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Sulfate-reducing prokaryotes in mangrove wetlands: diversity
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MA Qiaoli'?, DU Huan"?, LIU Yang"?’, LI Meng"?

1 Center for Archaea Biology, Shenzhen University, Shenzhen 518060, Guangdong, China
2 Institute for Advanced Study, Shenzhen University, Shenzhen 518060, Guangdong, China

Abstract: Mangrove ecosystems are important coastal wetlands with highly efficient nutrient
dynamics in the tropics and subtropics, and the hot zones driving the cycling of elements such as
carbon, nitrogen, and sulfur. Sulfate-reducing prokaryotes (SRPs), one of the oldest microbial life forms
on Earth, play a key role in driving early geological evolution and modern biogeochemical cycles of the
Earth, while their role in mangrove wetlands remains to be studied. Only by fully understanding the
processes and characteristics of the element biogeochemical cycles that SRPs participate in mangrove
ecosystems can we capture the key aspects and clarify the coupling mechanisms. The development of
bioinformatics has led to the discovery of more and more uncultured SRPs. In this paper, we
systematically summarized the classification of sulfate-reducing bacteria and expand the taxa of SRPs
based on the Genome Taxonomy Database prokaryotic genomes. We then introduced the distribution of
SRPs in mangroves at home and abroad in recent years and the factors affecting the distribution to
reveal the horizontal distribution diversity of SRPs in mangrove ecosystems. Further, we expounded the
role of SRPs in the intertwined cycles of carbon, nitrogen, sulfur, and iron in mangrove wetlands, with
emphasis on the molecular processes of SRPs in the sulfur cycle, especially dissimilatory sulfate
reduction. Finally, we made an outlook on the future research directions of SRPs, aiming to provide

references for further research on the element biogeochemical cycling and coupling driven by SRPs.

Keywords: mangrove sediment; sulfate-reducing prokaryotes; ecological distribution; sulfur metabolism;
element coupling
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Figure 1 Coupling of carbon, nitrogen, sulfur, and metal elements in mangrove sediments driven by
sulfate-reducing prokaryotes. Sulfate-reducing prokaryotes participate in the sulfur metabolism process (red
arrow). Sulfate-reducing prokaryotes compete with methanogens for organic substrates in the presence of
sulfate (blue arrow) and provide organic substrates for methanogens through fermentation when the sulfate is
used up (green arrow). Sat, AprAB, QmoABC, DsrAB, DsrC, and DsrMKJOP are enzymes related to the
sulfate dissimilation-reduction process in sulfate-reducing prokaryotes, wherein DsrCrd is reduced DsrC and
DsrCox is oxidized DsrC. Roo-Rb and Cyd-Cox are sulfate-reducing bacteria enzymes involved in oxygen
metabolism in cytoplasm and membrane, respectively. Anthropogenic emissions of carbon and nitrogen
pollutants in mangrove forests (bold black arrow).
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Figure 2 The expanding lineages of SRPs diversity. In 2000, SRPs were divided into four groups (A). From

2000 to 2021, the development of pure culture technology and sequencing technology revealed more SRPs
(B). Based on the Genome Taxonomy Database (GTDB, version 1r207) prokaryotic reference genomes
encoding the dsrB gene at the class level taxonomic information, showing that the potential taxa of SRPs

continue to expand (C). SRB: sulfate-reducing bacteria; SRA: sulfate-reducing archaea.
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Table 1

