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Diversity and anti-aging activity of endophytic bacteria
from true mangrove plants collected
from the west coast of Hainan
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( Institutes of Marine Drugs/Faculty of Pharmacy/Guangxi Key Laboratory of Efficacy Study on Chinese
Materia Medica, Guangxi University of Chinese Medicine, Nanning 530200, China )

Abstract; The bacteria were isolated and purified from 46 tissues of 14 true mangrove plants used nine kinds of isolation
media by dilution coating method. The bacteria were isolated from strains, and the species and genus diversities were
analyzed by bacteria morphological characteristics and 16S rRNA gene sequences. The anti-aging activities of the bacteria

were tested by Caenorhabditis elegans screening models. The results were as follows: (1) The 32 marine bacteria were
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obtained from 46 tissues of true mangrove plants without repeatitions. The 32 bacteria to comparison of 16S rRNA gene

sequences which could be classified into 12 families and 17 genera. The dominant genus were Bacillus. It was discovered

that a novel strain of suspected genus Aurantimonas, which 16S rRNA gene sequence similarities were less than 97%;

(2) The three cultured marine bacteria could significantly delay Caenorhabditis elegans developing and had dominant

anti-aging activities(P<0.05). All the above results indicate that the true mangrove plants collected from the west coast

of Hainan have high species diversity and part strains are rich in anti-aging activity.

Key words; true mangrove plants, endophytic actinobacteria, species diversity, anti-aging activity
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5, HEZ R EEAIRA TR AW
MRS, ARATE K S B 22
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Table 1  Information of collected samples

T il 255 T4 R T H A
Sample code Plant name Plant tissue
H1 A A6 =N
Aegiceras corniculatum Stem, leaf and hypocotyl
H2 EARIEZ e NN N
Rhizophora stylosa Blossom, stem, leaf, hypocotyl and root
H3 Mz =N Y
Lumnitzera racemosa Stem, leaf and hypocotyl
H4 EREg:S AE 25 R
Avicennia marina Blossom, stem, leaf and hypocotyl
H5 A AL =GN TN
Aegiceras corniculatum Stem, leaf, hypocotyl and root
H6 EREE:S E NN T
Avicennia marina Stem, leaf and hypocotyl
H7 ANGTH E-NUNNLHIN
Rhizophora stylosa Stem, leaf, hypocotyl and root
H8 [EFZe: N
Avicennia marina Stem and leaf
HY AP ENUINIIRN S
Xylocarpus granatum Stem, leaf, hypocotyl and root
H10 HAEA ENiax
Scyphiphora hydrophyllacea Stem and hypocotyl
H11 A A6 =Nt
Aegiceras corniculatum Stem, leaf and hypocotyl
HI2 ) EN NN
Rhizophora apiculata Stem, leaf, hypocotyl and root
HI3 AR ENUINIi
Bruguiera gymnorrhiza Stem, leaf and hypocotyl
Hi4 )53 EN
Acrostichum aureum Stem and leaf
75 W BRFTF 2 1 ( Caenorhabditis elegans) ,OP50 JK 173 T2 NEBEEFEER
WE B 5 BB K AT B8 ( Escherichia coli) ¥ ) PG Bl 2% Table 2 Information of isolated media
[CRER LA a7 P e B F 7
1.2 ﬁiﬁ Medium Medium components

