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Abstract
Background: Artemisia herba alba, classified into the family of Asteraceae, is an aromatic herb that is traditionally used as a purgative and antipyretic folk medicine by rural people of south Tunisia. This study reports the first identification of antimicrobial peptides from this medicinal
plant that inhibited the growth of several food-borne pathogenic bacteria.
Materials and methods: The extraction and purification of peptidic agents from Artemisia herba alba, have been performed using precipitation
by ammonium sulfate of a phosphate buffer crude extract obtained from the plant leaves, followed by reverse-phase HPLC on a C18 column. The
mass of the peptides was estimated by SDS-PAGE electrophoresis, followed by a gel overlay assay and ultra-filtration through a 5 kDa cut-off
membrane. Fractions from every puriﬁcation steps were sampled and assayed for activity towards different food-borne bacterial strains
pathogenic and non pathogenic to humans.
Results: The phosphate buffer crude extract, as well as its ammonium sulfate precipitate, designated AS-P, inhibited the growth of Listeria
monocytogenes, Staphylococcus aureus, Bacillus cereus sensu stricto and the new approved species Bacillus cytotoxicus. AS-P MICs (minimum
inhibitory concentrations) ranged from 0.241 to 3.8 mg/ml proteins for L. monocytogenes and B. cereus sensu stricto (strains ATCC10987 and
IP5832), respectively. The bioactive AS-P molecules were stable up to 10 minutes heating at 120°C and they resisted organic solvent effects.
Antimicrobial activity of A. herba alba AS-P decreased to 40 and 60% after proteolytic treatment with trypsin and proteinase K, respectively,
suggesting peptides being responsible for the A. herba alba AS-P activity. The mass of antibacterial A. herba alba peptides was estimated below
5 kDa. Two AS-P fractions, eluted at 40 and 37% acetonitrile, showed antibacterial activity when assayed against L. monocytogenes.
Conclusion: A. herba alba could make a new source of novel natural anti-infective agents that could be used in food bio-preservation as natural
additives or in human infectious disease treatments against multi-drug resistant pathogens.
Key words: Ammonium sulfate precipitation, Artemisia herba alba, chromatography, Listeria monocytogenes, proteases, ultra-filtration
Abbreviations: AS-P: ammonium sulfate precipitate; MIC: minimum inhibitory concentration; PAMP: plant antimicrobial peptides ; PBC-E:
phosphate buffer crude extract; RP-HPLC: reverse phase high-performance liquid chromatography ; SDS-PAGE: sodium dodecyl sulfate
polyacrylamide gel electrophoresis; TSA: tryptic soy agar; TSB: tryptic soy broth

Introduction
Plant antimicrobial peptides (PAMP) are of great importance as components of barrier defense induced upon infection in a wide variety of
plants (Garcia-Olmedo et al., 1998). A large proportion of them share common characteristics. They are generally small (< 10 kDa) and highly
basic with positively charged residues and a high cystein content leading to the formation of disulphide bonds providing the peptides with an
amphiphilic compact structure (Lay and Anderson, 2005). Based on primary sequence similarity and activity towards bacteria, these peptides are
classified into different groups including Defensins, Lipid transfer proteins, Knottins, Hevein- and Vicilin-like peptides, Snakins and Cyclotides.
PAMP have been isolated from roots, seeds, ﬂowers, stems, and leaves and have demonstrated activities towards phytopathogens, as well as
against bacteria pathogenic to humans (Hammami et al., 2009a).
Over the years, PAMP have become an interesting tool for the development of new techniques in the control of crop losses. Indeed, overexpressing endogenous or exogenous PAMP endow transgenic plants with partial or total resistance against different phytopathogens. For
instance, the generation of transgenic tomato plants constitutively expressing the chili defensin gene (cdef1) resulted in enhanced resistance
against Phytophthora infestans and Fusarium sp. (Zainal et al., 2009). Expression of Dahlia defensin, Dm-AMP1, in rice, directly inhibits the
pathogens, Magnaporthe oryzae and Rhizoctonia solani (Jha et al., 2009). Transgenic sweet potato expressing thionin from barley has been
shown to give resistance to black rot disease caused by Ceratocystis fimbriata in leaves and storage roots (Muramoto et al., 2012).
