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Abstract: Fourty one plant tissue samples, including root, stem, leaf and hypocotyl were collected from 8
kinds of eumangrove and 5 kinds of semi-mangrove at Shankou Mangrove Nature Reserve in Guangxi
Province. These samples were grinded into little pieces after surface sterilization, and then seeded into the
isolation media containing chitin, humic acid or xylan as the main nutrition and energy source. As a result,
118 actinobacterial strains were purified from these plant tissue samples. These isolates were screened
using 6 models for screening new antibiotics, and the fermentation broths from 77 strains exhibited activ-
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ity on at least one screening model, the positive rate among the isolates is 65.3%. Based on the morpho-

logical characteristics, chemotaxonomic and 16S rRNA gene analysis, 77 isolates were identified as

Streptomyces spp. (44), Micromonospora spp. (25), Saccharothrix spp. (3), Nocardia spp. (3), Nocar-

diopsis sp. (1) and Lentzea sp. (1). Strain 107A-01824, which showed strong antibacterial activity against

the test strain Enterococcus faecalis HH22 (a multi-resistant clinical isolate) and positive activity on the

screening model of statins-like antihyperlipidemics, was identified as a member of a known species

Streptomyces albidoflavus. This study demonstrates that an unexpected diversity of actinobacteria colo-

nizes inside the mangrove tissues, and these endophytic actinobacteria are promising sources of new

natural secondary metabolites with physiological activities.
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ERHEHREY X, M FHRE5TVEEEARXS
WE I OB N, RET 8 P A R
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MY (CHERE . KEEER . WRE . Bt EE . TR
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M1 (g/L): RITA&BENE 1, BERHRE R 5, Hl
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10, FSERAR 5, WHSEmR 1.25, Bilg 12, pH 7.2,

M2 (g/L): JLT BT 1, NEEREN 1.25, BEfRE—
0.7, BMBREER 0.01, FLEREE 0.5, FALEN 10, LR
12, pH 7.2,

M3 (g/L): AR 1, R 0.5, #HEEm 1.25,
ERRREH 1.25, S4kEh 10, 3R 12, pH 7.2,

M4 (g/L): JE5ER 1, MP&EE 0.5, MOPS
10 mmol/L, F3Emd 1.25, WEIRRGN 1.25, &b
10, AR 12, pH 7.2,

M5 (g/L): P4 2, TEEE 0.3, MR 0.2,
BREREE 0.05, WEFRE 41 0.2, BRIRES 0.2, WilR W2k
0.01, & ft4h 10, 3iE 12, pH 7.2,

M6 (g/L): ARZWE 3, BERHZF R 5, HFRER 0.2,
BREREE 0.05, BERRE 41 0.2, BRIRES 0.2, BRIk
0.01, 14 10, AR 12, pH 7.2,

M7 (g/L): NEREN 2, WEERER 0.1, EH3E6 1.25,
HRREN 0.2, BLFREE 0.05, BERRA 4 0.2, RIS
0.2, B2 4k 0.01, S 4k4h 10, UG 12, pH 7.2,

M8 (g/L): taZE 1 5, BERREE R 1, R
0.1, Ak 19.45, SALEE 8.8, BN 3.24, Ffk
51.8, FALHR 0.55, BRIRE4H10.16, JRALAH 0.08, B
Jig 12, pH 7.2,

(2) RHEEGFRFE: M7 (WA FP o B RE FR )

(3) KRR FREL: Al (YL): W& 5, L7
10, AIVEMETERS 20, BEREFE S, MUEEDER 10, BERRA
ZHBR 0.5, milRER 5, BRIRES 3, FAALEN 20, pH 7.2,

