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Abstract

Introduction: Hydrogen gas has great potential as a renewable energy source. Although
hydrogen gas is obtained from fossil fuels, there is a demand for its production by chemical
methods and electrolysis of water, and its extraction from oil sands is currently being studied.
Its biological production is one of the cleanest types of hydrogen fuel production due to the
consumption of greenhouse gases such as carbon dioxide and/or aerobic and anaerobic
fermentation of agricultural wastes, and it can be considered as a solution for simultaneous
production of the fuel and elimination of environmental pollutions.

Materials and Methods: The present study briefly explains the hydrogen-producing
microorganisms, the mechanisms, and the effective enzymes in their production. For this
purpose, authoritative articles published between 2006 and 2021 and information in the Scopus
database have been used to draw graphs and write this review article. In addition, some
limitations and the ways to overcome them for increasing biohydrogen production are described
in detail.
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Results: The results show that carbon dioxide fixation, fermentation, nitrogen fixation, aerobic
and anaerobic photosynthesis are some ways of biological production of this fuel.

Discussion and Conclusion: Important elements in biological production are the effective
enzymes in these reactions and the possibility of using these enzymes in the continuous
production of gas, and the purification of hydrogen from other gases. The stabilization of these
enzymes under their conditions is of particular importance for the mass production of this gas.
Purification of bio-produced hydrogen gas is essential for consumption as fuel, and some
technologies, including nanomembranes such as polysulfonate, are very helpful in purifying this
gas from other gases such as oxygen, nitrogen, ammonium, hydrogen sulfide, and oxygen.

Key words: Biohydrogen, Dark-fermentation, Photo-fermentation, Biophotolysis, Bioenergy,
Microbial Electrolysis
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Hydrogen dehydrogenase
(hydrogen:NAD" oxidoreductase)

H; + NAD" = H' + NADH

Hydrogen dehydrogenase (NADP)

H, + NADP" = H* + NADPH
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(hydrogen:NADPH®* oxidoreductase)

Cytochrome-c; hydrogenase
(hydrogen: ferricytochrome-c; oxidoreductase)

H, +2 ferricytochrome c; = 2H* + 2 ferrocytochrome c3

Hydrogen:quinone oxidoreductase

H, + menaquinone = menaquinol

Ferredoxin hydrogenase
(hydrogen:ferredoxin oxidoreductase)

H, + 2oxidized ferredoxin = 2H* +2 reduced ferredoxin

Coenzyme F4y hydrogenase
(hydrogen:coenzyme F4o oxidoreductase)

H, + oxidized coenzyme F4y0 = reduced coenzyme Fizo

Hydrogenase (acceptor)
(hydrogen:acceptor oxidoreductase)

H, + A= AH,

Methenyltetrahydromethanopterin hydrogenase
(hydrogen:5,10-methenyltetrahydromethanopterin
oxidoreductase)

H, + 5,10-methenyltetrahydromethanopterin = H* + 5,10
methylenetetrahydromethanopterin

Methanosarcina-phenazine hydrogenase [hydrogen:2-(2,3-
dihydropentaprenyloxy) phenazine oxidoreductase]

H, + 2-(2,3-dihydropentaprenyloxy) phenazine = 2-
dihydropentaprenyloxyphenazine

https://enzyme.expasy.org
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C.butyricum NRRL-B-1024 & E.aerogenes NRRL-B-115

7.21mmol H, g™ L.
CcoD 29 (ol el (16)
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159LH, LT )
C.acetobutylicum DSM 792 Yy Sy (22)
Biohydroghenbacterium R3 55 5182.34 mol H, mol™ ¢ =3 (16)
Enterobacter aerogenes NCIMB10102 55 551,09 mol H, mol™* (-L'f (23)
1.96 mol H, mol™ _
o S =3 (24)
0.29 mol Hz mol™
E. coli HD701 . s 22
coli 59,5 S (22)
2.7 mol H, mol™
C.butyricum IFO13949 & Enterobacter aerogenes HO-39 ;}g R et (22)
Pk SISl
Clostridium roseum ATCC17797 1.89mlH, g* o Al (16)
0.279 mol H, mol® _
Enterobacter aerogenes NBRC13534 el 13 by (16)
1.53 mol H, mol™
Bacillus cereus (KR809374) 58 o 5 ) i 5 oS (22)
2.7mmol H; g7 <
Thermotoga neapolitana . g e 22
ga neap &S Gl (22)
V,romol Homolt wso | o) 055 oy
Colostridium beijerinckii KCTC-178 _ (16)
ol (kg
sk
Cellulomonas sp 176 ml/ g sk (20)
Cellulomonas uda 4.79 mmol sk (20)
Cellulomunas biazotea NCIM-2550 1.91 mmol sk (25)
JE 5 st o S 420l /g oo 25)
Trichoderma viride 122 ml/g Fslw (25)
Enterobacter SPP. 521ml/g sk (20)
Thermoanaerobacterium sp strain F6 43.8 mmol Fslw (20)
Hyperthermophilic eubacterium & Thermotoga neapolitana 2.20 mmol sk (20)
Clostridium butyricum & Ruminococcus albus 2.0mol sk (25)
Clostridium acetobutylicum X9 & Ethanoigenes harbinense B49 8.10mmol Hske (20)
C.thermocellum & C.thermopalmarium 1387ml/L sk (20)
Sellulomonas fimi & Rhodopseudomonas palustris 44.0mmol Hske (20)
C.acetobutylicum X9 & Ethanoigenens harbinense B2 10.4mmol sk (20)
53\»4 -\.-5
Enterobacter cloacae DH-89 1.9 mol H, mol™* ;5" & S (16)
C.pasteurianum CH5 2.2mol Hymol * 5" 48 S (16)
.acetobutylicum NCIM 2337 & Enterobacter cloacae 811101 1.74 mol H, mol™* ;5" 8 S (26)
| o O iy s Sl o3lizal b ) 5 (SO0 53 e (slads] 3 03 87 oS 5 L 03askes W5 —F Jsdr
S5 o 53 QLS e GBS 53 b S e 03504 035 | 3 oA
] 2.62 mol H, mol™
Rhodobacter sphaeroides 0.U.001 C.acetobutylicum DSM792 g (22)

j)jiﬂ
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Rhodopseudomonas palustris GCA009

C.butyricumNRRL-B-1024 &
E.aerogenes NRRL-B-115

83mmol H, g' COD | (swimnm (16)

. 7.2 mol H, mol? g T
Rhodobacter sphaeroides M-19 C.butyricum IFO13949 & Enterobacter - (16)
aerogenes HO-39 S _
R
Rhodobacter sphaeroides-RV C.beijerinkii DSMZ-791 90 ml g™ azales (-*3? (27)
R.sphaeroides & R.palustiris o 63.9ml g «lss o kS (16)

Rhodobacter sphaeroides N7

C.butyricum

6.1 mol H, mol?
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