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Introduction

Aminopeptidases (EC 3.4.11.XX) belong to the group of
proteases, important enzymes which play key roles in many life
processes. They catalyze the hydrolysis of amino acids located at
the N-terminus of peptide and are involved in proteins degradation
to free amino acids. Leucine aminopeptidase (LAP EC 3.4.11.1)
typically belong to the M| or MI17 family and preferably hydrolyse
leucine (Leu) from N-terminus of proteins.

Several types of aminopeptidases are usually identified in one plant.
They are responsible for different activities. Some studies focused on
the role of aminopeptidases in the life processes, revealed that leucine
aminopeptidases are involved in the process of plant aging (wilting),
germination, protective processes, transport of auxins or meiosis.

Leucine aminopeptidase (LAP) from Arabidopsis thaliana (mouse-
ear cress) is one of the most studied enzyme from this class. A.
thaliana is a small flowering plant and because of its small genome it
is a2 model species in biology, botany and genetics of plants. Leucine
aminopeptidase from Arabidopsis (molecular mass of 54.5 kDa),
takes an important part in protein metabolism, stress response
and wilting Loss of LAP activity in Arabidopsis results in early leaves
senescence and phenotype sensitive to stress. Arabidopsis LAP shows
maximum activity in the alkaline pH (8.5) and temperature of 70°C.
Preferentially it hydrolyzes leucine and phenylalanine from N-terminus
of the peptide chain [| — 3]. Important role of aminopeptidases in
Arabidopsis inspired other scientist to study the activity of these
enzymes in cereals, vegetables, fruits and even weeds [4 - 7].In 2012
it was found that plant leucine aminopeptidases may have additional
functions in plants. Studies on the leucine aminopeptidase LAP-N and
LAP-A from tomato and LAP | and LAP2 from Arabidopsis have shown
that these enzymes can function as molecular chaperones (proteins
responsible for correct folding of other macromolecules and proteins)
[8]. Aminopeptidases can be used as a molecular targets for new
herbicides. These enzymes may also be used in protein hydrolysates
production or enhancing the taste of food (eg. from soy, by removing
N-terminal hydrophobic amino acids responsible for bitter taste)
[9]. Studies concerning inhibition of the aminopeptidases activity
are widely described in the literature. It is known that amastatin
or bestatin (natural compounds) and 4-chloromercuric-benzoic
acid are good inhibitors of certain aminopeptidases [9, 10]. In the
case of metalloaminopeptidases chelating agents such as EDTA and
I, 10-phenanthroline are very efficient inhibitors [5].

Aminopeptidases due to participation in many key physiological pro-
cesses have found and may find in the future a lot of applications. They
may, for example serve as a molecular target for new herbicides (selec-
tive inhibition of these enzymes will block many physiological processes
in plants). Hydrolysis of amino acids from the N-terminus of the protein
is useful in the production of protein hydrolysates or in enhancing the
food flavor (eg. removal of hydrophobic amino acids responsible for the
bitter taste in protein hydrolysates from soybeans) [11].
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Cereals

Barley. Research on aminopeptidase isolated from barley (Hordeum
vulgare L.) was first described in 1974. Barley seedlings aminopeptidase
was tested for substrate specificity toward di- and tripeptides. The
highest activity was observed for Leu-Gly-Gly and Met-Leu-Gly
substrates. The immediate hydrolysis was observed for Leu-Tyr and
Leu-Gly dipeptide substrates [12]. The other aminopeptidases from
barley flour [13], barley seeds, barley sprouts growing in a light and
sprouts developing in the dark were also characterized. In barley
sprouts developing in dark three types of LAP were identified (LAP I,
LAP 2, LAP 3). They were monomeric enzymes with a molecular mass
of 57 kDa. Their activities were similar in all vegetative plant organs.
Optimum pH was 7.0 for LAP | and LAP 2, but 8.0 for LAP 3 [14].
Further studies have shown that up to 6 aminopeptidases with the
pH optimum in the range of 7,4-8,2 can be identified in germinating
barley. Two of them had broad substrate specificity, while the other
four were specific towards Leu, Phe, Pro/His and Arg substrates.
The activity changed during plant growth, adapting to the needs and
occurring processes. The scientists concluded that aminopeptidases
from barley are involved in germination, tissue development and
growth [15]. Another enzyme discovered in barley is the methionine
aminopeptidase (MAP). MAPs remove methionine from the N-terminus
of the peptide chain. It is usually the first post-translational modification
of the protein. Barley MAP showed increased expression in response
to abscisic acid (ABA) and low temperatures [|6]. Recent studies of
aminopeptidases from barley seeds resulted in isolation of 58 kDa
protein, with pH optimum of 7.5, showing a typical substrate specificity
of the leucine aminopeptidase, favoring bulky amino acids such as
Phe and Leu [17].

Oat. Aminopeptidase isolated from oat leaves with the pH
optimum of 8.4, shows broad substrate specificity, but preferably
hydrolyzes Lys, Arg, Phe and Leu. It is inhibited by heavy metals as well
as 2-mercaptoethanol. Studies have shown that this aminopeptidase
may be located in the plant photosynthetic organelles [18, 19].

Triticale. Proline aminopeptidase (PAP) has been identified
in triticale sprouts. The isolated enzyme is a tetramer consisting of
identical subunits with a molecular mass of about 54 kDa. Triticale PAP
shows the highest activity at pH 7.5 and at the temperature of 37°C.
The enzyme is highly specific toward Pro substrate, but is also active
with other amino acids such as Ala, Phe and Leu. In three-week old
triticale seedlings PAP activity increases in response to water deficit and
strong salinity. Similar effect is observed after addition of heavy metals
(cadmium and aluminum) to the medium [20, 21].

