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1. INTRODUCTION 

Sterols and triacylglycerols (TAG) are the two main classes of storage lipids in all eukaryotes 

including baker’s yeast Saccharomyces cerevisiae. An excess amount of these two major 

classes of lipids are modified and stored within yeast lipid droplets (LD) as TAG and steryl 

esters (SE) (Grillitsch et al., 2011). While sterols contribute to the permeability and fluidity 

of constituent biological membranes, TAG is involved in the diverse functions of the cell 

(Kohlwein, 2010; Sharma, 2006; Turkish and Sturley, 2007). Besides acting as an energy 

repository in the form of fatty acids (FA), the cleavage products of TAG, diacylglycerides 

(DAG) and monoacylglycerides (MAG) serve as precursors of membrane phospholipids. 

Furthermore, excess free fatty acid induced lipotoxic conditions are neutralized by enhanced 

TAG synthesis. Since the precursors and degradation products of TAG are acting as 

secondary messengers in diverse signaling pathways, both the synthesis and breakdown of 

TAG are under stringent control mechanisms (Coleman and Lee, 2004; Kurat et al., 2006). 

The stored TAG and SE are utilized from the LDs as per the cellular requirements. TAG and 

SE hydrolyzing enzymes are highly conserved across the phyla. Many hydrolytic enzymes 

possessing multiple domains with diverse substrate specificities are identified from S. 

cerevisiae. Some of these enzymes are known orthologs of mammalian lipases while the 

others are found to be redundant in S. cerevisiae (Grillitsch and Daum, 2011).  

These specific class of enzymes has gained much interest as their importance for 

biotechnological applications due to relevance for human pathogenicity. Saccharomyces 

cerevisiae is accepted as a most reliable and useful model system to study about the role of  

such lipolytic enzymes involved in membrane and lipid biology. 

1.1. LIPASES AND ALPHA BETA HYDROLASE FOLD  

Anfinsen (C.B.Anfinsen, 1973) demonstrated that the amino acid sequence of a protein 

contains all of the necessary information to fold the protein chain into a compact molecule. 

Since the pioneering work, the search to decode the protein folding code has attracted the 

attention of physicists, chemists, and biologists alike. The forces and influences that govern 

the process of protein folding has been learned much, but the folding process and ability to 

calculate accurately the tertiary structure of a protein solely from its amino acid sequence 

have remained mostly elusive. An explosion of protein sequence information has resulted 

from the modern techniques of Next Generation Sequencing (NGS). X-ray crystallography 

and  nuclear magnetic resonance (NMR) methods are exponentially used in the number of 
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three-dimensional protein structures determination. In the efforts to sequence entire genomes 

this excess of identified amino acid sequences over recognized three-dimensional structures 

promises to increase in parallel, identifying the structural motifs from sequence information. 

The quantity of one of a kind protein overlays that ought not out of the ordinary from the 

~50,000 protein arrangements in the Swiss-Prot database is hard to appraise, yet the ~4200 

current passages in the PDB (Protein Data Bank) (F. C. Bernstein et al., 1977) have been 

assessed to speak to just a couple of percent of the aggregate number of interesting folds (C. 

A. Orange et al., 1994). Examination and arrangement of known three-dimensional structures 

into remarkable protein folds have been the subject of various investigations and various 

diverse characterization plans have come about (M. Levitt and C. Chothia, 1976, J. 

Richardson 1981, L. Holm et al., 1992, C. A. Orengo et al., 1993, J.P. Overington et al., 

1993, D. P. Yee and K. A. Dill 1993). Several diverse protein arrangement databases in view 

of superposition of three-dimensional structures have been set up. This characterization 

separated the known structures of three dimensional in the PDB into five noteworthy classes 

of protein: all alpha, all beta, alpha beta with generally parallel beta strands, α/β with for the 

most part antiparallel β strands, and multidomain proteins. Proteins having more noteworthy 

than 30% succession character, inferring a typical transformative beginning, are gathered 

together in a protein family. Families are additionally recognized by comparable structures 

and capacities not withstanding lower arrangement character. This classification of proteins 

can be accessed at https://www2.mrc-lmb.cam.ac.uk/. The FSSP database set up by (L. Holm 

et al., 1992) for another structure-based grouping of proteins. This database was created via 

mechanized examination of two-dimensional separation lattices computed from the three-

dimensional structures (L. Holm and C. Sander 1993).  All of the sections in the Protein Data 

