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Abstract: Plants are simultaneously exposed to various biotic and abitic stresses which effect growth and
development of plants causing to reduce yield. The term plant wax is collectively used to describe the lipid
components of cuticles covering the areal parts of plants. Cuticular wax layer protects the plants against
environmental stresses and work as a waterproof barrier. It reduces the residual transpiration, minimize the non-
stomata water loss, shelter plants from ultraviolet radiations, decrease the water deposition on plant surface,
minimize the retention of pollens, dust and air pollutants. Plant waxes provide the protection against bacterial,
fungal pathogens and reduces plant-insect interactions. Generally cuticular wax is comprised of long chain aliphatic
lipids, tritrepenoids, sterols and flavonoids. Aliphetic compounds are synthesized in epidermal cells to from very
long chain fatty acids. These very long chain fatty acids are changed to their derivatives to form wax. The aim of
present review is to exploit the available information about the composition, functions, biosyntheses process of plant
epicuticular wax and factors involved in its regulation so that the information may be helpful for plant biologists to
improve the potential of crop plants against environmental stresses.
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Introduction bacterial and fungal pathogens (Jenks et al., 1994). It

Environmental conditions exert prominent effect also participate in a variety of ways to protect the
on the growth and development of plants (Pasha et al., plants from plant-insect interaction (Eigenbrode &
2015). Biotic and abiotic stresses are considered as Espelie, 1995). Cuticular waxes eliminate the
major factors that cause to eliminate the productivity affection and growth of insects (Muller, 2006)
and yield of agricultural crops. Cuticular wax is a gift increase resistance of plants against disease causing
of nature for plants to protect them from these agents like bacteria & fungi and diminish plant—
stresses, as they don’t have the ability of move to pathogen interactions (Carver & Gurr, 2006). Waxes
protect themselves from the environmental situations. have been evolved to repel the droplets of surface
Outer most layer of plants is covered by cuticular wax water carrying the fungal spores and dust particles
which is visible as a bluish white colored coating on (Wagner et al., 2003). Most waxes are derivatives of
the surface of stem, buds and leaves, and is termed as fatty acids (Kolattukudy, 1973) and work as a
waxy bloom. As compared to more glaucous wild type hydrophobic barrier between plants and their
plants, the plants stem in the absence of epicuticular environment. Leaves are termed as photosynthetic
wax layer appear as bright green indicating the lack of factories in crop plants and are most probably
wax on its surface. Lipids components of cuticles, damaged by environmental stresses. Cuticular wax
covering the areal parts of plants are termed as forms continuous hydrophobic barrier to reduce the
cuticular wax. In addition to long chain fatty acids, water loss from plant organs and work as a first line of
wax is also found in suberin matrix and is associated defense to reduce non-stomatal harmful water loss
with underground and wound tissues (Von, 1995). (Baur, 1998). Outermost hydrophobic layer of cuticle,
Wax is also thought to be present in lipids of pollen present on leaves and stems work as drought
and seed coat (Bianchi et al., 1990, Reiter et al., resistance in plants (Kosma et al., 2009; Bhutta ef al.,
1999). 2015). It has been reported that crystalline
1-Functions of cuticular waxes microstructure of wax have induced the properties of

