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Abstract
Background: Lipid transfer proteins (LTP) are members of the family of pathogenesis-related proteins
(PR-14) that play a key role in plant defense mechanisms.

Methods: In this study, a novel gene TdLTP4 encoding an antifungal protein from wheat (cv. Om Rabiaa)
was subcloned, overexpressed in Escherichia coli BL-21 (DE3) and enriched using ammonium sulfate
fractionation. The TdLTP4 fusion protein was then tested against a panel of pathogens, food-borne and
spoilage bacteria and fungi in order to evaluate the antimicrobial properties. Our protein was applied to
0.5 µg/mL LPS-induced RAW 264.7 macrophages in vitro at different concentrations (5, 10, 20, 50 and
100 µg/ml). Levels of nitric oxide (NO), pro-in�ammatory cytokines interleukin (IL)-1β (IL-1 β), interleukin
(IL)-6 (IL-6), tumor necrosis factor (TNF-α) and anti-in�ammatory cytokine IL-10 in the supernatant
fraction were measured using enzyme-linked immunosorbent assay (ELISA). Expression of
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) were detected via Western blot.

Results: The inhibition zones and minimal inhibitory concentration (MIC) values of bacterial strains were
in the range of 14-26 mm and 62.5-250 µg/mL, respectively. Moreover, a remarkable activity against
several fungal strains was revealed.  TdLTP4 (5–100 µg/mL) decreased the production of NO (IC50= 4.32
µg/mL), IL-6 (IC50= 11.52 µg/mL), IL-1β (IC50= 7.87 µg/mL) and TNF-α (IC50 =8.66 µg/mL) by
lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages. Our protein could modulate the
macrophages in�ammatory mode by causing reduction in iNOS and COX2.

Conclusion: According to these �ndings, LTP fusion protein could be used as natural anti-in�ammatory
and antimicrobial agent in food preservation and human health.

Background
Food borne diseases caused by microorganisms are major dilemma in the third world and developing
countries, and even in developed nations (Tondo et al.,  2015). The consumption of foods contaminated
with some microorganisms is considered as a serious human health risk. The subsistence and growth of
microorganisms in foods may lead to spoilage, toxins secretion with quality deterioration of food
products as a global consequence (Casewell et al., 2003). To overcome these problems, a wide range of
synthetic antimicrobial agents such as the sodium or calcium benzoate and methicillin have been used in
food preservation in human infectious diseases respectively (Mathur and Singh, 2005). Thus, the
discovery of new antimicrobial compounds has become a major challenge of researchers and
pharmaceutical industries. Therefore, there is great interest in �nding new and safe antibacterial
compounds from natural sources .

Although in�ammation is a physiological imperative response of the immune system to pathogens or
tissue destruction, it may, under speci�c conditions, evolve into a chronically pro-in�ammatory state. This
pro-in�ammatory state constitutes a serious a risk factor for several diseases even in the absence of
immediate clinical symptoms (Jianget al., 2017). Macrophages play key roles in the early stages of an



Page 3/23

in�ammatory response by instating favourable conditions for chronic in�ammation, which eventually can
lead to tissue damage (Abarikwu, 2014). LPS, a component of the Gram-negative bacteria cell wall, has
been often used in in�ammatory response as macrophages activator (Shi et al., 2014). LPS-stimulated
macrophages activate several intracellular signaling pathways leading to several molecules such as NO,
COX-2 derived eicosanoids, signalling peptides like interleukin (IL)-1β and IL-6, and tumour necrosis factor
(TNF)-α and the chemokine monocyte chemotactic protein-1 (MCP-1) released by activated macrophages
(Nguyen et al., 2015). Chronic in�ammation is the main pathogenic cause of many autoimmune
diseases. The treatment of such diseases is based on long or life-long administration of anti-
in�ammatory drugs. Because of their side effects, scientists are looking for a safer and more e�cient
alternative to conventional anti-in�ammatory drugs such as plant substances.

The use of chemical additives has been arisen in recent years. In the next decades, the development of
alternative drugs and/or natural molecules would be of high interest among researchers. Recently,
peptide derived from plants have been recognized as safe, highly stable and effective natural
antioxidants in pharmaceutical and food �elds due to their nontoxicity and insigni�cant side-effects (Mir,
et al 2017).