A2 (g/L): Hi%WE S, BeREE S, |AMKS, 4R
BS, Bk 4, BWEPH10, BRIRES 4, TIETETER
20, S fb#h 0.02, S 1LEH 20, pH 7.2,

113 #0#IFI(me/L): Z50EMR S0, LM 25, &
IR 25,
1.1.4  #®E & : kI 75 K AT 8 (Mycobacterium
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smegmatis, ATCC700044), & @ §§ I fiz SS04
(Sporobolomyces salmonicolor SS04), 77 57T FT
Pm631SE (Proteus mirabilis Pm631SE, Ilfi IR 77 &
B, 77T B-N BERE G TEM-3), 283Kk HH22
(Enterococcus faecalis HH22, Il R4 &5k, KK
HR., HHR. A RXANKRELEN L), %
M ¥ B PAOL (Pseudomona aeruginosa PAOL),
BI21.19/pET20b/pasecA #il BI21.19/pET20b/ecsecA!'”!
by v B A R B R 2 A ) ROR AT S B T R O R
B TR R, WA AT SS12 (Mycobacterium phlei
SS12 A %5 2 M U HR) B R 23 BFT B RR11
(Mycobacterium phlei RR11, 84 % Z ifit 24 B k)1
[ BR A B A e B 2 A R R WIE 5 i R S 4
EX/S
1.2 7%
1.2.1 WS BEFRE: (1) EYHLFER L K
SR B 0 2R MRCRE 4 B it S UL 30 B9 K ol gk T
PR P U DRI IS R BRAE P A 2SR A 2 T, fEAE )
FEABTUI 15 em Ze A K PRy Bett AT R T H 7% o
FE SR IR A TREA (B 5% A A )R 5 min,
TCHKIEUE 3 UK, 75%IPRE R 3 min, JCR/KIEUE 3
W, B, RIS Y SR A

(2) AR B HUE R Y PR 2 ST oy
BRI IR, H 28°C #RILETFR 3-7 H. 3 JHZ
Jo, BEIWLEE o B R AR L B TEIRAS, PRIURZ
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Table 1 Information about the 118 endophytic actino-

bacterial strains from mangroves

L7/ A T LIt = it il
Tissue of Plant Root Stem Leaf Hypocotyl
é Y I3
AL 23 11 0 1
Rhizophora stylosa
oy
A B e ; ‘ 3/4 1/4 1/1 0
Aricennia marina
W »‘K
iy _ 2/3 0 0 0
Excoecaria agallocha
s
B - 3/7 0 12 0
Lumnitzera racemosa
1A
A B 1922 1/4 1/1 12
Bruguiera gymnorrhiza
b
* 24 12 1 0
Kandelia candel
KEE (O 12 0 0 0
Pongamia pinnata
*W‘WJ _ 1/1 0 0 0
Aegiceras corniculata
TR
Fant F 3/5 4 1/1 0
Thespesia populnea
B 12/14 4/7 0 0
Hibiscus tiliaceus
Yop
e 12 2 0 0
Cerbera manghas
R _ _ 13/14  1/3 1/1 0
Sonneratia caseolaris
Pae *
BT () 62/81 927  5/7 1/3

Total (Strains)
Tk e B TR AR/ 43 S TR R AR

Note: *: Positive strains/isolated strains.

22 HEHRAEBREEREMFESLR

it FHIEIG A0 REAT 18T L I R 43 285 1 22 Tt 2 T 25
A ER R HH22 F1#7 52 JEAT B I R 43 25 bk Pm631SE
G AR R, 18 FH DAGS % 50 AT T DNA [l i it
SEMATTR SecA 2R A MHD A1 1Y 25 1 i e A A D) I
] SS04 A B % 1l A 245 490 9 34 T3 s X 118 BRZLAR
FEA) A TR B AT T AN . U 24 T DA S R I
BEETRME AR ALK, B 77 MR T Y & R
i FE—A> 2 25 W i 5 i rh R R B (R 2),
B BN 65.3%, Horb, IR THEYARTFAY 81 Bk
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FH, IR RN 62 R, FHEERA 76.5%;
T2E04 27 BREE T, w0 BHPE T ARECH 9 bR, BHPESR
4 33.3%; VR TAEYI R 7 BRTE Y, 0 BH P TR AR
B SR, FRTERR 71.4% o LIRS FUAHE I 2
BAREIR 3RREA T, A VR IR0 PR AR, PP
M 33.3%,

