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Dominant sulfate-reducing bacteria at different pH and
mechanism of sulfate reduction

PANG Anran, ZHANG Xiaodan, LIU Miao, LIU Hongyan*

College of Marine and Environmental Sciences, Tianjin University of Science & Technology, Tianjin 300457, China

Abstract: [Objective] To analyze the influence of pH on sulfate-reducing properties of
sulfate-reducing bacteria enriched from marine sediments, identify the bacterial community
composition, predict the key genes of sulfate reduction, and explore the mechanism of sulfate
reduction. [Methods] The sulfate reduction rates of sulfate-reducing bacteria at different pH
conditions were determined. On this basis, high-throughput sequencing and PICRUSt were
employed to analyze the dominant sulfate-reducing bacteria and the relative abundance of
sulfate-reducing genes. [Results] The biomass (ODgo) and sulfate reduction rate of
sulfate-reducing bacteria varied significantly under different pH conditions (P<0.01) and
reached their peak values (0.3420.01 and 96.52%*0.44%, respectively) at pH 5.0. According to
the high-throughput sequencing data, the abundance and diversity of bacteria were the highest
at pH 5.0. The dominant bacteria were Pseudomonas and Bacillus, and the assimilatory sulfate
reduction-related genes had higher abundance. [Conclusion] Sulfate-reducing bacteria are
suitable to be enriched and cultured at pH 5.0. Under this condition, the high sulfate reduction
rate is attributed to the assimilatory sulfate reduction pathway. The findings provide
experimental support for revealing sulfate reduction mechanism and broaden the germplasm
resources of sulfate-reducing bacteria for application.

Keywords: sulfate-reducing bacteria; pH value; sulfate reduction rate; bacterial community
composition; assimilatory sulfate reduction
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FeSO, 7H,O 1 0.5 g HL I Il 2 il 4 il 1 TC 11 V5
BRI R R R

R TRACIE: RS 3% R, IREIR N4
B, pH 6.0£0.5, HEFRIREE 35 °C,
1.2 EfES5EHR

DA DU R A5 0 TRTURL , P A
B IR A R IR R £R 1 SRR 1) ' AR R R L TR
B10 g VLRI Fhepfi , F 80 °CHA T 10 min,
R I K LR T-07 100 mL 37 fif 1% 375 5 44 1035
W, SAPHZE, AR 10 min, ET 35°C.,
150 r/min JR 7555 4 d J5 , 02 M %% B ODgoo
FUBREREL VR, AW LR R R Be . R W
FEREFR 3 R e DA B 1) e AU Bt b i
Ji 8 T KM R & AR B BR R A S5 TR I 8 T
1.3 pH XIHREE 2% IR Y200

18 LA R £5 o L 52 U 19 B TR 8 30 I 1 5%
R, 434 pH XHE G TR KRR Fhid )5t

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



1084

PANG Anran et al. | Acta Microbiologica Sinica, 2024, 64(4)

PRSI, SRB & SR A T RFEA & SO~
FIFEAR KGRI, FAC TR SR pH (E 5 5 2
4.0, 5.0, 7.0, 9.0, 10.0, BiF= =X, WE
RUAE A0 M A K 54 ODgoo S AR ERIA 2R, 43t
BREREL IR IRRE S, HARER 3 K,

1.4 EELERS
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0.50 1 =3 0Dy,
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1 7A[E pH {EXf SRB E& £ KRB ELIL R
REIFM
Figure 1 Effects of different pH on SRB flora
growth and sulfate reduction rate. **: P<0.01; ***:
P<0.001.
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Figure 2 Fitting curve of correlation between ODgg
and sulfate reduction rate.
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SRB M A= K 3845 ODeoo . At FRER IA R Al
pH (AR LB ILIE 3. TELABRER 5 M i T2
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£ 6.8910.11, HFEEH 5 K, SRB WifAEK

3 SRB EE4 K ODg WEEENLIEZ, pH
BEELHLE

Figure 3 Growth of SRB bacteria ODgy, sulfate
reduction rate and pH change value. ***: P<0.001.
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CAbFHRES, SRB WA KIEH: ODg 5%
0.34+0.02, BRMRELIAIFF R EWKE 96.52%+
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FFREY 6 K, WRFAER . BiERELILFEA pH
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PRFY SRB WA K< S AR R 14 )5 % il pH
{EAS b B AR SCEA B 4047 pH {EXT SRB R
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pH (B AR fb it (AR DG [RIFEFF 5 Boltzmann £ 7
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HETRER , BLERERIE R K ODgo HIE K
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2.3 pH {E SRB FEHAMR AN
23.1 o ZHMESH