12147\ AL NEBEEEBELE L AGG  BEH 10 g, EHE 1 g, HH 5 mL

Starch soluble 10 g, glucose anhydrous 1 g, glycerol 5 mL

M4 . {fi{;‘%ﬁ% %k@%ﬂﬁi_L?%%’Ms {%ﬁ H%%Eﬁi L-Asparagine 1 g, trehalose 5 g
BEFRIE M7 B ISPS BRI M R M-k W P e ER e
i 35 57 s M0 VE A — SEE Y M7 B 5 g, L-RAHERE 1 g, FH 10 mL
Tk e 555 % 5 M10: B0 R TE 4 7J<ﬁ£é@‘?i Ir 5k REREY A 1 g,
P7. 45 I — K . fj‘ T Jiz Yeast extract 5 g, L-Asparagine 1 g, glycerol 10 mL
MU - XA B B3R L D3 R B R AL MO KSR | g, L KAHENE | g, HM 16 mL
MI11. 1:%*']:7@% éﬂ%ﬁ&i—L%&F%o _[/Elééﬁfl Eaﬁ’{n JEN ﬁl]%:z Arginine 1 g, L-Asparagine 1 g, glycero 16 mL
2 Fi7R R IR L LK (10 mL #9258k MIO %R 10 ¢, BUKARBAR 0.5 g
Glucose anhydrous 10 g, gasein hydrolysate 0.5 g
RN 20 g BYBEHE , 99 pH7.2, ¥ F 121 TR K PT LM 0.5 g, L-FATEN | g, H il 15 mL
Ti]‘ 20 Hlln( E%E*{%{ \H&‘ KNO3 1.0 g, NaCl 0.5 g, L-Tyrosine 0.5 g, L-Asparagine 1 g, glycerol 15 mL
P3 HEAABIAR 20 ¢
MgS0, - 7H,0 0.5 ¢,K,HPO, 0.5 ¢, NH,NO, 0.1 g, ol 20
FeSO, 0.01 g,MnCl, - H,0 0.001 g,ZnSO, + 7TH,0 M1l HRFFHES o L-HER 1 ¢

0.001 ¢ %n£%?7k 10 mL) , ?#i%%%?ﬁgﬁ%i Raffinose pentahydrate 5 g, L-Histidine 1 g
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50 °C B A 0 6 00 2B e B A 2 vk B Ol 25
mg - L IR2],

alifb SRR RS 77 3 . o R ISP2 [ AR K: R 4L | i
FESRIUY) 2.0 ¢, 22 ZF 8L 2.0 o, 450 2.0 ¢, 3%
Ji§ 20.0 g FIiEE7K 1 000 mL,

KRGS ISP2 WRARKE FR 3L
122 W ROLE BSEFEZRHRE
(2017) J5 i , LR A P it 3547 2% T Bk 2% A
B, 5% A TRYN T R M 8 min, JCTH /K wh vk 2 3%
FBR B 5 75% WSV ORI 5 min, TCRE7K pPYE R
TR, BURZY 2 g W A T 0E AT I | WG 2
mL JCH 7K 5 RE SR AT, %R B WAE R R
P AR KA B R 10°F1 10 HLEBW, & T
4 CUKFHEAE
1.2.3 HAke9 2 B AL BARR B 107 F1 1074140
B 0.2 mL, 43 B A T 9 B AS R4 19 43 5 b
FEE BT 28 CHHER FEFE R #F 14 ~30 d; it
TEAER , PRVE 2 10 G W 19 HL TR 75 7E ISP2 B3R5
AT = X Rk A, Qg 2y W AT ik gl ik
2Rl , BB R — 4l B 75 TR g Sk
PRIT& 500 S O T TR S R AE 20 47 1 T R K
20% (V/V) H il E A5 T-80 C
1.2.4 PCR ¥ ¥4 2 R X AWM 54 R Chelex-
100 Resin ¥ ( J& XU 55 ,2010) $2 HUHE [ 4 DNA;
FZ B8 Walsh et al. (1991) 1 7 3847 PCR B )&
1, PCR 7= H 1% Byt JIg AR 56 e PR 9k 462 Y, Bio-
RAD B BUGABGIEE FL Uk 25 3 . B I AR Y
g S5 At e B LB X B EAH ARG R
oS E NGRS m AT

D25 28 DNA Star 2005 4 30 F) FH #4 22
EzBioCloud ( https : //www. ezbiocloud. net/) ( Kim et
al., 2009) #F 47 7E £ X 5 % 16S rRNA 3 A )7 41
HEATARARLPE L X 45 28, DA v i BORE L 1R 45 s HL 2
R A ) HL R B R A9 16S rRNA 3 K 514 4
ELAE S
1.3 EEFEFHELR
131 W mE RO HE SHEPEE
(2016) B 77 ¥E K5 32 Rk B0 K303 0 T Rk 4% b+
200 mL W IARSE TR th A e 7 d, 250 OB R R
KW TR CBEAEH, B TR TR 2 45 25
WA, BT TR PR AR AT
1.3.2 NGM ( nematode growth medium ) 3% 7 2 #9 Bt
% 2% Brenner(1974) 7515 A 3 g NaCl,

