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Abstract: In order to explore marine bacterial resources that exhibit inhibitory activity against
human pathogenic bacteria. A improved in situ cultivation technique was implemented, markedly

increasing the isolation of culturable bacterial from the rhizosphere soil of ten mangrove plants
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growing along the Beibu Gulf. The 16S rRNA gene was sequenced to assign taxonomic identity to
bacterial isolates, and their antimicrobial potential was assessed with the filter-paper disk diffusion
assay. The results were as follows: (1) A total of 240 species assigned to 95 genera, 54 families, 27
orders, 8 classes, and 4 phyla were recovered, among which Streptomyces dominated, comprising
26.7 % of all isolates. (2) Based on 16S rRNA gene comparisons, 13 strains may represent novel
species, including strain Photobacterium lucens GXIMD 04217, which exhibited the sequence
similarity of 92.94% and may represent a potential new genus. (3) Furthermore, antimicrobial
screening identified 25 Actinomycete strains that significantly antimicrobial activity against at least
one pathogenic bacterium. Notably, GXIMD 04328 and GXIMD 04558 exhibited significant
inhibitory activity against methicillin-resistant Staphylococcus aureus and Talaromyces marneffei,
with inhibition zone diameters of (23.542.5) mm and (21.240.4) mm, respectively. (4) Seven of the
active strains exhibited broad-spectrum antimicrobial activity and were able to inhibit a range of
human pathogenic bacteria. In conclusion, the rhizosphere soils of mangrove in Beibu Gulf harbor
abundant microbial resources, and that the improved in situ cultivation is an effective strategy for
discovering novel bacterial species and bioactive strains.
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Fig. 1 The structural of the improved in situ culture device
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Table 1 Information of sample
Hh R gm FEmECE B
LA AR Coordinate of
Hb #5 Location Location FEf TS Type of sample Number of
latitude and longitude
No. samples
F1 HEF- S Cerbera manghas 3 108°13'E. 21°37'N
i F1 AW Casuarina equisetifolia 1 108°13'E. 21°37'N
By 3 i .

F1 Hi i Thespesia populnea 1 108°13'E. 21°37'N
Fangchenggang

F1 &kl 5 Aegiceras corniculatum 1 108°13'E. 21°37'N

City
F1 A<M Bruguiera gymnorhiza 3 108°13'E+ 21°37'N
F2 FAiA Kandelia obovata 3 108°22'E. 21°38'N




i P AE B
2455 AR Coordinate of

A5 Location Location FE M FhZE Type of sample Number of
latitude and longitude
No. samples
F2 RS Avicennia marina 3 108°22'E. 21°38'N
Q1 IR AL corniculatum 2 108°31'E. 21°53'N
Q1 HHE Talipariti tiliaceum 1 108°31'E. 21°53'N
NI Qinzhou Q1 JCikE 3 Sonneratia apetala 2 108°31'E. 21°53'N
City Q2 X % Acrostichum aureum 1 108°29'E. 21°52'N
Q3 AH# B. gymnorhiza 1 108°36'E. 21°51'N
Q4 IFHIME A. marina 2 108°48'E. 21°38'N
Q5 % Excoecaria agallocha 1 108°14'E. 21°37'N
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Fig. 2 The improved in situ cultivation technique reveals the cultivable bacterial diversity in ten
mangrove rhizosphere soil

AR LR SEFRAG 13 Fk 16S rRNA ZEFAHLUE N T 98.65% 40K , 7% Kim 4 (2014)
FI777%, 24 16S rRNA JE [ FFIARALE /N T 98.65% M), %41 i) Re AIELER YT, TEAEHY)
Fifs Ransk 2 FE 3 fos. Hh, Bk GXIMD 04217 Fil GXIMD 01310 43 ISR U5 T B Al
TR RRBRIA ST, Bk GXIMD 04217 54520 B #k Photobacterium lucens CAIM 1938 5 & #1L
F 4y 92.94%, GXIMD 01310 5 Gallaecimonas mangrovi HK-28" 5 i AU 4 96.98%, 4 %
iy % 5, GXIMD 01310 A4 Gallaecimonas J&f 1 ANEFh, @4 A Gallaecimonas
aegicerasi sp. nov.; ##k GXIMD 04217 >y Gammaproteobacteria 4N/ 1 ¥Rl &N
Aegicerasvorax ginzhovensis gen. nov., sp. nov. 3£ 7. #1 £l Aegicerasvoracaceae fam. nov., AH%
MR Tk %, Antonie van Leeuwenhoek (Lietal., 2025) .
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Table 2 Information of potential new species

