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Cultivable bacterial diversity, enzyme-producing capacity, and
characteristics of dominant Bacillus sensu lato in mangrove
sediments from the Zhangjiang Estuary

SHI Huai, LIU Guohong”

Fujian Key Laboratory of Plant Nutrition and Fertilizer, Institute of Resources, Environment and Soil Fertilizer,

Fujian Academy of Agricultural Sciences, Fuzhou, Fujian, China

Abstract: [Objective] To characterize the cultivable bacterial diversity patterns and extracellular
enzyme-producing capacity in mangrove sediments from the Zhangjiang Estuary, with a particular
focus on the distribution of dominant Bacillus sensu lato and the environmental factors shaping
their assemblages. [Methods] Bacterial isolates were obtained by dilution plating. Taxonomic
identification was performed by 16S rRNA gene sequencing. Plate-based assays were used to
evaluate the activities of eight extracellular enzymes. [Results] In total, 1 392 isolates were
obtained, representing 97 genera of 4 phyla. Bacillus sensu lato constituted the dominant
assemblage (57.8%). Preliminary screening suggested 263 isolates (18.9%) as putative novel taxa,
largely concentrated in Bacillus and allied genera such as Halobacillus. The Shannon diversity of
cultivable bacteria was higher in the core mangrove zone and at the estuarine outlet than at the inlet
(P<0.05), and the community composition differed among sites (P<0.05), being mainly associated
with salinity and metal ions. By contrast, the community structure of Bacillus sensu lato was
comparatively stable across space and was primarily associated with pH and carbon-nitrogen
nutrient variables. Enzyme screening showed the highest positive rates for proteases (64.2%) and
lipases (52.6%). Isolates affiliated with Bacillus sensu lato displayed higher positive rates than the
overall community across multiple enzymes, indicating broad metabolic potential. [Conclusion]
Mangrove sediments from the Zhangjiang Estuary harbor abundant cultivable bacterial resources.
In addition to the dominant Bacillus-related taxa, Pseudomonadota and Bacteroidota appear to be
key components underpinning overall community diversity. The high ecological stability and multi-
substrate degradation capacity of Bacillus sensu lato, together with other bacterial groups,
contribute to element cycling in mangrove sediments.

Keywords: mangrove sediments; Bacillus sensu lato; cultivable bacteria; diversity; environmental
factor; putative novel taxa; enzyme activity
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Relative abundance of bacterial genera in the mangrove ecosystem. C: Exit; M: Core area; Z: Entrance.
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Figure 2 Distribution of bacterial species at three
sampling sites in the mangrove ecosystem. C: Exit;

M: Core area; Z: Entrance.
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Table 1 Distribution of Bacillus community in the sediments of mangrove ecosystem

Sites Core area Exit Entrance Total

MM MT MB MQ ML MG CH CG ZH ZG ZX ZQ

Bacillus 48 37 36 46 63 42 33 26 54 62 66 69 579
Alkalihalobacillus 7 3 12 5 15 7 3 2 3 2 4 3 66
Brevibacillus 0 0 0 0 0 0 0 0 0 0 1 0 1
Cytobacillus 0 0 0 0 1 0 0 1 0 0 1 0 3
Fictibacillus 1 1 2 4 4 2 4 4 2 3 4 2 33
Halobacillus 11 4 4 6 8 6 4 5 4 4 3 4 63
Jeotgalibacillus 0 0 0 0 0 1 0 0 1 0 0 0 2
Lysinibacillus 2 1 0 0 2 0 3 0 1 1 0 1 11
Mesobacillus 0 0 0 0 0 0 0 1 0 0 0 0 1
Oceanobacillus 0 0 0 0 0 0 0 2 0 0 0 0 2
Paenibacillus 0 0 1 0 1 0 0 0 0 0 0 0 2
Paucisalibacillus 0 0 0 0 0 0 0 0 0 0 1 0 1
Psychrobacillus 1 0 0 0 0 0 1 0 0 0 2 0 4
Solibacillus 0 0 0 0 0 0 0 0 0 1 1 0 2
Terribacillus 0 0 0 0 0 0 0 0 0 0 1 0 1
Thalassobacillus 0 1 0 2 0 2 1 3 3 1 0 0 13
Virgibacillus 1 1 0 2 0 2 2 3 3 2 4 0 20
Total strains 71 48 55 65 94 62 51 47 71 76 88 76 804

