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& 1. PDB FIERERLEIIM SR
Table 1. Analysis of the structure of halophilic enzymes in PDB
3 PDB  Structural Optimal and ProteinA
Halophilic enzymes Source . Polymer or not tolerable salt surface amino References
number resolution . .
concentration acids (AA)
Cellulase Bacillus SEOC  235A Monomer/someti- Optimal Most acidic [15]
sp. BG-CS10 mes oligomers 2.5 mol/L NaCl AA
Carbonic anlydrase Bovine 4CNR  2.29A Tetramer Tolerable Most acidic [16]
3.0 mol/L NaCl AA
Carbonic anlydrase Dunaliella 1Y7W  1.86A Dimer Tolerable Most acidic [17]
2.0 mol/L NaCl AA
Carbonic anlydrase Photobacterium SHPJ 1.50A Monomer/dimer ~ Optimal Most acidic ~ [18]
profundum 0.5 mol/L NaCl AA
Alkaline phosphatase ~ Halomonas sp. 593 3WBH  2.10A Dimer Tolerable Most acidic [19]
1.0-4.0 mol/L NaCl AA
Malate dehydrogenase Salinibacter ruber ~ 4CL3 1.55A Dimer Most acidic ~ [20]
AA
Malate dehydrogenase Haloarcula 4JCO 1.70A Tetramer Most acidic ~ Not
marismortui AA published
Rnase H1 Halobacterium ANYN  1.14A Dimer Tolerable 3.0 mol/L Most acidic ~ Not
salinarum NaCl AA published
Nucleoside Haloarlula 2ZUA  2.59A Hexamer Tolerable Most acidic [21]
diphosphate kinase quadrata 0.2-4.0 mol/L NaCl AA
Nucleoside Halomonas sp. 3VGS  2.30A Dimer/tetramer/  Tolerable Most acidic ~ [22]
diphosphate kinase hexamer 2.0 mol/L NaCl AA
Malate synthase Haloferax volcanii  30YX ~ 2.51A Monomer Tolerable Most acidic [23]
3.0 mol/L KC1 AA
Endonuclease Aliivibrio 2PU3 1.50A Monomer Optimal Most basic [24]
salmonicida 0.4 mol/L NaCl AA
a-Amylase Halothermothnx 3BC9 1.35A Monomer Optimal Most acidic ~ [25]
orenii 0.9 mol/L NaCl AA
o-Amylase Halothermothnx IWZA  1.60A Monomer Tolerable Acid and [10]
orenii 4.7 mol/L NaCl alkaline AA
DHFR Haloferax volcanii  2ITH NMR Monomer Tolerable Most acidic [26]
3.5 mol/L NaCl AA
Cellobiohydrolase Heterobasidion 2XSp 1.70A Monomer Most acidic [27]
annosum AA
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*2. MERBAELEYRASTEANA
Table 2.  Application of halophilic enzymes in biotechnology
Halophilic enzymes Organism Application Reference
Cellulase Aspergillus terreus UniMAP In situ saccharification of ionic liquids treated [37]
AA-6 lignocelluloses

Amylase Halococcus sp. Starch hydrolysis in industrial processes in saline and  [38]
organic solvent medium

Lipase Candida sp. Organic synthesis related to food/feed processing, [39]
pharmaceuticals or cosmetics

Protease Pseudomonas sp. Peptide synthesis [40]

Xylanase Bacillus sp. Xylan biodegradation in pulp and paper industries [41]

Chitinase Virgibacillus sp. Bioconversion of chitin from fish, crab or shrimp; [42]
treatment of chitinous waste

2-deoxy-D-ribose-5- Haloarcula japonica A potential biocatalyst for the production of a variety  [9]

phosphate aldolase of stereo-specific materials

Malate dehydrogenase Haloarcula marismortui Catalyzed malic acid to produce oxaloacetic acid [4]

Alcohol dehydrogenase Rhodococcus sp. Enantioselective oxidation of sec-alcohol and the [43]
asymmetric reduction of ketones

Alkaline phosphatase Antarctic bacteria strain HK47 Radioactive end-labeling of nucleic acids [44]

[B-galactosidase Arthrobacter sp. Lactose hydrolysis at low temperature, production of  [45]
ethanol from lactose-based feedstock

Glutaminase Micrococcus sp. Flavor-enhancing in food industries, anti-leukaemia [46]
agent

Cholesterol oxidase Pseudomonas sp. Organic synthesis [47]

Lipase Marinobacter spp. Hydrolysis of fish oil into free eicosapentaenoic acid [48]

Lipase Pseudoalteromonas spp. Detergent formulations and bioremediation of [49]
fat-contaminated aqueous systems

Dihydrofolate reductase ~ Haloarcula japonica strain Catalytic folic acid to produce dihydrofolic acid [6]

TR-1

Lipase Marinobacter sp. Hydrolysis of fish oil into free eicosapentaenoic acid [50]

Nuclease Micrococcus sp. Production of the flavoring agent 5'-guanylic acid [51]

Pectinase Pseudoalteromonas sp. Enhancing extraction yield, clarification, and taste of  [52]
fruit juices

Serine Aphanothece halophytica Involved in photo respiratory pathway of oxygenic [53]

hydroxymethyltransferase photosynthetic organisms

[-galactosidase Bacillus sp. Synthesis of N-acetyl-lactosamine [54]
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Advances in microbial halophilic enzymes

Yunyun Shi, Xinzhi Li, Guimin Zhang
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Abstract: Halophilic enzymes are derived naturally from halophilic bacteria that survive in high salt environment,
as it can maintain the structural stability of the enzyme only in high salt environment. These enzymes can withstand
high temperature, pH and organic solvents, so they can be widely used for their catalytic activity in high salt,
water/organic and non-aqueous environment. In this review, we address the effect of salt on the activity and
stability of halophilic enzymes, and the role of metal ions and organic solvents on the halophilic enzymes. In

addition, molecular modification and the application of halophilic enzymes were introduced.
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