=W& B M. 3 X5 1919
RS H SR B A AN AR (8] 7), NRPS 2
PCR " # | Bt B 7 700800 bp, PKS T3E[K PCR
P18 R BEKEETE 1 200—1 400 bp, PKS II £:[K PCR
P 1 BEKETE 600 bp 2410, S5RKH 38 bk
HED—FhAY AR, BN 95.00%, H
H1, NRPS JEK FHPER RS, 37 Bk, PKS AR
17 ¥k, PKS I J&[A 31 £k, 3 FA96 e A 7
FIBRPER PR 14 R (& 8).
3 wig

VPl 7R RV LR DX TR S A 3 — A
CIRRERYT X, (IR T, RIBL B

P =YL, A A SCE BT . B s Rt
RV, JFAM G BT RIS 24 Fh L LT
FW) 12 B, ZRESEI A 23 FhAD 12 B, L4
T EIMIEYIFNIEE 97% . AFFT R HL
FEYIAL 14 B, B3] 146 BRI R, AR TE 18 1>
JE, Forh e Y BN I (Cellulomonas) . PEETIFE)
W J& (Couchioplanes) o il % W @
(Cryptosporangium) . /N 1 J& (Microlunatus) . #54%)
Wi F& B J& (Phytohabitans) Fl i &) i 4 W &
(ActinoplanesVF R LIAH YN AR T ECH D L

46 PRI A K RS DT TS PRI R, 40 B
HADAETENE, SRR 86.96%; THHEEMKT,
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. ’s LR L FRHEHUA Ethyl acetate extract B BT ERIZ I HE B Mycelial acetone extract

§ 1921 220 - 18

820} 5 15

2 © 15t 14

Z1s5¢t g 11

3 11 ‘3 10

o | 8 8 210 + 7

- 1 6 7 5|6 s B .

w

é 513 3 3 4 5 g st 3

= 1 1 =) 0 I I 1
I I m vVoove v I II m \% VI L1 S
m Sensitive strain Drug-resistant strain m Sensitive strain Drug-resistant strain

C D < - :

20 JK)Z Aqueous layer R EF Fermentation broth

£ 16 27 §

g oy

z di 237 4

20| 8 5 - g 4r 3 f3 3

5 |7 6 sl, s 5 30 2

<) 4 @ L

= 0 10 0 0 00 00 0

2 g 1N BN BN BN B Z o R B Bt B
I II m v Vo v VI VI I II m 1 vV VI vl
B Sensitive strain Drug-resistant strain W Sensitive strain Drug-resistant strain

6 EAMEIRMERAERE
Figure 6 Positive strains with antifungal and/or antibacterial activity
1 kb, 0. Kipmn, . SEEMERE; V. 2BERE; V. WREHEAE; VI 828305 . o
BEERE; VI PRk,
Note: 1 : Pseudomonas aeruginosa; 1l : Escherichia coli; l: Staphyloccocus aureus; IV : Enterococcus faecalis; V : Klebsiella pneumonia;

VI: Acinetobacter baumannii; VI: Candida albicans; VII: Cryptococcus laurentii.

£ 3 Ekk S3CE2 & S3Af-1 HiE A

Table 3 Antibacterial activity of S3Cf-2 and S3Af-1

k= [EATL IS | 1 Il \% A% Vi VI VI
Code for strains Sample types S R S R S R S R S R S R S S
S3Cf-2 E - - 15 - 28 - 18 17 9 - - - 13 +

M - - - - £ - - - - - - - 10 -

A = = = = = = = = 11 = = = = =

B - - - - 14 - - - - - - - -

S3Af-1 E - = = = = & = = = = = = - -

M — —_ — — —_ — — — — — —_ — — —

A - - - - - - - - 9 - - - 8 -

B — — — — — — — — — — — — — —

T 1 WsRRippue; 0. Kipiaw; Il SWOaEeRE; V. 290RE; V. WREEAE; VI 82 A0rE; M. A
ARG W PHERUERE; E: CMOFRIEHGE; M. BRNEIRIGEIOR; A KJZ; B: AREEOK; S: BURER; R. W2y
MR £ 8906k - JoIEME; BOE: MR EAS(mm).

Note: | : Pseudomonas aeruginosa; 1l : Escherichia coli; W :Staphyloccocus aureus; W :Enterococcus faecalis; V : Klebsiella pneumonia,
VI: Acinetobacter baumannii; VI: Candida albicans; VI: Cryptococcus laurentii; E: Ethyl acetate extract; M: Mycelial acetone extract; A:

Aqueous layer; B: Fermentation broth; S: Sensitive strain; R: Drug-resistant strain; +: Weak; —: Negative; Numbers: Diameter of transparent
zone (mm) of inhibitory activity.
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bp Marker

NRPS PKSI PKSII

B 7 NRPS. PKSI#1 PKS II £ B jkE
Figure 7 PCR products of NRPS, PKS I and PKS II gene
by agarose electrophoresis

38 R T FOBTARIG A0 5 U5 , P
HESly 05%, o 14 BRI LA N 3 B
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HAA B3R HE . BIbk S3CE2 IR S3AL1 H4 —

40

35
230

Number of positive
6t
)
S

Biosynthetic gene cluster

B8 NRPS. PKSI#1 PKS IT ERE #7FHEL R
Figure 8 Results of NRPS, PKS I and PKS II gene
screening
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MR LSRRI, W AR 28 s B WA D AR E 2
PR M2 R A GER , EA b R Ik T
Wb KB biA: Z ) .
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