Ym-5 Strain

SkVE Derived from

Y AR Phylogenetically close

ARABLEE Similarity

code species (%)
GXIMD 04355 JEME 3% AL marina soil Streptomyces chengmaiensis 96.60
GXIMD 04303 HEFEME L3 AL marina soil Oceanimonas doudoroffii 97.82
GXIMD 04445 IFHIME L3 A marina soil Mycobacterium poriferae 98.45
GXIMD 04364 Ik R 3% AL marina soil Marinobacterium mangrovicola 97.67
GXIMD 01310 Ik R 3% AL marina soil Gallaecimonas mangrovi 96.98
GXIMD 04177 I ek 5 1= 4% A. marina soil M. excoecariae 98.03
GXIMD 04330 #7114 C. equisetifolia soil Demequina aurantiaca 98.05
Pseudomonas oleovorans subsp.
GXIMD 04362 Hil #4513 C. equisetifolia soil 97.98
oleovorans
GXIMD 04774 i % 13 S. alterniflora soil Aurantiacibacter aquimixticola 98.15
GXIMD 01330 4 A, corniculatum soil Xanthobacter tagetidis 97.82
GXIMD 01375 4 A. corniculatum soil Mycobacterium longobardum 98.33




%5 Strain Y0 AL AP Phylogenetically close  #HLLEE Similarity
k¥ Derived from

code species (%)
GXIMD 04217 4 4 A. corniculatum soil Photobacterium lucens 92.94
GXIMD 01846 HEHEME 3% A. marina soil Cohaesibacter marisflavi 97.37

Sallaecimonas pertaromativerarns DEM 218457 (RIULO1000020)

TN Gallaecimanas kandeliae 0107 (0Q511015)

10U Sallgecimonas xigmensnsis 3-C-17 (AMEIN1000054)

23 Gallgecimonas gegicarasi GXIMD 013107 (PP461253)
5
Gallgecimongs mangrovi HE-28T(CP03 14 16)

V0O Assiceromabdis gqinghovensis GXIMD 42177 (PP461254)
73 GXIMD 04303
1000 Creamimonas doudoroffi MBIC1298T (ABO19390)
100 GXIMD 04364
| m[ Marinobacterium mangronicola Gal22T (KI021572)
GXIMD 043062

1001 peondomeanas oleavorans subsp. oleovorans DSM 10457 (NIUB01000072)
100y GXIMDO4774
Auramticcibacter aguimizticole I33K-14T (RAHX01000001)
5 100, GCIMD 01330
Xamthobacter kageticdis ATCC 7003147 (RCTFO1000015)

33 GXIMD 01846

100l Cohaesibacter marisfland COMCOC 191577 (121, 1058078)

100, GXIMD 04177

09 Microbacterium excoecariae CBS5P-1T (MT138564)
GXIMD 4330
1 Demeguing auranticca NBRC 1062657 (BBRF01000004)
TOTh g GXIMD 4355
Streptomyces chengnaiensis HNMOA63T (JARWEBG010000020)
59 Miycobacterium poriferae ATCC 35087 T(AF430589)
Mycobacterium longebardum DSM 45394 T (LOPG01000049)
07| - GXIMD 01375 -
39] GXIMD 04445 0.02

B 3 BEFDHRITERAEREN
Fig. 3 The Neighbor-Joining tree of the potential novel species

2.2 ANEREFREE T IR E S R T

AR IR AN P 2 FEPESE B IR, AGG B RIS ZEM PR A= S50 21 11 0 H A2 TR 2 A R 70 B 3L
Rfglt, 1G5 56 Rl B FRdw, HALEH 37 F (Bl 4) o i Frikrh & KR
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Table 3 Antibacterial activity of 25 strains of Actinomycetes

B E4% Diameter of bactericidal zone (XS, mm)

S S SR RS
5 Strain -
Phylogenetically close  Methicillin-Re A K b
code . . : : .
species sistant S. - ) ) T. marneffei
baumannii  pneumoniae aeruginosa
aureus
Streptomyces — — — —
GXIMD 04326 7.540.2
exfoliatus
GXIMD 04373 S. nogalater 8.340.8 — — — —
GXIMD 04378 S. alboniger 9.240.1 — — — —
GXIMD 04372 S. hebeiensis 11.540.2 — 8.7#.5 — 11.740.1
GXIMD 04322 S. malachitospinus — — 6.740.1 — —
GXIMD 04313 S. hawaiiensis — — 11.740.2 — —
GXIMD 04323 S. daghestanicus — — — — 15.34).2
GXIMD 04336 S. koyangensis — — — — 12.84.5
GXIMD 04484 S. lydicus 7.540.2 — — — 10.340.2
GXIMD 04486 S. caniferus — — — — 9.340.2
GXIMD 04328 S. antibioticus 23545 8.540.2 8.3#.5 — 11.240.4