2.5 ¢ EHME 17 g BilF .1 mol - L K,HPO,-KH,
PO, Buffer (pH=6.0) 25 mL 975 mL Z&iH /K17 K
W KEEIMATHIERRE ) 5 mg - mL AR [E BEA R
I mL.1 mol + L' MgSO, 1 mL.1 mol - L' CaCl,
1 mL,
133 FmBAHLRELE T FHENKT X H
ZTARE PN A A T AR PR B P R S PR R AT
2 A S, A — At B R AR AR B 11 AN
() 75 A B R RS W3k 4 TR B bk e
FAEAFE] 8 AHE 5 1Y 75 o BHE , IR in 3k 5
Jis

S AL F MO 22 mifCRs BRSO 3 b
TR, VAL 3 Byl in AZ4# W (1 mL 5 mol - L
f) NaOH A1 0.5 mL 5% % NaClO iR 2 ) , %
B JE A 20 wL KM AT & B 30 pL
£ 11 pellet 150 wL M9 Buffer T 96 FLAR #9454 1L
L BEE IR, BT 20 C AR LR A B R
48 h J5 Al i L4 A L, B FR ARG LA 2 Bk
FEINA 5 (YT TE 500 pg - mL, BN 50
pL) B NGM K353 k4785 3%, B4l 2 i, Bl
20 5%, BB IR SRR AGE N 0 do BLJE, B R X 3G 5%
FER LR AT, B R LSS I S 2R U AR A BB
TR BRSO R 2 g 2 d 5 7% 2R iy 3 57
ML, R R AT, 15 T35 7% dr fil i K 75
A fH
1.4 Gt

BT AT B35 R 4K 4 SPSS Statistics 17.0 #4748
T ¥, 3¢ F 8K 1F Excel 2013 i % 2K, @ 1
DNA Star 4775385

2 SR 5

2.1 AREY N E W E S HED

FR A T P R AE AT W) D HF EE I, e 4% 58 PR IA
HEAT 16S tRNA JEH Y 1S F P51 43 7, 45 3R 3R] 32
MOMANE AT 4 410 A H 12 DR 1T AR,
HA R B AR AN ER 3 FioR . 32 BRELRIAR
YW A QR AE 17 A8 2o A s 1 i
7, o 18 B TR 8 (Awrantimonas ) | J5 1% B TR
J& ( Brevundimonas ) | AT 5 & ( Methylobacterium ) | #
F M TR & ( Sphingomonas) TG4 KT 18 J& ( Achro-
mobacter) Fr& R 5 )& ( Citrobacter) 3k H M H &
( Kushneria) Salinicola Y055 [CH )& ( Serratia) . HJ8
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Table 3 Compositions of culturable 32 endophytic bacteria

i 17 ELER P AR A TR A S S G i T 5T 315
St $g@r§‘hﬁ 1
m i )I=; enotrophomonas, &qﬁg@’t”% .
Vibfjl Aumntimfnas, 1 ﬂl&ﬁl@ﬁg
W _\ Brevundimonas, 1
Rhizobium, 1\ PR LAY 147
{&mﬂ@mg Methylobacterium,1
P

16S rRNA

B P51

FkH S HEH lgg{ul%%A

Strain code  Origin !

