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INTRODUCTION

ajor Elements of cellular 

membranes, phospholipids play 

crucial roles in signaling. A large 

family of proteins known as phospholipases 

(PLs) cleaves different phospholipid 

connections to preserve the integrity and 

homeostasis of membrane lipids. The three 

main classes of plant PLs are A, B, C, and D. 

The kinds of catalytic reactions that these 

classes carry out serve as a defining 

characteristic. Lyso phospholipids and free 

fatty acids are produced when acyl groups are 

hydrolyzed by phospholipases A (PLAs). In 

order to break the glycerophosphate bond and 

produce diacylglycerol and the phosphorylated 

head group, phospholipases C (PLCs) catalyse 

the hydrolysis of the whole phosphoryl head 

group.  The phosphodiester (phosphorus-

oxygen) bond in the phospholipid is broken by 

phospholipases D (PLDs), releasing 

phosphatidic acid. Lipid second messengers, 

which mediate plant responses to 

environmental cues, are frequently produced in 

conjunction with the hydrolytic activity of PLs. 

The cytoskeleton's organisation and dynamics 

are likewise under the control of PLs. They play 

a significant role in the manufacture of 

jasmonic acid (JA) and have a significant 

impact on how plants react to hormones like 

auxins, cytokinins, and abscisic acid. Plant 

developmental processes are tightly regulated 

by the interaction of PLs and hormones. 

Through each of these pathways, PLs are 

implicated in how plants react to infections, 

heavy metal stress, phosphorus deficiency, 
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ABSTRACT 
Phospholipases are lipolytic enzymes that break down particular ester linkages in 
phospholipid substrates to produce fatty acids and lipophilic compounds. Phospholipases 
are widely distributed in nature and have a wide range of functions, from producing 
aggression in snake venom to signal transduction, the synthesis of lipid mediators, and the 
digestion of metabolites in humans. The structure, function, regulation, and mechanism of 
action of phospholipases vary widely. Over the past few decades, there have been enormous 
advancements in our understanding of the structure and operation of phospholipases. 
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drought, cold, temperature, and salinity. Not 

least of all, PLs control a variety of plant 

developmental processes, including pollen tube 

expansion, embryogenesis, and root and leaf 

development, as well as gravitropism. 

Types of Phospholipases and its occurrence 

Acids trigger the release of bound calcium from 

cellular stores and the consequent increase in 

free cytosolic Ca2+, an essential step in calcium 

signaling to regulate intracellular processes. 

There are four major classes, termed A, B, C, 

and D, which are distinguished by the type of 

reaction which they catalyze: 

 Phospholipase A 

 Phospholipase A1 – cleaves the sn-1 acyl 

chain (where sn refers to stereospecific 

numbering). 

 Phospholipase A2 – cleaves the sn-2 acyl 

chain, releasing arachidonic acid. 

 Phospholipase B – cleaves both sn-1 

and sn-2 acyl chains; this enzyme is also 

known as a lysophospholipase. 

 Phospholipase C – cleaves before the 

phosphate, releasing diacylglycerol and a 

phosphate-containing head 

group. PLCs play a central role in signal 

transduction, releasing the second 

messenger inositol triphosphate. 

 Phospholipase D – cleaves after the 

phosphate, releasing phosphatidic acid and 

an alcohol. 

Types C and D are considered phospho-

diesterases. Endothelial lipase is primarily a 

phospholipase.  

Phospholipase A2 acts on the intact lecithin 

molecule and hydrolyzes the fatty acid 

esterified to the second carbon atom. The 

resulting products are lyso lecithin and a fatty 

acid. Phospholipase A2 is an enzyme present in 

the venom of bees, blennies and viper snakes. 

The phospholipase A, phospholipase C, and 

phospholipase D enzyme families are further 

classified into subgroups and the characteristics 

of these enzymes are described below. 

Phospholipase A 

Phospholipase A1 

Phospholipase A1 enzymes hydrolyze the fatty 

acid in phospholipids at the sn-1 position. The 

isozymes of phospholipase A1 can be divided 

into two groups based on how they are 

distributed throughout the cell: group 1 contains 

internal enzymes, whereas group 2 contains 

exterior enzymes. The phosphatidic acid-

preferring phospholipase A1, the p125, and the 

KIAA0725p are the three members of the 

mammalian intracellular phospholipase A1 

subfamily. Phospholipase A1, a phosphatidic 

acid-preferential enzyme, is found in high 

concentrations in mature testicles and is thought 

to be important in spermiogenesis. P125 binds 

to the COP-II component Sec23 to take part in 

COP-II vesicle structuring (which mediate 

vesicular transport from the endoplasmic 

reticulum to the Golgi). KIAA0725p is 

restricted to the Golgi apparatus for vesicular 

transport, also known as anterograde 

trafficking, from the Golgi apparatus to the 

plasma membrane. These enzymes share a 

similar structural feature called the lipase 

consensus sequence, which is Gly-x-Ser-x-Gly 

and contains the active site serine. 

