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ABSTRACT

Solanum stramonifolium Jacq. fruit is a commonly found vegetable and herb in Thailand. Its seed aqueous extract was
investigated for antibacterial activity by disc diffusion method, protein profile and protein purification. Its seed aqueous extract
showed very good inhibition against pathogenic bacteria both gram positive including Stapyllococcus aureus, Bacillus
licheniformis, B. subtilis and Xanthomonas sp. and gram negative bacteria including Pseudomonas aeruginosa and Salmonella
typhi. Tris-tricine SDS-PAGE revealed major protein bands approximately 10.2, 15.7 and 21.5 kDa. Partial purification by
Hitrap Q XL and SOURCE 15RPC column chromatography revealed that the active proteins might bear negative charges. A
strong antibacterial activity suggests this plant species could be a good source for antibacterial agents. Further works on pure
active compounds characterizations such as molecular structure and bacterial killing mechanism are still needed. © 2012

Friends Science Publishers
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INTRODUCTION

Antimicrobial peptides (AMPs) are conserved
peptides found all domain organisms including vertebrates
and invertebrate as well as plants (Thomma et al., 2002).
Organisms produced antimicrobial peptides to protect
themselves from pathogens infection. These molecules were
called defensins, which were first isolated from barley and
wheat grains. These types of molecules are believed to be
found in every plant (Lay & Anderson, 2005) and in every
tissue (Chehregani et al., 2007). However, most AMPs are
found high amount in plant seeds and some of these
peptides were isolated for molecular, biochemical as well as
structural studies (Odintsova et al., 2007).

Members of the family Solanaceae are shown to have
the growth inhibition ability toward bacteria, fungi and virus
(Chah et al., 2000; Arthan et al., 2002; Wiart et al., 2004).
The extract of Solanum straminifolium inhibits anti-
Leishmaniasis (Estevez et al., 2007). Methanol extracts of S.
incanum and S. nigrum exhibited antioxidant antimicrobial
and cytotoxic activities (Al-Fatimi et al., 2007). Those
bioactive molecules are organic compounds such as
flavonoids, iso-flavonoids and phenolic acids.

Apart from non-protein bioactive compounds, proteins
with antimicrobial activities in Solanaceae plants have also
been reported. For examples, antibacterial peptides from
seeds of Capsicum annuum L. (Ribeiro et al., 2007) and S.
tuberosum (Feng et al., 2003) have been reported. Thailand
situated in tropical zone that has been rich in biodiversity of
plants. To our knowledge, there are few reports about

antibacterial activity from Solanaceae plants found in
Thailand. Recently, we have screened this plant genus for
antibacterial activity and found that S. stramonifolium
showed the strongest antibacterial activity amongst other
tested species. In this study we reported antibacterial activity
against certain pathogenic bacteria both gram positive and
gram negative ones. We also proposed whether the
bioactive compounds are peptides or small proteins by mean
of its activity after subjected to proteolysis and purification
trials by column chromatography techniques.

MATERIALS AND METHODS

Preparation of seed extract: The fruits of S.
stramonifolium were purchased from the local market in
Nong Khai province (northeastern, Thailand). Its seeds were
removed out from its fruits by hands, cleaned with distilled
water, powdered under liquid N, and extracted with 0.01 M
HCI containing 0.15 M NaCl. The extraction procedure was
done at a ratio of sample/extract solution of 1:3 (w/v). The
residue was then removed by filtering through cheese cloth
(if needed); the filtrate was then centrifuged at 8,100 x g, for
5 min. These seed extract was subjected to antibacterial
activity experiments and protein determination.

Determination of protein content and protein pattern
analysis: Protein content was determined as described by
Bradford (1976) using a Bio-Rad protein assay reagent
(Bio-Rad, USA) and using bovine serum albumin (BSA) as
a protein standard. Absorbance was measured at 595 nm
after stand the mixture for 5 min at room temperature.
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Protein profile analysis of seed extract was performed by a
15% separating Tris-tricine SDS-PAGE from the slightly
modified method of Schagger and von Jagow (1987). To
run the gel an initial voltage of 30 V for 15 min and then a
constant voltage at 200 V were applied. The protein bands
in the gel were visualized by silver staining.