sequence
identity
(%)
IMDGX 6464  Achromobacter denitrificans 99.87
IMDGX 6256  Acinetobacter radioresistens 99.74
IMDGX 6121-1  A. soli 98.20
IMDGX 6574  Aurantimonas coralicida 94.65
IMDGX 6233 Bacillus altitudinis 99.10
IMDGX 6152 B. ryabhattai 99.77
IMDGX 6218  B. cereus 100.00
IMDGX 6106  B. flexus 99.08
IMDGX 6102 B. humi 98.05
IMDGX 6369  B. paralicheniformis 99.49
IMDGX 6227  B. qingshengii 99.34
IMDGX 6107  B. siamensis 99.87
IMDGX 6295 B. tequilensis 99.87
IMDGX 6283 B. vanillea 99.06
IMDGX 6395 B. vietnamensis 98.70
IMDGX 6470  Brevundimonas vesicularis 99.36
IMDGX 6341  Cutrobacter europaeus 99.01
IMDGX 6374  Kushneria avicenniae 98.70
IMDGX 6355  Pantoea anthophila 99.31
IMDGX 6483  P. dispersa 100.00
IMDGX 6407  P. eucrina 99.08
IMDGX 6476  Pseudomonas hunanensis 99.61
IMDGX 6466  P. psychrotolerans 98.81
IMDGX 6461  Rhizobium pusense 99.74
IMDGX 6377  Salinicola acroporae 98.80
IMDGX 6462  Sphingomonas desiccabilis 99.35
IMDGX 6291  Staphylococcus sciuri 99.87
IMDGX 6289  S. warneri 99.61
IMDGX 6198  Stenotrophomonas rhizophila 98.32
IMDGX 6472 Vibrio furnissii 99.22
IMDGX 6085  Serratia marcescens subsp. sakuensis 99.87
IMDGX 6604  Methylobacterium podarium 99.61

2 I

Sphingomonas, 1

b
Serratta 1 \
AR s

Acinetobacter, 2

Salinicola,1 —

R SHUF R
Kushneria, 1 Bacillus , 11

ZHE 7

Pantoea- 3

MK 1)

1 I BRI
Citrobacter, 1

TCEHT B Staphylococcus,?2

Achromobacter, 1

32 BRELZLA AR A TN A 40 TR
TE 17 A& 1 2 B o0 A

Diversity distributions of 32 strains of andophytic

K1

Fig. 1

bacteria from the true mangrove plant in 17 genera

T J& ( Rhizobium) K J& ( Vibrio) . 5 7+ H. il 1 )&
( Stenotrophomonas) 43 5 T 1 A Fh; A 3 #F 14 )&
(Acinetobacter) R H M0 B J& ( Pseudomonas) . 75 24
BB & ( Staphylococcus ) 43 3 &% 2 A~ F; 2 W)@
( Pantoea) 7% 3 R ZE AT B )& ( Bacillus ) G H
BR S 11 ARG 3 B AN 7Y 34.37% . o3 8518
BB VEAN B P 1 BRI A9 42 KK 16S rRNA
BT 91 5 H B 10T 2 1Y) B AR TR R 9 AR LA T
97% , 3T RGR T BTN 2K P I AR UL T
98.65% Yy T #k A2 T8 A8 BT J8 ST Ff (Kim et al.
2014) ., IMDGX 6574 56 %%k £ H Ik Aurantimonas
coralicida DSM (14790) " %) 5 i AH AL A 94.65%
T AE BT R
22 N2 HNAENEEEDER EYHAAREFRE
LY=ok i

32 BRECZLA N A AR T TE 14 I R RE (5
T L K 9 Fh oy B 5 3 B v i 0 A 1 L i8] 2.
K3 R 4 FroR . o B2 BEdh HA (1 5 RAE R
B4 FTHO (2 SR b URCR B 7 B 1R 2 Y
MRS e 2, HOUORFE ah H2 20188, 4 2315 3
12 BRAATR . MAAS[RIZH 250 25 45 30 00 20 T b s 24
PESEEZ5 R A 3 s, W 34T 1Y T bR
B2 (22 ¥R) AN H A B 2 e
(12 @), i 70 B 15 2 /Y T k50 i D (6
PR A A R Z AR (3 N8 o R AE
9 Fh oy B IE SR LI X B AOCR T J0, B 4 vh M7 K 57
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JHE s M1O 35 5735 (2L R VERS — /K i g R 595 58 ) 0
153 AR B T A PR R s MO B TR Ak (R R -
KA B 7758 ) 7 2515 2 B MR A A 2 v 8
/b R, M7 (2R OISPS K5 9E3k) 5 M10 (i R
TE M — 7K fife i 3R K R L) B R L AT O A 5 40 i Al Al
P TAESRAEEE SRR 55%5
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HAREYH R

True mangrove plant samples

H1-H14. B{EFRIE 1,
H1-H14. Information in the Table 1.

