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Abstract

Background: Antimicrobial peptides (AMPs) are unique natural antibiotics that are crucial effectors of innate
immune systems in almost all living organisms. Several different plant antimicrobial peptides have been identified
and isolated, demonstrating a high level of protection against various types of bacteria, insects, nematodes and other
microbes. Along with antimicrobial function, these peptides play a wide range of crucial function in plants, such as
regulation of stomata, ion channel, heavy metals and membrane fluidity.

Main body: Antimicrobial peptides show a continuum of toxicity for a variety of plants and animals pathogenic
microbes and even show cytotoxicity against cancer cells. Numerous studies have shown that transgenic plants have
increased the expression of AMP-encoding genes in response to biotic and abiotic stresses, and plants that express
transgenic AMP genes are more responsive to biotic, abiotic and other functions. In addition to being a molecule with
protective properties, various allergic reactions are associated with some phytopeptides and proteins, in particular
non-specific lipid transfer protein (nsLTP) and peptide-like hevein. Pru p3 from peach is the most clinically important
allergen within the nsLTP family that cause real food allergies and also triggers extreme clinical reactions. Similarly,
latex-fruit syndrome was primarily associated with well-studied latex allergen Hevein (Hev b8, Hev b6) and class |
chitinases.

Short conclusions: Several findings have shown that, in the near future, transgenic plants based on AMPs against
the verity of pathogenic fungi, bacteria and other abiotic stresses will be released without any adverse effects. Recent
study reason that association of lipid with nsLTP enhances allergic sensitization and hevein-like domain of chitinase

I essentially plays a role in cross-sensitivity of latex with different fruits and nuts. This review discusses the structures
and various functions of lipid transfer protein and hevein-like peptide.

Keywords: Antimicrobial peptides, Lipid transfer protein, Hevein-like peptide

1 Background
Antimicrobial peptides (AMPs) are host defense pep-
tides (HDPs) found in almost all classes of life, includ-
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peptides play a wide range of crucial function in plants,
like minimizing different types of abiotic stress, assist-
ing in the reproduction process, opening and closing of
stomata in process of respiration, ion channel activity,
etc. [25, 48, 52, 83]. Together with antimicrobial activity
against plant pathogens, these peptides demonstrate tox-
icity to a range of microbes that display pathogenicity to
animals and even some to cancer cells [36, 84].

The negative effects of chemical pesticides, the regu-
lar appearance of drug-resistant bacteria/fungi and the
failure of some conventional antibiotics have all contrib-
uted to an urgent search for new antimicrobial agents or
devices [75]. There have been several transgenic plants
in the market, which confer extra gene of protein hav-
ing great resistivity against herbicides, insect and pests.
However, there are no single transgenic plants in the mar-
ket, which confer resistance against pathogenic fungi and
bacteria. The role of AMPs in resistance is demonstrated
in numerous studies showing that transgenic plants
increased AMP-encoding gene expression in response to
biotic and abiotic stresses, and plants expressing trans-
genic AMP genes are more resistant to phytopathogens
[44, 71]. Nevertheless, recent studies on the development
of transgenic plants based on antimicrobial peptides/pro-
teins and their remarkable results suggest great promise
in the near future.

There are numerous types of antimicrobial peptides
reported from plant kingdom which isolated from differ-
ent parts of plants, like, root, stem, leaf, flower and seeds.
Purothionine from wheat flour (Triticum aestivum) was
the first plant AMP reported [28]. Based on the struc-
tural motif, disulphide bridges and sequence homology,
plant origin antimicrobial peptide was classified into five-
to-eight different class, viz. defensin, thionin, cyclotide;
knotting-like peptide, lipid transfer protein, hevein-like
peptide, snaking, MBP-1 homologue and glycine-rich
peptides [32]. In the current review article, we have tried
to evaluate lipid transfer protein and hevein-like peptides
in the aspect of structure, function and allergic property
of these peptides.