Cuticular wax plays the vital role for the light reflectance in it, which causes to modulate light
improvement of plant life and protects the plants from reflectance hence regulate the temperature and limit
both biotic and abitic stresses. To protect the plants the transpiration in plants by regulating the water
from biotic stresses, surface wax plays the role against vaporization (Shepherd ef al., 2006). Two components
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mainly contribute in plant transpiration i.e stomata
conductance which is controlled by regulation of
stomata aperture and the residual water loss observed
on adaxial leaves deprived of stomata. During water
stress, stomata close and cuticular transpiration takes
on a significant importance. As an increase of
cuticular wax synthesis during water deprivation has
been observed in various plants such as tobacco
(Nicotiana glauca L.) and sesame (Sesamum indicum
L.), an active role of cuticle in preventing plant
desiccation has been proposed (Cameron et al., 2006;
Kim et al., 2007). It is remained unclear that how
drought stress signals are integrated in cuticular wax
biosyntheses mechanism and how it is associated at
molecular level to response of plant to drought stress
(Seo & park, 2011). To shelter the plant from abiotic
stresses wax reduces the non-stomatal water loss,
reduced amount of epicuticular wax on plant surface
shows higher rate of transpiration in crop plants,
shelter the plants from ultraviolet radiations (Reicosky
& Hanover, 1978; Barnes et al., 1996) and minimize
the water deposition on plant surface to reduce the
retention of dust, pollen and air pollutants on plant
surface (Kerstiens, 1996; Barthlott, 1997). Waxes
present in tryphine layer of pollen grains are essential
for pollen stigma signaling that is required for
fertilization (Preuss et al, 1993). During organ
development, cuticle prevents the inappropriate fusion
of organ (Sieber et al., 2000). Physiology and quality
of fleshy fruits are also disturbed by the presence of
cuticle. The external manifestation of fruits such as
color, surface, glossiness, and uniformity and post
harvest treatments such as storage, transportation and
shelf life are also improved due to cuticle barrier
(Isaacson et al., 2009; Dominguez et al., 2011).
Physical and chemical properties of cuticular wax
such as hardness, low surface tension, adhesive
strength, high energy content and optical transparency
have enabled it for industrial applications. Industrially
important products of waxes are plastic, candles, shoe
polish and cosmetics in everyday life. It has also
gained the importance for the production of
biomimetic materials such as superhydrophobic and
superhydrophilic tissues and this trend will gear up in
future that will make the cuticular wax more important
(Javelle et al., 2011).
2-Composition of epicuticular wax

Cuticle consists of cutin, cutan, polysaccharides
and organic soluble compounds called as wax
(Walton, 1990; Nawrath, 2006; Pollard et al., 2008).
Outer layer of cuticle is termed as cuticular wax and
physically can be stripped from surface of leaves,
stem and fruits by using aqueous glue (Jetter &
Schéffer, 2001; Buschhaus & Jetter, 2011). Repeated
adhesive application reaches a physical limit at which
no additional wax is removed from leaves stem or
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fruits then subsequent solvent extraction releases
additional wax that presumably resided within the
cutin and is termed as intracuticular wax. The
mechanism of this compartmentalization is still
unknown. Cuticular wax is comprised of long chain
aliphatic lipids, triterpenoids, sterols and flavonoids
are also included as secondary metabolites. Lot of
variation is present among the wax composition
between species as well as in wax present in same
species at different locations. It also has been
observed that wax composition is not uniform
between two wax layers (Buschhaus ef al., 2007, Ji &
Jetter, 2008; van & Jetter, 2009). On smallest
available scale, we can distinguish different wax
layers within two cuticle layers (Jeffree, 2006).
Commonly wax comprises long chain linear
compounds such as acids, primary and secondary
alcohols, aldehydes, ketones and alkanes in varying
ratios (Walton, 1990). In addition to linear compounds
some cyclic compounds i.e pentacyclic triterpenoids
are also found in wax of many species which tends to
be accumulate regularly almost entirely in the intra-
cuticular wax layers (Jetter et al, 2006). The role of
various cuticle substructures and constituents is
uncertain yet which needs to exploit.
3-Cuticular wax biosynthesis

At early stage of plant development wax
biosyntheses stars by deposition of pro-cuticle in the
late globular stage of embryogenesis and is tightly co-
regulated with plant growth to provide a constant wax
and cutin deposition which has been reported to occur
during stem elongation (Tanaka et al., 2002; Such et
al., 2005). Cuticular wax biosyntheses is
predominantly known to occur in epidermal cells (Li-
Beisson et al, 2010). Aliphatic components of
cuticular waxes are synthesized in epidermal cells and
from very long saturated fatty acids. Formation of
very long fatty acid is a complex mechanism which
requires the activities of several enzymes in various
cellular compartments i.e cytoplasm, plastids and
endoplasmic reticulum. A well characterized soluble
fatty acid complex present is plastid of stroma is
involved for the syntheses of de novo fatty acid of
C16- C18 (Ohlroggeav & Browseb 1995). Second
stage is known as fatty acid elongation stage where
multiple elongation steps are involved that are
catalysed by enzyme complexes which are associated
to membrane. Cuticular wax biosyntheses pathway
started with the syntheses of C16 and C18 fatty acids
which are synthesized in plastids from where they are
exported to cytoplasm for further elongation to form
very long chain fatty acids C20 to C34 (Fig.1). A
series of enzymes such as 3-ketoacyl-CoA synthetases
(KCS), 3-ketoacyl-CoA reductases (KCR), 3-
hydroxyacyl-CoA dehydratases and trans-2-enoyl-
CoA reductases (ECR) participate in this step (Kunst
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& Samuels 2009). These very long chain fatty acids
are subsequently changed to their derivatives by
decorbonylaation and acyl reduction pathways.