Bl 2 RIS YRR i b o B B A N A 40 T
Fig. 2 Endophytic bacteria isolated from different

samples of true mangrove plant
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Fig. 3 Endophytic bacteria isolated from different plant tissues
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B 7 Species
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Fig. 4 Endophytic bacteria isolated from different media

Has X BAR L P<0.01, 22 3 B3, F H B A S
TR L, £ S iR, 8 MR A& P g
IMDGX 6121-1 A BT & 1Y Acinetobacter soli 5%}
WEZH [ 8 (P <0.01), IMDGX 6355 ¥ # J& 1Y
Pantoea anthophila 5%} B4 FL#: ( P<0.05) HA &
EES BB KL

W5 25 B 40 /s IMDGX 6198 . IMDGX 6355
FIIMDGX 6121-1,3 #k . £1 A P A= 4 14 fig il 35 4k
SRLR R, A )5 ARG R R A A5 4 EE A
Yyl 2 9155 5] (19.62+1.04) . (19.63+6.72)
F1(22.70£0.94) d, fz K75 4n Al 5 5 21.68 ,21.37
M124.57 d, 4 Huang et al. (2004 ) BF 5% 0] %0 75 6
K & i BT i — A BRI, R A
WL R A A BRI R I S, R, AT 4
{14 75 i AT SRR R AR 7 0 ) S 2% e T

3 i b 4

Bl 45 30 PR T 0 B Ak A W LR B R
B, NATTIF R 400 B 0 5 ) T RR IR A BE M S W
BEIR (2830445 ,2003 ) 1 R PG T R L1 R AR BT TR
FB AR IR A | R At ok P A T R T A
PRIAESIEE . 35 6w VG I R LA PN A A
B ) 2 REVE S A s v, AR SR e R 14 1 H 20 A
TN 46 G L ZURE iy, R T 9 BhAS [R] 385 55 143 1
Gy B FR Ay B A AL T R N A T SRy B b
FENAEANE 32 B, 8T 12 BL 17 &, Hodb 11 Bk
ZEAIAF R (Bacillus ) (15 34.37%) , HAHERE
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PRAT& A FHF IR
Table 4  Effects of the first extracts from endophytic

bacteria on survival lifetime of Caenorhabditis elegans

NASE Y =) A
;‘%‘;ﬁﬁi Aviz ?f:ime Max?iﬁ%li;sﬁme
(d) (d)
19%DMSO 18.650.90 20.41
IMDGX 6464 14.60+0.62 15.81
IMDGX 6233 15.35+0.72 16.76
IMDGX 6106 16.10+0.77 17.62
IMDGX 6227 17.15+0.93 18.99
IMDGX 6295 17.30+0.78 18.82
IMDGX 6395 15.90+0.71 17.29
IMDGX 6374 16.10+0.70 17.47
IMDGX 6198 19.62:1.04 %3 21.68
IMDGX 6085 18.20=0.75 19.67
IMDGX 6107 17.86£0.90 19.63
IMDGX 6483 17.70+0.52 18.73

T BUR P bR n =40, « 525 A IRAL AR,
25t H (P<0.05) 5 #x 525 X IR H A, 22 5 4 3 (P<
0.01), T,

Note: Data =x s, n =40. * refers to significant differences
compared with the blank control group (P<0.05); 3 refers to ex-
tremely significant differences compared with the blank control group

(P<0.01). The same below.

x5 E-HANEREERETHIEW
B &BREFFGHRIT
Table 5 Effects of the second extracts from endophytic

bacteria on survival lifetime of Caenorhabditis elegans

i AT A
Average lifetime Maximum lifetime

(d) (d)

Wbk

Strain code

1%DMSO 16.9+0.91 19.42
IMDGX 6152 15.00+0.80 16.60
IMDGX 6355 19.63+0.87 = 21.37
IMDGX 6466 17.43+0.77 18.97
IMDGX 6604 17.61+0.91 19.44
IMDGX 6218 16.45+0.66 17.74
IMDGX 6369 16.26+0.94 18.13