Several studies have also demonstrated the in vitro antibacterial effects of PAMP against various bacterial species pathogenic and non
pathogenic to humans, such as Staphylococcus aureus, Streptococcus faecalis, Micrococcus luteus, Listeria monocytogenes, Listeria ivanovii,
Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris and Klebsiella oxytoca, at micromolar concentrations (Barbosa Pellegrini et al.,
2011; Stotz et al., 2009; Lopez-Solanilla et al., 2003; Hammami et al., 2009c). However, to date, only their cognates from bacteria and mammals
as well as their synthetic mimics enjoy practical applications in human infectious disease treatments as novel antibiotics against multi-drug
resistant pathogens; or in biopreservation as novel food additives (Mills et al., 2011; Som et al., 2008; Yeung et al., 2011).
In the present study, we report the extraction of proteinaceous antibacterial molecules from Artemisia herba alba leaves, their partial
chemical characterization, and the assessment of their antibacterial effects against several foodborne bacterial species pathogenic to humans. A.
herba alba (Asteraceae) is known as "desert wormwood" or "Chih", as it is commonly named in North Africa. It is a popular medicinal and
aromatic herb growing in arid and semi-arid climates characteristics of the steppes and deserts of South Tunisia. This plant is particularly known
for its purgative and anti-pyretic properties (Idris et al., 1982). Phytochemical investigations have extracted from this genus various aromatic
substances such as terpenoïds, flavonoïds, coumarins, acetylenes, caffeoylquinic acids and sterols. These molecules have been shown to have
multiple beneficial bioactivities: anti-malarial, anti-viral, anti-tumor, anti-hemorrhagic, anti-coagulant, anti-anginal, anti-oxidant, antidiabetic
activities and strong antibacterial activities against several human pathogens (Ahmed et al., 1990; Saleh et al., 1985; Messaoudene et al., 2011;
Neerman, 2003).
This study is the first of the kind purifying PAMP from A. herba alba, with the aim to explore their potential for applied biotechnology as natural
food-preservative candidates or as novel beneficial therapeutics in overcoming infectious diseases, derived from a new source, especially plant
source.
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Materials and Methods
Plant material
A. herba alba was collected from different localities in the region of Tataouine (south Tunisia) during June 2009. The plant was identified
by Dr. Zeyneb Ghrabi, Department of Agronomy and Plant Biotechnology, University of Carthage, National Agronomy Institute of Tunisia
(INAT), where the voucher specimen (#D1472) is deposited.
Bacterial strains and growth conditions
Bacteria used throughout this study are Listeria monocytogenes MACa1, Escherichia coli DH5, Staphylococcus aureus ATCC25923,
Pseudomonas aeruginosa PAO1, Salmonella arizona ATCC25922 strains (PF&BA laboratory stock), Bacillus cereus sensu stricto reference
strains ATCC14579, ATCC10987, IP5832 and the B. cereus ATCC14579dlt mutant strain (MICALS-INRA laboratory stock) as well as the new
identified thermotolerant Bacillus cytotoxicus NVH391/98 pathogenic species of the B. cereus group (Guinebretière et al., 2012). All strains were
cultured in Tryptic Soy Broth (TSB; Difco Laboratories, Sparks, MD) supplemented with 0.6% (w/v) yeast extract with vigorous shaking (175
rpm) at 37°C.