There are two major pathways involved in the
biosyntheses of wax components.

(a) Acyl reduction pathway:

First pathway for wax biosyntheses is acyle
reduction pathway, primary alcohols and wax esters
are the main products of this pathway. Alcohol
formation varies within species such as in B.oleracia
primary alcohol is produced in two steps and two
different enzymes are used in each step i.e. an enzyme
NADH independent acyl-CoA redutase is used to
reduce very long chain fatty into aldehydes whereas
another enzyme NADPH-dependent aldehyde
reductase is used for formation of primary alcohol by
reduction of aldehydes (Kolattukudy, 1973). It has
been reported by (Vioque & Kolattukudy 1997) that in
pea plants formation of alcohol take place in single
step by an enzyme fatty-CoA reductase and alcohol
biosyntheses formation take place via aldehyde
intermediate. The second step is the syntheses of wax
ester which is catalyzed by a fatty acyle-CoA wax
synthase.

(b) Decarbonylation:

Second step is termed as decarbonylation which
yields aldehydes, alkanes, secondary alcohol and
ketones. Here at first stage acyle CoA ester is reduced
to aldhyde by using an enzyme acyle-CoA reductase.
Then carbonyl group is removed from aldehyde by
enzyme aldhyde decarbonylase to from alkane.
Further metabolism of hyrdocorbons is possible by
adding the hydroxyl group in carbon chain by enzyme
hydroxylase ~which yields secondary alcohol.
Estrification of secondary alcohol yield wax ester on
the other hand long chain ketone is formed by
oxidizing the hydroxyl group. An association pathway
yields B-diketones and 2-alkanols. Last stage of wax
ester production from alcohol and fatty acids involves
the action of an acyle-CoA alcohol transacylase.
4-Transportation mechanism of cuticular wax

Transportation mechanism of wax is still
unknown because it is not yet clear how hydrophobic
components of wax moves intra-cellulary and how are
exported out of cell. However some molecules have
been identified that assists the process of
transportation. Various studies have confirmed that
various molecules related to wax biosynthesis are
synthesized in endoplasmic reticulum (Geer et
al.,2007; Li et al, 2008). Compounds which are
derived from very long chain fatty acids from the
cuticular waxes, are synthsised in the endoplasmic
reticulum of epidermal cells before being exported to
the environmental face of the epidermis (Bernard,
2013). According to Kunst & Samuels (2003) there

62

are two hypotheses about the intracellular
transportation of wax.

4(i) Direct transfer of lipids from endoplasmic
reticulam to the plasma membrane.

After syntheses, wax components are exported
from the site of lipid syntheses to the plastids followed
by endoplasmic reticulum then through the plasma
membrane to the cell wall where they are deposited.
Carrier proteins of soluble acyl transfer the wax
compounds from the endoplasmic reticulum before
passing through cytoplasm. Carrasco et al, 2011
reported the stable junction between endoplasmic
reticulum-plasma membrane in various eukaryotes i.e
mammals, yeast, insects and plants. Directly wax
transportation from endoplamic reticulum to plasma
membrane indicates that the specific proteins are
present in ER that contact at specific site on plasma
membrane for transportation of wax (Bernard &
Joubeés 2013).

4(ii) From the plasma membrane to the
extracellular matrix
Wax  compounds  after reaching the

plamsmalemma, are exported from membrane to
released into the extra cellular matrix. Active proteins
of ABC family are involved for the completion of this
step. However the mechanism of wax transport from
endoplasmic reticulum to plasma membrane is unclear
yet that how ABC transporters handle wax
components. The first ABC transporter identified
required f or wax transport was found to be encoded
by CERS5 and was named ABCGI12 according to the
nomenclature of ABC transporters. A reduction in the
wax load of the cer5 mutant was characterized a long
time ago as it exhibited the shiny stem phenotype
typical of wax-associated mutants (Samuels et al,
2008). ATP-binding cassette (ABC) proteins are
ubiquitously associated with transport across
membranes of a broad range of molecules in
prokaryotes and eukaryotes (Verrier, 2008). Likewise,
arole for ABCG11 was found in the transport of cutin
monomers in flowers, siliques and seeds as well as in
the transport of suberin in roots, accounting for the
pleiotropic effects triggered by a loss of ABCGI11
(Panikashvili ef al., 2007). In addition, the remaining
export of 50% of the waxes on the plant surface in the
absence of ABCG11 and ABCG12 (Bird et al., 2007)
indicates that other ABC-transporters might be
required to export wax compounds. Alternatively,
another yet to be described transport machinery could
participate in that process. Consistent with the first
idea, numerous putative ABC transporter encoding
sequences were found up-regulated in the stem
epidermis (Suh ef al., 2005).
5-Regulation of wax biosynthesis

