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Catalase

Catalase

Identifiers

Symbol Catalase

Pfam PF00199 [1]

InterPro IPR011614 [2]

PROSITE PDOC00395 [3]

SCOP 7cat [4]

SUPERFAMILY 7cat [5]

OPM superfamily 435 [6]

OPM protein 3e4w [7]

CDD cd00328 [8]

Available protein structures:

Pfam structures [9]

PDB RCSB PDB [10]; PDBe [11]

PDBsum structure summary [12]

http://en.wikipedia.org/w/index.php?title=File%3APDB_7cat_EBI.jpg
http://en.wikipedia.org/w/index.php?title=Pfam
http://pfam.sanger.ac.uk/family?acc=PF00199
http://en.wikipedia.org/w/index.php?title=InterPro
http://www.ebi.ac.uk/interpro/DisplayIproEntry?ac=IPR011614
http://en.wikipedia.org/w/index.php?title=PROSITE
http://www.expasy.org/cgi-bin/prosite-search-ac?PDOC00395
http://en.wikipedia.org/w/index.php?title=Structural_Classification_of_Proteins
http://scop.mrc-lmb.cam.ac.uk/scop/search.cgi?tlev=fa;&amp;pdb=7cat
http://en.wikipedia.org/w/index.php?title=SUPERFAMILY
http://supfam.org/SUPERFAMILY/cgi-bin/search.cgi?search_field=7cat
http://en.wikipedia.org/w/index.php?title=Orientations_of_Proteins_in_Membranes_database
http://opm.phar.umich.edu/families.php?superfamily=435
http://en.wikipedia.org/w/index.php?title=Orientations_of_Proteins_in_Membranes_database
http://opm.phar.umich.edu/protein.php?search=3e4w
http://en.wikipedia.org/w/index.php?title=Conserved_Domain_Database
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=cd00328
http://en.wikipedia.org/w/index.php?title=Pfam
http://pfam.sanger.ac.uk/family/PF00199?tab=pdbBlock
http://en.wikipedia.org/w/index.php?title=Protein_Data_Bank
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=PfamIdQuery&pfamID=PF00199
http://www.ebi.ac.uk/pdbe-srv/PDBeXplore/pfam/?pfam=PF00199
http://en.wikipedia.org/w/index.php?title=PDBsum
http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/pdbsum/GetPfamStr.pl?pfam_id=PF00199
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Catalase
Identifiers

EC number 1.11.1.6 [13]

CAS number 9001-05-2 [14]

Databases

IntEnz IntEnz view [15]

BRENDA BRENDA entry [16]

ExPASy NiceZyme view [17]

KEGG KEGG entry [18]

MetaCyc metabolic pathway [19]

PRIAM profile [20]

PDB structures RCSB PDB [21] PDBe [22] PDBsum [23]

Gene Ontology AmiGO [24] / EGO [25]

Search

PMC articles [26]

PubMed articles [27]

NCBI Protein search [28]

Catalase

PDB rendering based on 1dgb.

Available structures

PDB Ortholog search: PDBe [29], RCSB [30]

List of PDB id codes

1DGB [31], 1DGF [32], 1DGG [33], 1DGH [34], 1F4J [35], 1QQW [36]

