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Abstract

This paper examines the physiological and metabolic characteristics
of sulfate-reducing bacteria (SRB), focusing on their
energy-generating pathways, electron transfer mechanisms, and roles
in the biogeochemical sulfur cycle. Through both heterotrophic and
autotrophic metabolisms, SRB can reduce sulfur compounds to sulfide
under anaerobic conditions and play a vital role in bioremediation
processes and maintaining sulfur balance in the environment.
The study also analyzes the energy conservation pathways, sulfate
reduction mechanisms, and microbial interactions of SRB across
diverse ecosystems. In addition, the biotechnological applications of
SRB in treating industrial wastewaters rich in sulfate and heavy
metals, as well as the environmental challenges associated with their
activity, such as biocorrosion and hydrogen sulfide production, are
discussed. Recent advances in utilizing SRB for modern environmental
technologies highlight their potential in pollution control, metal
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recovery, and the synthesis of valuable bio-based compounds. Autotrophy,
This study provides a comprehensive perspective on the ecological Bioremediation of
significance, biotechnological potential, and related challenges of Wastewater

SRB.
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Figure 1. Schematic representation of the biogeochemical cycle of

sulfur compounds.
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Table 1. Common oxidation states of the sulfur atom in various
sulfur compounds.

Compound Formula Oxidation states of sulfur
Sulfate S0;~ +6
Sulfite S02%- +4
Thiosulfate S,03 +2
Sulfur S0 0
Sulfide S* -2
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Figure 2. Phylogenetic tree showing the distribution of different SRB types.
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Figure 3. Classification of SRB based on morphology and
representative groups.
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Table 2. Classification of SRB based on complete and incomplete oxidation.

Genus
Desulfovibrio
Desulfohalobium
Desulfonatronum
Desulfobulbus
Desulforhopalus
Thermodesulfovibrio
Desulfonatronovibrio
Desulfomonile

Desulfotomaculu

Type of Oxidation Ref.
Incomplete [4,17, 18]
Incomplete [10]
Incomplete [10, 18]
Incomplete [10, 18]
Incomplete [4]
Incomplete [19]
Complete [18]

Incomplete/Complete [20]
Incomplete/Complete [4,17, 18]

1. Embden Meyerhof Parnas Pathway

2. Pentose Phosphate Pathway

3. Three Carboxyl Acid Cycle
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SRB ju 03830y 9 fASI pais g (35S gose cpuusl galio £ 633 ¥ J gua

Table 3. Metabolic diversity, carbon sources, and electron donors in SRB.

. Type of Sources* of . ) ]
Metab-olism Overall Reaction of Sulfate Reduction to Sulfide
C-source
Form 4 HCOO  + H' + SO — 4 HCO; +HS [10, 21]
O;g"_"g'c Pyr 4CH,COCOO™ + SO + 2H,+ 6 H,0 —»4CH,CO0™ + 4CO, +S*  [18, 21]
cids
Lac 2 CH,CHOHCOO™ + SO? — 2 CH,COO +HS™ + 2 HCO; + H* [18]
Ac CH,COO" + SO% — 2 HCO; + HS' [18]
= Volatil
£ olatlle Prop C,H,COO + 2S0? + H, -3 HCO; + 2 HS +H,0 [4]
1) Fatty
o .
5 Acids _ 2 _ _
& But C,H,COO™ +3S0% +2H, —4HCO; +3HS +2H,0 [10, 22]
I
Met 2 CH,OH + SO -2 HCOO™ + HS +2H,0 + H* [18]
Alcohols
Et 2 C,H,OH + SO? —2 CH,CO0™ + HS + 2 H,0 + H* [23, 24]
Carbohydrat Glc C,H,,0, + 350 >3 HS + 6 HCO, +3 H' [4]
es
. . H . o .
Auto-trophic Inorganic CO, /Foim SOF + 4H, + H* > HS +4H,0 [18]

“C: carbon, e”: electron, Form: formate, Pyr: pyruvate, Lac: lactate, Ac: acetate, Prop: propionate, But: butyrate, Met: methanol, Et: ethanol,
Glc: glucose
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Figure 4. Two common CO, fixation pathways in autotrophic growth of SRB.
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Figure S. Oxidation pathways of various electron donors in SRBs: (a) oxidation of H, and formate; (b) complete oxidation of acetate; (c)
incomplete oxidation of pyruvate and lactate; (d) incomplete oxidation of propionate.
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Figure 6. Energy conservation mechanism in SRB involving a
menaquinone based redox cycle.

P9 A yx0 5955 Y-F-F
Coo 5 Ech Fqo Rnf Nuo o_sile sl a3l o> o1 o

e LA & pdlgten 3l ) bagsis n Ladiias 0l o
DSl ATP adss slym (Seigy 45 e (595 9 A Sley

g monalie (V) IS5 o Sg5ks oy

NADH

Lise 2 SRB ju 55,30 Bl HlS 950 V s
SPIR S8 S 9

Figure 7. Energy conservation mechanism in SRB based
on proton motive force.
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Figure 8. Energy conservation mechanism based
on the hydrogen cycle.
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based electron bifurcation.
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Figure 10. Different pathways of sulfate reduction to sulfide:
ASR (green lines, left) and DSR (red lines, right).
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Figure 11. Schematic representation of sulfite reduction
mechanisms via the trithionate pathway in SRB.
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Table 4. Comparison of AG® for sulfide and methane formation processes with the same electron donor.