T EIH X LI Rtk SRPs A R 76 1B

Distribution of SRPs members in mangroves in different areas

Sample area SRPs members Ecological functions References
Golden Bay mangrove in Guangdong, China Desulfobacterales Carbon and sulfur cycle [51]
Beilun estuary mangrove in Guangxi, China Desulfocapsa, Desulfobulbus, Carbon and sulfur cycle [52]
Desulfococcus
Mai Po mangrove in Hong Kong, China Desulfobulbus, Desulfobacterium,  Carbon and sulfur cycle [53]
Desulforhopalus, Desulfofustis
Dongzhaigang mangrove in Hainan, China  Syntrophobacteraceae, Carbon and sulfur cycle [54]
Desulfobulbus, Desulfococcus,
Desulfobacterium
Hanjiang river estuary mangrove in Desulfatibacillum Carbon and sulfur cycle [55]
Guangdong, China
Futian mangrove in Guangdong, China Syntrophobacteraceae Metal and sulfur cycle [56]
Sanya River mangrove in Hainan, China Desulfobacteraceae, Nitrogen fixation [57]
Desulfovibrionaceae
Chiu-lung River mangrove in Fujian, China  Desulfovibrio salexigenes Cellulose degradation [58]
Guandu Nature Park in Taiwan, China Desulfovibrio Biodegradation of [59]
tetrabromobisphenol-A
Qinglan Port mangrove in Hainan, China Desulfobaculum xiamenensis Carbon and sulfur cycle [60]
Mangrove in Goa, India Desulfovibrio desulphuricans Carbon and sulfur cycle [63]
aestuarii, Desulfovibrio salexigens,
Desulfovibrio sapovorans,
Desulfotomaculum orientis,
Desulfotomaculum acetoxidans,
Desulfosarcina variabilis,
Desulfococcus multivorans
Mangrove in Sundarbans, India Desulfovibrio Carbon and sulfur cycle [64]
Bhitarkanika mangrove in Odisha, India Desulfotomaculum, Desulfovibrio, — Carbon and sulfur cycle [65]
Desulfomonas
Mangrove in Merbok river estuary, Malaysia Desulfobacterales Carbon and sulfur cycle [66]
Matang Mangrove in Perak State, Malaysia  Desulfococcus oleovorans, Sulfur cycle [67]
Desulfobacterium autotrophicum
Mangrove in Mida Creek and Gazi Bay, Desulfobacteraceae, Carbon and sulfur cycle [70]
Kenya Syntrophobacteraceae
Mtoni mangrove in Tanzania Desulfosarcina Carbon and sulfur cycle [9,71]
Mangrove in Sdo Paulo State, Brazil Desulfococcus, Desulfatibacillum,  Associated with petroleum  [72-73]
Desulfovibrionales metabolism
Mangrove in Paré State, Brazil Desulfovibrio Carbon and sulfur cycle [74]
Serinhaém estuary mangrove in Bahia State, Desulfobacteraceae Sulfur and iron cycle [75]
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EE] G A% ) T4 1 T i it M2 4 Tt i 2 2 (adenosine-
5'-phosphosulfate, APS)®". ATP #i B2k e —
KT AFFE TR T AL R 30 34 )5 AR Py {4 rh
YO, B TE B R AL B S Wi T ATP
SO Ry A RN ERARELAE A A S & Ak

i )5 2 A W) (quinone-interacting membrane-
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bound oxidoreductase complex, QmoABC) (H
gmoABC FEK gt Ml APS ik (H aprdAB Ht
K gt AH B AE L APS i Ji A= Bl 0 B PR 16
(SO,™) Ml . ®§ MR J# FF (adenosine 5'-
monophosphate, AMP)!'*™'®l | QmoABC fEf%
YEh APS I JE Bl ) LA, ZE G YA
2 A4 M T AT P 2 1 (Qmo A Fl QmoB) T[]
2 B S5 1) AT 5 A IR 45 5 2R 1 (QmoC)
RN, SRR ER IS JE B dsrdAB FE[H 4
B )2 St PR 2k 30 Dt ok A A OGS, PR o S
(HH dsrA FERGmtE) A0 B WIE(H dsrB FE K 4 fth)
AR, [RIE LN dsrd BN dsrB AT RE IR T 5L
(143 R A2 i VOV JLF- ir 45 SRPs & 41 1Y dsrAB
AT mS L B E N dsrC, HILEYIIAN
DsrC J& DsrAB 1YWV . 4K 1M1 il 45 A 58 iR A &
L DsrC FH A2 DsrAB L, B C s A
2 AR RSE IR, AT LS DsrAB AHH.
YERTE B — it fe 7= 4= DsrCox S 5 iRk F1k
W RO S,057 F 3067 2 W A R h 4+t
ks SDVAV NIl Rl 1 D 7/ B ¢ 20 R Y 2 X 9
JGififf (dissimilatory sulfite reductase), —fiMiR%h
A JF liff (trithionate reductase) Fl 1 AR AR 1 14 R
fifi(thiosulfate reductase)f) =5~ ST M —#ifk
Ul i REE . =Rk 4 DsrAB Al
DsrCox HVE P i 455 8 1 DstMKJOP 42 &
Wyt — 1A 5 R Ak Y | TR A )5S ) DsrC
(DsrCrd) M IV i BR £k 36 5t 2oF 78 v B il i ok
(A 1)[111]O
2.2 SRPs BRI LR 2