R2 FEHRRERTEMR RS R

Table 2 Physiological activities screening results”

g i
Screnning model

700044 SS04 631 HH22 SS12 PASecA

Streptomyces 15/44 5/44 11/44 20/44 19/44 1/44

Micromonospora ~ 5/25  7/25 6/25 11/25 10/25 1/25

Lentzea 1/1 0 0 0 1/1 1/1
Saccharothrix 0 0 1/3 0 2/3 0
Nocardia 0 0 0 0 3/3 0
Nocardiopsis 0 0 0 0 1/1 0

H:: 700044: Mycobacterium smegmatis, ATCC700044; SS04: i (4
PRITERE SS04; 631: %5 72T AT R Pm631SE; HH22: FEM Rk
HH22; SS12: FEMSHFT I SS12 (45173 BT T GyrB 254 7 A5
); PASecA: LRMHFT T SecA 2T bb A8, ": 7 6 BH 1 TR ok A/
2 R R S

Note: 700044: Mycobacterium smegmatis, ATCC700044; SS04:
Sporobolomyces salmonicolor SS04; 631: Proteus mirabilis

Pm631SE; HH22: Enterococcus faecalis HH22; SS12: Mycobacte-

rium phlei SS12 (novobicin supersensitive strain); PASecA: Drug

screening model targeted on Pseudomona aeruginosa SecA; :

Positive strains/isolated strains.

I3 A ARHE M AR 07A-01824 7E 5T £ i 1iit
2K 7E P HH22 R I A5 80 - Sl R A T
P o FEAS TR) A0 0 B TR I 7 55 R ok 1) BE R SR 22 5 e
K, Hrify 36 PRIETEZ BT I8 GyrB 25491
VERIRY I WoR PHME, MAESRIRFT IR SecA 25 Wi i
B FACH 3 ARSI, 25 R@41 BR)
AUAE— A AR [ S PH . Ak 107A-01824 X
i PR A B SS04 1 2 H i 24 I 28 1l BK 7 HH22 [F]
Ao EL A s A A A o 3 3 TR PR 107A-01824 1 %
FEEVBLRE S IR AT T 4 B el A RN 25 R e b, & P R
107A-01824 1] j . —Fh7E2H 8 fifik R+ bl A £ Tk
EREMPIER AISGXMIRA B Y X EF), %
45 T 3% W LT AR 9 P9 A i 2 TR s LA VAR N A
(B . ARAG A 5% 0T 28 AR A BRI M R AR =
RS S/

23 EMEELER
Xof s 16 145 3] A9 HL A A B 1 B9 R AR AT PCR 3
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BEIFME, 1310 16S rRNA R (P15 H
GU550523-GU550599)7F GenBank F /47 BLAST %
KX, FEPH XTS5 R oR 77 MR 44
FR T 555 %5 15 & (Streptomyces) Bk 16S rRNA FE[H
A AR L PE R 98%—100%; 25 #k1H 5 /) 4 i1 7 s
(Micromonospora) EH PN 16S rRNA & E ALK
98%—100%; 3 R 50522 14 J& (Saccharothrix) H b
(1 16S rRNA K K AH I 98%—99%:; 3 BRI S~
G # & (Nocardia) F#R Y 16S tRNA F: A BIIE
98%—-99%; 1 R 5 HiE T K EJE Wocardiopsis) B
BREY 16S rRNA & [H AR 98.3%; 1 BRI S1EXK
[CTH & (Lentzea) AR 16S rRNA K AR L1
99.1%,