Intrinsic lipid physical affinity and the reporting of
in vitro lipid transfer behaviour between membranes
have been identified as lipid transfer protein [49, 50].
Based on these characteristics, it was believed that LTPs
were involved in biogenesis of membranes. However, in
isolating many cDNAs and genes, the presence of a sig-
nal peptide sequence indicates that LTPs also join the
secretory pathway [6]. Therefore, new roles have been
proposed for plant LTPs: participation in cutin formation
[37], embryogenesis [85], defense responses against phy-
topathogens [57, 80], symbiosis, and plant adaptation to
different environmental conditions [9, 68]. Low molecu-
lar mass and high thermal and proteolytic stability allow
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nsLTP to reach the immune system in an intact form,
and allergenicity is plausible due to it. It has recently
been proposed that the association of nsLTPs with lipids
enhances their allergenic properties and facilitates aller-
gic sensitization to these proteins [35].

The hevein-like AMP family is named after the hev-
ein isolated from the latex of the rubber tree. The main
element of all hevein-like peptides is that a conserva-
tive chitin-binding site is one of their essential structural
modules [45]. The chitin-binding site is not only com-
mon for hevein-like AMPs, but also other chitin-binding
proteins, such as lectins, class I and IV chitinases, and
some other proteins induced in wounding [4]. As like the
chitin-binding domain of chitinase I and IV and UDA
(Urtica dioica L.), hevein and hevein-like peptide con-
tain six, eight or ten cysteine residues forming a typical
cysteine motif, which can specifically bind to chitin, and
possess antifungal activity in vitro against several chitin-
containing phytopathogenic as well as non-chitin pos-
sessing fungi. As mentioned above, hevein is a peptidic
constituent of natural latex. The first cases of allergic
latex reactions were registered in 1927, and the frequency
of occurrence dramatically increased later [7]. Interest-
ingly, 30-50% of people with latex allergy often show
allergic reactions to some plant products, especially fresh
fruits like avocado, banana, kiwi fruit, nuts, etc.; this form
of allergy is often referred as latex-fruit syndrome [7].

2 Main text
2.1 Lipid transfer protein
In vitro study report of lipid transfer protein of animals
that assist in the transfer of phospholipids between
membranes directed to uncover similar substitute in
the plants. In this regard, Kader et al. in 1984 identified
a basic nature protein from spinach showing the similar
activity of phospholipids’ transfer in in vitro condition;
thereafter, study was fuelled to endeavour similar kind of
protein or peptides in plants [49, 50]. From the in vitro
activity, it was hypothesized that LTPs are principal com-
ponent involved in intracellular trafficking of lipids, but,
after identifying the signal sequence that directs it extra-
cellular space, the postulate was nulled [6]. There have
been several studies conducted to elucidate the precise
function, but no validated notion emerged till date and
LTPs still remain the proteins of an undefined function
of plants. Due to substantial industrial values and hostile
effect over human health, LTPs have remained centre of
study, such as abundance in malt which indorses taste
and foaming quality in beer, and recognized as principal
allergic components of several fruits [20, 52, 62, 96].
Lipid transfer protein (LTP) is usually designated as
non-specific lipid transfer protein, produced by almost
all land plants. Lipid transfer proteins are abundant,
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secretory, cysteine-rich with the conserved position, sol-
uble and smaller in size with molecular weight less than
10 Kd. Class of this small size protein discovered approxi-
mately four decades before and since then continuously
being added new protein. As it is produced by all land
plants and their most of tissues, suggesting that this pro-
tein probably involves in life-saving process. The compact
structure with the hydrophobic or non-polar tunnel was
turned into a suitable candidate as lipid transfer protein
between different membranous structures [49, 72, 85,
87].