Identifiers

http://en.wikipedia.org/w/index.php?title=Enzyme_Commission_number
http://www.chem.qmul.ac.uk/iubmb/enzyme/EC1/11/1/6.html
http://en.wikipedia.org/w/index.php?title=CAS_registry_number
http://toolserver.org/~magnus/cas.php?language=en&cas=9001-05-2&title=
http://en.wikipedia.org/w/index.php?title=IntEnz
http://www.ebi.ac.uk/intenz/query?cmd=SearchEC&ec=1.11.1.6
http://en.wikipedia.org/w/index.php?title=BRENDA
http://www.brenda-enzymes.org/php/result_flat.php4?ecno=1.11.1.6
http://en.wikipedia.org/w/index.php?title=ExPASy
http://www.expasy.org/enzyme/1.11.1.6
http://en.wikipedia.org/w/index.php?title=KEGG
http://www.genome.ad.jp/dbget-bin/www_bget?enzyme+1.11.1.6
http://en.wikipedia.org/w/index.php?title=MetaCyc
http://biocyc.org/META/substring-search?type=NIL&object=1.11.1.6
http://en.wikipedia.org/w/index.php?title=PRIAM_enzyme_specific_profiles
http://priam.prabi.fr/cgi-bin/PRIAM_profiles_CurrentRelease.pl?EC=1.11.1.6
http://en.wikipedia.org/w/index.php?title=Protein_Data_Bank
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=EnzymeClassificationQuery&Enzyme_Classification=1.11.1.6
http://www.ebi.ac.uk/pdbe-srv/PDBeXplore/enzyme/?ec=1.11.1.6
http://www.ebi.ac.uk/thornton-srv/databases/cgi-bin/enzymes/GetPage.pl?ec_number=1.11.1.6
http://en.wikipedia.org/w/index.php?title=Gene_Ontology
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?query=GO:0004096&view=details
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0004096&format=normal
http://en.wikipedia.org/w/index.php?title=PubMed_Central
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&term=1.11.1.6%5BEC/RN%20Number%5D%20AND%20pubmed%20pmc%20local%5Bsb%5D
http://en.wikipedia.org/w/index.php?title=PubMed
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&term=1.11.1.6%5BEC/RN%20Number%5D
http://www.ncbi.nlm.nih.gov/protein?term=1.11.1.6%5BEC/RN%20Number%5D
http://en.wikipedia.org/w/index.php?title=File:Catalase_Structure.png
http://en.wikipedia.org/w/index.php?title=Protein_Data_Bank
http://en.wikipedia.org/w/index.php?title=Protein_Data_Bank
http://www.ebi.ac.uk/pdbe/searchResults.html?display=both&term=P04040%20or%20O97492%20or%20P00432%20or%20P04762%20or%20Q7ZTT1%20or%20P17336%20or%20Q9VLI6%20or%20A3E7Z8%20or%20O61235%20or%20Q27487%20or%20Q8MYL7%20or%20P55306%20or%20P15202%20or%20Q6CR58%20or%20Q751G2%20or%20Q7S8G4%20or%20P25819%20or%20Q96528%20or%20Q0WUH6%20or%20Q10S82
http://www.rcsb.org/pdb/search/smartSubquery.do?smartSearchSubtype=UpAccessionIdQuery&accessionIdList=P04040,O97492,P00432,P04762,Q7ZTT1,P17336,Q9VLI6,A3E7Z8,O61235,Q27487,Q8MYL7,P55306,P15202,Q6CR58,Q751G2,Q7S8G4,P25819,Q96528,Q0WUH6,Q10S82
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1DGB
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1DGF
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1DGG
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1DGH
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1F4J
http://www.rcsb.org/pdb/cgi/explore.cgi?pdbId=1QQW


Catalase 3

Symbols CAT [37]; MGC138422; MGC138424

External IDs OMIM:  115500 [38] MGI:  88271 [39] HomoloGene:  55514 [40] GeneCards: CAT Gene [41]

EC number 1.11.1.6 [42]

Gene Ontology

Molecular function • aminoacylase activity [43]

• catalase activity [44]

• receptor binding [45]

• antioxidant activity [46]

• oxidoreductase activity, acting on peroxide as acceptor [47]

• enzyme binding [48]

• heme binding [49]

• protein homodimerization activity [50]

• metal ion binding [51]

• NADP binding [52]

Cellular component • mitochondrial intermembrane space [53]

• lysosome [54]

• peroxisome [55]

• peroxisomal membrane [56]

• peroxisomal matrix [57]

• endoplasmic reticulum [58]

• Golgi apparatus [59]

• cytosol [60]

• plasma membrane [61]

Biological process • response to reactive oxygen species [62]

• response to hypoxia [63]

• purine nucleobase metabolic process [64]

• purine nucleotide catabolic process [65]

• triglyceride metabolic process [66]

• cholesterol metabolic process [67]

• aerobic respiration [68]

• UV protection [69]

• positive regulation of phosphatidylinositol 3-kinase cascade [70]

