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Abstract  

Lactoylglutathione lyases (also known as glyoxalase I) are widely distributed enzymes among plants, fungi and bacteria. It is 

an enzyme that catalyzes the isomerization of hemithioacetal adducts, which are formed in a spontaneous reaction between a 

glutathionyl group and aldehydes such as methylglyoxal. In the present study, thirty full- length amino acid sequences of 

lactoylglutathione lyases from bacteria, fungi, and plants were collected and subjected to multiple sequence alignment 

(MSA), pattern identification, domain identification discovering individual amino acid composition, and phylogenetic tree 

construction. MSA revealed that one tyrosine residue were identically found in all analyzed species, two tyrosine, one 

arginine, one leucine, one glycine, one histidine, one phenylalanine, one proline, one aspartic acid and one glutamic acid 

residues were  identically found in all the bacterial and fungal sources, one phenylalanine, one tyrosine, one histidine, one 

proline, and one glycine residues were identically found in all bacterial and plant sources while two glycine, two tyrosine, 

two aspartic acid and one proline residues were identically found in all plants and fungal lactoylglutathione lyases. Two 

major sequence clusters were constructed by phylogenetic analysis. One cluster contains ten species of fungi, five species of 

plant, and two species of bacteria, whereas the other one contains eight species of bacteria, four species of plant and one 

species of plant was outgrouped from both clusters. The amino acid composition result revealed that the average frequency 

of amino acid glycine is 7.86 percent that is very high in comparison to other amino acids and an average frequency of is 

1.07 that is very low in all analyzed species. In addition, nine motifs which were unique for their groups were also identified. 
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Introduction 

Lactoylglutathione lyase (LGL) is an enzyme involved in the 

detoxification of methylglyoxal, a highly toxic electrophilic 

glycolytic by-product that reacts with and inactivates 

intracellular macromolecules, including both proteins and 

nucleic acids
1
. Therefore, its rapid degradation is vital for cell 

survival. The formation of methylglyoxal occurs via enzymatic 

production during glycolysis from the fragmentation of triose 

phosphates
2-7

. LGL is involved in methylglyoxal detoxification 

via the formation of S-d-lactoylglutathione from the 

hemimercaptal adduct that is formed nonenzymatically between 

glutathione and the 2-oxoaldehyde methylglyoxal. Glyoxalase II 

then converts S-d-lactoylglutathione into reduced glutathione 

and d-lactate
8-11

. An examination of the S. mutans UA159 

genome does not reveal the presence of a glyoxalase II 

homologue, suggesting an alternate pathway by which S-d-

lactoylglutathione is neutralized. In Escherichia coli, 

methylglyoxal was accumulated under physiological conditions 

of uncontrolled carbohydrate metabolism and the concentration 

of methylglyoxal was seen to be greater in highly metabolically 

active human red blood cells, where lgl expression appeared to 

be regulated by the rate of glycolysis
12-13

. Considering the above 

facts, a study of amino acid sequences of lactoylglutathione 

lyase from different sources of organisms is quite challenging. 

In the present study, we performed the individual in silico 

studies of amino acid sequences obtained from bacteria, fungi, 

and plants, and correlated them on the basis of some common 

features. 
 

Material and Methods 

The full-length amino acid sequences of lactoylglutathione lyase 

from bacteria, fungi and plants were searched and retrieved 

from entrez protein database available at NCBI. The sequences 

were arranged in bacterial, fungal, and plant profile, 

respectively. The multiple sequence alignment of the individual 

profiles was performed using MUSCLE at the European 

Bioinformatics Institute. Motifs were discovered in profiles 

using the expectation maximization approach
14

 implemented in 

multiple EM for motif elicitation server. Further, the 

discovered motifs were used to search their protein family using 

Pfam at the sanger institute. The UPGMA approach 

implemented in the mega program was employed for 

constructing phylogenetic relationships among sequences. The 

statistical reliability of the phylogenetic tree was tested by 

bootstrap analyses with 500 replications. Mega program is also 

used for discovering individual amino acid composition. 
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Results and Discussion 

The accession number of retrieved sequences along with the 

species name and origin is listed in table-1. For MSA four 

profiles were created. One is from bacterial and fungal origin, 

second is from bacterial and plants origin, third is from plants 

and fungal origin, and fourth is from all bacterial, fungal, and 

plants origin. MSA showed the presence of some conserved 

regions in all the sequences from different profiles, while others 

were restricted only to their groups. one tyrosine residue were 

identically found in all analyzed species, two tyrosine, one 

arginine, one leucine, one glycine, one histidine, one 

phenylalanine, one proline, one aspartic acid and one glutamic 

acid residues were  identically found in all the bacterial and 

fungal sources, one phenylalanine, one tyrosine, one histidine, 

one proline, and one glycine residues were identically found in 

all bacterial and plant sources while two glycine, two tyrosine, 

two aspartic acid and one proline residues were identically 

found in all plant and fungal lactoylglutathione lyase. 