Structurally, LPTs are comprised four-to-five a-helices,
which stabilized through relatively conserved four
disulphide bridges with the pattern of C-X —-C-X -
CC-X,-CXC-X,-C-X,—-C (Fig. 1). In the folding of
three-dimensional active form, helices create a hydro-
phobic tunnel, which chiefly plays an important role in
lipid binding and transfers [5, 25]. LTPs are encoded by
the relatively larger number of gene families in seed plant
than bryophyte and pteridophytes. Based on molecular
size, LTPs were classified into two groups, typel LTP and
type2 LTP, where typel LTP is comprised of around 90
amino acids (~ 9 Kd) and type2 LTP of around 70 (~ 7 Kd)
[51]. In a further study, LTPs from non-seed plants such
as mosses and ferns were recognized as not belonging
to one of two classes, indicating that LTPs of flowering
plants were significantly modified in the course of evolu-
tion. Considering various factors like evolutionarily con-
served intron, sequence similarity, the spacing between
cysteine and post-translational modification, LPTs were
classified into five major types, viz. LTP1, LTP2, LTPc,
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LTPd and LTPg, and four minor types such as LTPe,
LTPf, LTPh and LTPk [26]. In the categorization, it was
observed that LTPd and LTPg are present in all the land
plants from bryophytes to angiosperm, but LTPc and
LTP1 are limited to vascular plants and specially LTP2
restricted to seed-bearing plants only. The presence of
LTPd and LTPg in all land plants suggested that these are
primitive and evolutionary conserved; however, restric-
tion of LTP1, LTP2 and LTPc vascular and seed-bear-
ing plants designated that these are transformed in the
course of land plant evolution [26]. The naming of LTPs is
quite confusing, and different research groups opted dif-
ferent names for the same LTPs. There is a recent review
where the author put forward a method/typify of naming
and urged to the scientific community to follow. In the
recommended method, author suggested as xxLTPnn,
where the first two letters indicated as genus and species
of source and later two numbers/letters point the class
and specific given number of protein/gene; for instance
OsLTPd11; LTP from Oryzasativa class LTPd with gene/
protein number 11 and similarly AtLTP1.6; LTP from
Arabidopsis thaliana class LTP1 with gene/protein num-
ber 6[24, 46].

As mentioned above, LTPs are widely distributed and
also abundant among all land plants, as they make up
about 4% of the total soluble plant proteins. LTPs are
synthesised as a precursor protein comprising with a
signal domain of 21-27 amino acids that direct to the
final destination [67]. The proteins of this group are
highly compact, consisting of 4—5 a-helices, stabilized by
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Fig. 1 Schematic representation of differential disulphides’ connection pattern and tertiary structure of well structurally characterized non-specific
lipid transfer protein (nsLTP) of typel and type2. Line joining represents different positions involved in disulphide bridge formation. In type1, cyst-1
connects with cys-6 and cys-5 with cys-8, whereas in type2, cys-1 with cys-5 and cys-6 with cys-8. Tertiary model structure of nsLTP1 and nsLTP2
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various adverse conditions. Along the axis of molecules,
helices form a hydrophobic tunnel that can accommo-
date various types of lipids with least specificity and high
flexibility [47, 86]. Active structure of LTPs from vari-
ous sources in the state of bound with lipids as well as
unbound reveals that LTPs comprise with four helices
connected with flexible loops and an unstructured C-ter-
minal domain (Fig. 1) [18, 78, 86]. Helices further turned
more compact with disulphide bridges and H-bonding,
which provide great stability against thermal as well as
enzymatic degradation. Three-dimensional structure of
typel and type 2 is relatively more studied than other
types of LTPs. The disulphide bonding pattern in type 1
is as C1-C6 and C5-C8, whereas in type 2, C1-C5 and
C6-C8 possible result differed in tertiary structure, like
long tunnel hydrophobic cavity in type 1 but in type 2,
LTPs comprised of two head-to-head hydrophobic cavi-
ties (Fig. 1) [15, 67]. Detail structure of other type LTPs
has not been studied much except some.

Nevertheless, exact in vivo function of LTP has not
been clearly understood, though various evidences sug-
gested that LTPs play different functions along with lipid
binding and transfer, such as assembly of waterproof bar-
rier like wax and cutin [20, 52, 62, 96] over the outer sur-
face, signalling upon ingress of biotic and abiotic stress
[25, 34, 48, 83] like TaLTP40 and TaLTP75 (Tritcum aes-
tivum) over-expresses and enhances salt tolerance upon
exposer of dimethyl sulphoxide, SiLTP (S. italic) of foxtail
millet exponentially increases expression upon exposer of
salt NaCl, PEG, abscisic acid (ABA) and provides resist-
ance against same and other abiotic stresses [77]. Some
of LTPs also show direct microbial inhibition property
as well, such as Br LTP2.1 of B. rapa found in the nectar,
CcLTP2 (C. canephora) from coffee seed display antimi-
crobial activity against a various ranges of phytopathogen
[65, 72, 87]. Some LTPs also exhibit strong antibacterial
and antisepsis activity against animal/human patho-
gen, like McLTP (M. citrifolia) selectively inhibit gram-
positive bacteria and also cytokine-induced sepsis [84].
Surprisingly, the lipid transfer protein did not report any-
where to show any toxicity against either plant or animal
cells. Moreover, various evidences of different studies
suggested that a single function cannot be assigned solely
instead of individual LTP or isoform that is likely to play
specifically to multiple functions simultaneously. In addi-
tion to conventional work of lipid transfer and protective
property, some LTPs also play an important role in cell-
wall loosening, which is likely essential in growth [74].