Maize. Research on leucine aminopeptidases from maize are
limited mainly to genetic testing. Their main purpose is to determine
the genetic diversity within and among plant populations. In maize
endosperm four forms of LAP were discovered and described due
to its location in gel electrophoresis as A, B, C and D [22, 23].

Nightshades family
The nightshades (Solanaceae) family includes, among others,
tomato, potato and tobacco. In tomato four types of aminopeptidase
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has been identified, two are LAP-like enzymes with molecular weight
of 66 and 77 kDa, the other two are neutral LAP-N and acidic LAP-A,
both of 55 kDa. Crystallographic studies have shown that LAP-A is
a dimer of trimers. Each monomer contains two metal ions bridged
by a water or a hydroxyl ion at the active site [24].

Most plants have a LAP-like and LAP-N protein. LAP-A however
occurs almost exclusively in Solanaceae plants and is expressed
under the influence of harmful factors [25, 26]. The LAP-N and
LAP-A have highly conserved C-terminal domain containing amino
acid residues necessary to perform catalysis and to coordinate Zn?*.
N-terminal sequences are more diverse. Both aminopeptidases are
synthesized as preproteins and then processed to a mature form
[27, 28]. LAP-A has the ability to impair development of herbivore
insects, LAP-N has no influence in wound responses and insect
defense [29]. Factors influencing the expression of LAP-A include
plant hormones: systemin, jasmonates (e.g. methyl jasmonate), and
abscisic acid [30, 31, 32]. The level of abscisic acid is increased
in the plants under water deficit or in case of high salinity [33]. It
has been proven that mechanical injury of tomato leaves results
in accumulation of LAP-A which is detected mostly within the
chloroplasts of spongy and palisade mesophyll cells [9, 28, 29].
Also, herbivores attack increases the expression and activity of
LAP-A. It has been proven in the experiment in which larvae of
Spodoptera littoralis was used [34]. Moreover LAP has an influence
on herbivore. Larvae of Manduca sexta fed on Solanum nigrum leafs
with silenced gene of LAP were heavier than larvae fed on control
plants [29]. Increased LAP-A activity is also observed in the presence
of cadmium ions. Cadmium is highly toxic to living organisms. The
presence of cadmium causes damage to plant roots, inhibits cell
growth, and impair photosynthesis which in turn leads to the plant
death. The activity of LAP-A in tomato roots increases ten-fold
in response to cadmium ions [35]. Also coronatine, phytotoxins
produced by Pseudomonas syringae increases the expression of
LAP-A in tomato [36]. All the factors affecting the activity and
expression of LAP-A are illustrated in Figure 1.
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Fig. |. Factors leading to increased LAP-A activity [9, 28+36]

Vegetables

Aminopeptidase from the seeds of Phaseolus vulgaris (common
bean) with molecular weight of 3|1 kDa and optimum pH of 7.0 showed
a broad substrate specificity, but the leucine derivative was preferred.
The inhibitory studies demonstrated that the aminopeptidase depends
on metal ions and thiol groups present in the medium [37].

The aminopeptidases isolated from cotyledons, dry and
germinating seeds of Vicia faba (broad bean, faba bean) has also
been characterized. The molecular weight of faba bean LAP is
approx. 60 kDa. The enzyme activity is stimulated by dithiothreitol
(DTT) and mercaptoethanol and inhibited by Cu?* and Zn?* ions.
The enzyme is most active against leucine derivatives, with the pH
optimum of 7.5 [38].
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Cucumber (Cucumis sativus) is another popular vegetable tested
for aminopeptidase activity. It is metalloprotease, composed of two
subunits with high molecular weight (200 kDa). It exhibits a highest
substrate specificity toward Ala, and the optimum pH in the range of
8.0-9.0[39]. Inthe case of carrot (Daucus carota) the aminopeptidase
is specific to alanine and arginine [40]. Aminopeptidase isolated
from cotyledons of soybean (Glycine max) has a molecular weight of
approx. 56 kDa. The enzyme preferentially hydrolyzes derivatives
of Glu and Asp, its optimum temperature is 45°C and pH optimum
is in the range 7.9-9.0 [41].

A broad research of plant aminopeptidases was performed
in Cajanus cajan (pigeon pea) which is a species of legume plants
popular in Asia, Africa and Latin America. In the leaves of pigeon pea
two LAP-like proteins (AP, AP2) were detected, with a molecular
mass of 60 kDa (AP 1) and 41 kDa (AP2). In AP highest activity was
observed with Ala and Leu derivatives. Enzyme activity significantly
increased in the presence of methyl jasmonate (MeJa) and also after
wounding. Aminopeptidase activity was also tested in Cajanus cajan
during germination and in response to pathogens infection (fungi F.
oxysporum and A. niger). Two aminopeptidases has been detected.
The activity of one of them increased significantly in response
to pathogens [42, 43].

Summary

Plant aminopeptidases are very interesting enzymes playing
crucial role in plants physiology. The study described in literature
shows that these enzymes are involved in key life processes such as:
protein turnover, aging, germination and growth. Moreover it was
proven that some of these enzymes are directly involved in plant
defense response to harmful factors such as salinity, water deficit or
presence of heavy metals. Such information is extremely important
from the standpoint of plant protection products. Among the wide
variety of aminopeptidases identified in plants, the majority shows
broad substrate specificity with highest activity toward Leu, but
also Ala, Phe, Pro or Met. Most of the studied enzymes have pH
optimum in the range of 7.0 and 9.0. Recent studies showed that
except LAP-A from tomato, harmful factors activate also triticale PAR,
barley MAP and pigeon pea AP|. The exact role of aminopeptidases
in physiological processes as well as in response to stress factors is still
a subject of interest for many research groups worldwide.
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