Preparation of crude extracts and ammonium sulfate precipitates
Crude extracts were prepared as follows. One gram of A. herba alba dry leaves was ground in a mortar, and the resulting fine powder
was incubated with 10 ml of cold organic solution (ethanol 80% or methanol 80%) or aqueous extraction buffer (Tris-HCl buffer (0.5 M, pH 6) or
phosphate buffer (sodium  phosphate 0.04 M, pH 7) or urea buffer (10%, pH 7)). The different extracts were centrifuged at 6,000 rpm for 30
minutes and the supernatants were adjusted to pH 7 with NaOH and passed through a 0.44 m filter (Millipore, MA, USA). For subsequent
assays, benzamidine was added to aqueous extracts at a final concentration of 1 mM. Ammonium sulfate precipitates, designated AS-P, were
prepared as follows. Solid ammonium sulfate was slowly added to 10 ml of phosphate buffer crude extract, designated PBC-E, under continuous
stirring, up to 80% saturation at 4°C. The precipitated proteins were recovered by centrifugation (6,000 rpm for 30 minutes, 4°C) and stored at
4°C until use. For subsequent assays, the pellet was resuspended in a two milliliter amount of phosphate extraction buffer and filtered again
through a 0.44 µm filter (Millipore, MA, USA). The protein content of the AS-P was determined with the method of Bradford (1976)
simultaneously with bovine serum albumin as a standard.
Assays for in vitro susceptibility to antimicrobial activity
Susceptibility to antimicrobial activity was evaluated using the agar-well diffusion method as described previously (Perez et al., 1990).
200 l of an overnight culture was gently mixed with 20 ml of sterile TSA (TSB medium containing 0.7% agar) at 45°C. The bacteria-seeded
medium was poured into a sterile Petri dish and allowed to gel for 30 minutes at room temperature then stored at 4°C. Wells were punched in the
agar plate using the wide end of a sterile Pasteur pipette (5 mm diameter). 50 µl of the different samples were dispensed into each well. Plates
were kept at 4°C for 30 minutes to allow the liquid to diffuse into the seeded agar before overnight incubation at 37°C. All assays were carried out
in triplicate on 3 different occasions. Positive and negative controls consisted on polymixin B sulfate (2 µg/ml) (Sigma) and phosphate buffer,
respectively. Inhibition was scored positive if the width of the clear zone around the well was ≥ 6 mm. For MIC (minimum inhibitory
concentration) evaluation, sterile microtiter plates with 96 wells were used. Bacterial strains were cultured to late exponential growth phase
(OD600nm  1.2) in TSB at 37°C. 20 l of the culture, diluted to 1:1,000 (corresponding to approximately 106 CFU/ml), were dispensed into
individual wells containing various concentrations of AS-P, resulting from twofold serial dilutions of an initial 10.8 mg/ml protein set. Controls
consisted on 150 µl TSB + 20 µl of the bacterial strain (negative control), 100 µl TSB + 50 µl polymyxin B sulfate (2 µg/ml) + 20 µl of the
bacterial strain (positive control) and TSB medium alone (indicator of contamination). Growth was scored after 24 hours of incubation at 37°C.
Growth data were recorded by reading A630nm using a microplate reader (Biotech, ELx808). The MIC value was considered to be the lowest AS-P
concentration that inhibited cell growth.
SDS-PAGE and gel overlay assay
10 l of the different samples were subjected to 12% SDS-PAGE (Laemmli, 1970). The gel was Coomassie Blue R-250 stained. The
gel-overlay test was performed as previously described (Cherif et al., 2001): the gel was soaked in a fixing solution (25% isopropanol, 10% acetic
acid) for 30 minutes, then washed twice with sterile double-distilled water for 1 hour and overlaid on a Petri dish containing 5 ml of L.
monocytogenes-seeded TSA medium (4%). The Petri dish was incubated at 37°C for 24 hours and examined for the presence of a growth
inhibition zone. In the negative control, the overlay-assay was performed with the phosphate buffer subjected to SDS-PAGE.
Characterization of the active compounds
The thermostability of the antimicrobial activities was determined by heating active samples at 90°C, 100°C and 120°C for 20 minutes
in water bath. The effect of proteolytic treatments on antimicrobial activity was assessed by using trypsin (10 mg/ml, Sigma Chemicals), and
proteinase K (10 mg/ml, Sigma Chemicals) as follows. 100 l of selected samples were heated at 95°C for 10 minutes and centrifuged at 10,000
rpm for 10 minutes in order to remove endogenous proteases and high molecular weight proteins. The supernatants were recovered, incubated
individually in Tris-HCl (50 mM, pH 8) with 10 µl of each enzyme for 60 minutes at 37°C. Two negative control experiments were used: (i)
sample incubated with heat-inactivated proteases (10 minutes in hot boiling water); (ii) proteases alone incubated in phosphate extraction buffer.