IMDGX 6121-1 22.70£0.94 =3 24.57
IMDGX 6407 13.33+0.91 15.14

UL ZF AT BT ELLA N A AR W b e
HHLT X SRR (2017) BFFE 45 T, A
FENELLAAEI Y 13 0 it vh o3 B 3 22 Bk IN 2R
A B e 2, RO 14 25 b oy B 3 17 #E,
12 {3 R Gl P A 2 15 Bk, 2y A6 P A3 3] 7 BRI
5 MBS OLRE i A5 2 6 Bk, TR e B AT E Y 4
PRI 2 L& ZE IRl A6 5 AR B A 45 2
AT 5E 48 2R 55 A~ 25 R LG A 1 22 57 (R AR B
45 2006 8L ERSE 2010, 225184 ,2017) , #HEW
Ji DRI AT RE 2 R R R 2R SR AR 1 S TR
JE SR AR A ity AL 0 B R R i Ak B 7 S AA B
WS, L, i r P I R W] — 2D A N A
AN 1 o A e AR e R v S B 2R
PR, B —PHRARR

I JH 75 T B AT 42 A AL 0 08 1A A A TR 1Y) A %
WG ME, R ZE R R, 3 bR AL N AR A
Stenotrophomonas rhizophila . Pantoea anthophila
Acinetobacter soli ‘% B A B & JE S 2k U E W15 1
3R JE T 55 3% 5O R ( Stenotrophomonas) 12
& ( Pantoea ) MASHHEIE ( Acinetobacter ) i
PETE A Stenotrophomonas rhizophila B8 9% i 18 M A7 I
HH 4 5 E 4y 3 15 3] ( Kumar et al., 2015)
Acinetobacter soli R = 3 B fift £ 4 b i 3R 111 B 2 Pk
(Nguyen, 2018) , % J& 40 7 1l 73 6 R T 05 1 51, B
A KA R DB A i R i 2R ) B (X R
4655 ,2016) o HI G AT DL B 2 3 0 PR TR M R Rk
BAIT RN AR & A T d g i s,
TEAR M 58 T s Rk Stenotrophomonas rhizophila M
CLMFMIR (H2) (HEHE=E (H4) ZLRHR (HI2) K
*ﬁﬂﬁi{ﬂ( H13) Ay B 45 3] , Pantoea anthophila ¥
AR (H9) H 4 B 15 5], Acinetobacter soli T
MARBZE (H9) LLAIRAE AR (H10) P45 15
B, i UL [R) —  BAS [ SR B b a5 R AS [ A
Py 23] op s B AR ) A TR Bk

SUHTRUE T, AT e P T R AR AE R
K1 ¥k Aurantimonas sp. I TEFER A, H 5 E &
# B W Bk Aurantimonas coralicida DSM  14790"
( ATXKO01000033) Y 16S rRNA K& [F ¥ 21 A5 Bl M A%
T97.00% , B, T — 200 X018 TR B BT e 2 M
I3 IS UESE KON 3 Bk FLAT HE 5% 5 28 T 1 1 TR PR R AT
R ZRAT R Ie AL, I 23 A e WA ™ W i Ak 2
N LT 2 MU, D) Ry vV S 4 5 2 2 )
R TT 5 ) 28 7 kit



318 | I 7

40 %

SE .

BRENNER S, 1974. The genetics of Ceanorhabditis elegans
[J]. Genetics, 77(1) : 71-94.

CHEN ZM, HE JJ, HE H, et al., 2006. Isolation and screening
of endophytic antifungal bactetia mangroves [ J]. Microbiol
Chin, 33(3):18-23. [ MRk W], fal i 1%, fof £, 4§,
2006. ZLREARINAE AN B4 B9 eSS PURT e (1], Bk
PR, 33(3):18-23.]

HUANG C, XIONG C, KORNFRLD K, 2004. Measurements of
age-related changes of physiological processes that predict
lifespan of Caenorhabditis elegans [ J]. Proc Natl Acad Sci
USA, 101(21) :8084-8089.