Bank have been thought about in an all-against-all match shrewd way. The proteins are then 

grouped based on a particular scoring capacity. The FSSP database can be looked to at 

http://www.sander.embl-heidelberg.de. Correlation and investigation of the known three-

dimensional protein structures show two focuses unmistakably. Initially, proteins with 30% 

sequence identity or more always adopt similar tertiary folds. This homology displaying has 

been polished for a long time (C. Sander and R. Schneider 1991) ending in HSSP database, 

which is a compilation of sequence database searches for all of the known three-dimensional 

structures in the PDB. A few cases demonstrate that even in the troublesome circumstance of 

an arrangement with little closeness to any protein whose structure is known, examination of 

3D-1D profiles (a one-dimensional portrayal of a protein that contains some data about the 
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three-dimensional structure) can give signs of likenesses in tertiary structures (J. U. Bowie et 

al., 1991, R. N. Alon et al., 1995). The alpha beta hydrolase overlap was a tertiary overlay 

that is received by proteins showing no arrangement closeness. The principal depiction of this 

fold depended on correlation of the three-dimensional structures of five distinct proteins, one 

of which is a lipase. Various lipase structures have now been resolved and regardless of an 

absence of succession likeness, all have turned out to be individuals from this fold family. 

Various different examinations on lipases and related catalysts gave cases of the 

distinguishing proof of other likely α/β hydrolyzed proteins, utilizing an assortment of 

strategies, including crystallographic structure assurance, succession correlations, optional 

structure forecasts, and 3D-1D profile correlations. 

1.2. Features of Canonical Alpha Beta Hydrolase Fold 

The alpha beta hydrolase fold fit in to the doubly wound alpha beta super fold (C. A. Orengo 

et al., 1994, M. Levitt and C. Chothia 1976, J. Richardson 1981) and is 1 of 55 different folds 

in the SCOP classification of mostly parallel α/β structures (A. G. Murzin et al., 1995). This 

fold was first described after visual inspection of the three-dimensional structures of five 

enzymes, wheat serine carboxypeptidase II (D.-I. Liao and S. J. Remington 1990), haloalkane 

dehalogenase (S. M. Franken et al., 1991), acetylcholinesterase (J. L. Sussman et al., 1991), 

dienelactone hydrolase (D. Pathak and D. Ollis 1990), and the lipase from Geotrichum 

candidum (J. D. Schrag et al., 1991).  Although all the enzymes catalyze hydrolytic reactions, 

the substrates hydrolyzed are quite diverse. Only two of the five enzymes, 

acetylcholinesterase and the G. candidum lipase, showed enough sequence similarity to 

suggest that their structures were similar (A. R. Slabas et al., 1990). On the basis of 

superposition and comparison of these five structures, the conserved elements of this new 

fold were first delineated (D. L. Ollis et al., 1992).   

The active site of each of the five enzymes was composed of a catalytic triad similar to those 

first observed in serine proteases. However, α/β hydrolase fold enzymes can be distinguished 

from the trypsin, papain, and subtilisin families of proteases by the linear order of the 

catalytic triad residues. In the alpha beta hydrolase fold proteins, the linear sequence is 

always nucleophile, acid, histidine compared to His-Asp-Ser for the trypsin family, Cys-His- 

Asn for the papain family, and Asp-His-Ser for the subtilisin family (D. L. Ollis et al., 1992). 

A viral cysteine protease was shown to have a His-Glu-Cys triad and represents a fifth 

enzyme family containing a stable active site triad (J. Ding et al., 1996). The identities of the 
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triad residues are, however, more variable in α/β hydrolase fold enzymes than in the protease 

families. Serine, aspartate, and cysteine have all been identified as catalytic nucleophiles in 

α/β hydrolase fold enzymes, whereas serine is required in serine proteases (J. N. Higaki et al., 

1989) and cysteine is required in the papain family if significant activity is to be maintained 

(P. I. Clark and G. Lowe, 1978).  

In addition, alpha beta hydrolase domain containing enzymes have provided example like 

glutamate rather than aspartate taking the role of the catalytic acid (J. D. Schrag et al., 1991, 

J. L. Sussman et al., 1991). The alpha beta hydrolase domain has a interior composed of a 

central, predominantly parallel β sheet (Fig. 1a). Using the nomenclature of Richardson (J. 