Lipid transfer proteins (LTPs) were present in almost
all the land plants or in other words we can say that
since the evolution of land plant, LTPs provide their
vital role. LTPs primarily identified and characterized as
a small protein with hydrophobic cavity/tunnel, which
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assists in the transfer of different kinds of lipids. LTPs
were encoded by a high number of gene families; con-
sequently, it is very hard to correlate phenotypic change
with gene knockout or knockdown expression. However,
to understand the role of LTPs, a mutation in a gene for
LTP of Arabidopsis AtLTPd1 (DIR1) was directed. It was
found that mutation in DIR1 gene leads to decrease in
resistance against infection of P syringae [23]. Similarly,
knockdown of LTPG1 and LTPG2 gene in A. thaliana
downregulates the production and accumulation of wax
over stems [20]. Overexpression of BrLTP2 in Brassica
rapa exponentially increases trichomes number over
leaves and stem as well as secondary metabolite accumu-
lation. Trichome provides the first barrier for pathogen
and herbivore insect due to hairy nature, and secondary
metabolites give a strong effect of fungicides, pesticide
as well as provide a shield against UV [89]. StnsLTP of S.
tuberosum response with differential expression against
different abiotic stresses like heat, water deficit and salt,
but transgenic potato of the same gene with overexpress-
ing propensity also upregulates antioxidant enzymes
compared to untransformed [31]. Contrastingly, over-
expression of BrLTPd1 in Brassica rapa downregulates
production and deposition wax over leaves [16]. Fur-
thermore, lipid transfer protein NtLTP1.2 of tobacco was
present in the liquid secretion of leaves; overexpression
of this LTP increases the liquid secretion, which result-
antly increases resistance to pest insects’ invasion (Chen,
Chen et al.). LTPs also play a crucial role in reproduction
such as mutant of LTP5 gene (ltp5-1) of AtLTP1.8 (LTP
A. thaliana) plant showing defect in pollination and seed
formation [33], similarly on silencing of gene CaLTPcl
of Capsicum annum leading to significantly shorter pol-
len tube and lower the seed germination efficiency ([60].
Together, it is derived that LTPs have not any specific
function, instead of one type LTP involved in multiple
functions in different plants and different part of plants.
It also opens window to develop plant of overexpress-
ing certain LTPs, which would enhance secretion of
wax, increase trichomes number and another physical
or chemical protector that can be turned more against
phytopathogen, pest/insect resistance and enhance heavy
salt tolerance.

There is growing evidence suggesting that protein
allergens cannot be attributed exclusively to the struc-
tural and physicochemical properties of the molecules
themselves [35]. There are highly complex factors that
determine the allergenicity of food proteins, including
matrix effects and the association of allergens with nat-
ural ligands that influence their antigenicity and immu-
nogenicity [88]. There are several reports revealing that
lipid component or other contaminants play an impor-
tant role in modulation of allergenicity of proteins [14,
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35, 88]. For instance, an association of dietary triglycer-
ides with peanut proteins, incubation of peanut extract
and cashew allergens Ana 02 with oleic acid, binding of
phosphatidylglycerol (PG) to Sin a2 (11S mustard globu-
lin), have been reported to alter the immunogenicity of
the respective allergens [14, 88]. However, the influence
of lipids’ binding to food allergens on allergic sensitiza-
tion and the role of lipids on their immunogenicity and
allergenicity are less studied at the molecular level.
Several studies have shown that lipid transfer protein
(LTP) exhibits lipid interaction heterogeneity and thus
referred to as a non-specific lipid transfer protein (nsLTP)
[47, 86]. So far a limited number of studies have explored
the relationship between lipids and allergenic nsLTPs
and their effects on allergenic potency. Binding studies of
nsLTPs with different types of lipid demonstrated differ-
ent responses such as binding of certain kind of LTP with
certain kind of lipid changes conformation and enhanced
or reduced proteolytic stability but did not affect aller-
genicity; contrastingly, certain lipid binding decreases
proteolytic stability but enhances allergenic property
of LTP [10, 92]. For instance, binding of oleic to Pru p3
noticed that increased IgE-reactivity and basophil activa-
tion by conformational changes but in case of allergenic
nsLTPs Jug r3 (English walnut) and Cor a8 (hazelnut)
were relatively lesser enhancement detected [10, 79, 90].

