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Phospholipase C break membrane lipids during plant
adaptation under stress

Plants constantly encounter various biotic and abiotic stresses in the environment. These stresses
present adverse growth conditions, which affect the plant development, longevity and productivity.
The crop production is decreasing rapidly due to the negative impact of various environmental
stresses whereas, world population is increasing dramatically. Thus, to address the important issue
of food security, improvement in the quantity and quality of crops plants is a major challenge for
plant biologists. Unfortunately, like animals, plants cannot move away from the stressful conditions,
but for the adaptation and to survive in the environment, they need to reprogram their molecular
machinery. One of the vital adaptive responses is triggering a signaling event where diverse
molecules and proteins are involved.

Fig. 1. Depiction of functional activity of phospholipase C (PLC) in the plant cell, triggered by
different environmental stimuli e.g., biotic/abiotic stresses and plant development.

Plasma membrane is the outer envelope of the plant cell and it is made up of phospholipids bilayer.
Plasma membrane primarily perceives the stimuli and phospholipids undergo breakdown and
remodeling, resulting in the generation of vital lipid signaling molecule. Phospholipases are the
primary enzymes (biological catalysts), which are responsible for the phospholipids breakdown and
generation of various signaling molecules. Phospholipase C (PLC) is one of the major class of
phospholipases, which produces the signaling molecules like diacylglycerol (DAG) and inositol 1, 4,
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5-trisphosphate (IP3). However, these molecules are well established signaling components in
animal system, there is still a debate that their higher phosphate versions i.e., phosphatidic acid
(PA) and IP6, respectively, function in the plant cell. Based on the activity on specific phospholipids,
PLCs are divided into two main types i.e., phosphatidylinositol-specific PLCs (PI-PLCs) and
phosphatidylcholine-PLC (PC-PLC or nonspecific PLC; NPC). In the model plant Arabidopsis
thaliana, nine PI-PLC and six NPC genes exist while, recently,  we found out four and five PI-PLC
and NPC genes, respectively, in crop plant rice (Oryza sativa).

PLC activity is facilitated by their unique structural features. Plant PI-PLC proteins contains unique
regions/domains e.g., C2 domain, which helps them bind to the phospholipids; catalytic X and Y
domains required for breaking specific bonds. The activity of plant PLCs is regulated by various
factors. Major regulatory factors include, (i) calcium ion (Ca2+) requirements; scientific evidence has
proven significant role of Ca2+ in activation and targeting of most plant PLCs to their site of action
(plasma membrane), (ii) post translational modification; this include addition or removal of specific
moiety from completely formed PLC proteins. Phosphorylation, SUMOylation, Ubiquitination are the
major post translational modification known, (iii) Interacting protein partners; specific proteins such
as G-proteins, cyclic nucleotide gated channels (CNGC) and protein kinases interact with PLCs
and control their activity.

PLC members from diverse plant species have been found to play major role in signaling events
triggered by various stress conditions. Studies of a number of PLC genes revealed that they control
the plant responses to detrimental abiotic stresses such as water deficit, high salt, cold and heat.
Vital molecules including DAG, IP3 (known as secondary messengers) and PA generated as a
result of PLC activity regulate the function of downstream signaling components for adaptive
responses. Moreover, PLC genes, through their unique function are found to protect tomato plants
from harmful fungal (Cladosporium fulvum, Verticillium dahlia) and bacterial (Pseudomonas
syringae) pathogens. Under phosphate nutrient deficiency, NPCs facilitate the mobilization of
phosphate from membrane phospholipids to the site where it is required in the cell, thus, help
plants to survive. A significant involvement of PLC function has been also found in polarized pollen
tube growth, which is a male organ in seed plants and act as a channel to transfer the gametes
(similar to sperm in animals) to ovule for reproduction. This function of PLC was demonstrated in 
Arabidopsis and mustard (Brassica napus) plants.

These important functional attributes propose PLC genes as potential candidates for
biotechnological manipulations to develop crop plant varieties with better stress tolerance and high
productivity, to resolve the problem of food security.
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