Although the extracellular phospholipase A1 

enzymes have a similar extracellular location 

and sequence, their physiological functions are 

very different. Lysophosphatidylserine and 

fatty acids are produced during the hydrolysis 

of phosphatidylserine by the enzyme 

phospholipase A1. Phosphatidylserine typically 

resides on the cytosolic side of the plasma 

membrane, but it is possible for it to be exposed 

to the outer leaflet of the plasma membrane in 

response to a variety of stimuli. 

Phosphatidylserine, for example, externalises 

on cell surfaces during the blood coagulation 

cascade and controls thrombin, the key 

component in this route. Phosphatidylserine 

externalisation, which is the signal by which 

apoptotic cells are detected and eliminated by 
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phagocytes, increases during the early phases of 

apoptosis. Lysophosphatidic acid is produced 

when the membrane-associated phosphatidic 

acid preferring phospholipase A1 isozymes and 

react with phosphatidic acid. Lysophosphatidic 

acid has a variety of biological effects, 

including the promotion of cell proliferation 

and motility. Therefore, these enzymes are 

implicated in a variety of biological functions 

because the phospholipid substrates and/or 

metabolites of these phospholipase A1 

hydrolytic events play crucial roles in numerous 

pathways and signalling cascades. 

Phospholipase A2 

Phospholipase A2 enzymes hydrolyze 

phospholipids at the sn-2 position. The sn-2 

position of phospholipids contains unsaturated 

fatty acids such as arachidonic acid. 

Eicosanoids are a family of compounds that are 

produced by many cell types from arachidonic 

acid. There has been considerable 

pharmaceutical interest in characterizing 

phospholipase A2 enzymes owing to their role 

in the production of lipid mediators in 

inflammation, such as arachidonic acid and its 

eicosanoid derivatives prostaglandin and 

leukotriene. To date, 15 groups (I – XV) of 

phospholipase A2 have been identified. They 

are 

1. Secreted phospholipase A2 

2. Ca2+-dependent cytosolic phospholipase 

A2 

3. Ca2+-independent phospholipase A2 

4. Platelet activating factor acetylhydrolase 

phospholipase A2  

5. Lysosomal phospholipase A2. 

 The first phospholipase A2 was initially 

discovered in snake venom, and later 

phospholipase A2 enzymes were found in other 

organisms including mammals. 

The secreted phospholipase A2 enzymes 

include Groups I through III, V, and IX through 

XIV phospholipase A2 and they share common 

features such as low molecular weight (13–15 

kDa), a catalytic His-Asp dyad, Ca2+ bound in 

the active site, and conserved disulfide 

bonds.The role that secreted phospholipase 

A2 play in eicosanoid release, but the results are 

inconclusive. Upregulation of Groups IIA, V, 

and X phospholipase A2 was associated with an 

increase in eicosanoids in a cytosolic 

phospholipase A2 (Group IVA)-dependent 

manner. However, a specific inhibitor of the 

Group IIA phospholipase A2 showed no 

therapeutic effects in human phase II clinical 

trials. 

The Ca2+-dependent cytosolic phospholipase 

A2 enzymes, also known as Group IV 

phospholipase A2, contain a Ca2+-dependent 

phospholipid binding domain and a catalytic 

α/β hydrolase domain. Both of these domains 

are required for the cytosolic phospholipase 

A2 activity. Group IVA phospholipase A2 is the 

only known phospholipase A2 with a preference 

for arachidonic acid in the sn-2 position, thus it 

represents the central enzyme that mediates the 

generation of eicosanoids. The structural 

information of Group IVA phospholipase 

A2 has allowed the development of inhibitors. 

Two of the most promising drug candidates, 

indole derivative inhibitors such as efipladib 

and 2-oxoamide inhibitors, have shown success 

in reducing inflammatory effects in animal 

models. 