PEAG A, B fbad 72 5 R £h ik R ¥y B
F/ 35 ACAEM AL DT P AT R R T
[F]— B B ) AR A A o Ak s by 4 A Ay S —
TR B, AP e . B AR IR 3k
At R 3 [ ) 4 by W - AR A2 4, e84
REAR AL P AR R R ) B 1 2198 & B SRPs

7

-
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A LAEAT B SA BE,  B) An 7 B a2 R A I
BT OB T e R A R R R T
RERS AL B BB A K RO IR o RESALBRA AR
PR R AN AR BR 6 A= K R E W ok 2 3w T I
R T U R AL 1 B R
{HZX] SRPs A b FRAIF 7T 2002 — I
FAAERIXMERE . A BF ST BEAS S AL At A IR R
PR B A9 i 52 4K B (sulfur  disproportionating
bacteria, SDB)#FAT T 4lidf3E . 43R 47 Fil
BEHREL, 253K W] SDB 5L & SRPs AN
TERGKE B4, M HBEAmRE: R )5
BRI Ry R F MWl , SDB
tk A S ek R R R R AR, BB
BRER A J5xX 2 Al AR iR AR Z ]l BEAF
TEVETE M HEAE L P SDB I SRPs 7EAE )
e gt s EAIRZ AL, HEM5 3
A R PR S M B DR Bl B TR nT LU Sl B BB AR
IR X AT BALRE ST R SRPs | k= B R £k
SALIRERE I SDB LUK HAT 2 FhIheEr
PRI Bertran!' PV B APS iR SRR BT
K C w4522 5" LI/E N SRPs #il SDB #
TEARIC T H o EADEIRUESE T —2L SRPs Al
2 BRoE4 MY (Y SDB JER AT R, fA7E—7E
ARy PR, A FH4RIX 5> SRPs 1 SDB
Iy TARICHRHE TR DL

3} RRRERWS SR AMTR
RN N

3.1 MEREBLEERESSERER

UM MAER RGP RS CO,
E G DAY R B A6 AE, REAS TR TR IS 4L
HAEZ AT B E A, Tl fb bk
T JE DL K N R TR 2R 0 1407 B g 1 2R AR
A TIEE, A TR AR = RS
AR AR SRPs 2 BIK 2 2T A PRI b B B A 2R 1)