The percentage of activity was calculated in relation to the negative control incubated with heat-inactivated proteases. Stability in organic
solvents was evaluated by mixing active samples with an equal volume of methanol 100%, isopropanol 99%, chloroform 100%, hexane 100%
and acetonitrile 100%, separately. After incubation at room temperature for two hours, the solvents were evaporated and the dried samples were
redissolved in 100 l phosphate extraction buffer. All treated samples were tested for residual antibacterial activity by the agar-well diffusion
method. All tests were repeated at least 3 times.
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Ultrafiltration
One ml of the AS-P sample was filtered through 0.22 µm filter (Millipore, MA, USA) and then dropped onto 10, 5 and 1 kDa cut-off
membranes (Amicon Ultracell, Millipore). The filtrates were collected separately after centrifugation at 8,000 rpm for four hours.
RP-HPLC analysis
The AS-P was fractionated in reverse phase HPLC on a C18 column (Lichrospher RP18 5 m, Supelco Inc. 250  4.6 mm). Fractions
were eluted in 0.1% triﬂuoroacetic acid at ﬂow rate of 1 ml/min using a linear acetonitrile gradient (0-80%, v/v, in 60 minutes). Elution was
monitored at 214 nm and fractions were manually peak-based collected. Acetonitrile volume in the eluted fractions was adjusted to 200 l by heat
drying at 37°C. Fractions were assayed for the antibacterial activity by agar-well diffusion method. The RP-HPLC retention time and the
percentage of acetonitrile of each fraction were determined when the peak was at its maximum height.

Results
Antibacterial activity of A. herba alba crude extracts and ammonium sulfate precipitates
We performed three aqueous (in phosphate, Tris-HCl and urea buffers) and two organic (acetonic and methanolic) crude extracts from
leaves of A. herba alba collected from Tatouine, an arid region of south Tunisia. These buffers and solutions have been successfully used for the
extraction of plant antimicrobial compounds of organic and proteinaceous nature (Odani et al., 1987; Hammami et al., 2009c). The antibacterial
activity of these extracts was examined towards different foodborne bacterial species, pathogenic and non pathogenic to humans: E. coli, L.
monocytogenes, S. aureus, S. arizona, four B. cereus strains, and B. cytotoxicus by using the agar-well diffusion method and by determining their
minimum inhibitory concentrations (MICs).
Table 1 summarizes all the results obtained with the different extraction solutions against the bacterial species tested. A selective
antibacterial activity directed against Gram+ bacteria with clear zones of growth inhibition ranging from 10 to 18 mm, was obtained with the
aqueous extracts, whereas controls had no effects (data not shown). In contrast to the aqueous extracts, none of the two organic extracts used
exhibited activity against the bacteria (data not shown). An example of the inhibitory activity of some extracts, against B. cytotoxicus, obtained by
the agar diffusion test is presented in figure 1. These results suggest that the extracted active biomolecules have hydrophilic and polar properties.
In order to check whether these antibacterial activities are due to plant agents of proteinaceous nature, we further tested the effect of A. herba alba
phosphate buffer crude extract, designated PBC-E, submitted to precipitation with ammonium sulfate at a concentration (80%) known to
precipitate most proteins, including low molecular weight proteins such as peptides. Like all the crude aqueous extracts tested, the ammonium
sulfate precipitate, dissolved in phosphate buffer and designated AS-P, displayed antibacterial activity against only Gram+ bacteria. This activity
was increased comparatively to the crude extract, probably due to a greater AS-P average protein concentration (2.98 mg/ml for the PBC-E versus
11.2 mg/ml for the AS-P). MIC data obtained among bacteria are correlated with the agar-well diffusion results (Table 1). L. monocytogenes, S.
aureus and B. cereus dlt mutant strain displayed the lowest MIC values (0.241 mg/ml and 0.483 mg/ml, respectively), thus representing the
most susceptible bacteria of the group tested.

