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Abstract: Mangrove habitat is rich in microbial flora and its secondary metabolites have novel structure, which is an
important source for mining new drugs. This study preliminarily evaluated the culturable bacterial diversity of sediments,
roots, leaves and hypocotyls of Bruguiera gymnorhiza and the biological activity of bacterial metabolites, and looked for
anti-HBV drug source strains. Pure culture technique and 16S rRNA molecular biology technique were employed to
determine the species of bacteria and analyze the species diversity. Using HepG2.2.15 cell line as a model, the anti-HBV
activity of bacterial metabolites was tested by MTT and PCR techniques. The secondary metabolites of active bacteria
were preliminary analyzed by LC-HRMS technique. The results were as follows: (1) A total of 59 species of bacteria
were obtained, belonging to 4 phyla, 5 classes, 14 orders, 23 families, and 36 genera, among which Bacillus was the
GXIMD07402, GXIMDO07665 and GXIMDO07384 were potential new
Pseudooceanicola, Thioclava and Aestuariibaculum, respectively. (2) The results of anti-HBV activity showed that
GXIMDO07366, GXIMDO07616, GXIMD07384, GXIMDO07550 and GXIMD07445X could significantly reduce the level of
HBV DNA in the supernatant of HepG2.2.15 cells (P<0.05) , and the inhibition rates were 51% , 47% , 63%, 52% and
47%. (3) Four main secondary metabolites of the highly active strain GXIMDO07384 were preliminarily identified as
Adenosine, Cyclo(L-Pro-L-OMet) , Acremine G and 7,8-dimethylbenzo[ g | pteridine -2,4( 1H,3H ) -dione. The results

of the study confirm that the species diversity of culturable bacteria in the habitat of Bruguiera gymnorhiza is rich, and it

dominant genus. Strains species of

contains strains that can produce anti-HBV active compounds, which provide a basis for the subsequent application of

marine microbial resources.

Key words: Bruguiera gymnorhiza, culturable bacteria, species diversity, metabolites, anti-HBV activity
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Table 1  Species composition of culturable bacteria in the habitat of Bruguiera gymnorhiza

o R [CLE ke ML R BR (BLAST) AHABLE 3L
Genera group Strain number The most related species ( BLAST) Similarity ( %) Source
Dietzia sp. GXIMD07588 D. aurantiaca ( FR821260) 99.12 1-1.1-3
Brevibacterium sp. GXIMD08275 B. casei (X76564) 99.60 1-4
. GXIMDO07727 D. maris (BBLX01000020) 98.95 1-1
Demequina sp. . .
GXIMDO07550 D. salsinemoris ( BBQZ01000002 ) 99.21 1-1.1-2
Janibacter sp. GXIMDO07490 J. melonis (AY522568) 99.51 1-1
Kytococcus sp. GXIMD07662 K. schroeteri ( AJ297722) 99.49 1-1
. . GXIMD07699 M. oxydans (Y17227) 100.00 1-1
Microbacterium sp. . .
GXIMD07387 M. thalassium ( AB0O04713) 99.20 1-1
Kocuria sp. GXIMDO07701 K. arsenatis (KM874399) 99.87 1-1
GXIMD08246 luteus (CP001628) 99.74 1-1.1-4
Micrococcus sp. GXIMDO08005 M. endophyticus ( EU005372) 99.09 1-1
GXIMDO08061 M. aloeverae ( CP001628) 100.00 1-1.1-4
Kitasatospora sp. GXIMD07391 K. albolonga ( AB184425) 99.62 1-1
Streptomyces sp. GXIMD07709 S. spiralis ( AB184575) 99.36 1-1
Myroides sp. GXIMDO07367 M. odoratimimus subsp. xuanwuensis (jgi.1107767) 98.76 1-1,1-2
Sinomicrobium sp. GXIMDO07572 S. oceani (JQ352762) 100.00 1-2
Aestuartibaculum sp. GXIMD07384 A. suncheonense (JF751043) 98.52 1-1
GXIMDO07385 B. altitudinis ( AS]C01000029) 99.49 1-1,1-2.1-3 .1-4
GXIMD07622 B. aryabhattai (EF114313) 99.62 1-1
GXIMD07385 B. filamentosus (KF265351) 99.74 1-1
GXIMD07390 B. siamensis ( AJVF01000043) 99.50 1-1.1-2.1-4
Bacillus sp. GXIMD07462 B. wiedmannii ( LOBC01000053) 99.10 1-1
GXIMD07450 B. funiculus ( AB049195) 99.87 1-4
GXIMD08241 B. pseudomycoides ( ACMX01000133) 99.62 1-2
GXIMDO07715 B. vietnamensis ( AB099708) 99.57 1-3
GXIMDO07471 B. subtilis subsp. Stercoris (D7XPNI1) 99.33 1-1.1-2
Fictibacillus sp. GXIMD07712 F. enclensis ( JF893461) 98.69 1-1
Halobacillus sp. GXIMD07459 H. salinus ( AF500003) 98.85 1-1
Alkalihalobacillus sp. GXIMD07696 A. hwajinpoensis ( AF541966) 99.23 1-2
Cytobacillus sp. GXIMD07748 C. kochii (FN995265) 99.87 1-1
GXIMD07629 100.00 1-1.1-4.1-2
S. arlettae ( AB009933)
GXIMDO08278 99.87 1-1.1-4