Y EL4% Diameter of bactericidal zone (XS, mm)

e S TR AR D
] 5 Strain -
Phylogenetically close  Methicillin-Re A K p
code . : : ' .
species sistant S. T. marneffei
baumannii  pneumoniae aeruginosa
aureus
GXIMD 04442 S. angustmyceticus — — — 15.840.7
GXIMD 04525 S. ginglanensis 11.840.2 10.240.4 11.840.1 — —
GXIMD 04529 S. pluripotens 16.540.2 — 9.3#.5 — —
GXIMD 04589 S. filipinensis 8.640.9 — 6.840.1 — —
GXIMD 04504 S. sioyaensis 6.610.1 6.510.2 — — —
Brevibacterium — —
GXIMD 04446 9+.2 — —
epidermidis
Microbacterium —
GXIMD 04481 8.540.2 — 7.040.5 8.240.2
trichothecenolyticum
GXIMD 04587 M. esteraromaticum 12.842.3 12442 14.840.7 8.2#.4
GXIMD 04538 M. ketosireducens 7.940.1 — — 6.840.7 13.24.4
GXIMD 04558 Nocardiopsis alba 144357 7.140.4 — — 21.240.4
GXIMD 04573 Agromyces arachidis 9.140.1 8.040.6 8.140.4 — —
GXIMD 04477 A. binzhouensis 7.440.5 — 7.140.4 — 8.240.4
Promicromonospora — —
GXIMD 04324 9.240.1 7.240.4 9.540.2
sukumoe
Brachybacterium — —
GXIMD 04300 — — 14.540.2
paraconglomeratum
R HE A R R R 145+.1 12144 18.541.2 — —
positive control A Trimethoprim
FEMEXTHE B WY 2 — — — 15.2#.5 —
positive control B Ciprofloxacin
FEMEXHE C PtEER B — — — — 15.540.8

positive control C

Amphotericin B

VORI

Note: — indicates no activity.

Hob, JEMEFERRTILEEE T (S, hebeiensis GXIMD 04372) . BiE#E% T (S. antibioticus
GXIMD 04328) . fiftsl JIHE EMATE (M. trichothecenolyticum GXIMD 04481) . Filid JE AT
(M. ketosireducens GXIMD 04538) . H %R IKE (Nocardiopsis alba GXIMD 04558) .
TRJNIEEETE (A binzhouensis GXIMD 04477) . 5 PESL R 1B (P. sukumoe GXIMD 04324)
FAT SRS, S22 KA . 522 AN A S a e . PiA s &R
(S. antibioticus GXIMD 04328) #1445l < IKEH (N. alba GXIMD 04558) fH#247 (12 pL.
20.0 mg-mL™) 43X R A2 PG bk G B 0 T A ER R [T Pl B4R (23.522.5) mm]AI Ly /R e JE W
IRE B EAE (21.240.4 ) mm] B A & M EEE (-5 .
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Fig. 5 Antibacterial effect of seven active strains

3 Wit 545

JRALEE TR R IR B AR B TR A AE B80T 2 —, ARAAAERE TR B G R . 227K
i (2021) TELLRARIAEIEAI S IR RN, 60 NEAIRE R4 E b 25 MBI, MRS
1K 41.67%. ARWEFAES PHBT SRR LI AR AE B0 15 AN RAF s, HEEUIE R T 26 ZH3% 216
MR TR E, AR, KA 3 NEE DR N, e 7R, SehrR
15F] 98.61%, XK SR A7 1 IR BRI B B PE B A ks D T FL B I I 2 A A A K I B
FeHAuh, A R AR K T B o R e B BT EE AN S AL 5 7 20 B 7 O3 H ik R
TEOLR, WD T Z0RRPR A S5 T R AR T B0 2R B BRIR, A R s TR RS ) D A T
fEE.

KRG TR T, A AR TG nl 35 IR BRI AR, [ I 38 I B R R I B A5 . ATt
Foim IS ol R R A IR B NZIR L LAy BRI 13 MRS ER R, Hoh 58.8%J8 TR B
1], 35.3%J& TJHZTET, 5.9%J& THWAFHET. BEF )8 (Streptomyces) ARG A7 1: 7 1)
A EE, 5340 T RN E AR IR, %855 22 0 A2 R it 9 45 R — 5
(EZHESE, 2015; 4 %4F, 2021) , FEHTIEMAEYRES, 4/ 0.45 um LB ESRE
EETLRINLE . LN E R REE (Pseudomonas)  JRE & (Vibrio) R H# &
(Microbacterium) SEAFE/N H R FIZhRe I EE, XK K4MAR VN, HE, 2
iz kEsgss, R RN R TR E K (Jung etal., 2013; EFAMISE, 2023) .

TR B 2 L P ZORYE, AW IRAT Y 25 M o0t /0 1 FhR s 1  HAT
EPE, BEFEWJE (Streptomyces) AFEENEVEREM, LIRS 16 B, HiEVEEREET) 64.0%,
H IR A (Microbacterium) F14% 5 1% (Agromyces) « 25 g #E T, Hik GXIMD 04573
TR TE G T A P AR G R AT R B . B2 NS L Mo v S A R B A IS . A
S. daghestanicus GXIMD 04323 (15.3#).2) . S. angustmyceticus GXIMD 04442 (15.840.7) #I
B. paraconglomeratum GXIMD 04300 (14.530.2) 5 V&I T /R JE JE R B EL A F0 s 0 40
WY, AR e SERRR B PTA AT R SR B ROE M R R TR



AR TER SRR A IR R, MAGEE 10 PR PR Br L4387 73 Bt 240 FhmT 559740
W, AR 13 MR R 25 BBk B xt Z2 B A SREOR BRI M, B
JRUER T W R T AR B A P SRR A 0 B bk EL R BRI 78 77
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