Figure 1: Antibacterial activity of the A. herba alba phosphate buffer crude extract PBC-E and ammonium sulfate precipitate,
AS-P, against B. cytotoxicus clinical NVH391/98 isolate determined by agar-well diffusion test. 1, 2, 3, 4, 5: 50 l of A. herba
alba PBC-E (2.98 mg/ml), A. herba alba AS-P (11.2 mg/ml), AS-P supernatant, negative control (phosphate buffer), positive
control (polymixin B sulfate, 2 g/ml), respectively.

Partial chemical characterization of the A. herba alba AS-P antimicrobial compounds
The chemical nature of the AS-P active compounds was evaluated by testing their antibacterial activity by agar-well diffusion method,
after submitting them to heat (20 minutes at 90°C, 100°C and 120°C), different solvents (Methanol 100%, Ethanol 100%, Acetone 100%,
Isopropanol 99% and Acetonitrile 100%) and proteases (Proteinase K and Trypsin at 10 mg/ml). A. herba alba AS-P retained 90 to 100% activity
against the whole Gram+ bacteria tested after submitting to all heat and solvent treatments (data not shown). However, the two proteases
decreased the susceptibility of the bacteria to treated AS-P (Fig. 2). Indeed, Proteinase K and Trypsin resulted in loss of average 40% and 60% of
activity. The control consisting on protease alone did not display any antibacterial activity (Fig. 2).
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Table 1: Antibacterial activity of A. herba alba crude extracts and ammonium sulfate precipitates against the different bacterial species tested*
Diameters of inhibition zones (mm)
Ammonium
Tris buffer crude
Urea buffer crude
Phosphate buffer
Bacterial strains
sulfate precipitate
extract
extract
crude extract PBC-E
AS-P
L. monocytogenes
MACa1
11.330.57
13.830.76
181
20.330.57
S. aureus
ATCC 25923
12.160.28
13.50.5
16.830.28
17.50.5
E. coli
DH5α
<6
<6
<6
<6
P. aeruginosa
PAO1
<6
<6
<6
<6
S. Arizona
ATCC 25922
<6
<6
<6
<6
B. cytotoxicus
NVH391/98
8.660.28
10.330.57
11.160.28
140.5
B. cereus sensu
ATCC14579
8.330.28
7.830.28
7.330.57
14.660.57
stricto
ATCC14579∆dlt
80.5
10.50.5
10.330.28
17.660.57
ATCC10987
9.160.76
10.660.57
10,660.28
12.160.28
IP5832
9.660.57
10.330.57
10.830.76
12.50.5
All assays were carried out in triplicate and values are expressed as mean  SEM
*
MIC values of the AS-P
ND. Non determined

MIC*
(mg/ml)
0.241
0.483
ND
ND
ND
1.935
1.935
0.483
3.80
3.80

Figure 2: Agar-well diffusion test illustrating the effects of proteases on antimicrobial activity of A. herba alba AS-P against B.
cytotoxicus clinical NVH391/98 isolate. 100 l of AS-P sample (11.2 mg/ml) were incubated with 10 µl trypsin (10 mg/ml) and
proteinase K (10 mg/ml), separately in appropriate buffers for 60 minutes at 37°C. Control 1: phosphate buffer containing protease alone.
Control 2: AS-P mixed with proteases preincubated for 10 minutes in hot boiling water.
Detection and estimation of molecular mass
A. herba alba AS-P was subjected to SDS-polyacrylamide gel electrophoresis followed by a gel overlay assay in order to separate the
active AS-P components and to identify the protein band responsible for the antibacterial activity. The Coomassie blue stained acrylamide gel
showed a smear of proteins weighing from 200 to less than 10 kDa (Fig. 3A). After electrophoresis, the gel was overlaid with L. monocytogenesseeded agar. A. herba alba AS-P antibacterial activity was detected as a clear zone of inhibition corresponding to proteins with molecular mass
below to 6.5 kDa (Fig. 3B). No inhibition zone was detected with the negative control in which phosphate buffer alone was submitted to SDSPAGE (data not shown).

Figure 3: Detection and estimation of A. herba alba AS-P bioactive peptides molecular mass.