S. aureus subsp. aurew ( AMYL01000007)
S. warneri (L37603)

Staphylococcus sp.

GXIMDO08273 S B bso. S hyticus ( AP008934) 100.00 1-4.1-2
. L S . 't
" saprophyticus subsp. Saprophyticus . 123
Brevundimonas sp. GXIMD08242 B. wvesicularis (BCWM01000033) 99.62 1-4
Rhizobium sp. GXIMD07370 R. halophytocola (GU322905) 98.97 1-2
GXIMD07420 P. marcusii (Y12703) 99.21 1-3.1-4
Paracoccus sp.
GXIMDO08265 P. halotolerans (KY039331) 98.67 1-4
Pararhodobacter sp. GXIMDO07616 P. aggregans ( AM403160) 98.72 1-3
. GXIMD07402 P. aestuarii (MN929131) 96.33 1-1
Pseudooceanicola sp. o
GXIMD07813 P. nanhaiensis ( JHZF01000008) 98.69 1-2

Ruegeria sp. GXIMDO07799 R. profundi (LQBP01000024) 99.00 1-1
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R KB bk 2 BT (BLAST) B HIR
Genera group Strain number The most related species ( BLAST) Similarity ( %) Source
Thioclava sp. GXIMDO07665 T. pacifica ( AUND01000024) 96.24 1-2
Salipiger sp. GXIMD07369 S. pacificus (jgi.1055276) 99.45 1-1
Erythrobacte sp. GXIMD07443 E. flavus ( AF500004) 98.65 1-2
Qipengyuania sp. GXIMD07468 Q. aquimaris (AY461441) 98.96 1-1
GXIMDO07576 Q. vulgaris (AY706935) 99.35 1-1,1-3
GXIMD07445 Q. pelagi (HQ203045) 98.80 1-3
Shewanella sp. GXIMDO08125 S. algae ( BALO01000089) 99.61 1-2
Microbulbifer sp. GXIMDO07512 M. hydrolyticus ( AJ608704) 98.81 1-1
GXIMD07784 M. pacificus (DQ993341) 99.87 1-1
GXIMDO07514 M. salipaludis ( AF479688) 99.36 1-1.1-2
Pantoea sp. GXIMD07363 P. dispersa (DQ504305) 100.00 1-1,1-4
Klebstella sp. GXIMDO07545 K. grimontii (FZTC01000044) 99.87 1-1
Serratia sp. GXIMDO07526 S. rubidaea ( ABO04751) 98.85 1-1
Pseudomonas sp. GXIMD07478 P. kunmingensis (]Q246444) 99.23 1-1
GXIMDO07516 P. stutzeri ( CP002881) 99.75 1-3
Vibrio sp. GXIMDO07790 V. azureus ( BATL0O1000140) 99.74 1-1
GXIMD07687 V. plantisponsor ( GQ352641) 99.72 1-1.1-2
e 1-10 VU 1-2. 48 1-3. 1F; 1-4. il
Note; 1-1. Sediment; 1-2. Root; 1-3. Leaf; 1-4. Hypocotyl.
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Fig. 2 Venn diagram of the distribution of bacterial

B1 AEAHRSSEINAEME genera in different samples

Fig. 1 Bacterial species and genera isolated

from different samples
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Fig. 3 Bacterial species and genus isolated from different media