Plant nonspeci�c lipid transfer proteins (ns-LTP) are abundant and ubiquitous, small, soluble, basic
cystine-rich proteins exhibiting four α-helices which are stabilized by four intramolecular disulphide bonds
(Edstam et al. 2011). They are particularly abundant in higher plants. The structures of plant ns-LTP are
characterized by an eight-cysteine residue conserved motif, linked by four disul�de bonds, and an internal
hydrophobic cavity, which comprises the lipid-binding site. This structure confers a great stability to these
proteins and increases the ability to bind and/or carry hydrophobic molecules (Perrocheau et al. 2006).

There are two families of ns-LTP, ns-LTP1 and ns-LTP2, with molecular masses of 10 and 7 kDa
(Gasteiger et al., 2005) and play key roles in vital processes of plant cytology, such as the stabilization of
membranes, cell wall organization, and signal transduction. nsLTPs are reputed for their role in resistance
to biotic and abiotic stresses as well as in plant growth and development (DeBono et al., 2009;
Panikashvili et al., 2010). Their extracellular distribution in the exposed surfaces in vascular tissue
systems, high abundance and expression in response to infection by pathogens suggest that they are
active plant-defense proteins (Molina and Garcia-Olmedo, 1993). In addition to being a main source of
carbohydrates, Cereals are also rich in proteins and bioactive peptides with nutraceutical activities and
among them ns-LTP (Sánchez and Vázquez, 2017 ; Chakrabarti et al. 2014).

To our knowledge, no reports are available concerning wheat ns-LTP antimicrobial and anti-in�ammatory
activities. This work is the �rst investigation dealing with ns-LTP potential to reduce in�ammation effects
in LPS stimulated RAW 264.7 murine macrophages in vitro and their antimicrobial activities against
different microorganisms, including Gram-positive and negative bacteria and fungi using well diffusion
agar and broth microdilution methods of ns-LTP.

Materials And Methods
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Expression and puri�cation of the recombinant TdLTP4 protein in E. coli

TdLTP4 protein from Triticum turgidum L. subsp. Durum Desf has been characterized by Sa� et al.
(2015). TdLTP4 open reading frame (ORF) was ampli�ed with PfuTurbo DNA polymerase (Stratagene, La
Jolla, CA) using primers corresponding to the 5′and 3′ ends with EcoRI restriction sites added. These
oligonucleotide primers were TdLTP4-F: 5’-TTAGAATTCATGGCCCGTTCTGCTCTTG -3′ and TdLTP4-R: 5′-
TTAGAATTCTCAGCGAATCTTAGAGCA -3′. The TdLTP4 ORF was cloned into the EcoRI site of E. coli
expression vector pGEX-4T-1 resulting in fusion with GST, and was transformed into E. coli BL21. Cultures
of E. coli cells carrying pGEX-4T-1:GST-TdLTP4 or vector control (pGEX-4T-1) were grown at 30 °C in LB
medium containing 100 μg/mL ampicillin to an A600= 0.6–0.8, and induced with 1 mM IPTG (isopropyl
β-D-thiogalactopyranosid) overnight at 30˚C. The next day, cells were pelleted and suspended in cold
binding buffer (20 mM tris, pH8, 100 mM NaCl, 1 mM EDTA, 0.5% NP40) in the presence of protease
inhibitors. The cells were then subsequently lysed by sonication on ice. The supernatant was separated
by centrifugation and used for puri�cation of TdLTP4 under native conditions using a Glutathione-
Sepharose column (GE Healthcare). The column was washed with binding buffer containing 0.7M NaCl
and TdLTP4 step-eluted after digestion with thrombin overnight at 16 °C. Protein quanti�cation was
performed using the Bradford method. Bovine serum albumin was used as a standard. The purity and the
correct size of the recombinant proteins were veri�ed by SDS-PAGE.

Antimicrobial screening

Microorganisms and growth conditions

Bacteria and fungi were obtained from international culture collections (ATCC) and the local culture
collection of the Centre of Biotechnology of Sfax, Tunisia. They included Gram+ positive bacteria:
Bacillus subtilis ATCC 6633, Bacillus cereus ATCC 14579, Staphylococcus aureus ATCC 25923,
Staphylococcus epidermis ATCC 12228, Enterococcus faecalis ATCC 29212, Listeria monocytogenes
 ATCC 19117 and Gram-negative bacteria: Salmonella  enterica ATCC 43972, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 9027.