Cuticular wax biosyntheses regulation is a
complex mechanism that involves signaling networks
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associated with abiotic stress reponses, pathogen
responses and on the integrity and structure of cuticle
itself. As the cuticle is entirely synthesized by
epidermal cells so the regulation of epidermis identity
during the development can play a regulatory role in
cuticle development. In recent studies an association

Palstid

Fatty acid
synthase

between cuticle biosyntheses and developmental
process such as epidermal cell formation has been
reported by (Hen-Avivi et al.., 2014). In this review
we will elaborate transcriptional and environmental
factors of cutin and wax biosyntheses.
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5(i) Transcriptional factors

Regulation of cuticular wax biosyntheses is a
complex network that occurs on multiple levels and
is not limited to transcriptional factors; it also
includes post transcriptional regulation along with
epigenetic factors. First gene identified that have role
in cuticle biosyntheses regulation was AP2 domain
containing WAX INDUCERI/SHINE1 (Aharoni ef
al., 2004; Broun et al, 2004). Studies have shown
that WINI/SHN1 over-expression causes to increase
the cutin level of plants indicating that genes up-
regulating cutin biosyntheses enzymes proceeds the
induction of wax biosyntheses genes (Kannangara et
al., 2007). It has been observed that a transcriptional
factor AP2/ERFtype work as transcriptional repressor
of cuticular wax biosyntheses (Go et al., 2014).

Four genes CER2, CER3, GL2, GL15 cloned
from mutation collections are considered to code for
regulatory proteins (Negruk et al., 1996; Xia et al.,
1996). Out of these genes GL15 was recommended to
function as transcriptional factor for the regulation of
leaf epidermal cell identity. Whereas the identities of
CER2, CER3 and GL2 gene products could not be
deduced from their primary sequences, and their
predicted functions in regulation of wax deposition
remain to be confirmed. Similarly, WXPI, an
AP2/EREBP domain transcription factor from
Medicago truncatula, increases leaf cuticular wax
accumulation and results in a glossy leaf phenotype
when over expressed under the control of the 35S
promoter in alfalfa (Medicago sativa; Zhang et al.,
2005).

5(ii) Environmental factors

Regulation and deposition of cuticular wax
biosyntheses comprises on a regulatory network that
control the differentiation of epidermal cells and
environmental stress responses. It has been observed
that wax biosyntheses is thought to be induced by
drought related traits, sodium chloride, and abscisic
acid treatments (Kosma et al., 2009). Absisic acid
regulates cuticular wax biosynthesis by binding
directly to the promoters of genes encoding fatty acid
elongating enzymes, i.e KCS, KCR, ECR (Seo &
Park 2011). Seo et al, 2011 reported that cuticular
wax deposition has correlation with plant responses
to cellular dehydration.  As compare to wax
biosyntheses, cutin biosyntheses is only dependent to
drought not on abscisic acid or sodium chloride
(Kosma et al., 2009). Regulation of abscisic acid for
cuticle biosyntheses is an interesting region for
drought resistance and stomatal aperture in crop
plants (Lee and Luan, 2012). Resistance to pest and
pathogens due to cuticular wax biosyntheses is not
understood yet, however is has been observed that
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numerous wax producing genes have been induced in
plants by bacterial pathogens (Raffaele et al., 2008).
Similar results also have been reported in wheat due
to Hessian fly by (Kosma et al., 2010).

Conclusion

Plant cuticular waxes play significant role
against various biotic and abiotic stresses. Hence
there is dire need of the hour to study the mechanism
of its biosyntheses and transportation so that plant
biologists may be unable to wunderstand this
phenomenon at molecular level to increase the
resistance against various stresses in plants. This
review will help the plant  physiologists to
understand the basic mechanism that how wax is
synthesized in plants, factors involved for its
transportation and regulation along with various
properties of plant waxes related to biotic and abiotic
stresses.
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