Uy B AR & e TR 4, 14 0 i Rk AR U R o R
HepG2.2.15 4 g JC BH & (%) 75 @I 46, %5 40 i 34 8
JCEH A, Rl DLk — 203 14 3 4 O 4
A3 HBV DNA (il 1E M
2.2.2 RABET 3% I 0 A 2t HepG2.2.15 @it 5-is HBV
DNA &9 3pkl4E M i 4 7T, 525 AL, 2
25 IR EEXT HepG2.2.15 2 |- ¥4 W H HBV DNA
KT8 B S AR AE T (P> 0.05) . GXIMDO7366
( Staphylococcus ~ saprophyticus subsp.  Saprophyticus ) |
GXIMDO7616( Pararhodobacter aggregans) ,GXIMD07384
(Aestuariibaculum suncheonense ) , GXIMDO7550 ( Deme-
quina  salsinemoris ) 1 GXIMD07445X ( Erythrobacte
citreus ) BE . % WA HepG2.2.15 4l | 3% W h HBV
DNA 7K (P<0.05) , 41253500 51% 47% 63% .
52% 47% , GXIMDO7384 HY4T £ JHFi B BCR fie ot
#,5 100 pg - mL FITEZH) 3TC FEHIMIEG, 40 1
I HBV DNA ZCP- B4 4 B IR (P<0.01) .
2.3 GXIMDO7384 {157 #8953 17

GXIMDO07384 ( Aestuariibaculum sp.) K ¥& 1F
B R HACH = Y e B2 M HepG2.2.15
HBV DNA & i, HFH LC-HRMS 43 Hr H 32 2 4L
WY, WL E T 4 A, O BRI 53 )
7 3.8.11.7.14.5 26.1 min, 73 F B FIEIKIK N [ M+
H]" 268.104 7.245.095 7.395.181 9 F1 243.089 6,
LEE A IR TS KR AR R, 25 S0k

R 2 HHX HepG2.2.15 MAAIEIAER
2 (FHE + tmEE, n=3)
Table 2 Proliferation effects of samples on

HepG2.2.15 cells (x +s, n=3)

. AmEEE A
Sample Cell viability Cell inhibition
(%) rate (%)

Control 100.00+4.46 —
3TC 95.21+3.97 4.79
GXIMDO00000 102.23+6.85 A —
GXIMDO07445 100.41£3.51 A —
GXIMDO07616 103.63+3.63 A —
GXIMDO07550 120.26+4.62*%* A —
GXIMDO07696 83.99+15.28** 16.01
GXIMDO07665 71.86+2.65** 28.14
GXIMDO07748 89.10+4.70* 10.90
GXIMDO07526 76.24+0.81 ** 23.76
GXIMDO07363 60.69+3.98 ** 39.31
GXIMDO07385 94.70£8.15A 5.30
GXIMDO07387 78.74+1.24 %% 21.26
GXIMDO08246 52.93+2.04 %% 47.07
GXIMDO07402 85.12+£2.51* 14.88
GXIMDO07366 94.27+£2.26 A 5.73
GXIMDO07384 109.48+2.04 %% A —
GXIMDO07490 69.60+1.54 ** 30.40
GXIMDO07799 95.71£0.96 A 4.29
GXIMDO00000X 99.13+2.14 A 0.70
GXIMDO07445X 99.34£3.08 A 0.66
GXIMDO07616X 104.56+£2.18 A —
GXIMDO07550X 110.19£1.92%* A —
GXIMD07696X 97.04+£11.67A 2.96
GXIMDO07665X 104.89+£3.46 A —
GXIMDO07748X 91.31x4.54 A 8.69
GXIMDO07526X 84.84+2.44* 15.16
GXIMDO07784X 87.17+2.71%* 12.83
GXIMDO07402X 107.80+£6.72#* A —

TE: S AXMRALK, *RRERBE(P<0.05), “RR
22 7R W3 (P<0.01) 5 AKX MO R @I 4 ; — o
240 AT ) 5 B AR

Note: * indicates significant difference ( P<0.05), ** indicates
extremely significant difference (P<0.01), compared with blank
control group; A indicates a group of non-toxic side effects; —

indicates the cell inhibition rate is negative.

HeXT, %7 A5 #E Wi 4k & % 4 adenosine ( Kuchkarova et
al.,2020) .cyclo( L-Pro-1.-OMet) ( Yang et al., 2013) |
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* indicates significant difference (P<0.05), ** indicates extremely significant difference (P<0.01), compared with blank control group.