Codes denote the microhabitat of sediment collection, e. g., Bruguiera gymnorrhiza rhizosphere (MM), Aegiceras corniculatum

rhizosphere (MT), Avicennia marina rhizosphere (MB), Kandelia obovata rhizosphere (MQ/ZQ), Acanthus ilicifolius rhizosphere
(ML), bare mudflat (MG/CG/ZG), Spartina alterniflora rhizosphere (CH/ZH), Cyperus malaccensis rhizosphere (ZX).
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Table 2  Distribution of potential novel taxa at the phylum and genus levels

Phylum Genus Strain numbers ~ Total  Nearest type strain Similarity (%)

Actinomycetota Agromyces 1 8 Agromyces humatus 97.64
Microbacterium 2 Microbacterium arthrosphaerae 98.21
Promicromonospora 1 Promicromonospora kroppenstedtii 98.60
Pseudarthrobacter 1 Pseudarthrobacter niigatensis 98.26
Streptomyces 3 Streptomyces kebangsaanensis 98.43

Bacteroidota Aestuariibaculum 26 41 Aestuariibaculum suncheonense 98.46
Algoriphagus 1 Algoriphagus halophilus 98.39
Gramella 2 Gramella gaetbulicola 96.60
Lacinutrix 1 Lacinutrix gracilariae 98.50
Robertkochia 1 Robertkochia marina 94.11
Snuella 1 Snuella lapsa 97.90
Tenacibaculum 9 Tenacibaculum lutimaris 98.49

Bacillota Bacillus 17 29 Bacillus hwajinpoensis 98.49
Cytobacillus 1 Cytobacillus praedii 97.04

(F525)
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(:42)
Phylum Genus Strain numbers ~ Total  Nearest type strain Similarity (%)
Fictibacillus 1 Fictibacillus solisalsi 98.59
Halobacillus 6 Halobacillus andaensis 98.61
Psychrobacillus 1 Psychrobacillus lasiicapitis 98.57
Thalassobacillus 3 Thalassobacillus hwangdonensis 98.57
Pseudomonadota  Acinetobacter 9 185 Acinetobacter modestus 98.10
Aeromonas 1 Aeromonas taiwanensis 98.27
Bowmanella 5 Bowmanella pacifica 98.12
Celeribacter 1 Celeribacter ethanolicus 97.95
Croceicoccus 1 Croceicoccus pelagius 97.94
Defluviimonas 2 Defluviimonas aquaemixtae 97.85
Erythrobacter 6 Erythrobacter nanhaisediminis 98.63
Ferrimonas 1 Ferrimonas balearica 98.28
Gaetbulibacter 1 Gaetbulibacter saemankumensis 97.12
Labrenzia 2 Labrenzia aggregata 98.56
Limimaricola 1 Limimaricola hongkongensis 96.45
Mangrovicoccus 4 Mangrovicoccus ximenensis 98.19
Marinibacterium 27 Marinobacterium nitratireducens 98.57
Maritimibacter 1 Maritimibacter alkaliphilus 96.88
Meridianimarinicoccus 1 Meridianimarinicoccus roseus 97.34
Microbulbifer 42 Microbulbifer variabilis 98.63
Nitratireductor 2 Nitratireductor aquimarinus 98.56
Novosphingobium 2 Novosphingobium panipatense 97.32
Paracoccus 1 Paracoccus aestuariivivens 98.58
Pararhizobium 1 Pararhizobium herbae 96.82
Photobacterium 12 Photobacterium halotolerans 98.30
Pseudoalteromonas 2 Pseudoalteromonas tetraodonis 97.78
Pseudomonas 19 Pseudomonas alcaligenes 98.64
Pseudooceanicola 4 Pseudooceanicola nitratireducens 97.05
Psychrobacter 1 Psychrobacter piscatorii 98.08
Rheinheimera 2 Rheinheimera muenzenbergensis 98.48
Rhizobium 1 Pararhizobium herbae 96.82
Rhodobacter 1 Rhodobacter lacus 98.49
Rhodococcus 1 Rhodococcus hoagii 98.17
Ruegeria 1 Ruegeria intermedia 98.27
Salinovum 1 Salinovum rubellum 96.32
Serratia 1 Serratia oryzae 96.50
Shewanella 10 Shewanella litorisediminis 98.16
Simiduia 1 Simiduia aestuariiviva 97.94
Thalassobius 2 Thalassobius gelatinovorus 97.06
Vibrio 13 Vibrio plantisponsor 98.51
Yangia 2 Yangia pacifica 98.46
Total 263 263
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Figure 3 Distribution of potential novel species of Bacillus in mangrove sediments.