HOLGUIN G, VAZQUEZ P, BASHAN Y, 2001. The role of
sediment microorganisms in the productivity, conservation,
and rehabilitation of mangrove ecosystems: An overview
[J]. Biol Fert Soils, 33 (4) . 265-278.

KIM KH, ROH SW, CHANG HW, et al., 2009. Nitratireductor
basaltis sp. nov. isolated from black beach sand [J]. Int J
Syst Evol Microbiol, 59(1) :135-8.

KUMAR SVP, MANJUNATHA BK, 2015. Studies on hydrocar-
bon degradation by the bacterial isolate Stenotrophomonas
rhizophila (PM-1) from oil spilled regions of Western Ghats
of Karnataka [ J]. Sci Technol Art Res J, 4(3) :1309.

KIM M, OH HS, PARK SC, et al., 2014. Towards a taxonomic
coherence between average nucleotide identity and 16S rRNA
gene sequence similarity for species demarcation of
prokaryotes [J]. Int J Syst Evol Microbiol, 64; 346—351.

LI Y, 2012. Isolation and screening anti-viral actinomycetes
from three mangrove [ D]. Haikou: Hainan University. [ 2%
1, 2012, =FPLLRIAEYI LR A B ) 53 88 S H BT 3
EMERARIYTE [D]. W H R R ]

LI FN, PAN Z, TUO L, et al., 2017. Studies on the diversity
and novelty of endophytic actinobacteria isolated from man-
grove plants collected in Macao [ J]. Chin J Antibiot, 42
(4):284-293. [ 2RI, WEER, JRA, 4%, 2017. W[ 1210
MAEYIN AT TR Z R SRR E (D], R EBUE
Fgek, 42(4) :284-293.]

LIN P, 1997. Mangroves ecosystem from China [ M]. Beijing:
Science Pres. [ M, 1997. HELZMMAET R [M]. b
AU Bl R ]

LI M, YI XX, YANG CN, et al., 2018. Study on diversity and
anti-aging activity of endophytic actinobacteria  from

associated mangrove plants collected from the west coast of

Hainan [ J]. Guihaia. http://kns. cnki. net/kcms/ detail/

45.1134.0.20180802.1511.002. himl. [ Z5%5, 536, ¥ %

Y, 5%, 2018. iR VU LI AR AR N AR IR R 2

R MOHSE e s MR B [J/OL]. T PUAH). hup.//

kns.cnki.net/kems/ detail /45.1134.Q.20180802.1511.002. ht-

LI JY, ZHOU WH, LI F, et al., 2017. Diversity of cultivated
marine bacteria and antibacterial activity of endophytic bac-
terial in Rhizophora stylosa [J]. Guihaia, 37 (3): 308 -
314. [ZE5MG, AL, 23R, A%, 2017, ZUHERE N A 40
ZRENE B FAW ] A 2 EOw BTSRRI S [T]. 7P,
37(3): 308-314.]

LI F, GAO CH, ZHU LB, et al., 2016. Diversity and cytotoxic
activity of endophytic bacteria isolated from Sonneratia
apetala of Maowei Sea [ J]. Acta Microbiol Sin, 56 (4) .
689-697. [ 2, WRRifE, A, 4%, 2016. 5 R IO
SN LA AR ARG 1 (1], BUEY I,
56(4) :689-697. ]

LI F, GAO CH, YU L, et al., 2017. Diversity of endophytic
bacteria isolated from Kandelia candel and its in-vitro activity
against Ustilago scitaminea Sydow [ J]. Chin J Antibiot, 42
(4):318-320. [ 29, iy, Mk, 2%, 2017. BKiAZE
AT 2R B A ) R R AR RS PEOT ST (0], PR
HERA, 42(4) :318-320.]

LI WJ, XU P, XU LH, et al., 2003. Actinomycetes resources
form the extreme environment [ J]. Microbiol Chin, 30(4):
125-127. [ZE303, fRF, fRmnte, 2%, 2003, Himhsg
AR BEIR [J]. BAEeAi, 30(4) : 125-127.]