SER R pH 5.0, pH 7.0 Fl pH 9.0 iX 3 Ffi 4%
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| = Sulfate reduction rate (%) L __A_.;
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g | ¥ -
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Figure 4  Fitting curve of ODgg with sulfate
reduction rate and pH change value.
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J¥(Chaol )FII I (ACEMEEUILE 1. pH K 5.0 A,
SRB FH £ OTU. Shannon. Chaol M ACE $8%4
¥R m K. Hidr OTU. Chaol #5%0} ACE 1%
B ; pH 7.0 FilpH 9.0 14 F, SRB HH#EAY
ik 3 28454546 FIr TR Shannon #5447 pH 5.0
Al pH 7.0 £ F LI B 22 B 2 2 5T pH 9.0,
232 [TKFELHERRTHT

ffi F UniFrac 55K F 2 /9 35 A 73 #r vk
(non-weighted analysis of arithmetic mean,
UPGMA)K A AN ] pH {H 2514 F SRB B R 2H A
RZES . WE S Frs, 99.00%LL F /Y reads #5358
2 o 78 JE B 1] (Proteobacteria) . J5 B B ]
(Firmicutes) . #XBE [ ] (Tenericutes) . AL ]
(Thermotogae) . #LFT 14 | ] (Bacteroidetes) . H.7%
I"J(Synergistetes) . 74 5L TR](Cloacimonetes) .
2141 B [ ] (Gracilibacteria) . #; ¥ [ ] (Cyanobcteria)
FIPETAET ] (Verrucomicrobia), [ 17KV FRYRSEA
B R, FEE pH 7281k, SRB BT
U IARRE, 24 pH{EN 5.0 if, SRB HREHERER]
[T fm(62.25%) , HUKCHRIEIE11(32.88%),
B SRB HEF 95.13%1945F; 24 pH {4 7.0 1},
AE R T FE R B E TR 2 84.09% (P<0.01), [FlHT
JERER R RN 7.44% (P<0.01); 24 pH
B4 9.0 I}, ZBJEEET T2 B —203E1(90.91%) -
IR, BB TRIERE ] T

%1 SRB EE o ZHMHEXEIE

Table 1 Related data of alpha diversity of SRB

flora

Sample name Number of OTU Chaol ACE Shannon
index index index

pH 5.0 256 310.67 284.29 3.82

pH 7.0 253 273.71 273.82 4.00

pH 9.0 183 199.53 208.30 0.97
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Figure 5 UMPG cluster analysis diagram of SRB flora phylum level.
SRB WRFMILHT 1K, i pHIERIG R, K 233 BAKFEHERSH
PRI F B I, JRERE R R R R KT U fe B P JR A B oy A itk — 20 e
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W pH5.0 Firmicutes
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!
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Figure 6 Cluster analysis diagram of genus level species.
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16 pH {0 5.0 i}, SRB B 52t JERE T TRy
ZEAIAT I 8 (Bacillus, 49.57%)FIZ5 T 1 1T IR A
JItd i J& (Pseudomonas, 24.77%)2H i, pH {E3E /il
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A= 1 2Rk, pH 5.0 IMOLFVG & S 2 AT G e i
s ER L T )
2.4 )n. gfn’ik_}_*ﬁ*%.]ﬁ/y"]

FRIEANR] pH B A5 T B R R 3 I o 2 A 5
JE DRI AR T2 B A BT 0 A i R ik S AL ) 4n
Bl 7 B, W8 A ™ P AN ] T R 3 i
AR5 R R VE B RR £R 18 )i (assimilatory  sulfate
ASR) #l 5 fb PE i W £ f )R
(dissimilatory sulfate reduction, DSR). HI4Mifi iz
(SO TEM IR L5418 RGR WA A B A A
STFHEAMPY, DSREMEH, SO FERT IR IR 1T
5% W MR R AR RN T RS B T AR R #h

reduction,

(adenosine 5’-phosphosulfate, APS), 4:hlf) APS
BOARIFEN HoS HEH JEAh ;s 1 ASR iEAEH APS
7 BTE AL 3 BE R IR OE -5 B R AR R
(3'-phosphoadenosine-5'-phosphosulfate, PAPS),
PAPS b SON BRI 5 22 288 5 I F IR -
4l 16S rRNA FE P 5 204, FH
PICRUSt 2R {4 X6 A7 2 R 348 S5 AH 5 8 PR 326 1 7 1
SRB I Hf A B R Eh i I A DG R e R dk .
e ASR A2 HE[F (cysPUMA  sat . cysND . cysC .
cysJl, cysH. cysE Fl cysK)Fl DSR #&HEH
(cysPUMA, sat, aprAB #l dsrAB). SRB EHEA
7] pH {E 2514 F ASR Fl DSR KL K (A% = B2
&l 8 . ANA] pH E 4514 T ASR JEKF1 DSR
BEDIARAXT FREAFAE 22 5% . pHAEN 5.0 1 7.0 B,
ASR JERIAHXS = 8 4 25 1 T S AL B3 i Rk DR A
Xt FE(P<0.01); pH {E4 9.0 i, DSR J& K H4H
XFERE R T ASR JEH . HIAT L, FERRYEE
PESRPET, SRB I F % H ASR F ik iR
. WTEPESE T, SRB W EZH DSR F
IR IR ER

Dissimilatory
sulfate reduction

-~

Sulfate (extracellular)
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e S ADP

Sulfate (mtracellular)

P
mrl@\n
PPi

APS
FAD ATP
. cysC
FADH, VK ADP
PAPS
aprAB cysH
AMP PAP
Sulfite L-serine
NADPH NADPH Acetyl-CoA
(ma cysJl l@/
NADP NADP CoA
.4_ Sulfide O-acetylserine

Cysteine
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sulfate reduction

&7 MMRERETEACHERE

Figure 7 Two sulfate reduction metabolic pathways.
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Figure 8 Variation diagram of sulfate reduction gene abundance.
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Figure 9 Correlation analysis of sulfate reduction genes and dominant bacteria.
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