24 BESHMREIMEETFIRD

o ZREMEPT R, MUY 3 AR AR
ML 4 P Shannon £ KE MR A AF W E 2 R
(ANOVA, P<0.05). Horr, g 0 Az O X 1
Shannon F8 %3 i 3 5 F AW C1(K] 4A). B ZHE
P 43 M1 FE F Bray-Curtis B 25 19 35 B 1 2 4 R
JE 5 AT (NMDS) 36 B, 3 N R AR A9 40 B B VR
H AE e 2 R P AR A B 0 B (8] 5A),
PERMANOVA it — D UESE, AN [RIRAFE s 1]
AR TRV S50 22 7 25 (P<0.01), R
W HAGI¥E X LS. M
ZF, AR 2 e A R R
A AT AE 2 5, H Shannon 85 807 B0 X B¢
% H e (8] 4B). SRR VS p £
FEPEANIR], 25 FRT TR 7 R 52 0 370 A1 2
(&l 5B), it B H A v 45 4 75 25 1) B3RO RRUE

P4 actamicro@im.ac.cn, & 010-64807516

Z HHL A R AN

Mantel test 25 8320, UIRYPRAL I i 5 8%
A2 TR V% 45 1 2[RI A7 7E . 35 A DG 1 (P<0.05)
TUR T (RDA)ZE— AT T 25 BAL I VE
Jrmnl, TR 1) RDA A 3 (P<0.05).
WK 6A iR, 8. CI ke Ca®', K", Na'% 5
U R AR R VR A5 R B 0 RO, 2
FEMIKBEH A F, 1 pH BN, M
T, ZEEFT BRI RETR 2548 (18] 6B) 257 pH
HINH, BKE), Hkh TC. TN 5 Na' (&l 6B).
pH Il Na " H i FURTOR-AP XA% O XA ZE AT 1
AIATERIEARDE, S A AR ARG, A,
TC. TN, A NH, 5 AW A9 2E /04T 15 43
R IEA G, 5 HA 2 4 b A5 0 5L 6 A oG
Mg™. NO;~, Ca*". K", CI' %N 52 H
ZH AR DGR



SRS | BRI, 2026, 66(4) 1667

A P=0.049* P=0.050

42 | ==
¥ ¥
[} O
ho e o
£40 £33
= >
5 532
> >
538t 5
=] f=]
5 831

g

R ﬁ “30t

34t 29

c M 7 & M Z
Group Group

B4 IRMESRGHFE Shannon S IR
Figure 4 Shannon diversity index of bacteria in the mangrove ecosystem. A: Total bacterial community; B:

Bacillus community. C: Exit; M: Core area; Z: Entrance.

A Stress=0.259 B Stress=0.249
R>=0.131 R*=0.104
P=0.001%* P=0.064

05t i %

[¢]

1 ¥

o 4 o
~ 1 Y o\ | L J ‘.
2 o ® oo oM & ° °® oM
2 o0 ¢ 3% o "4 z ...‘. 4 i
) °
0 ® ." .? ° -0.5F ° o)
(@)
°. o..?
o ©°
® o)
-1.0f
_1 F )
<] 0 1 -2 -1 0 1 2
NMDSI1 NMDSI1

El5 AHMMESREMEENMDST T
Figure 5 Non-metric multidimensional scaling (NMDS) analysis of bacterial communities in the mangrove

ecosystem. A: Total bacterial community; B: Bacillus community. C: Exit; M: Core area; Z: Entrance.

2.5 TEFEEMMEEENMIES  AEWBCTN. KAMQS.%), MAKKIH

L ML e R(22.5%). Bk L, rEswibkh B
WLRS BRI s e 0 1 302 petpk SRR IRORIE VIR D RE O S A iy

B PR RGBT S A e B 2 BB AR 2R SO T R 1 B bR L)

PER N 64.2%), HIRMFINIGANS2.6%). GFdix XTI,

fiti (41.8%). A BEWEAE(38.4%). #R E(33.1%). A T6] J& A ] 0 7 il R A A7 A8 I e 25 %

http://journals.im.ac.cn/actamicrocn



1668

SHI Huai et al. | Acta Microbiologica Sinica, 2026, 66(4)

A Permutation test: P=0.001

101 °

(9]

[e)

RAD?2 (12.08%)

|
W

RADI (17.02%)

Ele6 IMEREFSAMMESRGEMMBXM

B Permutation test: P=0.001

§ Group
\n .C

2 M
(o} o o/

:

8 3 0 3
RADI (16.40%)

Figure 6 Correlation between environmental factors and bacterial community composition in the mangrove

ecosystem. A: Total bacterial community; B: Bacillus community. C: Exit; M: Core area; Z: Entrance. Arrows
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