The following fungal strains were also tested : Aspergillus niger (CTM 10099), Aspergillus �avus (food
isolate), Aspergillus nidulans (food isolate), Aspergillus fumigatus (food isolate), Fusarium graminearum
(ISPAVE 271), Fusarium oxysporum (CTM10402), Fusarium culmorum (ISPAVE 21w) and Alternaria
alternata (CTM 10230).

Bacteria were cultivated in Muller-Hinton agar (MH) at 37 °C except for Bacillus species which were
incubated at 30 °C. Fungi were cultured on Potatoes Dextrose agar (PDA) medium and incubated at 28
°C. Working cultures were prepared by inoculating a loopful of each test bacteria in 3 ml of Muller-Hinton
broth (MH) (Oxoid Ltd, UK) and were incubated at 37oC for 12 h. The cell concentrations were adjusted to
approximately 106 CFU/ml. Fungal spore suspensions were collected by gently scraping with a loop and
suspended in 10 ml Potato Dextrose Broth (PDB). This suspension was mixed vigorously by vortexing for
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15-20 min. The spore suspension stock was diluted to obtain a concentration of 106 spores/mL
(measured by Malassez blade).

The determination of the inhibition zone diameter (IZ), minimum inhibitory concentration
(MIC), minimum bactericidal concentration (MBC), and minimum fungicidal concentration
(MFC) were based on the same protocol as described by Ben Hsouna et al. (2011 ; 2017 ;
2019 ; 2020).

Cell culture and MTT assay

The cells were cultured in DMEM medium supplemented with 10% heat-inactivated FBS, 1%
streptomycin/penicillin at 37 °C in a humidi�ed atmosphere of 5% CO2. The cells were treated with
TdLTP4 at different concentrations and then stimulated with 0.5 µg/mL LPS for 18 h (Ben Hsouna et al.,
2018; 2019).

Cell viability assay

The cells were seeded in a 96-well plate and treated with various concentrations of TdLTP4 for 24 h. The
cell viability was measured by an MTT assay according to our previously described method (Tursun et al.,
2016 ; Ben Hsouna et al., 2019).

Measurement of NO production

RAW 264.7 cells (2 × 105 cells/well) were pre-incubated for 1 h with various concentrations of TdLTP4
and stimulated with LPS (0.5 µg/mL) at 37°C for 18 h in medium. NO levels were determined by
measuring nitrite levels in the culture media using Griess reagent assay according to our previously
described method (Tursun et al., 2016; Ben Hsouna et al., 2019, 2018).

Measurement of IL-6, IL-1β, TNF-α and IL-10 levels

RAW264.7 cells (2 × 105 cells/well) were pretreated with different concentrations of TdLTP4 for 1 h and
then stimulated with LPS (0.5 µg/mL) for 18 h. The concentration of IL-6, TNF-α, IL-10 and IL-1β were
assayed using the ELISA kits according to the manufacturer's instructions (Ben Hsouna et al., 2018;
2019).

Western blot analysis

Protein extracts were separated by SDS-PAGE and transferred to polyvinylidene di�uoride (PVDF)
membranes. Protein concentrations were determined using the BCA assay. Whole cell extracts, cytosolic
and nuclear proteins were extracted respectively and the western blot analysis were as described
previously (Tursun et al., 2016). The membranes were further incubated with the secondary antibody for 4
h at room temperature and detected using an enhanced chemiluminescence reagent. The membranes
were washed three times and the immunoreactive proteins were detected with an enhanced
chemiluminescence system (GE Healthcare, Little Chalfont, Buckinghanshire, UK).
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Statistical analysis

The experimental results concerning this study were expressed as a mean ± standard deviation (SD) of
the 3 parallel measurements. The results were analyzed by One-Way Analysis of Variance (ANOVA)
followed by Tukey test for multiple comparisons using SPSS for Windows (version. 12) or ANOVA-on-
ranks with Dunn’s correction. Differences were considered signi�cant at P<0.05.