 

For phylogenetic analysis four major profiles were created. 

Profile one was of bacterial origin, second was of fungal origin, 

third was of plants origin, and fourth was joint profile of 

bacterial, fungal, and plants, origin. 

 

Phylogenetic analysis
15 

of bacterial profile showed two major 

clusters (figure-1). Cluster I consist of seven species which was 

further divided into two subclusters. Subcluster I contains four 

species (Ferrimonas balearica, Mesorhizobium amorphae, 

Francisella noatunensis, and Mesorhizobium opportunistum). 

Subcluster II contains three species (Marinobacter adhaerens, 

Cardiobacterium valvarum, and Halomonas sp.). Cluster II 

consist of three species namely Agrobacterium tumefaciens, 

Clostridium perfringens, and Streptococcus pyogenes. 

 

 
Figure-1 

Phylogenetic analysis of bacterial profile using UPGMA 

method 
 

Phylogenetic analysis
16

 of fungal profile showed two major 

clusters (figure-2). Cluster I consist of four species which was 

further divided into two subclusters. Subcluster I contains two 

species (Metarhizium acridum, and Magnaporthe oryzae). 

Subcluster II also contains two species (Neurospora 

tetrasperma, and Neurospora crassa). Cluster II consist of two 

species namely Colletotrichum higginsianum, and Glomerella 

graminicola. Verticillium dahliae, Exophiala dermatitidis, 

Paracoccidioides brasiliensis and Metarhizium anisopliae were 

ditantantly related to each other and not included in any cluster. 

   

Table -1 

Retrieved sequence from NCBI/Entrez and their accession 

number 

Source Species Accession no. 

Bacteria Ferrimonas balearica YP_003913279.1 

Bacteria Marinobacter 

adhaerens 

ADP98654.1 

Bacteria Mesorhizobium 

opportunistum 

AEH89136.1 

Bacteria Francisella 

noatunensis 

AFJ43975.1 

Bacteria Clostridium 

perfringens 

EIA18179.1 

Bacteria Streptococcus 

pyogenes 

NP_268789.1 

Bacteria Cardiobacterium 

valvarum 

ZP_09445317.1 

Bacteria Mesorhizobium 

amorphae 

ZP_09089707.1 

Bacteria Agrobacterium 

tumefaciens 

EHH07353.1 

Bacteria Halomonas sp. ZP_08960109.1 

Fungi Neurospora 

tetrasperma 

EGZ68442.1 

Fungi Metarhizium 

anisopliae 

EFY94694.1 

Fungi Metarhizium acridum EFY91247.1 

Fungi Magnaporthe oryzae EHA48833.1 

Fungi Colletotrichum 

higginsianum 

CCF47148.1 

Fungi Exophiala 

dermatitidis 

EHY60225.1 

Fungi Verticillium dahliae EGY14417.1 

Fungi Paracoccidioides 

brasiliensis 

EEH40065.1 

Fungi Glomerella 

graminicola 

EFQ30294.1 

Fungi Neurospora crassa XP_960441.1 

Plant Zea mays NP_001146873.1 

Plant Arabidopsis thaliana AEE28246.1 

Plant Medicago truncatula AES92643.1 

Plant Vitis vinifera XP_002273346.2 

Plant Oryza sativa AEK99333.1 

Plant Cucumis melo ADN34057.1 

Plant Gossypium hirsutum ACJ11750.1 

Plant Glycine max NP_001236152.1 

Plant Solanum 

lycopersicum 

NP_001234447.1 

Plant Arachis hypogaea  ACF74334.1 

 

 Ferrimonas balearica

 Mesorhizobium amorphae

 Francisella noatunensis

 Mesorhizobium opportunistum

 Marinobacter adhaerens

 Cardiobacterium valvarum

 Halomonas sp.