• hemoglobin metabolic process [71]

• negative regulation of NF-kappaB transcription factor activity
[72]

• response to vitamin E [73]

• menopause [74]

• hydrogen peroxide catabolic process [75]

• negative regulation of apoptotic process [76]

• small molecule metabolic process [77]

• positive regulation of NF-kappaB transcription factor activity
[78]

• protein tetramerization [79]

• protein homotetramerization [80]

• positive regulation of cell division [81]

• nucleobase-containing small molecule metabolic process [82]

• response to hyperoxia [83]

• cellular response to growth factor stimulus [84]

Sources: Amigo [85] / QuickGO [86]

RNA expression pattern

http://en.wikipedia.org/w/index.php?title=Human_Genome_Organisation
http://www.genenames.org/data/hgnc_data.php?hgnc_id=1516
http://en.wikipedia.org/w/index.php?title=Mendelian_Inheritance_in_Man
http://omim.org/entry/115500
http://en.wikipedia.org/w/index.php?title=Mouse_Genome_Informatics
http://www.informatics.jax.org/searches/accession_report.cgi?id=MGI:88271
http://en.wikipedia.org/w/index.php?title=HomoloGene
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=homologene&dopt=HomoloGene&list_uids=55514
http://en.wikipedia.org/w/index.php?title=GeneCards
http://www.genecards.org/cgi-bin/carddisp.pl?id_type=entrezgene&id=847
http://en.wikipedia.org/w/index.php?title=Enzyme_Commission_number
http://www.genome.jp/dbget-bin/www_bget?enzyme+1.11.1.6
http://en.wikipedia.org/w/index.php?title=Gene_Ontology
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0004046
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0004096
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005102
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0016209
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0016684
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0019899
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0020037
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0042803
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0046872
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0050661
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005758
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005764
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005777
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005778
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005782
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0005783
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http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0000302
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0001666
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0006144
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0006195
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0006641
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0008203
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0009060
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0009650
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0014068
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0020027
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0032088
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0033197
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0042697
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0042744
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0043066
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0044281
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0051092
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0051262
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0051289
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0051781
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0055086
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0055093
http://amigo.geneontology.org/cgi-bin/amigo/go.cgi?view=details&search_constraint=terms&depth=0&query=GO:0071363
http://amigo.geneontology.org/cgi-bin/amigo/gp-assoc.cgi?gp=UniProtKB:P04040
http://www.ebi.ac.uk/QuickGO/GProtein?ac=P04040
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More reference expression data [87]

Orthologs

Species Human Mouse

Entrez 847 [88] 12359 [89]

Ensembl ENSG00000121691 [90] ENSMUSG00000027187 [91]

UniProt P04040 [92] P24270 [93]

RefSeq (mRNA) NM_001752.3 [94] NM_009804.2 [95]

RefSeq (protein) NP_001743.1 [96] NP_033934.2 [97]

Location (UCSC) Chr 11:
34.46 – 34.49 Mb [98]

Chr 2:
103.45 – 103.49 Mb [99]

PubMed search [100] [101]

Catalase is a common enzyme found in nearly all living organisms exposed to oxygen. It catalyzes the
decomposition of hydrogen peroxide to water and oxygen.[102] It is a very important enzyme in reproductive
reactions. Likewise, catalase has one of the highest turnover numbers of all enzymes; one catalase molecule can
convert millions of molecules of hydrogen peroxide to water and oxygen each second.[103]

Catalase is a tetramer of four polypeptide chains, each over 500 amino acids long.[104] It contains four porphyrin
heme (iron) groups that allow the enzyme to react with the hydrogen peroxide. The optimum pH for human catalase
is approximately 7,[105] and has a fairly broad maximum (the rate of reaction does not change appreciably at pHs
between 6.8 and 7.5).[106] The pH optimum for other catalases varies between 4 and 11 depending on the
species.[107] The optimum temperature also varies by species.[108]