Results
Production and puri�cation of the recombinant TdLTP4protein in E. coli

The TdLTP4 nucleotide sequence was obtained using gene-speci�c primers. The ORF of TdLTP4 was
cloned in-frame with the 3’ end of the coding sequence of GST using pGEX-4T-1 expression vector. After
IPTG induction, the resulting recombinant GST: TdLTP4 protein accumulated to high amounts in the E.
coli cells BL21 (Fig. 1). The calculated molecular weight of the recombinant TdLTP4 was estimated to
about 12 kDa, while the molecular weight of GST was 26 kDa, identical size revealed by SDS-PAGE. Thus,
the fusion protein was approximately 38 kDa (Fig. 1).

Antimicrobial activities

The antibacterial activity of TdLTP4 was evaluated against Gram-positive (B. subtilis, B. cereus, S. aureus,
S. epidermis, E. faecalis and L. monocytogenes ATCC 19117) and Gram-negative (E. coli, P.
aeruginosa and S.  enterica) bacteria. The antibacterial activity was assessed by evaluating the inhibition
zone (IZ) and the determination of MIC and MBC values (Table 1).

The results summarized in Table 1 revealed that TdLTP4 protein displayed a broad antimicrobial
spectrum and exerted a signi�cant antibacterial effect against both tested Gram-positive and Gram-
negative bacteria. It is worth noting that the most susceptible bacteria for the puri�ed protein were S.
aureus and L. monocytogenes with MIC values of 62.5 μg/mL. The highest MIC value characterized S.
enterica and P. aeruginosa (250 μg/mL).

Table 2 summarized the results relative to the antifungal screening. The TdLTP4 puri�ed protein
displayed antifungal activity against A. niger, F. solani, F. oxysporium and F. granularium with MIC values
of 125, and 62.5 μg/ml, respectively. Besides, the TdLTP4 exhibited an antifungal activity against
Aspergillus species such as A. niger, A. �avus, A. fumigatus and A. nidulans which are responsible for
spoilage of many foods and feeds. The inhibition zone and the MIC values of the tested protein against
Aspergillus species were of 18-20 mm and at 125-500 µg/mL, respectively.

Effect of TdLTP4 protein on RAW 264.7 cell viability

RAW264.7 cells were initially seeded in microplates followed by different concentrations of TdLTP4
protein. Treating RAW 264.7 cells with TdLTP4 protein (0–100 µg/mL) did not affect their viability (Fig. 2).



Page 7/23

Therefore, we used the TdLTP4 protein at concentrations of 5, 10, 20, 50 and 100 µg/mL in subsequent
experiments.

Effect of TdLTP4 protein on NO production, iNOS and COX-2 expression

The amounts of nitrite, a stable metabolite of NO, were determined via the Griess reaction. As presented in
Figure, in unstimulated RAW 264.7 cells, NO production were almost undetectable. Upon LPS treatment,
nitrite production increased markedly in the medium. However, TdLTP4 protein suppressed NO production
in the LPS-treated cells in a dose-dependent manner.

We then tested the effect of TdLTP4 protein on iNOS and COX-2 expressions. Western blot analysis
demonstrated that unstimulated RAW264.7 cells did not express iNOS and COX-2 proteins whereas LPS
treatment induced iNOS and COX-2 expressions. Western blotting with TdLTP4 protein of anti-iNOS and
COX-2 antibodies showed lower iNOS and COX-2 protein levels, indicating that TdLTP4 protein could
regulate in�ammatory effects through inhibiting the iNOS and COX-2 pathway (Fig. 4).

TdLTP4Effects on LPS-induced in�ammatory cytokines

Proin�ammatory cytokines, such as TNF-α, IL-1β and IL-6 and anti-in�ammatory cytokine IL-10 play
important roles in the in�ammatory process. The treatment of RAW 264.7 cells with LPS alone resulted in
an increased release of the fore-mentioned cytokines compared with that in non-activated controls (Fig.
5).

The increased levels of TNF-α, (Figure 5 A), IL-1β (Fig. 5C), and IL-6 (Fig. 5B) in RAW 264.7 cells by LPS
stimulation remarkably decreased in a dose-dependent manner after cells exposure to TdLTP4 (p < 0.05).
By contrast, the antiin�ammatory cytokine IL-10 level signi�cantly increased in a dose-dependent manner
after cells exposure to the puri�ed protein (p < 0.05; Fig. 5 D).