B4 @ERSHW HepG2.2.15 41f L5+ HBV DNA 3501
Fig. 4 Effects of bacterial metabolites on HBV DNA in supernatant of HepG2.2.15 cell

acremine G( Arnone et al., 2008) Fll 7,8-dimethylbenzo
[ g pteridine-2,4( 1H,3H) -dione (75, 2015)

3 W54 ®

ZT R PR 26 980 2R A A R L
AW Z REE BT 5 S £LA R A B R A
FHEE BN 25, SR, W b 48 K 22 55000 A= W v
ANREREIRAT 1 15 35 7 i RBOR SR 17 4 2 55 5%,
PRk e B G2 (1) — A 7 2 R R AR A WP AR 2 1
AR TR BIRR S 120TR A 2 12RO A R Y i
Al B2 R I B A T 3 A AR AR I g 1) A A A
K (Mu et al., 2018) , T 2F fl T 04 J& o1 K ™ U
Ky B R YR AILT RS 2
Pl 006 VR, 5 W AR S R G m A AL I
AHIE I, PR A R AR R TG R, 2 £ 1) 3% 57
A ST D0 T R (PIME FTARIEEIG , 20155 &
MEERSF,2018) , ASHIFFE X AME A PyAE & v vl 15 5%
YR HEAT o 2 S, HARAF AN T 59 Bk, KB T 36
J& A AT R M B IE . ik S S 3

TR Z RO R B LR A A4S 3 AR TR
Y, R JEm F Pseudooceanicola . Thioclava F
Aestuariibaculum J& , H BIRIE Aestuariibaculum J& 2
WA 3 Fl (Jeong et al., 2013; Lee et al., 2013;
Jiwon et al., 2018) , 353 & A A, N 7
TAMBMEY SR, AR L AR E
I 3 ARSI LA K 2 35 PR 0 1 4 R 1) e A A2
SIALHI AR, AT A 3 IR BOR SR AL 4 ) T & 9
W R R
LMY B DU UM BE L DUR T4
A5 Z2 M A ) T M 2 T M R AR 7 Y ORI
(HEZE,2013)  AIRIZLW AR B 28 REAA T 22 57,
WAEYITE S a A AR B R v SS fR B
FEAL Y o, T AT % A SR [R] A9 AU A2, A=
JSCAH ) BARRL B 3% PR AR 7 4 ( 5044, 2020)
AR AT A 5 AR BT AR B b 0 5 45 2 Bt AT
R EE I VAL & W, A WE 5 LA 4 HBY /Y HepG
2.2 1SHNMIAR BT | e B 5 WK AN PR A 25 R
125 g - mL' I, BE & 2% R R4 i 175 Wb HBV
DNA 7K, 5 BRIGE PR3 1SR J8 T Staphylococeus
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Pararhodobacter . Aestuariibaculum . Demequina  #l
Erythrobacter , Aestuariibaculum J& W MR PT 2 IR
W PERCR AN O 23, A A W) AR W 24 e 7 A
VWG B, HH | Staphylococcus J& W
PR H8 3 R % TSK-1 4 i 7= A Y — b 60 58 26
H NukH , 715 3 % 5% o B4 P[4 H ( Sashihara et
al., 2013) . Aestuariibaculum Jg& W RAE N A H 8
ARV TE T IR PR, 0 2 I B T PESCR B3, BT 7
W R b A T A £ R A R T A
Yo, AR 2 7 2 OCTE, A o B R R
WIPUEE T 4 4 F 2 YN adenosine cyclo (L-
Pro-L-OMet) . acremine G #1 7, 8-dimethylbenzo [ g ]
pteridine-2,4 ( 1H,3H ) -dione, H: "', adenosine 1K
BB, O S AE RS20 B 52 50 Hh BoA $i
CHPRTETETE  EC, M4 1.5 wmol - L' (EHLLAIH
R45,2005) o IEMEREBRWEEE N 125 pg - mL! L0
Rk E] 63% , YU AR5 T adenosine, 7] BE
A v S AT AR TS R Sy, 3 B IR
RARGURTENE N SR, 3 M 1k 5 A 4
YEFIRLTIS A RE it — 2D WG AR NG W i 2R 28
FREWMARFH—LIHRER,

AR AR rpon] B SR A0 T N BT 2 BT B T PR
FENEEITT R, T £ s B2 06 1 245 9 1) % 4 4
HE TR 25 HIR IR, i — 20 58 3% T 245 FH L0 A R M
AR Wy Ao S 24 AR
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