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Figure 1.
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Schematics showing metabolic pathways of sulfur oxidation!®®!.
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Table 1. Major groups of sulfur-oxidizing bacteria from lakes
Methods Lake types Identified major SOB groups References
Cultivation Fresh Sulfurifustis variabilis [33]
Cultivation Saline Sulfuriflexus mobilis, Thiomicrospira halophila [34-35]
Cultivation Soda Thioalkalimicrobium aerophilum, Thioalkalimicrobium [36-37]
sibericum, Thioalkalivibrio versutus, Thioalkalivibrio nitratis,
Thioalkalivibrio denitrificans
aprA function gene Fresh Desulfovibrionales, Desulfbactereae, Desulfobubulbaceae, [39]
Peptococcaceae
soxB function gene Saline Alphaproteobacteria, Betaproteobacteria [38]
aprA, dsrA, sgr, soxB function genes  Saline Betaproteobacteria, Sulfuritalea hydrogenivorans [40]
Metagenomes and Metatranscriptomes Soda Thioalkalivibrio, Thiohalocapsa [26]
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Figure 2. Schematics showing metabolic pathways
of dissimilatory sulfate reduction®.
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DRI 20 7 R R e ik 2 . MRS T IR B 45 07
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=
=
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Table 2. Major groups of sulfate-reducing bacteria retrieved from lakes
Methods Lake types Major SRB groups References
Cultivation Fresh Desulfosporosinus lacus [57]
Cultivation Soda Desulfonatronospira thiodismutans [45]
Cultivation Saline Desulfohalobium utahense, Desulfovibrio oxyclinae [55]
aprA function gene Fresh Desulfovibrionales, Desulfobulbaceae, Desulfobacteraceae  [60]
dsrB function gene Soda Desulfovibrionales, Desulfobacteriaceae [59]
dsrB function gene Saline Halomonas, Acintobacter [61]
dsrB function gene Saline Desulfobacteraceae, Desulfobulbaceae, Peptococcaceae [62]
Metagenomes and Metatranscriptomes Soda Deltaproteobacteria [26]
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SE R IR SRB W& il AAE A H IR P A K, H
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3.4 WAGEFHEER KRR

i N A 58 38 43 100 59 B R £ 6 5 R
(sulfate reduction rate, SRR)kK ¥, FZVIMH
(0-2 cm) SRR fit i, 4 & SRR 14 93%4, i
SRR W EZ —J& SO/ WREE . SO MR I
YR RSN /b, SO &/ R F%, #ifil T SRB
ARG, Sl SRR FEART. sh L) (30-
60 g/L)#II SRR fx & (2.2-31.2 umol S/(kg-h));
¥R 7K1 (3-10 g/L) " SRRy 0.1-1.3 pmol S/(kg-h);
25 45 W1 (165-390 g/L)*F" SRR 4 0.4-3.9 pmol
S/(kg-h)™®. ATLIA H, WK SRR KT (4R)
Wb SRR, (H7ERELWITh SRR KT Hh S5 Eh B i)
10 SRR, EWIHEAZZN SRR AIME—HR .
PR, WA AR 3R AT BEXT SRR WA 5%
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My, AN EE . AHLER & a . DU
AN TERFIE . SRB RERIFEIRE R, AT E S
240 SRB A 217, &Ik SRR.SRB LA SO,>
AAA YL ARBUCE Pr T W Re &, AP &
B IXE, SRB AIAI ALK, F TR
A JF AR HEA TS, U R e it T B
s J [l D Re AR ) VR . A AR R
g B 23 Syntrophobacteraceae fit) SRB
PRREL ) HfE 00 091 b 5 AT REXT SRB 9% A SRR
PRSI . J3Ah, LR DL R e A R
WA, WEkIRE: . BERRERT P XT B E X pH
A e R (a1 B s 4 e AR
M SRR,

4 HEREGHMTREFWE S

AR PR SR Sh AL & Y Y A AR s R
A HAD TR (ande . & . BESE) G P A B RS
FUTT Y2 SOB RMUS S IIAKIBR AL, [F
IARIR PR ER IR I . R BRI AR SE DN BE . AnJidT
W 4 B (% Thioalkalivibrio denitrificancs #l
Halomonas disederata B {& B A3 2544, FH 64
£ NOs™, HAER AL A o 7438 25 NOyT,
HA Y R AR IR gE B0 R kB T
Beggiatoa. Thiomargarita 5 Magnetococcus A
SOB SillABE R A 3¢, RV Ak vk J32 vy 1 2R
B o v TR R, Acidithiobacillus SOB
N AT LU 3 R R SCIE R g A [ COLY, 1w
B W B soxB R cbbL K [H Y v [ ST )% A
Thioalkalivibrio 49 A1 XF 4= B2 5 5 0 4F, WE R
Thioalkalivibrio SOB & i %Ak 12 & 1[4 ke 1o 2