Discussion
Since controlling bacterial infections is a serious problem as a result of the growing bacterial resistance
against a large spectrum of commercial antibiotics, the research of new natural molecules without side
effects and acting as antibacterial agents has recently expanded (Gardam, 2000). According to, LTP
various members are characterized by antibacterial, antifungal, antiviral, and antiproliferative activities.
They are also able to inhibit some enzymes (Carvalho et Gomes, 2007). In our study, the results of the
antibacterial screening showed that TdLTP4 protein tested have potential antibacterial activity against a
panel of human and foodborn pathogenic bacteria such as Listeria monocytogenes, Salmonella enterica,
Staphylococcus aureus, Escherichia coli and Bacillus subtilis,. TdLTP4 exhibited a promising antibacterial
effect by inhibition zones and MIC values for against the tested bacteria. Gram-negative bacteria are
generally less susceptible to protein extract from plants than the Gram-positive bacteria, since they have
an outer membrane which plays the role of a barrier to the biomolecules (Cox et al., 2001). These results
are in agreement with the �ndings of Ben Hsouna et al., (2020) who reported that the Annexin 12 protein
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extracted from Triticum durum exhibited the highest inhibitory effect against Gram-negative bacteria.
Comparing MIC and MBC, bioactive components from natural products can be classi�ed into
bacteriostatic (MIC < MBC) and bactericide agent (MIC=MBC). According to these parameters, the puri�ed
peptide from T. turgidum can be considered as a bactericide agent against L. monocytogenes, B. subtilis,
B. cereus and  P. aeruginosa, however, a bacteriostatic agent against all other tested bacteria. The
mechanisms involved in the antibacterial activity of TdLTP4 are worthy of further investigations but it
suggested that they might act as barriers inhibiting bacterial growth by stopping the import of nutriments
(Ren et al., 2014).

Contamination by Aspergillus, Fusarium and Alternaria species and with their respective mycotoxins is
considered as a challenge for the pharmaceutical and food industries. TdLTP4are widely claimed to have
a broad-spectrum antifungal activity and are considered as a main source for the search of lead
compounds. The present study reports the capacity of the TdLTP4 extracted from Triticum Turgidum to
control Aspergillus strains, Fusarium graminearum and Alternaria alternata strains. Therefore, TdLTP4
could be considered as one of the sources of natural antibiotics against opportunistic pathogens and
could be used as food anti-poisoning agents.

It has been reported that pepper and coffee LTPs from pepper and coffee are active against human
pathogenic fungal strains from the Candida genus (Zottich et al., 2011). Moreover, it is important to
mention that the antimicrobial activity of most plant LTPs is speci�c and targeted against particular
microorganisms. Like plant defensins, LTPs can have a synergic effect with thionins (Molina et al., 1993).
Interestingly, they are exempt from toxic effects on plant cells and mammalian cells, including �broblasts
and red blood cells (Regente et al., 2005).

Plant LTPs possessy fungistatic andfungicidal activities. Moreover, they are able to induce
permeabilization of the model membranes and cell membranes of pathogenic fungi (Regente et al.,
2005).

Overexpression of a barley type 2 ns-LTP in transgenic tobacco and Arabidopsis has been shown to
enhance resistance to Pseudomonas syringae pvs. Tabaci and tomato (Molina and García-Olmedo,
1997). DIR1, an ns- LTP from Arabidopsis, was reported to be involved in long distance signaling, possibly
by binding a lipid molecule during systemic acquired resistance (Maldonado et al., 2002). LTPs can
inhibit the growth of fungal pathogens in vitro. Interestingly, they are capable of synergistically enhancing
the antimicrobial properties of other antimicrobial peptides such as defensins and thionins (Marion et al.,
2004). The relative activities of different plant LTPs against pathogens vary, suggesting that they have
various selectivity degrees. Van Loon et al. (1999) demonstrated the antifungal activity against
Trichoderma viridae and Rhizoctonia solani using puri�ed protein from pearl millet seeds which had
sequence homology with LTPs of cotton, wheat and barley. An antifungal protein puri�ed to homogeneity
from sun�ower (Helianthus annuus L.) seeds (Ha-AP10) exerted a fungistatic effect that inhibits
germination of Fusarium solani f. sp. eumartii spores (Regente and De la Canal, 2005).
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All LTPs are basic proteins (pI ~9–10). The vast majority of LTPs contain eight conserved cysteine
residues (CI...CII...CIIICIV...CVXCVI...CVII...CVIII...) forming four disul�de bonds that stabilize their structure
and, thereby, underlie the resistance of LTPs to high temperatures and proteolytic enzymes. Some
proteins from this class maintain their native conformation as well as their biological activity even after
incubation at a temperature of about 100°C (Perrocheau et al. 2006). According to Sun et al. (2008), there
is no correlation between the antimicrobial activity of plant LTPs and their ability to interact with lipids.
For example, this correlation was not found in eight wheat LTP isoforms capable of inhibiting the growth
of pathogenic microorganisms. A similar �nding was reported in the cases of onion Ace-AMP1 (Cammue
et al., 1995) and a mutant rice LTP isoform (Guo et al., 2013). It was also shown that this class of
proteins may possess antimicrobial activity but not bind lipid molecules and vice versa. Plant LTPs have
not only fungistatic, but also fungicidal activity and, like other AMPs, are able to induce permeabilization
of the model membranes (Regente et al., 2005) and cell membranes of pathogenic fungi (Sun et al., 2008;
Regente et al., 2005). For example, LTPs from onion (Tassin et al., 1998), sun�ower (Sun et al., 2008),
and, to a lesser extent, barley (Caaveiro et al., 1997) are able to induce permeabilization of liposomes
consisting of anionic phospholipids only or a mixture of anionic and neutral phospholipids, causing
�uorescent dye leakage from liposomes.