http://en.wikipedia.org/w/index.php?title=File:PBB_GE_CAT_201432_at_tn.png
http://en.wikipedia.org/w/index.php?title=File:PBB_GE_CAT_211922_s_at_tn.png
http://biogps.org/gene/847/
http://en.wikipedia.org/w/index.php?title=Entrez
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=retrieve&dopt=default&list_uids=847&rn=1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=gene&cmd=retrieve&dopt=default&list_uids=12359&rn=1
http://en.wikipedia.org/w/index.php?title=Ensembl
http://www.ensembl.org/Homo_sapiens/geneview?gene=ENSG00000121691;db=core
http://www.ensembl.org/Mus_musculus/geneview?gene=ENSMUSG00000027187;db=core
http://en.wikipedia.org/w/index.php?title=UniProt
http://www.uniprot.org/uniprot/P04040
http://www.uniprot.org/uniprot/P24270
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_001752.3
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NM_009804.2
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NP_001743.1
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?val=NP_033934.2
http://genome.ucsc.edu/cgi-bin/hgTracks?org=Human&db=hg19&position=chr11:34460472-34493609
http://genome.ucsc.edu/cgi-bin/hgTracks?org=Mouse&db=mm9&position=chr2:103453849-103485160
http://en.wikipedia.org/w/index.php?title=PubMed
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Link&LinkName=gene_pubmed&from_uid=847
http://www.ncbi.nlm.nih.gov/sites/entrez?db=gene&cmd=Link&LinkName=gene_pubmed&from_uid=12359
http://en.wikipedia.org/w/index.php?title=Enzyme
http://en.wikipedia.org/w/index.php?title=Catalyst
http://en.wikipedia.org/w/index.php?title=Hydrogen_peroxide
http://en.wikipedia.org/w/index.php?title=Water
http://en.wikipedia.org/w/index.php?title=Oxygen
http://en.wikipedia.org/w/index.php?title=Turnover_number
http://en.wikipedia.org/w/index.php?title=Tetrameric_protein
http://en.wikipedia.org/w/index.php?title=Amino_acids
http://en.wikipedia.org/w/index.php?title=Porphyrin
http://en.wikipedia.org/w/index.php?title=Heme
http://en.wikipedia.org/w/index.php?title=PH
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History
Catalase was first noticed in 1811 when Louis Jacques Thénard, who discovered H2O2 (hydrogen peroxide),
suggested its breakdown is caused by an unknown substance. In 1900, Oscar Loew was the first to give it the name
catalase, and found it in many plants and animals.[109] In 1937 catalase from beef liver was crystallised by James B.
Sumner and Alexander Dounce[110] and the molecular weight was worked out in 1938.[111]

In 1969, the amino acid sequence of bovine catalase was worked out.[112] Then in 1981, the three-dimensional
structure of the protein was revealed.[113]

Action
The reaction of catalase in the decomposition of living tissue:

2 H2O2 → 2 H2O + O2
The presence of catalase in a microbial or tissue sample can be tested by adding a volume of hydrogen peroxide and
observing the reaction. The formation of bubbles, oxygen, indicates a positive result. This easy assay, which can be
seen with the naked eye, without the aid of instruments, is possible because catalase has a very high specific activity,
which produces a detectable response.

Molecular mechanism
While the complete mechanism of catalase is not currently known,[114] the reaction is believed to occur in two
stages:

H2O2 + Fe(III)-E → H2O + O=Fe(IV)-E(.+)
H2O2 + O=Fe(IV)-E(.+) → H2O + Fe(III)-E + O2

[114]

Here Fe()-E represents the iron center of the heme group attached to the enzyme. Fe(IV)-E(.+) is a mesomeric
form of Fe(V)-E, meaning the iron is not completely oxidized to +V, but receives some "supporting electrons"
from the heme ligand. This heme has to be drawn then as a radical cation (.+).

