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Lipoxygenases (linoleate:oxygen oxidoreductase, EC 1.13.11.-; 
LOXs) catalyze the conversion of polyunsaturated fatty acids 
(lipids) into conjugated hydroperoxides. This process is called 
hydroperoxidation of lipids. LOXs are monomeric, non-heme 
and non-sulfur, but iron-containing dioxygenases widely 
expressed in fungi, animal and plant cells, and are known to 
be absent in prokaryotes. However, a recent finding suggests 
the existence of LOX-related genomic sequences in bacteria 
but not in archaea.1 The inflammatory conditions in mammals 
like bronchial asthama, psoriasis and arthritis are a result of 
LOXs reactions.2 Further, several clinical conditions like HIV-1 
infection,3 disease of kidneys due to the activation of 5-lipoxy-
genase,4,5 aging of the brain due to neuronal 5-lipoxygenase6 
and atherosclerosis7 are mediated by LOXs. In plants, LOXs 
are involved in response to biotic and abiotic stresses.8 They 
are involved in germination9 and also in traumatin and jas-
monic acid biochemical pathways.10,11 Studies on LOX in rice 
are conducted to develop novel strategies against insect pests12 
in response to wounding and insect attack,13 and on rice bran 
extracts as functional foods and dietary supplements for control 
of inflammation and joint health.14 In Arabidopsis, LOXs are 
studied in response to natural and stress-induced senescence,15 
transition to flowering,16 regulation of lateral root development 
and defense response.17

The arachidonic, linoleic and linolenic acids can act as 
substrates for different LOX isozymes. A hydroperoxy group 
is added at carbons 5, 12 or 15, when arachidonic acid is 
the substrate, and so the LOXs are designated as 5-, 12- or 
15-lipoxygenases. Sequences are available in the database for 
plant lipoxygenases (EC:1.13.11.12), mammalian arachido-
nate 5-lipoxygenase (EC:1.13.11.34), mammalian arachidonate 
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12-lipoxygenase (EC:1.13.11.31) and mammalian erythroid 
cell-specific 15-lipoxygenase (EC:1.13.11.33). The prototype 
member for LOX family, LOX-1 of Glycine max L. (soybean) 
is a 15-lipoxygenase. The LOX isoforms of soybean (LOX-1, 
LOX-2, LOX-3a and LOX-3b) are the most characterized of 
plant LOXs.18 In addition, five vegetative LOXs (VLX-A, -B, 
-C, -D, -E) are detected in soybean leaves.19 The 3-dimensional 
structure of soybean LOX-1 has been determined.20,21 LOX-1 
was shown to be made of two domains, the N-terminal domain-
I which forms a ß-barrel of 146 residues, and a C-terminal 
domain-II of bundle of helices of 693 residues21 (Fig. 1). The 
iron atom was shown to be at the centre of domain-II bound 
by four coordinating ligands, of which three are histidine 
residues.22

Figure 1. Three-dimensional structure of soybean lipoxygenase L-1. 
The domain I (N-terminal) and domain II (C-terminal) are indicated. The 
catalytic iron atom is embedded in domain II (PDB ID-1YGE).21
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This article describes identification of LOX genes in 
Arabidopsis and rice. The Arabidopsis genome encodes for six 
LOX proteins23 (Table 1). The loci AT1G55020, AT3G45140, 
AT1G17420 and AT3G22400 are annotated as LOX1, LOX2, 
LOX3 and LOX5, respectively in the Arabidopsis genome data-
base (www.arabidopsis.org) (Table 1). The loci AT1G67560 
and AT1G72520 are annotated as “LOX family protein” and 
“LOX, putative,” respectively (Table 1). These two loci can be 
considered as LOX4 (AT1G67560) and LOX6 (AT1G72520) 
(Table 1). The LOX proteins are composed of ~850–930 amino 
acids (aa) in Arabidopsis (Table 1).

Interestingly, the rice genome (rice.plantbiology.msu.edu) 
encodes for 14 LOX proteins as compared to six in Arabidopsis 
(Tables 1 and 2). Of these, majority of them are composed of 
~790–950 aa with the exception for loci, LOC_Os06g04420 
(126 aa), LOC_Os02g19790 (297 aa) and LOC_Os12g37320 
(359 aa) (Table 2). Four of the LOXs are annotated to contain 
a chloroplast precursor (Table 2). The Table 3 indicates homol-
ogy percent identity/similarity for rice LOXs against Arabidopsis 
LOX proteins. The best probable hit with Arabidopsis pro-
tein database is taken in to consideration while preparing the 
Table 3. Interestingly, all the rice LOXs showed high level pro-
tein similarity with known LOXs from Arabidopsis indicating 

Table 1. Genes encoding lipoxygenases in Arabidopsis thaliana L.