KA — ), R R R BN, B
1R £h 38 i o R AR 3R 2 UL AR JZ i g - H
Bt Py B 2 S0E(E, 168 SRPs K sh Y
WRB RS 2L 8 2 A 7E R )Z DU LA R iR
h-HPid s . CAMIREY], SRPs JLF- ok
TS — 2 DL A PR A2
TH B TUBUZ BRI AR ) 70%-90% ) K
CLRARUTFR Y 43R A0 CO, HERE™ . TELLARIE
R Z U Y SRPs i i AL A B A4
CO, i1 SO.» e ie NP, i rP ¥y CH, ™ 4
FEE A TUURY R e 7w, 1 CH, 1Y
T8 FE W) 3= 22 9 B F B e IR 4K %A 4k (anaerobic
oxidation of methane, AOM)id ', WEHENT
Y iR s — 2 UL B AOM 1R N
KO Elvert %1245 SRPs A% G IR Ze A8 4%
AR EANIE AOM HREYH R EAFLE,
BLHH SRPs 1 8l 5 DA e b T WA G o
SRPs 577 U be il AFAESE A K 7, Xu 55U
Fi. F K W (pentachlorophenol, PCP)HH & 41| T
SRPs A1 P J5 W5 1 DR 4™ H Be T A K 32
W4T, Zhang 125 E— A 2 W G ARG
MR A& (Desulfobacca) SRPs 577 U Be R A7 7E
BEMAERENLASE, SRPs FE S EFRAAL
MREFRA e se 4, Hae S W A E FR ™
e dA7 . 1LAh SRPs B 5 7 H e vl
R AL TR B (] 5 VR Y — T, R R A
JG, SRPs 2 REFAPLRHMEE, mAH. LR
M A AR, AT e i gt A . W
MR RS, dEim b e A b i PR ik 58 e py
B30 SRPs M55 77 B ot B 114 36 4 121 B )
AR DA B b R A AR B LA 2 o i
FAMHEBCP SRR ST, R E TR
WU H bR B KT BA BRI R T .
3.2 WMEHZEFEESS5EIHEER

ZT BRI b 3501 047 1 ] S0 A 2 A 2 ff i )
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RIZVIRYI R SRPs 4% & Z2 12/ i
b A WS HRIE SRPs 7E 44 X Fl Gk & X 54
fEAE, Hor, Ao oA & Al o1 2 A 8w 1 it 4
Ry U A I B A L R R R AR R
Fr s R GE, TR KT B BE IRt A 2
PASCRFE AT AR e ] 5 25 ) i R 5
ik 5 5 H R G BEmR Ak 7 AR RE e DA ZERR 2R
KB gl F2 S i — A TR AL T I B R
R G5 FUR— it S A LR I R
Desulfovibrio gigas 4311 254 S8 !
4l J Bt 4 Ak i )R B (rubredoxin:  oxygen
oxidoreductase, Roo)HH 454 AUAL I 71380k 47
S RK(E 1o dEEZE bd Hfi(cytochrome
bd quinol oxidase, Cyd)FIMZLZEHIMMEAZE ¢
A AL (haem-copper cytochrome ¢ oxidase, Cox)
SETEMER IR R b AL 2 FPRRESS A AL IE IR
it FEANAR H, Roo & —Fh IR — H (&
B, BAW RS A — 8 R B R (flavin
FMN) 1 4 1k — 2 .0
(catalytic di-iron center)!"*", £ F A fbif JF 2 [
Rb (rubredoxin)ifi i %44k NADH & Roo & [ #2
HEE P AR ER JFOR K P B A B S e
TN JE R B T YRR SRPs, EATTRENE
BT (Fe;04) B IR BB (FesSa) A= W0 1k i 40 JifL 19
FIRE/IMA, DT AT DA ) A 3 & B IR R X
PEAT R M R B0 X SR ST E R R T B AR N A
J& SRPs S5AMEWZMME Y XLR ., it
Schoeffler 25! 31 Bl Ak 15 1) i) JBE A7 5K B 725 5
PR RERE I I S RIS RE R IT AR, XA
X} SRPs Y4 3d M HLHA T8 A IA R .
3.3 MERRITFEESSERMBIA

SRR A S R G B A A 7 ) LA K
S AE AR AE 3 0 v R A R A O R AR PR
ARG R AL AR A S R G
if AT N, 8 AR R A HE

mononucleotide ,
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B LA R TR s A% T S A P R
J& . WA TR B R T I K
%5 SRPs WA | 2 A AE T B iU Hp 277
IH SRPs XA RS R AR FE R A E T,
BCAN, TSR W ) 3 T SR R M £ LA AR g v
N, [EE R R RN 20 bk A 45 2 40 e g
F) & B PR, SRPs At 5N 141 g A 51 ik m LA
i) SRR £R A i 243 72 (dissimilatory nitrate
reduction to ammonium, DNRA)¥ZEH4:4)n]
AR R S Nie 25500 0 946 22 5L 241
W7 A1 qPCR 23 Hr & B0, Wisi At i H 4 59 SRPs
BB B A KRR IR R ], JUHJE DNRA
A