In the present study, we also investigated anti-in�ammatory effects of TdLTP4 on LPS-stimulated RAW
264.7 macrophage cells. To our knowledge, this study is the �rst to assess the potential for ns-LTP to
reduce in�ammatory effects in LPS stimulated RAW 264.7 murine macrophages in vitro.

In�ammation is a bodily response to harmful stimuli such as injury and infection (Choi et al., 2014).
Various in�ammatory models allow evaluation of test compounds and provide further understanding
about the in�ammatory process. In many studies, anti-in�ammatory compounds have been investigated
for their potential inhibitory effects in vitro using LPS-stimulated RAW 264.7 macrophages. LPS, a
component of the outer membrane of gram-negative bacteria, can activate murine macrophages thus
inducing an over secretion of various in�ammatory and toxicity-mediating molecules, such as TNF-α, IL-6,
eicosanoids, and NO (Yang et al., 2009). At the 5-100 μg/mL concentrations, TdLTP4 did not show any
cytotoxic effects on the cells. NO is the free radical product of the oxidative deamination of L-arginine,
which is catalyzed by NOS. At low concentrations, NO plays a role as a signaling molecule in various
physiological processes. During in�ammation, the inducible isoform of the enzyme (iNOS or NOS2) is up-
regulated and this produces large amounts of NO, acting as a key mediator in several in�ammatory
disorders (Bogdan, 2001). Under these conditions, the expression of iNOS mediator in several
in�ammatory disorders (Bogdan, 2001). Our results showed that the TdLTP4 protein could reduce NO
levels in a concentration-dependent way.

In our case, LPS-activated macrophages increased the protein expression levels of COX-2 and iNOS
compared with those in the untreated control group. By contrast, TdLTP4 treatment was down-regulated
the expression of these LPS-stimulated proteins in a concentration-dependent manner. Similar facts have
been reported by Ko et al. (2017) noticed an increased expression levels of iNOS and COX-2 in the LPS-

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/antiinflammatory-activity
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stimulated cells by comparison with the untreated control. These results are consistent with the inhibitory
effects of TdLTP4 on the production of NO and PGE2.

To evaluate the anti-in�ammatory mechanism mediated by TdLTP4, we investigated the effects of this
protein on LPS- induced cytokine production, including proin�ammatory cytokines, such as IL-1β and IL-6,
as well as TNF- α and the anti-in�ammatory cytokine IL-10, which are regarded as crucial anti-
in�ammatory targets (Haddad et al., 203; Pettus et al., 2003).