The Ca2+-independent phospholipase 

A2 enzymes are cytosolic and do not require 

Ca2+ for activity. The most extensively studied 

Ca2+-independent phospholipase A2 is Group 

VIA-2. It has been implicated in many 

biological pathways; from maintaining basal 

cell membrane homeostasis by phospholipid 

remodeling to signal transduction in pancreatic 

β-cells leading to insulin release. The feature of 

phospholipase A2 is its lack of specificity for 

the fatty acid present at the sn-2 position of 

phospholipids, the enzyme being able to 

hydrolyze practically any fatty acid. A 

structural feature is ankyrin repeats located 

within the amino-terminal half of the protein 
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which mediate protein-protein interactions. The 

loss of the amino-terminal region of Group 

VIA-2 phospholipase A2 resulted in a more 

active enzyme which accelerated membrane 

phospholipid destruction. Three Group VI 

phospholipase A2 enzymes (namely Group 

VID, VIE, and VIF phospholipase A2) have 

recently been identified and possess 

triacylglycerol hydrolase and acylglycerol 

transacylase activities. The physiological role 

of these enzymes remains to be defined. 

The platelet activating factor acylhydrolase 

phospholipase A2 (Group VII and VIII 

phospholipase A2) catalyzes the hydrolysis of 

the sn-2 ester bond of platelet activating factor 

and related pro inflammatory phospholipids. 

One platelet activating factor acylhydrolase 

(Group VIIA) is secreted, and thus is also 

referred to as plasma platelet activating factor 

acylhydrolase, or lipoprotein associated 

phospholipase A2.The secreted Group VIIA 

phospholipase A2 features the catalytic Ser-

His-Asp triad, the lipase motif, and shows 

broad substrate specificity including 

diacylglycerol and triacylglycerol hydrolase 

activity as well as phospholipase A1 activity. 

Cell culture studies showed that Group VIIB 

phospholipase A2 translocated from the cytosol 

to membranes in the presence of oxidants, and 

that its overexpression protected cells from 

undergoing apoptosis upon exposure to 

oxidative stress. Thus, it has been suggested 

that Group VIIB phospholipase A2 may protect 

cells against oxidative stress.  

The lysosomal phospholipase A2 enzyme is a 

Ca2+-independent enzyme with acyl-ceramide 

synthase, transacylase and lysophospholipase 

activities. Optimal activity of lysosomal 

phospholipase A2 occurs at pH 4.5 suggesting 

that the enzyme localizes to lysosomes. 

Lysosomal phospholipase A2 possesses the 

lipase motif (Gly-x-Ser-x-Gly), the catalytic 

Ser-Asp-His triad, a putative amino-terminal 

signal sequence and N-linked glycosylation 

sites. Lysosomal phospholipase A2-null mice 

showed an accumulation of 

phosphatidylcholine and phosphatidyl 

ethanolamine in alveolar macrophages 

suggesting that phospholipase A2-XV may be a 

major enzyme of pulmonary surfactant 

phospholipid degradation by alveolar 

macrophages. Disorders of surfactant 

metabolism present as respiratory deficiencies. 

Phospholipase C 

Phospholipase C enzymes cleave the 

glycerophosphate bond of phospholipids. The 

phosphoinositide-specific phospholipase C 

family consists of 13 isozymes. Activated 

phospholipase C enzymes catalyze the 

hydrolysis of phosphatidylinositol 4, 5-

bisphosphate within the membrane to generate 

the second messengers diacylglycerol and 1, 4, 

5-triphosphate. Diacylglycerol initiate further 

signal transduction pathways through the 

activation of protein kinase C and intracellular 

Ca2+ release.  

Phospholipase C-β1-null mice experienced 

epileptic seizures and sudden death suggesting 

phospholipase C-β1 is essential for the normal 

functioning of inhibitory neuronal circuitry, 

phospholipase C-γ1-null mice die by 

embryonic day 9 highlighting the widespread 

importance of this enzyme, and phospholipase 

C-ε plays a role in heart development. Thus, 

phospholipase C isozymes have been 

implicated in a variety of different 

physiological roles in various tissues, including 

cell growth, cell differentiation and gene 

expression pathways. The specific roles and 

signal transduction networks of some 

phospholipase C isozymes remain to be 

determined. 

Phospholipase D 

Phospholipase D activity has been detected in 

viruses, plants and animals. There are two 

isoforms of mammalian phospholipase D 

enzymes, namely, phospholipase D1 (120 kDa) 

and phospholipase D2 (105 kDa). These 

phospholipase D isozymes are regulated by a 

variety of molecules including protein kinases, 

polyphosphoinositides, and myristoylated 

alanine-rich C kinase substrate (MARKS) 
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protein. Phospholipase D and the product of its 

catalytic reaction phosphatidic acid have been 

implicated in regulating a diverse range of 

cellular processes including inflammation, 

control of intracellular membrane transport, 

neuronal and cardiac stimulation, cell 

migration, and chemo-resistance. Both 

phospholipase D1 and phospholipase D2 

require a cofactor for activity. The regulatory 

domains of phospholipase D enzymes include 

phox homology, and pleckstrin homology 

domains which are involved in lipid binding. 