As hydrogen peroxide enters the active site, it interacts with the amino acids Asn147 (asparagine at position 147) and
His74, causing a proton (hydrogen ion) to transfer between the oxygen atoms. The free oxygen atom coordinates,
freeing the newly formed water molecule and Fe(IV)=O. Fe(IV)=O reacts with a second hydrogen peroxide
molecule to reform Fe(III)-E and produce water and oxygen.[114] The reactivity of the iron center may be improved
by the presence of the phenolate ligand of Tyr357 in the fifth iron ligand, which can assist in the oxidation of the
Fe(III) to Fe(IV). The efficiency of the reaction may also be improved by the interactions of His74 and Asn147 with
reaction intermediates.[114] In general, the rate of the reaction can be determined by the Michaelis-Menten
equation.[115]

Catalase can also catalyze the oxidation, by hydrogen peroxide, of various metabolites and toxins, including
formaldehyde, formic acid, phenols, acetaldehyde and alcohols. It does so according to the following reaction:

H2O2 + H2R → 2H2O + R
The exact mechanism of this reaction is not known.
Any heavy metal ion (such as copper cations in copper(II) sulfate) can act as a noncompetitive inhibitor of catalase.
Also, the poison cyanide is a competitive inhibitor of catalase, strongly binding to the heme of catalase and stopping
the enzyme's action.
Three-dimensional protein structures of the peroxidated catalase intermediates are available at the Protein Data
Bank. This enzyme is commonly used in laboratories as a tool for learning the effect of enzymes upon reaction rates.
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http://en.wikipedia.org/w/index.php?title=Ligand
http://en.wikipedia.org/w/index.php?title=Tyrosine
http://en.wikipedia.org/w/index.php?title=Ligand
http://en.wikipedia.org/w/index.php?title=Oxidation
http://en.wikipedia.org/w/index.php?title=Reaction_intermediates
http://en.wikipedia.org/w/index.php?title=Michaelis%E2%80%93Menten_kinetics
http://en.wikipedia.org/w/index.php?title=Michaelis%E2%80%93Menten_kinetics
http://en.wikipedia.org/w/index.php?title=Hydrogen_peroxide
http://en.wikipedia.org/w/index.php?title=Formaldehyde
http://en.wikipedia.org/w/index.php?title=Formic_acid
http://en.wikipedia.org/w/index.php?title=Phenols
http://en.wikipedia.org/w/index.php?title=Acetaldehyde
http://en.wikipedia.org/w/index.php?title=Alcohols
http://en.wikipedia.org/w/index.php?title=Copper%28II%29_sulfate
http://en.wikipedia.org/w/index.php?title=Noncompetitive_inhibitor
http://en.wikipedia.org/w/index.php?title=Cyanide
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Cellular role
Hydrogen peroxide is a harmful byproduct of many normal metabolic processes; to prevent damage to cells and
tissues, it must be quickly converted into other, less dangerous substances. To this end, catalase is frequently used by
cells to rapidly catalyze the decomposition of hydrogen peroxide into less-reactive gaseous oxygen and water
molecules.[116]

The true biological significance of catalase is not always straightforward to assess: Mice genetically engineered to
lack catalase are phenotypically normal, indicating this enzyme is dispensable in animals under some conditions.[117]

A catalase deficiency may increase the likelihood of developing type 2 diabetes.[118][119] Some humans have very
low levels of catalase (acatalasia), yet show few ill effects. The predominant scavengers of H2O2 in normal
mammalian cells are likely peroxiredoxins rather than catalase.
Human catalase works at an optimum temperature of 37°C,[106] which is approximately the temperature of the
human body. In contrast, catalase isolated from the hyperthermophile archaea Pyrobaculum calidifontis has a
temperature optimum of 90°C.[120]

Catalase is usually located in a cellular, bipolar environment organelle called the peroxisome.[121] Peroxisomes in
plant cells are involved in photorespiration (the use of oxygen and production of carbon dioxide) and symbiotic
nitrogen fixation (the breaking apart of diatomic nitrogen (N2) to reactive nitrogen atoms). Hydrogen peroxide is
used as a potent antimicrobial agent when cells are infected with a pathogen. Catalase-positive pathogens, such as
Mycobacterium tuberculosis, Legionella pneumophila, and Campylobacter jejuni, make catalase to deactivate the
peroxide radicals, thus allowing them to survive unharmed within the host.[122]

Catalase contributes to ethanol metabolism in the body after ingestion of alcohol, but it only breaks down a small
fraction of the alcohol in the body.[123]

