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Abstract: Mangrove ecosystems, situated at the land-sea interface, serve as vital blue carbon sinks,
playing a key role in the global carbon cycle and climate regulation with their efficient carbon
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sequestration capacity. Microorganisms are central drivers of carbon sequestration in mangrove
sediments, capable of fixing carbon through diverse metabolic pathways. This review first
summarizes the currently identified microbial carbon fixation pathways and carbon sequestration
mechanisms in mangrove sediments, with a focus on three primary processes: the Calvin-Benson-
Bassham cycle, the reductive tricarboxylic acid cycle, and the reductive acetyl-CoA (Wood-
Ljungdahl) pathway. Furthermore, we discuss the influences of key environmental factors, such as
vegetation type, sediment physicochemical properties, and nutrient inputs, on microbial carbon
fixation and sequestration. Finally, we propose the future directions for studies on microbial carbon
fixation and sequestration in mangrove sediments, including the couplings of nutrient cycling
processes, microbiome engineering, and microorganism-plant interactions. This review proposes

potential novel strategies for enhancing blue carbon capacity in mangrove ecosystems.

Keywords: mangrove; microbial carbon fixation; sediment; carbon sink
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Table 1 Summary of microbial carbon fixation pathways in mangrove sediments: taxa, functional genes, and
niches
Carbon fixation =~ Microbial taxa Functional genes Niches
pathways
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rTCA Campylobacterota, Thermoplasmatota aclA/B, korABCD, Middle layer, deep layer
frdABCDE, ccsA/B, ccl
WL Pseudomonadota, Chloroflexota, Acidobacteriota, —acsA/B, cdhA/C, fhs, fdhA Deep layer
Spirochaetota, Nitrospirota, Halobacteriota,
Thermoproteota, Thermoplasmatota
3-HP Haven’t been explicitly reported in mangrove mcr, mcl, meh, mct-K14470 There is no evidence that
DC/4HB sediments pordBCD, porG, memAl/A2, these pathways constitute
hed, K15039 a complete function in
3HP/4HB fumABCDE, sucDIC, hed, mangrove sediments
K15016
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folD, glyA
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Figure 2 A comprehensive mechanism of microbial carbon fixation coupled with multi-element cycling and

carbon stabilization in mangrove sediments.

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



2628

HE Xuyan et al. | Acta Microbiologica Sinica, 2026, 66(6)

il A R 2 S, [RIEh HEh iAE  A
IEE 3 SEAN L NG EPO S o el U ) VAR K 7 T i
M o
31 RANBAHEMRHPTRERS
FREVLE, BRI RMITIR IR IhEE
CLRARTTAR D) PR W) K Sl A B IR 2R 5 AL
Wi BRI RIEH RS, XA Z TR YA
TEEA B TR BCR SRR ENE . A 4T
T 5 X5 LA PR TTC AR (ol 2 o 1 [l Bl 15 1 243
AN, AEARRF ST A AZ OB () R T i
Tl 2 o e 2 Ay 5 260 BRI B B A BILJB 20
fifp ik AR PR IEIME T, DA £ 2 B 0 TR AR ik 1) O
WERER, PEEARBELSE =T, XA
JC R IR REA OC R0 15 A A fif A O S BT
TR EERE ) N . AR T B Z A4 H AR
(REEI . R ) S5 & 0 PR
L M I AH 255 O SR, 2R ik BT 2L B AR TR
ST R TR 2 AR SR INi i (PSSR
DI REIE R o FERLEERE b, SIARRE R R
7N BE [ AN PC bR AT BY ¥ f# G L A% (PC-labeled
dissolved inorganic carbon, *C-DIC)] 5 &4 ifg )]
JE 53 W R AR [UNHE G S50 24 S K FH 9K SR 94 2
F 3% (fluorescence in situ hybridization coupled
with nanoscale secondary ion mass spectrometry,
FISH-nanoSIMS)] A & WAl i A= ¥ A 5 15k i
i N AR B AL ROR IR TE SR K-
POMNTEA [5G 2600 T 52 bR 2 5 TopL ik [ 16 1Y
RHERRE . JE— 2D H, R lR A 2RE EUE 5 2
RESEDN A5 BN GS, A B T B UE P 5
PRBIIE RAF B B A F B, DA R BRBE IR 28
XS 70 2R A P G [Ttk 2o A 1) T RN (18 3)
BT FiRZ RIERIEE S, RO N KL
G S RUE Y D RE BN 5 Z e RS I R
A SRERL, AR U8 5 T 2R bR
DURR B 1 D) RE A4 Sh 2 1 55 B2 L], AN
SR ELRRRR R B v 0 18 A 2 A B R 00 ) 3
W .