Product Electron Donor Reaction AG? (kJ/mol) Ref.
Acetate SO% + CH,COO" — HS + 2 HCO; -47.6 [18]
Sulfide
Hydrogen SO% + 4H,+ H" > HS + 4H,0 -151.9 [18, 20, 34]
Acetate CH,COO + H,0 —» CH, + HCO; -31 [10, 34]
Methane
Hydrogen HCO; + 4H, + H* - CH, + 3H,0 -135.6 [34]

S oplesl 039 5 (oS BA> Sla e L]y 0,555 85 >
Gyan A U1y oo adgs (Jolaie la b, dacams anl)d ol
Ao o 2l YP U, glaldS glajlE Ll g VYO B ) (5,
5 Jol &> ye yo il (Aol > o aws Julis SANI® IS 4500
iges SOF bl 5 J1 LS 5 GlST L (s3lgn s Ll
‘]41‘)_” )Q rsjd :-\_L’>).4 )Q COM— 9 QB_AAJGAA.AJy SZ- aLbSRB
Olyiedns a5 395 codwnST S0Z™ & SOB alewgas S ¥ S5nST o
g saoalitwl N2 4y (NOZT) "l s sls! (gl 09,5801 B
Alemsgts (NHD) U pasigal (g2 " s3lgm Ll pd jo 5Tl ye 0
45 05 ounSTNOZT & Vg gl (sl 52 slos S
P9yt )=t Sl (o Fin g spb seosliinl pgs Al o 5o

LEVAGFOTA-F |5 otias WSRB S (98

SRB gy 3l (S ol (S ) dphuai ¥-F
S olesee Bi> sl SANI® silb ;0 SRB i pogdle
Slr 50 (ng 65l Sy dnng )0 L S cnl e 5 S
aS wlelw ol jo wlaidl slogyg Coenl 50 yaud Sing) B>
5o Ay ol e i BB oy Bl lyisl
T ad gilale, a5 ol A o 0 g ceaisLis (DS-EBPR)
&l AT 5 lie 5ISRB sl soplol (s5lsm o Ll p 5o
Saie 3,555 [T asilgn b 49,555 sadunST OlS 5 sl
10 5958 sdgy0um T L lojen 9 0isS eeslaiwl (Poly-S2/S0)

6. Anaerobic Conditions

7. Anoxic Conditions

8. Nitrate

9. Aerobic Conditions

10. Ammonium lon

11. Autotrophic Nitrifying Bacteria

12. Denitrifying Sulfur Cycle-Associated Enhanced Biological
Phosphorus Removal

13. Phosphorus Release Stage

14. Polysulfides

15. Glycogen

9 =) sablow ;0 SRB sbyaoly g o, .7

sl leeds cxio 5 rsrecens ) soje> 0 Lasas SRB
Ol Joas asly wgd e lis cdbil g adas [0 sl S
9 Sty Sl g 5 G oSy (5095 50 o e
Sladss 4o J=o ‘LS:L.M.:‘ r’}—t.’ﬁ)i:‘" O Hg—a> (e

w2l oo T 4 dalsl o a5 conlazs 5108

SRB g (yaSiws 1305 43 00931 (slolunny (i j Aok V-
15 @YU Caenl ST aJgs 5 S02 slsl s SUlss JJsas SRB
Ty 5 (C) N pedls aiile (oS 238 g5l slacly dieas
SRB .a,ls (AMD) " gouul (ydcre (585 ¢ pizon g (PD)
Gloadly a1y S SIS 4 SOET Lol L plojen
WS 08 S ol e 50 Lol S5 5o 1y s Jslel (6548
Sl 5 e sla Tl el czse ol

Lyex¥V]ogs oo 009l slolame

9 039 y= 9 (5 3l (€ el Obwy (g dnkal Y-F

SRB
Lacdly soibscads ;o Lo ol sloslawl o d>ls sla,eds o
yad g 359 0,585 (YL polae b jed Clus 0dgi o ge
28 S WSRB oSl gl 22 350 &k 5l 05505
5 Syl oyl i il sloml Jals (58 82 LS

aS Ceulonis >,k (SANI®) ® Sty s i LS &ileles

1. Cadmium

2. Lead

3. Acid Mine Drainage

4. Autotrophic Denitrification
5. Nitrification Integrated

Iranian Chemical Engineering Journal — Vol. 25 - No. 146 (2026)



aile 5518 slacyg gilwslil b aS 0gi o Srio slolae

.[\/\]oj.\i’,‘sn

5042'

SRB dlau gy ) (S 85 5 g3l 8l g5l N Y Yk

Figure 13. Schematic of the biocorrosion mechanism by SRB.
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