Mutational studies have suggested that the loop 

region of phospholipase D1 contains a 

regulatory element, such that deletion of the 

loop resulted in increased phospholipase D 

activity. 

Special Phospholipases – Lipase Gene 

Family 

The extensive lipase gene family, which 

includes both insects and mammals, includes 

the secreted phospholipase A1 isozymes. They 

all play a comparable physiological role in the 

elimination of dietary triacylglycerol, including 

lipoprotein lipase, hepatic lipase, endothelial 

lipase, pancreatic lipase, and pancreatic lipase-

related protein-2. In the intestinal tract, acinar 

cells produce pancreatic lipase and pancreatic 

lipase-related protein-2, which hydrolyze 

triacylglycerol and aid in fatty acid absorption. 

Lipoprotein lipase hydrolyzes triacylglycerol 

from circulating triacylglycerol-rich 

lipoproteins. It is mostly produced by 

adipocytes and muscle cells. Hepatocytes and 

endothelial cells, respectively, produce the 

enzymes hepatic lipase and endothelial lipase, 

which hydrolyze phospholipids and 

triacylglycerol linked to high-density 

lipoproteins and triacylglycerol-rich 

lipoproteins. 

Heparan suflfate proteoglycans are used to 

anchor the bulk of lipoprotein lipases, hepatic 

lipases, and endothelial lipases to the 

endothelium. Hepatic lipase, lipoprotein lipase, 

and endothelial lipase all play noncatalytic 

functions in the clearance of lipids and 

lipoprotein particles by receptor-mediated 

endocytosis, also known as selective lipid 

uptake, in addition to their catalytic 

involvement in hydrolyzing plasma lipids. 

Furthermore, a recent study found that hepatic 

lipase may interfere with the hepatic production 

of triacylglycerol-rich particles on an 

intracellular level. Several external factors, 

including angiopoietin-like 3 proteins, 

influence the plasma levels and activities of 

lipoprotein lipase, hepatic lipase, and 

endothelial lipase. 

Other Phospholipases – Patatin 

Patatin, a plant lipid acylhydrolase, has been 

structurally analysed and shown to include a 

catalytic Ser-Asp dyad with an active site that 

resembles cytosolic phospholipase A2. 

However, it is significant to note that patatin 

does not display interfacial activation, perhaps 

as a result of the lack of a flexible lid covering 

the active site. Animals have also been found to 

carry PNPLAs, or patatin-like phospholipase 

domain-containing enzymes. Additionally, 

PNPLA has non-specific acylhydrolase activity 

and possesses the conserved serine lipase motif. 

Human tissues include nine members of the 

PNPLA family, which are involved in a wide 

range of cellular functions. PNPLA2 and 

PNPLA3, which are highly expressed in 

adipose tissue, appear to play a role in 

regulating concentrations of stored lipids under 

various dietary situations, even if the 

physiological roles of some members are still 

unclear. While PNPLA8 is a cardiac 

phospholipase that upholds mitochondrial 

integrity, PNPLA6 is connected to the 

endoplasmic reticulum and the Golgi apparatus 

in neurons and is thought to be involved in axon 

integrity. 

Phospholipases and their industrial 

applications 

The use of phospholipases in industrial 

processes has grown hand-in-hand with our 

ability to clone and express the genes in 

microbial hosts with commercially attractive 
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amounts. Further, the use in industrial processes 

is increasing by optimizing the enzymes by 

protein engineering. Phospholipases play a key 

role and show how the use of a phospholipase 

for oil degumming leads to substantial 

environmental benefits. The use of enzymes as 

an alternative to chemical processes to make 

products often provides a cleaner solution for 

the industrial processes. In a world with great 

demands on non-polluting, energy saving 

technical solutions--white biotechnology is a 

strong alternative. 

Summary 

Phospholipases are a sophisticated biological 

process that control phospholipid reformation 

and turnover, with implications for a wide range 

of intracellular and extracellular functions. A 

multitude of signalling and regulatory pathways 

depend on the byproducts of phospholipase 

processes. Over the past few decades, we have 

made significant progress in our understanding 

of the diverse group of phospholipase family 

members and how they are regulated. Because 

of this, various phospholipases have been 

identified as therapeutic targets for the both the 

illness prevention and treatment. 
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