(A) SDS-PAGE profiles of A. herba alba PBC-E and AS-P. 10 l of PBC-E sample (2.98 mg/ml) and 10 l of AS-P sample (11.2 mg/ml) were
subjected to SDS-PAGE 12%. Molecular marker band sizes are shown. Molecular weight markers are shown on the right (Biorad, Broad range
standards).
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(B) Gel overlay assay. The electrophoresis gel was overlaid with TSA soft agar (4%) inoculated with L. monocytogenes and incubated for 24
hours at 37°C. A clear zone (lack of bacterial colonies) on the bacterial underlayer, corresponding to bands below 6.5 kDa on the SDS-PAGE gel,
is shown.

Our results show that the antibacterial compound is small and not denaturated by SDS or DTT. To confirm that this antibacterial activity
was due to small peptides, A. herba alba AS-P extract was ultrafiltrated through a 10, 5 and 1 kDa cut-off membranes and the ultrafiltrates were
tested separately against L. monocytogenes by the agar well diffusion method. Clear halos of inhibition were detected only with the ultrafiltrates
obtained with the 10 and 5 kDa cut-off membranes (Fig. 4b and Fig. 4c, respectively).

Figure 4: Antibacterial activity of the A. herba alba AS-P submitted to ultrafiltration. A. herba alba AS-P was ultrafiltrated through a 10 (b), a 5
(c) and a 1 kDa (d) cut-off membranes and the resulting filtrates were assayed against L. monocytogenes by agar-well diffusion method.
Inhibition zones formed are shown. (a): control consisting on non filtered A. herba alba AS-P.

RP-HPLC Purification
A. herba alba AS-P was subjected to reverse-phase high-performance liquid chromatography (RP-HPLC). Only two fractions, designated
A1 and A2 (Fig. 5A), which eluted at 214 nm with 37.35 and 40% (v/v) acetonitrile, respectively, exhibited efficient antibacterial activity against
L. monocytogenes growth (Fig. 5B). A1 and A2 protein contents, estimated by UV absorption at 595 nm according to Bradford (1976), were 2.83
and 1 g/ml, respectively.

Figure 5: Antibacterial activity of the A. herba alba AS-P fractioned by RP-HPLC. (A) Reverse-phase HPLC was performed to separate
molecules of the A. herba alba AS-P sample. AS-P sample was chromatographed on a C18 column. The different fractions were eluted in 0.1%
triﬂuoroacetic acid at ﬂow rate of 1 ml/min for 60 minutes using a linear acetonitrile gradient (080%, v/v, broken lane). A1 and A2 fractions
were manually collected with 37.35 and 40% (v/v) acetonitrile, under peaks with a 33 and a 35 minutes retention time, respectively.
(B) Antibacterial activity of the eluted fractions assayed against L. monocytogenes by agar-well diffusion method. Clear inhibition zones are
shown.
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Discussion
In this study we have purified antimicrobial peptides from A. herba alba, a wild-medicinal plant from arid regions of Tunisia. These
peptides were selectively active against four major Gram+ bacterial species regarded as foodborne and opportunistic pathogens to humans: L.
monocytogenes, S. aureus, B. cereus sensu lato, and B. cytotoxicus. L. monocytogenes, the most susceptible bacteria to the purified A. herba alba
peptides, is the causative agent of Listeriosis, a severe animal and human foodborne disease, especially characterized by central nervous system
infections and foetal or neonatal infections associated with a high mortality rate despite early antibiotic treatments (Vazquez-Boland et al., 2001).
S. aureus infections are a growing public health problem due to emergence of antibiotic-resistant bacterial strains (De Leo and Chambers, 2009).
S. aureus can reside for years on the skin and nasal mucosa in humans without causing disease (Kluytmans et al., 1997; Wertheim et al., 2005).
