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

Compound Formula Oxidation states of sulfur

Sulfate So¥ +6
Sulfite SO;’ +4
Thiosulfate S,07 +2
Sulfur S0 0
Sulfide Sz -2
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Figure 1. Schematic representation of the biogeochemical cycle of sulfur compounds.
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Figure 2. Phylogenetic tree showing the distribution of different SRB types.
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Classification based on SRB morphology
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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 Type of Oxidation Ref.
Desulfovibrio Incomplete [4, 17, 18]
Desulfohalobium Incomplete [10]
Desulfonatronum Incomplete [10, 18]
Desulfobulbus Incomplete [10, 18]
Desulforhopalus Incomplete [4]
Thermodesulfovibrio Incomplete [19]
Desulfonatronovibrio Complete [18]
Desulfomonile Incomplete/Complete [20]
Desulfotomaculu Incomplete/Complete  [4, 17, 18]
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Table 3. Metabolic diversity, carbon sources, and electron donors in SRB.

Metab- Type of Sources* of . . .
. - Overall Reaction of Sulfate Reduction to Sulfide Ref.
olism C-source C e
Form 4 HCOO + H" + SO} — 4 HCO; +HS [10, 21]
Organic
Pyr 4 CH,COCOO + SO} + 2H,+6H,0 —»4CH,COO +4CO, +S* [18, 21]
Acids
Lac 2 CH,CHOHCOO™ + SO? — 2 CH,COO +HS + 2HCO; + H*  [18]
2 _ Ac CH,COO" + SO? —2 HCO, + HS [18]
S Volatile
% Fatty Prop C,H,COO + 2SO} + H, >3 HCO; + 2HS +H,0 [4]
£ Acids
But C,H,CO0™ +3S02 +2 H, —4 HCO; + 3 HS +2 H,0 [10, 22]
Met 2 CH,OH + SO —2HCOO + HS +2H,0 + H" [18]
Alcohols
Et 2 C,H,OH + SO —2CH,COO + HS +2H,0+H" [23, 24]
Carbohydrates Glc C4H,0, + 3SO> -3 HS +6HCO, +3H" [4]
, L . H2
S £ Inorganic  CO2 SO} + 4H, + H" >HS +4H,0 [18]
5 © /Form
< 5
*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 5. 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
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lid g 2SI Ut sbvo oy ok 51 oS JU) (ygedl yand il Slajd b Ha ouims 0y S0l a8 ) 5o
OseolienST (b Fdh) Tlasliss aces wloyd b Hase_p) ' oo slosbis s bawgs bogs Sl ogd oo I

by oSN JUl g co Jiiin comdly g (sl 5o (49 Sl Jlal o ooy 40 Ca slopg S 9w 3o 5k 5l g 0dgi (455,000

I Periplasmic hydrogenases
2 Formate dehydrogenase



slid oy Juaie VATPaSE) 351 Loy ATP adsi 4 yoxie o5 09d 00 (PMF) gy 45 om0 (595 (6,05 S ey
Ho JoS5 a8l Jleb (liad ity s 33 (bl 45 (53 33 (2 il 5 sl o] lallie 35 o
JES! (pgensdly i 325k IATP i 5 (655 cmals 53 JaSa (i il a7 (559,000 45y il (310 (sl prn

g oo a1 5 SRB [y g xSl Jlasl Calizes (lopunsilSo 4y aalol o Ly av] ws ) 59,

SRB o ¢y8,,5d JUisl cilizes 6l pansilSeo ¥—¥

O 3 610 p0 e 45 2 (598 Sloml (610 L g (ygunlaanST (slo STy 51 S50 (651 10 00 Sline 4 SRB 0 (55 Laie>
Olalgus ubis (b 50 (55,0 La> gl FBEB) ° pgdld 5 sie 9,8l Glaiil 5 (59,000 a5 2> (PMP) gy

o210 o0 T as aalol jo a8 wileas olulis

Ol y (oo bl g (gamlimuST a5 pr VYT

JEzl a2 )z (nl 50 S o0 oaalin 7 S50 &5 jsbolen Cwl SRB o 9 2SIl JUES jrane 2y oo 0
o955 5 00305 Lol (MQH) " J3x5Tio 4,1 5T (MIQ) T y52:5Tan 4 o] SESY sl ploonins 55,350 51 Lo,
Silwlaz Gy sl eig JESIL s ol il oo JWSI DSIMK 5 C00 QMO (sl oSLoS a9 iUl Jlail o ooy b

..\.»SGA kj)).?u |)ATP ..\.»Jyd\SoM @5.:5)4 4\5).790 69).».1 bL?U‘AJ)MASW‘ o‘).o.b slie L ‘5:5.’5)43@5]‘5)‘ )Li

Iys Al

1 Proton motive force
2 ATP synthesis
3 Hydrogen cycle
Menaquinone based redox loop
> Flavin- based electron bifurcation
6 Menaquinone
7 Menaquinol

AR



o5eSlis 5 e Lol (el a5 > LSRB. s (g5, L aenilSe £ S

Figure 6. Energy conservation mechanism in SRB involving a menaquinone based redox cycle.
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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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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]
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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 recovery, and the synthesis of valuable bio-based compounds. This study provides a
comprehensive perspective on the ecological significance, biotechnological potential, and related
challenges of SRB.
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