Proin�ammatory cytokines, such as TNF-α, IL-1β, and IL-6, are produced primarily by activated monocytes
or macrophages. According to our results, the treatment of RAW 264.7 cells with LPS alone resulted in a
signi�cant increase in proin�ammatory cytokine production compared with that in the control group (p <
0.001). By contrast, TdLTP4 signi�cantly reduced these cytokine levels (p < 0.001). IL-10 is generally
considered as an anti-in�ammatory and immunosuppressive cytokine. Its inhibitory effect on the
production of in�ammatory cytokines, including TNF-α, IL-1β, and IL-6, has been reported in numerous
studies (Raychaudhuri et al 2000). In the current study, TdLTP4 signi�cantly increased the levels of anti-
in�ammatory cytokine IL-10. These results are in concordance with those of Rayaprolu et al. (2017) who
reported that IL-6 and TNF-α production was considerably increased in LPS- stimulated RAW 264.7 cells
but signi�cantly inhibited by Hazelnut protein-derived peptide LDAPGHR in a dose-dependent manner .

Sangtanoo et al. (2020) reported that Peanut worm (Sipunculus nudus Linn.) LTP reduced the expression
of proin�ammatory cytokine genes iNOS, IL-6, TNF-α, and COX-2 in RAW 264.7 macrophages. They are
proposed as novel anti-in�ammatory candidates. Therefore, in our case, the regulation of cytokines may
re�ect one of the mechanisms underlying the anti-in�ammatory effect of TdLTP4 protein.

LTPs from Chinese daffodil (Narcissus tazetta) and cole seed (Brassica campestris) were reported to
have antiviral activity and the ability to inhibit the proliferation of human tumor cells. Invitro experiments,
N. tazetta LTP, designated as NTP, signi�cantly inhibited plaque formation of the respiratory syncytial
virus (RSV), the cytopathic effect of the in�uenza A virus (H1N1), and the proliferation of the human
acute promyelocytic leukemia cell (HL-60). B. campestris LTP inhibit the activity of HIV-1 reverse
transcriptase and the proliferation of hepatoma HepG2 and breast cancer MCF7 cells. To date, the
mechanism of LTP anti-tumor activity has not been determined (Ooi et al. 2008; Lin et al. 2007).

Conclusion
Plants dietary and health values have gained an increasing interest during the last decade. Hence,
peptides derived from plants were more recommended in several oxidative stress-related diseases as
cancer or microbial contamination due to the bene�cial effects and the several bioactivities of the natural
products. In this study, we show that TdLTP4 protein exhibit a broad spectrum of biological activities
such as antibacterial, antifungal and anti-in�ammatory activities. Furthermore, our results showed the
potential of TdLTP4 protein from Triticum turgidumas a source for natural health products or natural food
preservatives due to its high antibacterial and antifungal activities against a panel of food pathogenic
bacteria and fungus.
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Moreover, TdLTP4 protein exerted potent anti-in�ammatory effects through down-regulating expression of
multiple in�ammatory cytokines and related mediators including TNF-α, IL-1β, IL-6, anti-in�ammatory
cytokine IL-10, NO, iNOS, and COX-2 in the LPS-induced macrophages. These �ndings may indicate the
potential utility of the TdLTP4 protein as an ingredient of functional foods. However, in vivo research
focusing on the anti-in�ammatory effect and structure–activity is needed before the use/application of
this LTP as an ingredient of functional foods.Moreover, further investigation toelucidate the structure-
activity relationship of TdLTP4 protein and its antimicrobial and anti-in�ammatory activitiespossible
molecular mechanism is required.
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Tables
Table 1: Growth inhibition zones of (IZ mm± S.E.M), minimal inhibition concentration (MIC µg/mL) and
minimal bactericidal concentration (MBC µg/mL) showing antibacterial activity for the puri�ed protein
TdLTP4 against against foodborne, spoiling bacteria compared to that of positive standard antibiotic
(Gentamcin).

 

                       

Strains

        Inhibition zones     

         diameter (mm)a

 

MIC

 

 

MBC

TdLTP4b Gentamicinc  

Bacterial strains

Gram positive

       

Bacillus subtilis ATCC 6633

Bacillus cereus ATCC 14579

26 ± 1.0

24 ± 0.0

20 ± 0.2a

20 ± 0.4a

125± 0.4

125 ± 0.9       

125

125

Staphylococcus aureus ATCC 25923

Staphylococcus epidermis ATCC 12228

20 ± 1.0

16 ± 0.0

25 ± 0.8b

20 ± 0.5b

62.5±0.4

250 ± 0.7      

250

250

Enterococcus faecalis ATCC 29212

Listeria monocytogenes  ATCC 19117

14 ± 0.0

24 ± 0.0

12 ± 0.2a

15 ± 0.0a

250 ± 0.9

62.5±0.8

125

62.5

 