Richardson 1981), the canonical connectivity of the eight β strands follows the topology +1, 

+2, -l x, +2 x, (+1 x) 3. The β sheet shows super helical twist in the left side and the primary 

and final strands cross at an approximate 90 ° angle to one another (D. L. Ollis et al., 1992). 

The twist of the β sheet differs significantly among the various enzymes. Helices group on 

whichever part of the β sheet. The positions of the helices in three breadths differ 

significantly from individual enzyme to another despite their topological equivalence. The 

superposition of the alpha beta hydrolase domain family enzymes based on the innermost β 

sheet in general gives poor alignment of the corresponding helices. Helix C, which forms part 

of the nucleophile elbow, is the exception to this generality. The central position of this helix 

and its importance in positioning the catalytic nucleophile requires the position of this helix 

to be highly conserved among all of the alpha beta hydrolase family enzymes. 

1.3. Pancreatic Lipases  

The pancreatic lipases are two-space proteins (F. K. Winkler et al., 1990). The N-terminal 

domain of the pancreatic lipases is the catalytic domain and the C-terminal domain binds the 

colipase, a cofactor required for movement within the sight of bile salts. The focal β sheet of 

the synergist space is nine stranded (F. K. Winkler et al., 1990, Y. Bourne et al., 1994). The 

initial eight strands of this sheet involve positions and have bearings proportional to those of 

the authoritative overlap, however the networks of the initial two strands contrast. In 

pancreatic lipases, the network is - 1, +3x, - lx, +2x, (+ lx) 3 (Fig. 1b). The association 

between strands β8 and the extra strand β9 is a seldom watched left-gave hybrid. Helices 

comparable to helices A, B, C, and F are available in pancreatic lipases. An imperative 

deviation from the authoritative overlap in the pancreatic lipases is the location of the 

catalytic acid residue. This acid in pancreatic lipase is situated in a circle following strand β6, 
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black and only the helices common to the α/β hydrolase fold are shown in ribbon 

representation with letters next to them. The catalytic triad residues are shown in larger 

letters. (a) The canonical α/β hydrolase fold, (b) Pancreatic lipase.  

1.4. Nucleophile Elbow 

At  the C-terminal ends of the β strands, the catalytic site is located. The catalytic nucleophile 

is situated in a highly preserved pentapeptide, GXSXG. This lipase motif has often been 

referred to as a consensus sequence, but some enzymes have sequences around their catalytic 

nucleophiles that do not conform entirely to this pentapeptide sequence (D. L. Ollis et al., 

1992, S. Brenner 1988). The strand involved in this motif is generally near the center of the β 

sheet and it is strand β5 in the canonical fold. Helix C is the helix of the thread twist helix 

motif. The most conserved feature of the α/β hydrolase fold is the "nucleophile elbow". Steric 

restrictions in forming this turn require a small side chain or no side chain at positions Nu-2 

and Nu+2 and in most cases these residues are glycine (Fig. 2). The Nu+3 residue must also 

be small to prevent steric conflicts with strand β4 and usually is either glycine or alanine. The 

structural constraints of this motif were further analyzed (Z. S. Derewenda and U. Derewenda 

1991), using sequence comparison of various lipases and esterases with the three-dimensional 

structure of the Rhizomucor miehei lipase. This analysis showed that residues Nu-4 and Nu-6 

of the β strand are generally hydrophobic residues and have small side chains. The Nu+6 

residue is also a small hydrophobic residue, often valine.  

 

 

The figure was adopted from JOSEPH D. SCHRAG and MIROSLAW CYGLER, 

METHODS IN ENZYMOLOGY, VOL. 284.  
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Fig.2. Superposition of protein inhibitor edifices of C rugosa lipase and chymotrypsin, 

exhibiting the inverse handedness of the group of three. The superposition depends on the 

three enzymes characterizing the scissile bond: the carbonyl C and O and the N/O of the 

amide and ester bond hydrolyzed. The reactant groups of three of these enzymes are around 

identical representations, with the mirror plane being the plane of the scissile bond.  