2.2 Hevein-like peptide/protein

Hevein-like peptide term was derived from the first iden-
tification of antimicrobial peptides hevein from Hevea
brasiliensis [2]. Hevein primarily recognized in the lutoid
of the rubber tree Hevea brasiliensis, possessed the strong
antifungal activity and also identified as a major allergen,
which is demonstrated as human latex-fruit syndrome.
Statically, it has been observed that nearly 30-50% indi-
vidual who are allergic against latex or latex-derived
product also exhibit allergic reaction towards some
plant products such as nut, kiwi fruit, banana, and avo-
cado, and hence, this type allergy was referred as human
latex-fruit syndrome [8, 21, 30, 33, 45]. Hevein chiefly
defends fungal infection through inhibiting the growth
of hyphae. Moreover, hevein-like proteins/peptides
have identified from another plant also, which exhibited
strong antifungal as well as antibacterial activity [30,
45]. Hevein-like proteins/peptides are approximately
of 3-5 Kd with three-to-five disulphide bridge (6-10
cysteine) possessing high chitin-binding affinity [27, 30,
53]. All the peptides of this category contain a common
structural motif of twenty-to-forty amino acids, encom-
pass an abundance of glycine and conserved aromatic
amino acids, which largely confer chitin-binding affinity
known as a chitin-binding domain [27, 53], though the
chitin-binding domain is not only characteristic features

Page 5 of 11

of hevein-like antimicrobial peptide, noted in other pro-
teins also, such as lectins, chitin-metabolizing enzymes
chitinase mainly classl and class IV chitinase [4, 42].
Apart from the chitin-binding domain, these enzymes
also possess N-terminal signal sequence, linker domain
between chitin-binding domains and a catalytic domain.
In a chitinase 1 analysis, it was found that the elimination
of the chitin-binding domain reduced the metabolizing
activity of chitinase but reserved antifungal activity, indi-
cating that it does not involve antifungal activity rather
for interaction [33, 42]. In any form of wound or split,
the plant tries to seal by the regulated action of phyto-
hormones such as ethylene and abscisic acid and other
signalling processes. In the process of extraction of rub-
ber, upon every puncture hevein released and interacted
with glycoprotein of rubber particle and accelerated
the process of aggregation of latex closing the breaks or
wound to avoid access and growth of phytopathogen.
Half a century ago, the sequence hevein was identified
and coincidentally found to be very similar to the chitin-
binding agglutinin U. diocica L. (UDA) of (great nettle),
which an antifungal agent against chitin containing fun-
gal strains [11, 13, 59]. Like UDA, hevein also included
chitin-binding domain and exhibited antifungal activity
to chitin comprising fungal strains under in vitro con-
ditions [11]. Similar to other plant pro-antimicrobial
peptides, the hevein genome has three domains, a sig-
nal domain of 17 amino acids, central active or mature,
a connection of 6 amino acids linking the C-terminal
domain of 144 amino acids [3, 59]. The structural char-
acterization through X-ray crystallography and NMR
exposed that hevein comprises the characteristic motif
of coil-p-B-coil-p, where central anti-parallel comprising
B-sheet surrounded through coiled and stabilized with
disulphide bridges (Fig. 2). Chitin and hevein interaction
studies using NMR, ITC and molecular simulation rec-
ognized that Ser19, Trp21, Trp23, Tyr30 and amino acids
between thirteen and sixteen were primarily involved in
the interaction. In one interaction analysis with oligosac-
charides (chitins), it was investigated that replacement of
Ser19 (polar residues) with Asp (polar acidic nature) sig-
nificantly decreased binding affinity to oligosaccharides
3, 17, 69].

