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Introduction

It is estimated that in Brazil there are about 120 
native species of passion fruit that constitute the family 
Passifloraceae. Among these, the most cultivated species is 
the Passiflora flavicarpa, popularly known as sour passion 
fruit, or yet, yellow passion fruit. As in every plant, diseases 
and pests that attack the passion fruit plant cause significant 
economic losses (Leão 2011).

Plants, despite being sessile organisms, can develop 
defensive strategies that promote the reduction or even 
elimination of herbivorous attack. One of the most 
studied strategies is the production of defensive proteins, 
such as protease inhibitors (PIs) that act by inhibiting 
digestive proteases, reducing the availability of amino 
acids to synthesis of proteins necessary to the growth and 
development of the insect (Marinho et al. 2008). PIs have 
been studied as being produced as a defensive response 

in a large plant variety through the octadecanoid pathway 
(Ryan 1990). Siqueira Junior et al. (2008) demonstrated 
the production of a cysteine PI (cystatin) in passion fruit 
leaves as a result of the production of allene oxide synthase 
in passion fruit seedlings in response to injury or plant 
exposure to methyl jasmonate (MeJa).

Recent studies have demonstrated that plant extracts 
can trigger in other plants the induction of resistance to 
attack (Carvalho 2010). According to (Schwan-Estrada et 
al. 2000), this reaction involves the activation of defensive 
pathways in response to treatment with elicitors presents in 
the extract. Melia azedarach Linn (Meliaceae), popularly 
known as chinaberry, is a fast-growing ornamental tree of 
world distribution, being native to Persia, India and China, 
but widely spread in Africa, South America, Australia, 
Japan, among others (Kingsbury 1964). According to 
(Hassanein et al. 2008) the plant is well known for its 
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pharmacological properties, such as anticancer, antiviral, 
antimalarial, antibacterial, and antifeedant activities (Tan 
et al. 2010).

Materials and methods

Sowing of seeds - Passion fruit seeds were obtained 
from fruit purchased in local market of Campos dos 
Goytacazes, a city located in the northern region of Rio de 
Janeiro State, Brazil. Seeds were collected, dried at room 
temperature and stored at 4 ºC in the dark until used. Passion 
fruit seeds were sown in earthworm humus and grown 
in a growth chamber at 28 ºC ± 5 ºC, 60% RH with 12 h 
photoperiod. Six-week-old plantlets were used for the study.

Preparation of aqueous Melia Azedarach leaf extract 
- Melia azedarach’s leaves were obtained from plants from 
the São João da Barra district (21º44’59’’S- 41º10’01’’W). 
Leaves (10 g) were washed twice with sterile water and 
dried in aseptic conditions at 40 ºC until total dehydration. 
Leaves were macerated in a pre-chilled pestle and mortar. 
The powdered leaves were mixed in 20 mL of sterilized 
distilled water and vigorously shaken for 2 h. The extract 
obtained was filtered through two folds of muslin cloth and 
the filtered was centrifuged at 12.000 xg at 4 ºC for 20 min. 
The supernatant was used as aqueous leaf extract.

Treatment of passion fruit plantlets - Four group of 
plants having three replicates each were treated as following 
based on the methodology described by (Siqueira_Junior 
et al. 2008). Each replicate had nine plants. Group 1: The 
Leaves from each plant was sprayed with sterile distilled 
water and used as control. Group 2: Leaves from each plant 
was sprayed with sterilized distilled aqueous leaf extract. 
Group 3: Leaves from each plant was not treated and used 
as negative control. Group 4. Leaves from each plant was 
sprayed with methyl jasmonate 1 mM (125 µl in 500 ml 
of 0.125% triton x-100 solution). The leaves from plants 
were collected at 24 h after treatment and analyzed for the 
cysteine proteinase inhibitors (CysPI) activity. 