1.5. Catalytic acid and Histidine  

The catalytic acid is situated in a circle following strand f17 of the fl sheet and is found in a 

switch turn. The hydrogen-holding adjustment of the acid side chain contrasts relying upon 

whether the acid is aspartate or glutamate (D. L. Ollis et al., 1992, D. Schrag et al., 1995). In 

the two cases, one oxygen molecule of the carboxylate assemble receives a comparable 

position and forms hydrogen bond with the histidine imidazole nitrogen. In the event that 

aspartate is the catalytic acid, the balancing out hydrogen bonds between principle chain or 

side-fasten particles to the next carboxylate oxygen of the synergist acid are on single side of 

the flat of the histidine imidazole loop containing chemicals and when glutamate is the 

catalytic acid these settling hydrogen bonds are on the contrary side. The synergist histidine 

is situated in a circle following strand β8. The length and compliance of the histidine-

containing circle is variable.  

1.6. Basic features common to lipases  

The basic highlights that are regular to the majority of the lipases are as per the following: (1) 

a Nu-acid-His linear sequence of catalytic triad residues is present, (2) the nucleophile is 

situated in a thread twist loop nucleophile elbow, (3) the crucial β sheet has no less than five 

back to back parallel strands, (4) strand β6 is shorter than strand β7 and is trailed by a sharp 

alter in the course of the fundamental chain, (5) the set of three handedness is inverse to 

trypsin and subtilisin protease protein ancestors, (6) every lipase has an helix that packs 

against the arched side of the focal β sheet in the hybrid between strand β5 and a previous β 

strand (A.G. Murzin et al., 1995). 

1.7. Three dimensional structures of other alpha beta hydrolase domain family enzymes  

SCOP characterization (A. G. Murzin et al., 1995) of the alpha beta hydrolase fold enzymes 

have been isolated into nine families. Notwithstanding the parasitic lipases, bacterial lipases, 

and pancreatic lipases are acetylcholinesterase, serine carboxypeptidase, haloalkane 

dehalogenase, dienelactone hydrolase, bromoperoxidase A2 and thioesterases (K. Kimbara et 
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al., 1989, E. Diaz and K.N. Timmis 1995, P.C.K. Lau et al., 1996). The three-dimensional 

structures of four serine carboxypeptidases have now been resolved, second just to lipases 

among the different gatherings of α/β hydrolase fold enzymes. These enzymes have the 

majority of the signs of the α/β hydrolase fold with the proviso that, similar to the wheat 

serine carboxypeptidase II, the focal 13 sheet is two strands bigger than the sanctioned 

overlay. The two peripheral strands of the focal β sheet can be seen as parts of a long circle 

between strands that are reciprocals of β7 and β8 of the α/β hydrolase fold (A.G. Murzin et 

al., 1995).  

1.8. Identification of Alpha Beta Hydrolase fold enzymes by sequence comparisons 

As the alpha beta hydrolase fold was first described on the basis of the three-dimensional 

structures of five enzymes and proteins that have been recognized as individuals. This 

overlay family has expanded quickly and keeps on increasing. In the SCOP order, proteins 

with grouping personality of no less than 30% are recognized as individuals from a similar 

overlay family. The amino acid groupings in the GenBank and Swiss-Prot databases can 

promptly be checked for matches via computerized strategies and different arrangement of 

related proteins. Huge numbers of the enzymes and proteins doled out as individuals from the 

α/β hydrolase fold family were recognized by succession similitude to other α/β hydrolase 

fold enzymes. Among the proteins distinguished as α/β hydrolase fold proteins by similitude 

to AChE and GCL are the bile salt-stimuated lipase, cholesterol esterases, and 

carboxylesterases. This mix of succession and basic arrangements encouraged recognizing 

basic versus useful preservation of groupings inside this gathering of enzymes. Grouping 

homology to carboxypeptidases with known three-dimensional structures recognized yet 

other related carboxypeptidases and permitted examination of the succession preservation 

design among them (K. Olesen and K. Breddam, 1995). Included in this gathering of serine 

carboxypeptidases are enzymes from the two prokaryotes and eukaryotes including plants, 

microorganisms, spineless creatures, and warm blooded creatures. Arrangements of these 

groupings based on superposition of the four three-dimensional structures led to an 

abundance of data with succession preservation of variable locales identified along with 

substrate specificity contrasts.  

Haloalkane dehalogenase and bromoperoxidase Az are both engaged with bacterial 

detoxification pathways. Amino acid grouping examinations of these chemicals with different 

enzymes associated with these and other detoxification pathways recommend emphatically 
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that numerous proteins in different detoxification pathways are α/β hydrolase fold proteins 

(K. Kimbara et al., 1989, E. Diaz and K. N. Timmis 1995).  