AP,
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Bt R 38 53t A 5 9909 v e R R DT 3R A 2R
WAFE BRI R . IR EW, fE SO AR
oK, SRB A 1Y ST AR K it Ak S 2 i
T AR, IS I R R BRI R A
JENE, A A R, A5 K A b R A B )
T w4 W A T 1Ak O U89 08 5 (sulfide-
mediated chemical iron reduction, SCIR); [r]Hf4k
FACH R R T BOKR VTR PO 1
ERINEA, L, XA E SRR A R
EENAIEA R AEYIRN R . 535, SRB Sl
SO IRSR R A i L L 5 /N W= Al |
(anaerobic methanotrophic archaea, ANME)5 SRB
e, FEH B AL R, K SO M AR
HL 5204, (75 F e DR AR AR b o A 5 it 1R 6 3 )it
AT, SRB 57 FBE i 55 4 L R ER A
AR AMA, ARG L R . dne AR
iR b K A e 7 G ) AR R DR AR I B 2B K
IAE R Eh K M, B R £8 140 )t s A Gt 21
A 7 R o A S

5 R#&EMEZE

W10 PR 450G S 22 ol 22 A 4 A R AL A R
e A IERE, BN R AR S Hiie
SYRIAH AL . ARSCT LR T A AL IR IR
i SRl A WIAE A A B P RO BRLACE A  RET
O AR IR AR ) RO N R o il iR g
R, RIS [R) AT A A0 AU R R £ 300 I ol A
PIF R AT 225, X ER FRIEHRTA
[7] ol A= 9y ol B T AN [ 39 0 5 TR 3 (A L s 4
oy ACHRYIHEE | pH . SAUREE L R EE) B D
Ur2e s B[RRI, AT K T WA AR

Sk R RFICRE RS, RV e
() 0 A %k HC A oG 3R A ) L BR AL S 1 R L B A
HEZW , SR, BRI T A A S B R A
W B AN AR 2 A 2, @BUmsE L LA
T RAESE: (1) RS R R A
FEE SR 2 M A5 G IR AR PR BT IH1IE (54T L £
WL KR ) R R AE PR AR P 0 A S A A R
Wright 45 1% Bl pK S5 TR 9 Fh B 26 14 1k i A1
=4 Sulfurovum A1 Sulfuricurvum & = 22 1 %) 9 4=
PRI 3k R W o PR BT R G PR AT
THABIIRE, VE2 B A BAE P A PR R
Rt (2) WRITHIA W) R 2 R AE X R A
WA A DR T BT ) 53 % 7
e LTI T AR W A A W R 7 52 v A E Al B 35 K]
FHE R FIT SR X I A o 22
S A] BB MU A T B SR IE P UE IR A . A
PRAIEAE AT B 98 & IS [R) 35 B0 (et gk
WL BERERT L A A BTURY A o 24
PR, B W02 53 v] e U8 B G P G A W
vE ZREIE (R R KR - (3) 5 o8t R WA At 4 fk i
HKME R Tk, STHYH HERRHE LRSS &8
BULNE, s R 25 5 R, A ARk
R R L, TP S406) A
FE, AR E R, WorEmaiiR, (4)
PRI A 34 428 0 1y R 25 R R B 055 1R /25 i) K]
TRIRIR . AR B BRIl AR B
WEE, S0 M UG A& AR BN RAEET
BRI o SR, BT S SR TE TR AT o A7
TE S,O6” AL SEIR, FWI P REAZAERFIR 10 3R F2
HoAt B FREE A 752 M izl B, X SR AR AR

Tt — 5T
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Research progress on microbes involved in lacustrine sulfur
cycling

Junsong Chen, Jian Yang, Hongchen Jiang”

State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074, Hubei
Province, China

Abstract: Lakes ecosystems respond sensitively to climate and environmental changes, and are hot spots for
investigating biogeochemical cycles of carbon, nitrogen and sulfur. Lakes (especially saline lakes) are characteristic
of high concentration of sulfur compounds and sulfate, leading to active sulfur biogeochemical cycling, which is
mainly mediated be microbes. Therefore it is of great importance to exploring microbial roles in lacustrine
ecosystems to study sulfur biogeochemical processes and associated microbial communities in lakes. This review
summarizes the recent progresses on microbial diversity, functional genes, metabolic pathways and activity
involved in sulfur oxidation and sulfate reduction in lakes, and their responses to environmental conditions,
followed by future research prospect on microbially mediated sulfur cycling in lakes.

Keywords: lake, sulfur cycles, function genes, sulfur-oxidizing bacteria, sulfate-reducing bacteria
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