Distribution among organisms
All known animals use catalase in every organ, with particularly high concentrations occurring in the liver . One
unique use of catalase occurs in the bombardier beetle. This beetle has two sets of chemicals ordinarily stored
separately in its paired glands. The larger of the pair, the storage chamber or reservoir, contains hydroquinones and
hydrogen peroxide, whereas the smaller of the pair, the reaction chamber, contains catalases and peroxidases. To
activate the noxious spray, the beetle mixes the contents of the two compartments, causing oxygen to be liberated
from hydrogen peroxide. The oxygen oxidizes the hydroquinones and also acts as the propellant.[124] The oxidation
reaction is very exothermic (ΔH = −202.8 kJ/mol) which rapidly heats the mixture to the boiling point.[125]

Catalase is also universal among plants, and many fungi are also high producers of the enzyme.[126]

Almost all aerobic microorganisms use catalase. It is also present in some anaerobic microorganisms, such as
Methanosarcina barkeri.[127]

Applications

Hydrogen peroxide

Catalase is used in the food industry for removing hydrogen peroxide
from milk prior to cheese production.[128] Another use is in food
wrappers where it prevents food from oxidizing.[129] Catalase is also
used in the textile industry, removing hydrogen peroxide from fabrics
to make sure the material is peroxide-free.[130]

A minor use is in contact lens hygiene - a few lens-cleaning products
disinfect the lens using a hydrogen peroxide solution; a solution
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containing catalase is then used to decompose the hydrogen peroxide before the lens is used again.[131] Recently,
catalase has also begun to be used in the aesthetics industry. Several mask treatments combine the enzyme with
hydrogen peroxide on the face with the intent of increasing cellular oxygenation in the upper layers of the epidermis.

Catalase test

Catalase reaction

The catalase test is also one of the main
three tests used by microbiologists to
identify species of bacteria. The presence of
catalase enzyme in the test isolate is
detected using hydrogen peroxide. If the
bacteria possess catalase (i.e., are
catalase-positive), when a small amount of
bacterial isolate is added to hydrogen
peroxide, bubbles of oxygen are observed.
The catalase test is done by placing a drop
of hydrogen peroxide on a microscope slide.
Using an applicator stick, a scientist touches
the colony, and then smears a sample into the hydrogen peroxide drop.

• If the mixture produces bubbles or froth, the organism is said to be 'catalase-positive'. Staphylococci[132] and
Micrococci[133] are catalase-positive. Other catalase-positive organisms include Listeria, Corynebacterium
diphtheriae, Burkholderia cepacia, Nocardia, the family Enterobacteriaceae (Citrobacter, E. coli, Enterobacter,
Klebsiella, Shigella, Yersinia, Proteus, Salmonella, Serratia, Pseudomonas), Mycobacterium tuberculosis,
Aspergillus, and Cryptococcus.

• If not, the organism is 'catalase-negative'. Streptococcus[134] and Enterococcus spp. are catalase-negative.
While the catalase test alone cannot identify a particular organism, combined with other tests, such as antibiotic
resistance, it can aid identification. The presence of catalase in bacterial cells depends on both the growth condition
and the medium used to grow the cells.
Capillary tubes may also be used. A small amount of bacteria is collected on the end of the capillary tube (it is
essential to ensure that the end is not blocked, otherwise it may present a false negative). The opposite end is then
dipped into hydrogen peroxide which will draw up the liquid (through capillary action), and turned upside down, so
the bacterial end is closest to the bench. A few taps of the arm should then move the hydrogen peroxide closer to the
bacteria. When the hydrogen peroxide and bacteria are touching, bubbles may begin to rise, giving a positive
catalase result.

Gray hair
According to recent scientific studies, low levels of catalase may play a role in the graying process of human hair.
Hydrogen peroxide is naturally produced by the body and catalase breaks it down. If catalase levels decline,
hydrogen peroxide cannot be broken down as well. This allows the hydrogen peroxide to bleach the hair from the
inside out. This finding may someday be incorporated into treatments for graying hair.[135][136][137]

Interactions
Catalase has been shown to interact with the ABL2[138] and Abl genes.[138]
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