1.9. Identification of alpha beta hydrolase fold features in lipases with limited sequence 

similarity 

Proteins with common functions sometimes have similar tertiary structures despite little 

overall sequence similarity or with sequence similarity limited to short stretches around 

essential catalytic residues. Sequence conservation around essential residues in proteins with 

common functions suggests structural conservation as well. In the case of lipases, the 

GXSXG pentapeptide has frequently been presumed to contain the catalytic serine residue. In 

many cases this has been confirmed by either chemical labeling with inhibitors or site-

directed mutagenesis or both. Site-directed mutagenesis has been used to infer that many 

other lipases are α/β hydrolase fold enzymes. 

Additional support for this possibility is that the sequence around the catalytic serine is 

consistent with the packing of residues in a nucleophile elbow (Z. S. Derewenda and U. 

Derewenda, 1991). Lingual lipase, gastric lipase, and lysosomal acid lipase have similar 

amino acid sequences and are expected to have similar structures, but they show little 

sequence similarity to other lipases (R. A. Anderson and G. N. Sando, 1991). Although these 

lipases have been shown to be serine hydrolases (R. A. Anderson and G. N. Sando, 1991, H. 

Moreau et al., 1991), further characterization is necessary to establish whether or not these 

enzymes confirm the alpha beta hydrolase fold. These lipase sequences, on either side of the 

GXSXG lipase motif are expected to carry catalytic serine fit extended pattern described for 

the nucleophile elbow (Z. S. Derewenda and U. Derewenda, 1991) suggesting that this 

supersecondary structure. This group of lipases also shares sequence similarity with egg-

specific protein from Bombyx and yolk polypeptides from Drosophila melanogaster (Y. Sato 

and O. Yamashita, 1991). Hormone-sensitive lipase is the only lipase whose activity is 

recognized to be synchronized by reversible phosphorylation. The active site serine has been 

identified as Ser-423 by site-directed mutagenesis (C. Holm et al., 1994). Some sequence 

similarity to microbial lipases has been identified (D. Langin and C. Holm, 1993). The region 

of similarity includes the GXSXG motif and a HG (His-Gly) dipeptide located about 70 

residues N terminal to the catalytic serine. This HG dipeptide is found in many, but not all, 

lipases. When present, it is located at the margins of the lipid binding pocket.  
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The platelet-activating factor acetylhydrolase is an intracellular phospholipase A2 that, unlike 

the secretory phospholipase A2, is independent of calcium. Inhibition of the enzyme with di 

isopropyl fluorophosphate suggested the importance of a serine residue in catalysis (D. M. 

Stafforini et al., 1987). The protein amino acid sequence shows typical lipase motif GXSXG. 

Subsequently, a triad of Ser-273, Asp-296, and His-351 was identified by spot directed 

mutagenesis (L. W. Tjoelker et al., 1995), the residual linear sequence of triad is expected to 

be of a alpha beta hydrolase fold enzyme. The spacing between the serine and aspartate is 

similar to that in pancreatic lipase and on the basis of this spacing it was suggested that the 

secondary structure of this enzyme in this region might be similar to that of pancreatic lipases 

(L. W. Tjoelker et al., 1995). The acetylhydrolase was inferred to be another α/β hydrolase 

fold enzyme and, like pancreatic lipases, the catalytic acid may follow strand β6 rather than 

β7. Structural characterization will be required to confirm these inferences. The observation 

that all of the known lipase three-dimensional structures have similar folds leads to the 

obvious question of whether all lipases have the same fold. There are still, however, many 

lipases with unrelated sequences that have not been structurally characterized. The identity of 

the catalytic serine has been inferred from the presence of the consensus pentapeptide, but the 

other members of the presumed catalytic triad have not yet been identified. Sequence 

comparisons have revealed another group of lipases that might differ considerably 

commencing the usual alpha beta hydrolase fold (C. Upton and J. T. Buckley, 1995). This 

group of enzymes includes lipases from Xenorhabdus luminescens and Aeromonas 

hydrophila, thioesterase from Escherichia coli, and arylesterase from Vibrio rnimicus in 

addition to proline-rich proteins from Brassica napus and Arabidopsis thaliana. The GXSXG 

accord that enclose catalytic serine and is instrumental in the formation of the strand-turn-

helix nucleophile elbow is changed to G-X-S-X-S. Furthermore, the mutation of the second 

serine of this pentapeptide to glycine to produce the usual GXSXG accord sequence 

inactivates by the enzymes (D. L. Robertson et al., 1994). It has been recommended that 

these lipases may differ considerably from those neutral lipases conforming to the alpha beta 

hydrolase fold by the observations.  