Preparation of crude extract, gel electrophoresis and 
immuno-blot analysis - The passion fruit leaves were 
ground to a fine powder in liquid N2, 1% (w/w) insoluble 
polyvinylpolypyrolidone (PVPP) was added to it and 
total protein was extracted by addition of 3 mL ice-cold 
extraction buffer (50 mM Tris-HCl, pH 6.0) to 1 gram of 
powdered tissue. The homogenate was centrifuged at 10,000 
xg for 30 min at 4 °C. Otherwise stated, the recovered 
crude supernatant was used for the following experiments. 
Protein concentration was determined using the Bradford 
assay kit and bovine serum albumin as standard protein 
according to the manufacturer’s instructions (BioRad). 
Proteins were analyzed in 10% (w/v) SDS polyacrylamide 
gel according to (Laemmli 1970). The transfer of proteins 
to nitrocellulose membranes was carried out as described by 
(Towbin et al. 1979). Membranes were probed with immune 
serum against tomato cystatin (gift from Dra. Tania Jacinto, 
Universidade Estadual do Norte Fluminense, Brazil). Blots 
were developed using Protein A-peroxidase (Invitrogen) 
and TMB 1-component membrane peroxidase subtrate 
(Sinapse biotecnologia) following the manufacturer’s 
instructions.

Estimation of CysPI in leaves extracts - Measurements 
of the inhibition activity of crude leaf extract (70 mg) were 
performed using N-benzoyl-1-arginine-2-naphthylamide 
(BANA, Sigma), following the procedure described by 
(Siqueira_Junior et al. 2008). In all experiments, 2 mg 
of papain was used. Inhibitory activity was detected as a 
reduction of BANA hydrolyzing activity of papain.

Statistical Analysis - Data are presented as the 
mean (S.D.) of three independent experiments, and the 
differences from controls were assessed with Student’s 
t-test; statistically significant at P < 0.05.

Results and discussion

It is suggested from the preview results that defensive 
proteins could be synthesized in passion fruit leaves 
in response to injury and methyl jasmonate treatment 
(Siqueira_Junior et al. 2002). Exposure to mechanical 
injury or treatment with methyl jasmonate vapors induces 
synthesis of an allene oxido synthase (AOS) in the leaves 
of treated plants. In this present work, we suggest that 
treatment passion fruit plants with cinamomo extract 
induced an increase in the activity of a proteinase inhibitor 
wich would leads to increase resistance to insect and 
pathogen attack, since the secondary metabolites contained 
in the cinamomo extract apparently act as elicitors of the 
natural defense response of passion fruit plants. 

Treatment with plant extract increased cystatin activity 
by almost 3-fold compared to control (untreated) plants after 
24 h. As positive control was used MeJa, a known elicitor of 
the plant defense response (figure 1 a). The idea of   cystatin 
synthesis in response to treatment with cinamomo extract 
is reinforced by Western blot analysis (figure 1 b) which 
demonstrated that the ~60 kD protein band reacts with 
antibodies produced against tomato cystatin (Madureira 
et al. 2006) and the amount of the recognized protein was 
consistent with the in vitro inhibitory assays. Previously, 
Siqueira_Junior et al. (2008) verified that the increase in 
the activity of AOS, in response to the treatment with MeJa, 
caused the increase of the activity of this same cystatin 
in the leaves of passion fruit plants. Nothing can be said 
from our studies regarding which compounds in the plant 
extract are responsible for the observed effects. Further 
studies will be needed to find out which plant compounds 
present in cinamomo extract are involved in eliciting the 
defense mechanism in passion fruit plants. Secondary plant 
compounds have been studied for their repellent action, or 
even for being lethal to insects. Lovatto et al., (2012), in 
his work, reinforces the idea that the use of plant extracts in 
agriculture could contribute to the natural control of pests 
based on the agroecological concept.

Together, our data provides important information 
about plant defense system elicitation. This plant extract 
could potentially be used as an appropriate biological 
control agent induction under controlled laboratory 
conditions, but field trials are underway to evaluate the 
potential effectiveness of open field passion fruit crops.
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Figure 1. a. Cystatin activity in passion fruit leaves. From each 
sample 100 ug of crude leaf extract were combined with 5 ug 
papain and the proteolytic activity evaluated using BANA as 
substrate. Samples were analyzed 24 h after stimuli. Data are a 
mean of three independent experiments ratios of standard error 
to mean were 5% or less. b. Western blot analysis of crude leaf 
proteins extracts. Left to right control leaves; MeJa treated leaves; 
cinamomo extract treated leaves. For each sample 50 ug of total 
protein were loaded. Proteins were probed with immune serum 
against tomato cystatin 10,000 fold diluted. In all cases leaves from 
three plants were pooled for each protein extraction to obtain an 
average pattern. Letters a, b e c from Figure 1 b denote significant 
difference at P < 0.05 (Student’s t-test).
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