When these barriers are breached, systemic infection with diverse manifestations can occur, including pneumonia, meningitis, osteomyelitis,
endocarditis and toxic shock syndrome. S. aureus ATCC 25923 is a reference strain of S. aureus isolated in the USA in Seattle in 1945 and
harbouring PVL toxin which is regarded as a marker of virulence in S. aureus (Holmes et al., 2005). B. cereus is an opportunistic pathogen
causing foodborne gastroenteritis resulting from the production of an emetic toxin, of hemolysins or of enterotoxins, such as Hbl or Nhe (Stenfors
Arnesen et al., 2008). In some rare circumstances, B. cereus has been found associated with more severe infections, for example bacteremia,
pneumonia and endophthalmitis (Hilliard et al., 2003; Miller et al., 1997; Callegan et al., 2003). B. cytotoxicus, a novel foodborne pathogen, of a
previously unknown species of the B. cereus group, was responsible for a severe case of diarrhoeal food poisoning causing three deaths in France
(Lund et al., 2000; Guinebretière et al., 2012; Fagerlund et al., 2007; Auger et al.,, 2008). Selectivity among PAMP has been reported by many
studies, such as for the knottins (Cammue et al., 1992; Liu et al., 2000) and for the Hevein-like peptides (Martins et al., 1996; Van Den Bergh et
al., 2002) which are specifically active against Gram+ bacteria. Since most antimicrobial peptides interact with the bacterial membrane as initial
step of the process leading to death, the variation in the spectrum of activity is likely to be due to structural differences between Gram+ and Gram
bacterial membranes (Hancock, 2001; Tossi et al., 2000).
The peptidic nature of the crude extract bioactivity was demonstrated by protease susceptibility of its ammonium sulfate precipitate, ASP. Indeed, the AS-P was resistant to heat, to organic solvents and displayed decreased antibacterial activity after submission to proteinase K and
trypsin. Another major finding emerging from this study which is consistent with peptides being responsible for the extract's activity is that the
mutant strain B. cereus ATCC14579 dlt was more susceptible to A. herba alba AS-P than the parental strain. The dlt operon of gram-positive
bacteria encodes proteins required for the incorporation of D-alanine esters into both lipoteichoic and cell wall-associated teichoic acids and
thereby decreases the density of negative charge in the cell wall. This repulses positively charged molecules and confers resistance to animal and
human cationic AMP in Gram+ pathogenic bacteria (Collins et al., 2002; Abachin et al., 2002; Kovacs et al., 2006). A recent study has shown that
inactivation of the dlt operon decreases B. cereus resistance to antimicrobial peptides and drastically reduces virulence of the bacteria in insect
larvae (Abi-Khatar et al., 2009).
As indicated by activity detection after SDS-PAGE and ultrafiltration, the apparent molecular mass of the AS-P peptides ranged between
5 and 1 kDa. It is known that PAMP have generally a relatively small size: ranging from 0.876 kDa to 8.864 kDa for Cn-AMP1 and Vicilin-like
2c-3 peptides from Cocos nucifera and Macadamia integrifolia, respectively (Mandal et al., 2009; Marcus et al., 1999). Peptides weighing less
than 2.5 kDa were purified from the seeds of a south Tunisia originated plant, Oudneya africana, and found to be active against L.
monocytogenes, E. coli, Bacillus subtilis, Enterococcus hirae, P. aeruginosa, S. aureus and Candida albicans (Hammami et al., 2009b). In the
final chromatography step, the A. herba alba AS-P was fractioned by reverse phase HPLC and all fractions were tested for antibacterial activity
against L. monocytogenes. Only two fractions absorbing UV at 214 nm and eluted at acetonitrile concentrations of 37% and 40% were active. We
can speculate that the growth inhibition zones obtained with the small sized peptides by direct detection of the AS-P activity on SDS-PAGE could
be attributed to these fractions. Experiments are in progress to isolate and sequence these peptides.
Conclusions
The present study is a contribution to investigating the potential of plants, especially the medicinal nondomesticated ones originated from
arid regions of south Tunisia, as a new source of novel natural additives for food biopreservation or novel anti-infective agents for human
infectious disease treatments against multi-drug resistant pathogens. Peptides purified from A. herba alba could have such applications since they
exhibited antimicrobial activity against pathogenic bacteria. Antimicrobial assays in food would allow us to determine if these purified peptides
could make newer tools in food systems in terms of safety, quality, and improvement of human health.
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