 Agrobacterium tumefaciens

 Clostridium perfringens

 Streptococcus pyogenes

86

96

96

79

55

99

58
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Figure-2  

Phylogenetic analysis of fungal profile using UPGMA 

method 

 

 
Figure-3  

Phylogenetic analysis of plants profile using UPGMA 

method 

Phylogenetic analysis of plant profile showed two major clusters 

(figure-3). Cluster I consist of five species which was further 

divided into two subclusters. Subcluster I contains three species 

(Glycine max, Solanum lycopersicum, and Arabidopsis 

thaliana). Subcluster II also contains two species (Zea mays, 

and Oryza sativa). Cluster II consist of four species namely 

Cucumis melo, Medicago truncatula, Vitis vinifera and 

Gossypium hirsutum.  Arachis hypogaea was distantly related 

and not included in any cluster. 

 

When joint profile of bacteria, fungi, and plant, sequences were 

taken for phylogenetic analysis, two major clusters were formed 

(figure-4). One cluster contains ten species of fungi, five species 

of plant, and two species of bacteria, whereas the other one 

contains eight species of bacteria, four species of plant and one 

species of plant was outgrouped from both clusters. This 

suggests that fungi were closely related to plants in comparison 

to bacteria in terms of lactoylglutathione lyases. Nine motifs are 

identified with their Pfam analysis which was unique for their 

groups given in table-2. The amino acid composition result 

revealed that the average frequency of amino acid glycine is 

7.86 percent that is very high in comparison to other amino 

acids and an average frequency of is 1.07 that is very low in all 

analyzed species (figure-4). 

 

 
Figure-4 

Phylogenetic analysis of joint profile of bacterial, fungal, and plants sequences using UPGMA method 
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Table-2 

Motifs searched with meme program 

Source Motif 

width 

Motif present in 

number of 

sequences 

Motif Pfam 

Bacteria 36 9 MKFLHTMLRVKDLDRSLDFYTNAFGMTEVRRLDFEE Glyoxalase family 

Bacteria 16 9 IAFIKDPDGYKIEVIQ Glyoxalase 2 family 

Bacteria 21 9 YDEGNGFGHIAVGVEDIYAAC Pfam entry not found 

Fungi 50 8 PQGFGHICVSVDDIDAACARFEALKVNWKKRLTDGRMKN

VAFLLDPDNYW 

Glyoxalase 2 family 

Fungi 50 8 IELTHNYGTENDPSYTVNNGNTEPHRGFGHTCISVDNIQAA

CQRLEDAGY 

Glyoxalase 4 family 

Fungi 41 8 HSMIRVKDPKASVKFYELLGMSVIKKLEFPEAKFDLYFLA

Y 

Glyoxalase family 

Plant 41 10 QQTMLRVKDPKRSLDFYSKVLGMSLLKRLDFPEMKFSLY

FM 

Glyoxalase family 

Plant 21 10 RGFGHIGVTVDDVYKACERFE 

 

Glyoxalase family 

Plant 41 10 APVDDLDRTIWTFTQCATMELTHNWGTEEDPEFKGYHNG

NS 

Pfam entry not found 

 

 

Figure-5  

Amino acid composition of lactoylglutathione lyase (given in percent) in different source organisms 
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Conclusion 

In silico analysis of the sequences showed sequence based 

similarities depending on their source organism. one tyrosine 

residue were identically found in all analyzed species, two 

tyrosine, one arginine, one leucine, one glycine, one histidine, 

one phenylalanine, one proline, one aspartic acid and one 

glutamic acid residues were  identically found in all the bacterial 

and fungal sources, one phenylalanine, one tyrosine, one 

histidine, one proline, and one glycine residues were identically 

found in all bacterial and plant sources while two glycine, two 

tyrosine, two aspartic acid and one proline residues were 

identically found in all plant and fungal lactoylglutathione lyase. 

This suggests that these conserved amino acid residues have an 

important function in lactoylglutathione lyase sequences and in 

its evolution from lower organisms (bacteria) to higher 

organisms (plants). Some motifs which were unique for their 

group were also identified. In all species of bacteria, fungi, and 

plants an average frequency of amino acid glycine is 7.86 

percent that is very high in comparison to other amino acids. 

This suggests that the amino acid glycine play a very important 

role in the composition lactoylglutathione lyases. Two major 

sequence clusters were constructed by phylogenetic analysis 

One cluster contains ten species of fungi, five species of plant, 

and two species of bacteria, whereas the other one contains 

eight species of bacteria, four species of plant and one species of 

plant was outgrouped from both clusters. This classification can 

significantly contribute in the understanding of the evolutionary 

relations between the species at molecular level. However, 

owing to the considerable importance of lactoylglutathione 

lyase, more contribution is warranted for the detailed 

investigation of the activity and functional analysis of enzymes. 
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