1.10. Enzymes other than lipases 

The preserved pentapeptide GXSXG holding the catalytic serine is common not only to 

lipases and esterases, but also the thioesterases and proteases (S. Brenner, 1988). Amino acid 

sequence comparisons identified a group of peptidases that are distinct from the trypsin, 

subtilisin, and chymotrypsin families of proteases. This group of enzymes includes 
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dipeptidyl-peptidase IV, acylaminoacyl peptidase, and prolyl oligopeptidase (N. D. Rawlings 

et al., 199, L. Polgar, 1992). The catalytic serine was identified first because of its occurrence 

in the conserved pentapeptide common to proteases, esterases, and lipases. Searches for 

conserved histidine and aspartate residues to complete the suspected triad showed some 

sequence similarity to regions surrounding the triad acids of some lipases, suggesting the 

identity of the catalytic acid in the peptidases. On the basis of these sequence similarities, a 

triad similar to that of lipases was suggested. The role of a serine and a histidine in catalysis 

was confirmed by chemical modification and subsequently the identities. Secondary structure 

predictions were also suggestive of a fold similar to that of lipases (F. Goosenset al., 1995). 

Sequence similarity between haloalkane dehalogenase and the epoxide hydrolases is limited 

to the regions around the catalytic nucleophile and an essential histidine residue of haloalkane 

dehalogenase (M. Arand et al., 1994). The equivalent residues in epoxide hydrolases were 

shown to be essential for activity by both chemical modification and site-directed 

mutagenesis (F. Pinot et al., 1995). The reaction mechanism of haloalkane dehalogenase was 

elegantly visualized by X-ray crystallography (K. H. G. Verschueren et al., 1993) and a 

similar mechanism was proposed for the epoxide hydrolases (F. Pinot et al., 1995). On the 

basis of this limited sequence similarity around residues essential for activity in both enzymes 

and the proposed similarity in reaction mechanism, the epoxide hydrolases were presumed to 

be α/β hydrolase fold enzymes. 

Except for GCL and ACHE, the first five proteins from which the α/β hydrolase fold was first 

depicted demonstrated no arrangement comparability past the GXSXG theme (D. L. Ollis et 

al., 1992). One may expect, at this point, that different enzymes and proteins that demonstrate 

no grouping closeness to known α/β hydrolase fold proteins may likewise have this 

monitored tertiary structure. The amino acid arrangements of esterases from the bacterium 

Acinetobacter proposed that these proteins were serine esterases, yet no structures of firmly 

related proteins are known (R. N. Alon and D. L. Gutnick, 1993). These arrangements were 

contrasted with known three-dimensional structures utilizing a 3D-1D calculation (R. N. 

Alon et al., 1995). The algorithm developed (J. U. Bowie et al., 1991) creates a one-

dimensional portrayal of the three-dimensional structures based on the extremity, dissolvable 

openness, and optional auxiliary condition of every deposit. The amino acid groupings of the 

Acinetobacter esterases were contrasted with 200 such linearized structures from the Protein 

Data Bank. The most elevated scores in this examination reliably were with the known 

structures of α/β hydrolase fold proteins, proposing that these esterases are likewise prone to 
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have a three-dimensional fold practically identical to the α/β hydrolase fold (R. N. Alon et al., 

1995). 

Aberrations in lipases were found in many human diseases, including cancer, making it 

imperative to understand these enzymes. Recently, the mammalian Alpha Beta Hydrolase 

Domain (ABHD) containing proteins have emerged as novel potential regulators of lipid 

metabolism and in signal transduction (Caleb, C. L et al., 2013). The human ABHD family 

contains 19 proteins (Table. 1) and is part of a superfamily possessing an alpha beta 

hydrolase fold (Caleb, C. L et al., 2013, David, L. O et al., 1992). Hydrolase activity of 

ABHD is attributed to the catalytic triad composed of serine-acid-histidine residues located in 

loop regions. The corresponding motif found in most of the human ABHD family members is 

GXSXG. Interestingly, the majority of the human ABHD proteins also possess another 

conserved motif HXXXXD where X is any amino acid residue and the motif was attributed 

to acyltransferase activity (Rajakumari, S., and Daum, G, 2010). 