LIU YH, WANG H, HU XK, 2016. Recent advances in the
biodegradation of hydrocarbons by Acinetobacter species
[J]. Microbiol Chin, 43(7) :1579-1589. [ X| £, £,
BIGERET | 2016. ANBNFT & (Acinetobacter ) 41 T P f# A1 I
FERIBEFEIERE [J]. SEY~EdR, 43(7) :1579-1589. ]

LIAO BW, ZHANG QM, 2014. Area, distribution and species
composition of mangroves in China [ J]. Wetl Sci, 12(4):
436-440. [ 53, KIFR, 2014, "PEILLROARIG 5345 T
UM FHZE AL [J]. MR, 12(4) :436-440. ]

NGUYEN NT, 2018. Acinetobacter soli SP2 capable of high-
efficiency degradation of food emulsifier polysorbate 80
[J]. Curr Microbiol, 75(7) :896—900.

PETRASCHECK M, YE X, BUCK LB, 2007. An
antidepressant that extends lifespan in adult Caenorhabditis
elegans [J]. Nature, 450(7169) ; 553—556.

QIN M, YU QW, ZHU LB, et al., 2016. Diversity of epiphytic
bacteria of three species of gracilaria and their bacteriostatic
activities [J]. J S Agric, 47(11): 1966-1973. [ & H, T
THE, AR, S, 2016, =L LR AR A B 2 A
WRTEYE T [J]. BJTAQ AR, 47(11) : 1966-1973. ]

SHEN MX, CHEN G, TIAN L, et al., 2011. Cyclo-dipeptide
metabolites from marine bacterium Pantoea agglomerans
[J]. J Shenyang Pharm Univ, 28(5) :350-354. [ Ik BH
BRI, W2, 48, 2011, ¥ 340 B B A2 B ( Pantoea ag-
glomerans ) IR ISR =W BT [1]. WHZERIK



3 1 S WP

ZLH PN A= 0 T A S HAE G2 e 2 T Y 319

AR, 28(5) :350-354.]

WEI YZ, ZHANG YQ, ZHAO LL, et al., 2010. Isolation,
screening and preliminary identification of endophytic acti-
nobacteria from mangroves at Shankou of Guangxi Province
[J7. Microbiol Chin, 37(6):823-828. [#E2, K3,
BAFIAT, 25, 2010. 7 PG L FZDARbR A AR R TR 1) 402
T e M HE [J]. Y@, 37(6) :823-828. ]

WALSH PS, METZGER DA, HIGUCHI R, 1991. Chelex 100
as a medium for simple extraction of DNA for PCR-based
typing from forensic material [ J]. Biotechniques, 10(4):
506-513.

YUAN XW, YANG RL, 2009. Isolation and identification of
one marine actinomycete strain exhibiting antitumor activity
[J]. Microbiol Chin, 36(1):78-83. [ 3 Mkik, ¥,
2009. — R ELATHU R 5 P2 PV VR TR TR 1 S 1 R
[J]. B, 36(1) .78-83. ]

YAN DM, WANG W, LI M, et al., 2018. Diversity of rhizos-

pheric bacteria and its inhibition activity from Sonneratia

apetala in Maowei Sea [J]. J S Agric, 49 (6) ;1095 -
1101. [ FifFse, £15, 255, %, 2018. FRELRER
HRBR -SRI TR 22 P KA BTG M A (D). m 5 Rl
i, 49(6) :1095-1101.]

ZENG EK, SUN YH, DUAN L, et al., 2012. Aging of Chinese
population and science of aging [J]. Chin J Soc Med, 29
(6): 388-389. [ |/KIL, MBS, Brik, 4%, 2012. K [H
N B 58 (1], mEkaBEZAGE, 2906)
388-389. ]

ZHOU SQ, HUANG XL, HUANG DY, et al., 2010. A rapid
method for extracting DNA from a ctinomycetes by Chelex-
100 [J]. Biotechnol Bull, 26(2); 123-125. [ XU, #
NI, B3, %, 2010. Chelex-100 B $2 B 28 7
DNA 12 PCR # S #AR [J]. AW HAR @, 26(2) -
123-125.]

(HRfEHIE FZEB)