Locus Annotation Nomenclature A* B* C*

AT1G55020 lipoxygenase 1 (LOX1) LOX1 859 98044.4 5.2049

AT1G17420 lipoxygenase 3 (LOX3) LOX3 919 103725.1 8.0117

AT1G67560 lipoxygenase family protein LOX4 917 104514.6 8.0035

AT1G72520 lipoxygenase, putative LOX6 926 104813.1 7.5213

AT3G22400 lipoxygenase 5 (LOX5) LOX5 886 101058.8 6.6033

AT3G45140 lipoxygenase 2 (LOX2) LOX2 896 102044.7 5.3177

*A, amino acids; B, molecular weight; C, isoelectric point.

Table 2. Genes encoding lipoxygenases in rice

Chromosome Locus Id Putative function A* B* C*

2 LOC_Os02g10120 lipoxygenase, putative, expressed 927 103585 6.0054

2 LOC_Os02g19790 lipoxygenase 4, putative 297 33031.9 10.4799

3 LOC_Os03g08220 lipoxygenase protein, putative, expressed 919 101959 7.4252

3 LOC_Os03g49260 lipoxygenase, putative, expressed 868 97984.5 6.8832

3 LOC_Os03g49380 lipoxygenase, putative, expressed 878 98697.5 7.3416

3 LOC_Os03g52860 lipoxygenase, putative, expressed 871 97183.5 6.5956

4 LOC_Os04g37430 lipoxygenase protein, putative, expressed 798 89304.6 10.5125

5 LOC_Os05g23880 lipoxygenase, putative, expressed 848 95342.9 7.6352

6 LOC_Os06g04420 lipoxygenase 4, putative 126 14054.7 6.3516

8 LOC_Os08g39840 lipoxygenase, chloroplast precursor, putative, expressed 925 102819 6.2564

8 LOC_Os08g39850 lipoxygenase, chloroplast precursor, putative, expressed 942 104494 7.0056

11 LOC_Os11g36719 lipoxygenase, putative, expressed 869 98325.4 5.3574

12 LOC_Os12g37260 lipoxygenase 2.1, chloroplast precursor, putative, expressed 923 104687 6.2242

12 LOC_Os12g37320 lipoxygenase 2.2, chloroplast precursor, putative, expressed 359 40772.7 8.5633

*A, amino acids; B, molecular weight; C, isoelectric point.

Table 3. Percent homology of rice lipoxygenases against Arabidopsis 
counterparts

Loci (Os) Homolog (At)
Identity/

similarity (%)
No. of aa 

compared

LOC_Os02g10120 LOX2 60/76 534

LOC_Os02g19790 LOX5 54/65 159

LOC_Os03g08220 LOX3 66/79 892

LOC_Os03g49260 LOX5 56/73 860

LOC_Os03g49380 LOX5 60/75 861

LOC_Os03g52860 LOX1 56/72 877

LOC_Os04g37430 LOX3 61/75 631

LOC_Os05g23880 LOX5 49/66 810

LOC_Os06g04420 LOX5 49/62 114

LOC_Os08g39840 LOX2 49/67 915

LOC_Os08g39850 LOX2 53/70 808

LOC_Os11g36719 LOX5 52/67 837

LOC_Os12g37260 LOX2 53/67 608

LOC_Os12g37320 LOX2 48/60 160

Os, Oryza sativa L.; At, Arabidopsis thaliana L.; aa, amino acids.
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their novelty at the genomic level (Table 3). The protein align-
ment shows that LOX sequences are relatively well conserved in 
rice (Fig. 2).

In plants, programmed cell death (PCD) has been linked 
to different stages of development and senescence, germina-
tion and response to cold and salt stresses.24,25 To conclude, this 
study indicates that rice genome encodes for more LOX proteins 
as compared to Arabidopsis. The LOX members are not been 
thoroughly investigated in rice. The more advanced knowledge 

on LOXs function might spread light on the significant role of 
LOXs in PCD, biotic and abiotic stress responses in rice. 

Note

æLipoxygenase-mediated modification of insect elicitors has 
been recently proposed.26 The isolation and expression of the 
LOX gene indicated its vital role in regulating cell death related 
to flower senescence, and also in leaf response to phloem feeders 
in the tea plant.27
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Figure 2. Protein alignment of rice LOXs and vegetative lipoxygenase, VLX-B,28 a soybean LOX (AAB67732). The 14 rice LOCs are indicated on left and 
sequence position on right. Gaps are included to improve alignment accuracy. Figure was generated using ClustalX program.