P4 actamicro@im.ac.cn, 7 010-64807516

3.2 QIEFTMEYETIIZEILMITAR, =
AR SSE Y SIS A DN e

Tl A g 2 TR T A v R A O Th BE A
YIS D RE L B 28 A Ak AR i AR
R 7 1] 4 LA AR UT AR B T Vs $ 48 T B Y
BRGS0 ) [ ffk T BB 2E P AL O e 5
ZH 2 AR AR R SR W 2 TR AR N A — A
WEFEIT 1] o A WA kg 20 AR TR A B 1 B4 11
MRS, HRER 4544 5 D) fig B v e e
ORGSR e . o R . b A fk
AT i A A A 5 ) R T A ) R ) T AR
ARV B I A A= 0 . H A, X2 A Ak
U Pk [ 5 5 K ik B 77 AH S T BE U E 9
M RGN, FF B AR A
[T 385 728 A A UL AR I B v 1 A6 267 38 e 1 A
X Ve B I 1) S B o3 ik o i = ELEE R . ROR
CL7E L RUTRY) . TR . B B3 X S5
FLER RS KME] DC/AHB. 3HP/4HB. 3HP Al
rGly S5 [ fiE R, (HIX SR 72 7R RE e 20 ARDT
TR () 53 AR AE . PRBERE I 2% 1 B (1 i 3
WA Rt — 5l Kok gl 45 A 2 RN
HYIREERE S A e HE R, DS R £0 A A
ke 2 AU R AR W A 5 0 e SR AN [ [ il ik
R OTIRERE, B A [ [ ek 12 1 SR B A
B &b, dE—2 M, T A MM YA
WHF S, IREDIRE AN S EE AR, 4
DL R S BRI AZ L, T SRR A AR
AR E AN TR A, SR AR AR
A TR RE i (A 3). Fe EoRiARY 2,
FESIASMNIR T RE PR E S b N T i 2 i 2ot
T2 7 R A5 T J P 1) A S R 0 KU A,
ST BT AE A AR RS, 2 X AR b
YRR S A A S T RE R E YRR . 1
Ah, T TR E I TR R 0 R W T e
e A, i a0 TR T B b B g A A
KL H eIk, 5 T Z R A P sk AR
A HLBRE o . 3T B - A W ik R



AT F & | k4, 2026, 66(6)

2629

Microbial-driven carbon sink
formation mechanisms

e

Metagenomic and
metatranscriptomic
sequencing

; @,}E
[ | ‘/J Ly |

Stable isotope tracing

B

High-resolution in-sifu monitoring

Synthetic community development
and microbiome engineering

\\ /;tf ;‘
» \::

Design synthetlc commumty model

B

Construct efficient carbon-fixing
- community

. o
Nttt

Explore metabolic regulation and

Microorganism-plant synergistic carbon
sequestration enhancement

Rhizosphere interaction molecular
pathways and functional networks

AT A
@)

Improving rhizosphere microenvironment
to optimize carbon sequestration
pathways

N\

‘ interaction mechanisms
Nuroge *
\ cycle . ‘
\ 0
lesphoms Carbon  \Methane \ /{' >
cycle fixation ' _cycle

Sulfr / Microbiome engineering
_cycle
L

Building an efficient carbon-fixing
microorganism-plant synthetic
ecosystem

Theoretical foundation

{ Technology research and development

Ecological application

Revealing the synergistic mechanisms of carbon
sequestration and storage in mangrove wetlands

E3 ARSI IR RE

Figure 3 Research perspectives of carbon sinks in mangrove wetlands.
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