Hevein-like peptide is usually classified into three
groups based on the contents of the cysteine residues
(number of disulphide bridges), which are 8C, 6C and
10C, respectively. Many of these disulphide bridges come
to the N-terminal, such as Cys1-CysIV, CysIlI-CysV,
CysllI-CysVI, and fourth disulphide CysVII-CysVIII
towards C-terminal (Fig. 2a). In Class 6C, the same as
8C contains three N-terminus disulphide bridges and the
fourth C-terminal disulphide link is truncated. (Fig. 2a).
However, in 10C, an addition disulphide exists towards
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Fig. 2 Overlapping sequence and tertiary structure of the different types of hevein or hevein-like protein/peptides (a). An overlapping sequence of

different hevein and hevein-like peptides/proteins; bold grey C in the sequence represents conserved cys position throughout different groups, viz.

10C, 8C, and 6C of hevein-like peptide and different family plants, grey C represents additional cys of group 8C, which involve in disulphide bridge

of C-terminus, light grey C represents furthermore additional cys of 10C which connect N-to C terminus through disulphide bond and —dash line

placed to denotes variability in length in the process of alignment of sequence (b). The tertiary structure of each representative group of hevein-like

10C: Hevein Like 6C: Hevein like

peptides

C-terminal or connecting C-terminus to N-terminus
(Fig. 2a) [3, 38, 69, 70]. The 6C hevein-like peptides
contain short C-terminal domain of 25-30 amino acids
without protein cargo property. However, 8C hevein-like
peptides contain variable kinds of C-terminal domain.
Except for mortified, which encodes a bioactive protein,
most angiosperm-derived 8Cs have a long C-terminal
domain. But gymnosperm identified 8C containing
shorter C-terminal domain and free from protein cargo
[1, 39, 56].

Hevein and several other hevein-like peptides belong in
class 8C, such as Pn-AMP1 and Pn-AMP2, (P. nil morn-
ing glory), Fa-AMP1 and Fa-AMP2 (F esculentum Buck-
wheat), mO1 and mO2 (M. oleifera drumstick), Avin A
(A. sativa L Oat), ginkgolide (Gymnosperm) set of eleven
peptides, etc. [29] [54, 61, 63, 93]. Pn-AMP1 and Pn-
AMP2 are very basic (i.e. PI is more than 12) and very
stable against temperature. These hevein-like peptides
exhibit very potent antifungal activity against chitin and
non-chitin fungal strains, mainly through depolarization
of hyphae membrane. Also it is identified as the first pep-
tide of this class used for the production of a transgenic
plant; Pn-AMP transgenic tomato and tobacco showed
high resistance to various pathogenic fungal strains ([12,
29, 55]. Fa-AMP1 and Fa-AMP?2, along with antifungal,
also show potent antibacterial activity in the range of

11-36 pg/mL. This set of peptide contains approximately
50% cysteine and glycine of total amino acids content
[63]. Similarly, Avisin A, first chitin-binding peptide
identified from cereal grains, comprises 10 glycines and
8 cysteines in the total of 37 amino acids long peptides.
Recently, in this class mO1 and mO2 identified from the
leaves of drumstick comprise 44 amino acids, mainly
asparagine and glutamine [61].