S A 2o T 2 2D AR AR b A 25 R G I BR A1
KRG RN R TR IR A
B NLO 1 FERIEN N0 J2 R filifb it
P rp B ] P s AR NLO HECY B
FERUR, ML AR Geh Fl SRPs (477 7E {155
VR FUR N,O HERR I E5 I nT B
SRPs 5 J2 A A TR 6T i R 0 I W 5 4 vh ik o 7Y
450, SRPs ZLIMMRAE S R 48 R PR K
IR, AMUORAE BN ARV R A ™
71, B BERRARIE = SR NLO HERL, A
T REDRCHE R AT S
34 MEHZTEESS5REBITREIF

ZIREAR A A BILJSE AN B R R 5 i (A5 A
PR I8 I B A LB i) 2 A2, AR
WP sh T Bk S A A D R 2 B 4R =Y, Hyun
USRI R BT, B R ER I ISRk (T8 J5E 7
AR VR M b h XA LB Ak B o1 Bk KT B TR
ITH AR ARG, Ul B R £ 3 it 5 2k (1D i )i
JETe PRI G FR . BR(I)IAR JF E 2L iy SRPs LA
N Mo ¥F B (Geobacter) Fl % #i M g
(Desulfuromonas) %558 R # MR 5h°% . SRPs 7=
A H,S 2 5 E4AJRE PO Fe®', Mn*", Zn**
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FI Heg™ 55) S W Y A 7 M 4 R Ak ), (L REF
P B R 455 i D Ay 2 1 5 AR A M 18 A )
£ R U3 Lovley %M YS1%t Desulfovibrio
vulgaris ) RN R, i 2 ¢ 7€ Fe (1)
WP A EE EAE M . Desulfovibrio vulgaris
Hildenborough . Desulfomicrobium norvegicum .
Desulfovibrio gigas 1 Desulfovibrio desulfuricans
Norway 7] LI i 40 M (6 28 ¢330 ik, Li &Y
1] & 48 SRPs HifRSE M ALk (IDJ5 , AR ¢
R o BEPFIR AR #5040 5O G BRI 1 B, B
SRPs 4Ky 18 9F A Wy 340 I Bk 0 AR Ak 3 st Bk
REAS Whm] & H4EVE FH o SRPs A= 3 F 19 H,S 7E 1]
Y B R AR Fe(ID) A AL B AL Jy ]
MAH(S05" . 87, TEREAR HoS Ay st IR
I A A T TR 1 S A ST e T S A3
PR AR B SO F HaS LA Rl &4, 78
iRl NI 215 FeS [0 B gkA™ Fe AL F AR E HuAFAE
WEEh . LDRMAR S R G IR £ 10 IRy 5
WAl & Y2 FeSy, HKh HS™ | FeS Al 8° 4],
FeS. FeS, #ll HS & #%. BAR ALY A
MR At A Ak A ot F i SN, FEf
EYER R LR S" 44 Fe(IID A Mn(IV)iE—
AR SO TFT SO O i I3 2 5 i 25 114
AL A B TR A TVE , 3t ST A ML ),
JCEmL S° AT LS W R AL R G A i AL
P1(Sa), HETAE JF 2 km i T s o Ui
O TR R AR AL W RN R B AL W AT T AR SE R R
EALTIEE B R & 1, 8 AT HUE BB S
HAEYABERMEETS FEEZ RIER, K
K9 SRPs REMS F AL BTk, 2 AT LAIAE IR
AR ER B 60T A Fe(IDA ALY aLAE R
AR T T A RPN AR AR AR Y
T OLR L R #h 1Y 57 A G T R 1 Bl 2 A U5
RS SRR S B T BR A, EA

IS ALY 42 AN | o N s Y R (YRS
TIE MRS T 10°-10° £%, H,S 7Efeik
FeS o] A ¥ ALyl b 2577 4 Hy, TR
B AR YD Desulfocapsa sulfoexigens 7] LIF| F
H, A Re i N a2 45, JF AT RE DR [m] a4k 3 it
TR T A HLEIN . T SRPs 7E BT K
HR BRI SR R A S 2 kIR A T AT
W .