Gram negative        

Salmonella  enterica ATCC 43972

Escherichia coli ATCC 25922

Pseudomonas aeruginosa ATCC 9027

16 ± 0.0

16± 0.5

14 ± 1.0

18 ± 0.8a

21 ± 1.0b

18 ± 0.7b

250 ± 0.2

125 ± 0.6

250 ± 0.8

500

500 250

Values are given as mean ± SEM of triplicate experiment.
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aDiameter of inhibition zones of TdLTP4 including diameter of disc 6 mm.

bTdLTP4: Plant nonspeci�c lipid transfer proteins (ns-LTP).

cThe used concentration of Gentamicin was 10 μg/well.

 

 Table 2: growth inhibition Zones of (IZ mm± S.E.M), minimal inhibition concentration (MIC µg/mL),
minimal fungicidal concentration (MFC µg/mL) showing antifungal activity for TdLTP4 against
pathogenic fungal.

Fungal strains    I Z (mm)

 

MIC

(µg/ml)

 MFC

(µg/ml)

Aspergillus niger (CTM 10099)

Aspergillus �avus (food isolate)

Aspergillus nidulans (food isolate)

Aspergillus fumigatus (food isolate)

20 ± 0.0

16 ± 1.0

18 ± 0.5

18 ± 0.5

125 ± 0.4

250 ± 0.4

250 ± 0.6

500 ± 1.0

125

250

250

500

Fusarium graminearum (ISPAVE 271) 22 ± 0.0 62.5± 0.0 125

Fusarium oxysporum (CTM10402), 25 ± 1.0 62.5 ± 0.5 62.5

Fusarium culmorum (ISPAVE 21w) 22 ± 0.5 125 ± 0.8 250

Alternaria alternata (CTM 10230) 20 ± 1.0 250± 0.3 500

Values are given as mean ± SEM of triplicate experiment.

Figures
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Figure 1

Expression of TdLTP4 protein in E. coli and puri�cation. (A) SDS–PAGE analyses of total proteins
extracted from non-induced (lane 1) and GST- TdLTP4 with IPTG induction (lane 2). The arrow indicates
the induced GST-TdLTP4 product. (B) The soluble and puri�ed recombinant TdLTP4 proteins after
digestion with thrombin. Protein markers are shown on the left panel in kDa.
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Figure 2

Cytotoxicity of TdLTP4 in RAW 264.7 cells. Cells were treated with different concentrations of TdLTP4 for
24 h, and viability was assayed by the MTT assay. Data represent mean values of triple determinations ±
SEM. TdLTP4 at 100 µg/mL was not cytotoxic.
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Figure 3

Effect of TdLTP4 on nitric oxide (NO) production by lipopolysaccharide (LPS)-stimulated RAW264.7
macrophages. Cells were incubated in the presence of TdLTP4 or in combination with 0.5 µg/mL LPS for
18 h. The culture supernatant was analyzed for NO by the Griess method. Data are presented as
percentages and LPS control (without TdLTP4) was �xed at 100%. Data show mean ± SEM values of
three independent experiments. *p<0.05 and ** p<0.01 indicate signi�cant differences from LPS-
stimulation value. NO (IC50= 4.32 µg/mL).
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Figure 4

Inhibitory effect of TdLTP4 on protein expression of iNOS and COX-2 in LPS-stimulated RAW 264.7. The
results presented are representative of three independent experiments. The iNOS and COX-2 expression
levels were determined by Western blotting. Data show mean ± SEM values of three independent
experiments. *p<0.05 and ** p<0.01 indicate signi�cant differences from LPS-stimulation value.
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Figure 5

Effects of TdLTP4 on TNF-α (A), IL-6 (B) IL-β (C) and IL-10 (D) in LPS-induced RAW264.7 cells. The cells
were pretreated with the different concentrations of TdLTP4 for 1 h and then exposed to 0.5 µg/mL LPS
for 18 h. The levels of TNF-α, IL-6, IL-β and IL-10 in the supernatant were determined by ELISA. Data show
mean ± SEM values of three independent experiments. * p<0.05 and **p<0.01 indicate signi�cant
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differences from LPS stimulation value. TNF-α (IC50=8.66 µg/mL), IL-6 (IC50=11.52 µg/mL) and IL-1β
(IC50= 7.87µg/mL).