Class-6C hevein-like peptides is a comparatively
shorter chitin-binding domain composed of antifun-
gal peptide. It appears that the Class-6C peptides are a
truncated form of 8C hevein, with 10 amino acids sepa-
rated from the C-terminus. Most of the peptides of this
class were recognized from Amaranthaceae family. Very
first peptide Ac-:AMP1 and Ac-AMP?2 of this class were
extracted from the seeds of A. caudatus L. Both Ac-
AMP1 and Ac-AMP2 are similar in sequence except
Ac-AMP2 containing an extra amino acid arginine at
C-terminus. It is relatively mildly anti-fungal and selec-
tively antibacterial to Gram-positive strains [81]. There
are several class-6C peptides isolated from different
species of the Amaranthaceae family, containing similar
sequences of Ac-AMPs, such as Ay-AMP (A. hypochon-
driacus) similar to Ac-:AMP2 [66], Ar-AMP (A retro-
flexus) similar to Ac-AMPs, except for three places where
similar nature of amino acids has been substituted [53]
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and ASGI1(A. sessilis L.) similar to Ac-AMP1 with few
substitutions [73]. IWF4 isolated from areal part of B.
vulgaris L. of Amaranthaceae family and approximately
66% homologous of Ac-AMP sequence, exhibit relatively
more affinity for chitin compare to chitinase enzyme and
inhibit even germination of spore of C. beticola ([41]. Sm-
AMP3 and homologs were identified from areal part of
chickweed and seeds, comprised of 35 amino acids, and
demonstrated exclusively antifungal activity against sev-
eral pathogenic fungal strains. These peptides contain an
extra hevein-like domain apart from N-terminus signal
sequence, mature peptide and C-terminal domain, which
attached with active peptide through linker sequence
([41]. Furthermore, GAFP, a 38 amino acid long peptide
of 6C with a large array of anti-fungal activities isolated
from G. biloba (medicinal plant), demonstrates a very
different primary structure compared to Ac-AMPP ([40].

In comparison with 8C, hevein-like peptides of 10C
comprise extra disulphide bridges towards C-terminus
or connecting C-terminus to N-terminus. In class 10C,
EAFP1 and EAFP2 were first peptides isolated from the
bark of the olive (E. ulmoides). These are made up of 41
amino acids and one of them differed from the other at
position 27, where Asn replaces Ala. N-terminal glutamic
acids of these peptides are modified to form pyro-glu-
tamic acids. EAFP peptides demonstrate wide-spectrum
inhibitory activity against chitin-containing and chitin-
free fungi [56]. Structural characterization of X-ray and
NMR revealed that EAFPs are globular and more com-
pact compared to other hevein-like peptide with the
pattern of 3,4 helix-pB-B-a-helix- (Fig. 2). In these, the
fifth disulphide bridge connects the N-terminus region
to the C-terminus, and the presence of many basic resi-
dues, mainly Arg, transforms into positively charged
compact globular molecules [76, 94]. Another peptide of
this class is wheat antimicrobial peptide (WAMPs) iso-
lated recently from seeds of a highly resistant variety of
wheat T kiharae D. In contrast to EAFPs, fifth disulphide
bridge of WAMP-1a connects C-terminus region to cen-
tral region instead of N-terminus part of the peptide
[22]. WAPM is quite similar to chitin-binding domain
Chitinase I with substitution of Ser with Gly at the 20th
position and additional Ser at the 36th position. Possibly
due to these differences, WAMPs exhibit lower binding
constant compared to chitinase and display inhibitory
activity against Zn-metalloprotease (fungalysin) which
is normally released from the fungus to metabolize chi-
tinase [22], Van den [91]. Ee-CPB peptide 10C, isolated
from the leaves and bark of the spindle tree E. europaeus,
shows strong antifungal activity. Unlike the above-men-
tioned 10C hevein-like peptides, the fifth disulphide
bridge of the Ee-CPB is confined to the C-terminus
portion [43]. Ee-chitinase or Chitinasel and Ee-CPB
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isolated from the spindle tree are extremely similar in
sequence, but there are four disulphide bridges in Ee-chi-
tinase. Compared to other hevein-like peptides, the Ee-
CPB contains the longest C-terminal domain similar to
chitinase I or chitinase IV [43].

Hevein-like peptides have also been tested for trans-
genic effectiveness and efficiency similar to defensins and
other phytopeptides. The first transgenic of hevein-like
peptides was developed in mustard (Brassica juncea) to
demonstrate resistance against fungus, A. brassicae [55,
61]. Thereafter, several transgenics of hevein-like pep-
tides were made, like, Pn-AMP2 in tobacco and tomato,
showing significant resistance against late blight causing
P, parasitica [19]; similarly, Pn-AMP2 in tomato success-
fully showed greater resistance towards fungi P capsici
and E oxysporum [64]. Contrastingly, the transgenic of
6C hevein-like peptide Ac-AMP2 in tobacco and tomato
did not show any enhancement of resistance against
fungi, B. cinerea and A. longipes; however, the isolated
peptides from the same transgenic exhibited in vitro anti-
fungal activity towards the same [82]. However, trans-
genic of other 6C hevein-like peptide SmAMP1 and
SmAMP2 in tobacco showed excellent enhancement in
resistant towards plant pathogenic fungi T. basicola and
B. sorokiniana. To demonstrate resistance to a wider
range of microbes, a combination of multiple antimicro-
bial peptide genes could be used to develop robust trans-
genic [19, 64, 82].