ZLAM RIS HL IO AR v ) R RO FE R R T
AP R A VE T, SRPs . BRid 5 Al ™ H g
PRI A S S SR F AR AR 0P, Choi 21T
RIS R, Desulfovibrio desulfuricans LS {4
N TR A AR, W SEH TN
M iR £R ) FH 6 9E 5 Hg™ S A AR U R, Ik
UESE SRPs Jr i B ok F AR &R A2 Ry £ Tt it il
A B, (HXIEARIA BB 1T I A fhad 72
A P i R 421 7). Parks SOV BR hged
(GRS P S mk A 11 A S DAL hgeB (SmhS ek
AL IE U 1 B R DR ) 2 i R A AH O 2 2 1Y
R IEDY Bk AN 2 A B A A PR R b (] B
A, RS AL SR AR ST SR
Xof v ] 22 214 AR DX s R BE AL KT i S I K B
SRPs [WfEFA Al g A 2 B 36417, Chen 2517
KIFEKFES SRPs F=H BN EH S5 T
T 7 F A R 2 FE AL, S g — A A
A . IR Y /NEREE B B2 5 ERIE e
TR, SEMTGI L B R, (RS
BATHLH X HEfE Ut SRPs 4 F AL AU,
SRPs {38 J57=4) H,S it 5 Hg T i HeS, 1tk
B BR R 30 S 3 1) oK 4R ik A SRPs
(143 05 A VB Pt 241 o] R Ak b R U2 Sk e 9
W] SRPs (W HALAE 2 2y, HREITE A 2R
S0 WAL AR 1 43 AL 5 S BH BT, SRPs
5 A A=Y 2 [0 BAE DL K 5 R85 I+ B9 Bk & AT
Wit —P R
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4 RES5ER

SRPs J& T W b A 25 2 45 Hh 3K 3 e Ui LA
B4 JE AE U EAR A 1R R Iy, H PR A
$5% ) 20 SR DA AR W] ZAR A ) BAE SR
e FRBR M T IRATXT SRPs KB IC EFESHL
HlAAESE . BR, RSRATAZELLTR 6 A7 T &
TR — 2 MBS - (1) $24808 X o3 Ak ) 72 A
fig R0 JF A AR ) S L R, o T AL 4 A
ik — 2548 7R s A 0 BIR A A R0 R
B AL R A E T 5 (2) RIS RIS D RE
JE IR 5 A5 IR - =2 () 1 | DA S 25 5 AR R
et 5 [ v R AL AR 1L, 4 B T B SRPs 25
9K By (1) A Py Bk Ak 25 T R AR IR AR A ML (3)
FBIANTE] SRPs 255 AR 4| Z [ 19 5 T
mi L 2 R SRPs A7 4 @ A S B R
HR SR (4) fRIHEFR AR FRHAR SRR
Moy 1E . LB IR FERORM AN, KR
FE R A SR RS MR AR
AL DA™ A KW, 3 AN AT DL SE BN B
M or B R R, IR BETH BR I bk A K AR 22 e i
KRS, AR TR ERESRGE DA
SRR NMAEY, WS EER SRPs
2l 5% 77 TR AR ) R R A R S O AR L T mT
fiE;(5) RRFHHERLAMMAT RGP IR0
R EEAAE, PG RAEY 2R RIS
ME S IR B TR R R 1 iR RE B A
SRPs KIGEMME, Ak —B8 HRRET
SRPs 57 Fl de vy B 1 FH o 801k 11 25 75 A 1
AR AR ; (6) 7E WS T, SRPs
Hipm B HEASHE FTHREEMNE, Wik
SRPs XiF F- £ A6 AR Hh 35 ik T B 14 1 FH &% o3 ik
R AR FH BRI 5 1]
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