HUMAN ABHD
ENZYMES

MAJOR  FUNCTION  REFERENCE

1 ABHD1 Potential regulator of oxidative stress M. Stoelting et al., 2009
BBRC

2 ABHD2 TAG lipase and ester hydrolase Naresh Kumar M et al.,
2016 Bio Sci Rep

3 ABHD3 Medium-chain phosphatidylcholine- Long JZ et al., 2011
specific phospholipase Nat Chem Biol

4 ABHD4 N-acyl phosphatidylethanolamine Lee HC et al., 2015
(NAPE) lipase Biochemistry

5 ABHD5 Critical integrator of phospholipid Brown AL,
and triacylglycerol metabolism and Mark Brown J, 2018
guardian against Chanarin–Dorfman Biochim Biophys Acta
syndrome (CDS)

6 ABHD6 Physiological regulator of Savinainen JR et al.,
endocannabinoid signalling, 2012 Acta Physiol 
MAG lipase

7 ABHD7 Brain restricted epoxide hydrolase C. Morisseau, 2013
Biochimie

8 ABHD8 Unknown ——
9 ABHD9 Epoxide hydrolase linked to cancer Decker M et al., 2012

pathogenesis J Lipid Res
10 ABHD10 Enzymatic degrader of mycophenolic Iwamura et al., 2012

acid acyl-glucuronide J Biol Chem
11 ABHD11 Lipid Hydrolase Arya M et al., 2017

BBRC
12 ABHD12A MAG lipase Savinainen JR et al., 2014

Mol Pharmacol
13 ABHD12B Unknown ——
14 ABHD13 Unknown ——
15 ABHD14A Enzymatic link to autism spectrum J.P. Casey et al., 2012

disorder Hum Genet
16 ABHD14B Unknown ——
17 ABHD15 Unknown ——
18 ABHD16A Hydrolysis into PGE2, and by Turcotte C et al., 2017

activating the EP2 receptor J Immunol

19 ABHD16B Unknown ——

S.No.

Table. 1. ABHD family enzymes and their respective functions.
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1 TGL1 TAG lipase Steryl ester Jandrositz A et al.,
Hydrolase BBA 2005, Köffel R et al.,

Mol. Cell. Biol - 2006
2 TGL2 Mitochondrial tag lipase - Ham H J et al., JBC - 2010
3 TGL3 TAG lipase Acyltransferase Athenstaedt K et al.,

JBC - 2003,
Rajakumari S and Daum G
Mol. Biol. Cell - 2010

4 TGL4 TAG lipase, steryl ester phospholipase, Rajakumari S and Daum G
Hydrolase JBC - 2010

5 TGL5 TAG lipase Acyltransferase Rajakumari S and Daum G
Mol. Biol. Cell - 2010

6 LPX1 Peroxisomal lipase Thoms S et al., FEBS J - 2008
7 AYR1p TAG lipase Ploier B et al., JBC - 2013
8 LDH1 TAG lipase Hydrolase Thoms S et al.,

Eukaryotic Cell - 2011
9 YJU3 MAG lipase Heier C et al.,

Biochem.Biophys. Acta - 2010
10 CVT17/AUT5 Vacuole lipase Teter SA et al., JBC - 2001

Epple UD et al.,
J Bacteriology - 2001

11 LPL1 Phospho lipase B Selvaraju K et al.,
Biochem.Biophys. Acta - 2014

12 ROG1 MAG lipase Vishnu Varthini L et al.,
FEBS Letters - 2015

13 YEH1 TAG lipase Steryl ester Köffel R et al.,
Hydrolase Mol. Biol. Cell - 2005

14 YEH2 TAG lipase Steryl ester Köffel R et al., Mol. Biol.
Hydrolase Cell - 2005

Müllner H  et al., JBC - 2005
15 MGL2 MAG lipase Selvaraju K et al.,

FEBS Letters - 2016
16 EEB1 Synthesis of medium Hydrolase Saerens SM et al., JBC - 2006

chain fatty acid ethly esters
17 EHT1 Synthesis of medium Hydrolase Saerens SM et al., JBC - 2006

chain fatty acid ethly esters
18 ATG15 Phospho lipase Ramya V and Rajasekharan R.

FEBS Letters - 2016
19 YGR031w TAG lipase Arya M et al., BBRC - 2017

Name of the
Enzyme

S.
No

Major
Function

Other
Functions Reference

Table. 2. Lipases of Saccharomyces cerevisiae’s ABHD family and their functions.
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