Based on the clinical finding of an unusually high inci-
dence of fruit hypersensitivity in latex allergic patients,
‘latex-fruit syndrome’ was proposed [7, 58]. The key
fruits included in the study were chestnut, avocados and
bananas, but kiwi, papaya and other foods were also com-
prised. Nearly 30-50% of latex allergic patients of the dif-
ferent study displayed hypersensitivity one or more of the
fruits and approximately half of the episodes recorded
were systematic anaphylactic reactions, highlighting their
significance [58]. Enzyme chitinases are found in most
plants as protective molecules. Mainly, chitinases I and
IV contain hevein-like domain at N-terminal, findings
of various studies of immunoblot inhibition and cross-
reactivity with condensed components of chitinases,
indicating that allergic to latex is most likely to have
cross-sensitization with other foods (i.e. avocado, kiwi,
chestnut, banana) [58].

2.3 Transgenic development and future perspectives

Due to the large number of gene families that encode
LTPs, it is difficult to correlate phenotypic changes
with gene knockout or knockdown expression. How-
ever, several studies have attempted to show that muta-
tion, upregulation, or transgenic of specific genes had
a significant impact on resistance to certain infections,
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accumulation of anti-oxidant enzymes, or some phe-
notypic effect, for instance mutation in gene of Arabi-
dopsis AtLTPd1 (DIR1) lead to decrease in resistance
against infection of P syringae, knockdown of LTPG1
and LTPG2 gene in A. thaliana downregulates the pro-
duction and accumulation of wax over stems, StnsLTP
of S. tuberosum, transgenic potato of same gene with
overexpressing propensity also upregulates antioxi-
dant enzymes compared to untransformed, etc. Simi-
larly, several transgenic studies of hevein-like peptides
have been conducted in order to better understand the
development of resistance against pathogenic fungi.
The first transgenic of hevein-like peptides was made
in mustard (B. juncea), and thereafter, several transgen-
ics of hevein-like peptides were made like Pn-AMP2 in
tobacco and tomato, Pn-AMP2 in tomato, SmAMP1
and SmAMP2 in tobacco showed excellent enhance-
ment in resistant towards plant pathogenic fungi, etc.
These transgenicity studies could potentially pave the
way for the development of peptide-based transgenics
against pathogenic fungi and other adverse biotic and
abiotic stressors.

3 Conclusions

Antimicrobial peptides are very primitive, essential and
indispensable protection molecules of nearly all biolog-
ical systems, among different innate defense methods.
The majority of plant antimicrobial peptides, relative to
the animal system, contain several disulphide bridges
that provide compactness and stability to the adverse
environments and even to the metabolic enzymes. As
previously discussed, many transgenic plants have been
studied with different antimicrobial peptides and differ-
ent levels of resistance to phytopathogenic fungi have
been observed. Success report states that in the foresee-
able future, transgenic plants based on AMPs against
pathogenic fungi and bacteria will be released without
any adverse effects. Hevein-like peptides have also been
tested for transgenic effectiveness and efficiency simi-
lar to defensins and other phytopeptides. Lipid transfer
proteins (LTP) present almost all the land plants or in
other words we can say that since the evolution of land
plant LTPs provide their vital role. In addition to being
protective molecules, a variety of allergic reactions are
associated with certain phytopeptides and proteins, in
particular nsLTP and hevein-like peptide.

Abbreviations

AMPs: Antimicrobial peptides; nsLTP: Non-specific lipid transfer protein; LTPs:
Lipid transfer proteins; HDPs: Host defense peptides; PG: Phosphatidylglycerol;
NMR: Nuclear magnetic resonance.
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