HA Tk 107A-01824 1) 16S rRNA JH[K FIHE R
JEE A S. albidoflavus . S. canescens. S. champavatii ,
S. coelicolor, S. felleus. S. globisporus subsp. cau-
casicus . S. griseus subsp. solvifaciens. S. limosus .
S. odorifer. S. sampsonii 1) 16S rRNA F& K AL 1415
9 100% ., 4 fIBE S LL-DAP; # Ll Phosphatidyl
ethanolamine (PE) SN F, &7 D5 KM L5 1) 2 1
WEAR; W ZEER 4L N MK-9(H,) (38.50%) .
MK-9(Hg) (35.60%). MK-9(Hy) (8.40%). MK-8(Hs)
(8.4%); #H i A5 Wi MR 1% 4 anteiso-Cis (37.2%) .
180-Ci4:0 (12.9%) . 150-Cjs.9 (8.0 %) . 180-C17.9(7.8%) .
i80-Cig0 (7.6%) . Cigo (6.2%) . Ciso (5.2%) .
anteiso-Cysp 20H (5.1%) . Ci; CIS9 (5.1%) .
anteiso-Ci7.1 (2.7%).is0-C 1 H (2.2%); FEHR4 G+ C
T JE 68.7 mol%., LA FRBUKFAE WoR, 7E bk
107A-01824 FI#& £ %5 # B Mk Streptomyces albi-
doflavus DSM 40455" [ RAVFHAE" AT &0 fE3E T
16S rRNA FE [H )3 51 73 #r i) R G sEAL A B (1),
AR 107A-01824 11 A B B 2R 7 — A2 19
ook b, gt E oy 00 MG 2 A0 SR
MrFl DNA-DNA %238 S5 WF 58 45 5, Rong %524 #
VUK S. albidoflavus | S. canescens . S. champavatii
S. coelicolor. S. felleus. S. globisporus subsp. Cau-
casicus . S. griseus subsp. Solvifaciens . S. limosus . S.
odorifer . S. sampsonii & 3 MR —AFh S. albi-
doflavus™™ . 254 ¢ T I RUERAE , B 72 B bR
107A-01824 J& TH BT S. albidoflavus Ty

=
AR
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107A-01824

—
0.0005"

Streptomyces somaliensis NBRC 12916" (AB184243)

Streptomyces champavatii NRRL B-5682" (DQ026642)

Streptomyces hydrogenans NBRC 13475 (AB184868)

Streptomyces violascens ISP 51837 (AY999737)

Streptomyces albidoflavus DSM 404557 (Z76676)

Streptomyces globisporus subsp. caucasicus NBRC 100770" (AB249937)
Streptomyces odorifer DSM 403477 (Z76682)

Streptomyces coelicolor NBRC 12854T (AB184196)

Streptomyces felleus NBRC 12766" (AB184129)

Streptomyces limosus NBRC 12790 (AB184147)

Streptomyces sampsonii ATCC 25495 (D63871)
Streptomyces koyangensis VK-A60" (AY079156)

1 £-F 16S rRNA EF 53 #TH) 107A-01824 51X E AT N-J REME B
Fig.1 Neighbour-joining trees based on 16S rRNA gene sequences of 107A-01824 and related strains

FE: 7 0.005%)7 41 2 5.
Note: *: 0.005% sequence divergence.

3 it
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YEH, 36 BRFES5 1% /0 BFT 1R DNA [ e f A Y 1 A5 7
P, 2 ¥RAESEMEAT IR SecA B MR | R BHME . X
LA I T 2T AR R A P A T B 7 A A ER S
JE i) ZREME, S T3 PR 25 PR T N T
U5 o ABETEH, ML AR Y 04 R 3 43 B 45 31 1) B Ak
BodtZ, A BE RN 69.2%, 1 H, X#HHE
PRI 05 M 3. (76.5% ) e s o BRIUE, [l — A
AL TR TR I o3 AT S A 2 R v R 5 B A 2R
PE, EAHF L RARER, FEF, TRz
ZURE & B A 0 0 A 1 T aE— 25 SR A R oy B F
5% o RVRFAMI A LR B Pk 107A-01824 &4 %

N

TR 1) 0 60 ol (B 1 2 R P ) — 01, AR =
X HH22 F1 SS04 # A MEEIER], Witk 107A-01824
FEAR B RAFPUR IR LAY A1 N IRFE R
SRP=EHIR B, LA ERIRE 4SSt s AT SR TR Y
IR S P A B

Big: ARA L0 B RaMRAS ) AR XK
T E M sheg R BN EA oo R R0 T 69 R W B A=
R

2 % X M
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