Bacterial cultures: Bacteria were obtained as a kind gift
from Associate Prof. Dr. Sompong Thammasirirak,
Department of Biochemistry, Faculty of Science, Khon
Kaen University and from Dr. Rungruedee Thiewthong,
Department of Biology, Faculty of Science, Mahasarakham
University. The bacteria used in this study consisted of eight
strains of bacteria both gram positive and gram negative,
including Stapyllococcus aureus, B. licheniformis, B.
subtilis, Escherichia coli, Salmonella typhi, Klebsiella
pneumonia and Pseudomonas aeruginosa. They were
grown and maintained on Luria-Bertani (LB) medium.

Disc diffusion assay: Antibacterial activity was assayed by
disc diffusion method according to Lo Cantore et al. (2009)
with some modifications as previously described (Phansri et
al., 2011) by using the crude extract of S. stramonifolium,
100 pg protein per each sterile disc. Kanamycin (2 mg) was
used as a positive control. The experiments were carried out
in triplicate. Inhibition zones are shown in mean £ S.D.
Treatment of crude extract by Pronase: In order to prove
whether antibacterial activity is the responsibility of
peptides (or proteins) in the crude extract, the crude extract
was digested with proteolytic enzyme, Pronase. The Pronase
was added into the 200 uL of the crude extract (protein
conc. 3.55 mg/mL), in which the protein amount ratio of
protein substrate and Pronase equaled to 1:8 (w/w). The
treatment reaction was performed at 37°C for 20 h. After
digested, the supernatant was obtained by centrifuged at
10,000 rpm for 5 min and used for antibacterial activity
assay. Aliquots of pronase treated mixture were subjected to
a 15% Tris-tricine SDS-PAGE and stained with silver.
Purification of active proteins from S. stramonifolium
seed extracts: Seed extract of the plant was freeze dried and
re-suspended, adjusted to pH 8.0 and conductivity <3.2
mS/cm with citrate-phosphate buffer (10x dilution). The
sample was loaded onto anion exchange Hitrap Q XL pre-
equilibrated with citrate-phosphate buffer pH 8.0 using a
flow rate of 2 mL/min. Unbound proteins were washed out
first with the same buffer whereas bound proteins were
eluted out with a linear gradient of citrate-phosphate buffer
pH 8.0-2.0 for 10 column volumes (CV), following with pH
2.0 washing step and further with 1.0 M NaCl in the same
buffer. Fractions were collected and protein in each fraction
was followed up using absorbance at 280, 254 and 215 nm.
Each pool fraction was assayed for antibacterial activity
against P. aeruginosa. Pool fraction that exhibited
antibacterial activity will be further purified by SOURCE
15RPC ST 4.6/100 pre-equilibrated with solution A
(0.065% TFA in water), flow rate 1.0 mL/min. the unbound
proteins were washed out with solution A for 10 CV,
whereas the bound proteins were eluted out with a linear
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gradient of 0-100% solution B (0.05% TFA in acetonitrile)
for 20 CV. Fractions were detected for protein at A280, 254
and 215 nm.

RESULTS AND DISCUSSION

Antibacterial activity: Our group interest in peptides with
antibacterial activity then, in this research, we used the
aqueous solution to extract the bioactive molecules from S.
stramonifolium seeds, which contained high amount of
proteins. By the extraction as mention in the materials and
methods, protein content of S. stramonifolium seed extract
was approximately 0.45 mg/g fresh weight of seeds. The
seed extracts showed a strong antibacterial activity
according to disc diffusion method. This seed extract
inhibited the growth of gram positive bacteria better than
gram negative strains (Table I). However, no inhibition was
observed against E. coli and K. pneumonia, which were
gram negative bacterial strains. Proteins isolated from
mature leaves of S. villosum were found to have
antibacterial properties. This leaves protein extract could
inhibit growth of four pathogenic bacteria, S. aureus
MTCC 2940, B. subtilis MTCC 441 (Gram positive) and E.
coli MTCC 739, and P. aeruginosa MTCC 2453 (Gram
negative) (Chowdhury et al., 2008). This result seems not
agree well with our result that E. coli could not be inhibited.
However, this might be due to the difference between
protein sources, seeds and leaves, which might contain
different types of bioactive proteins. In another Solanum
species, S. nigrum, even though it showed good antioxidant
activity but water extract of leaves showed no inhibition
toward the tested bacteria both gram negative and gram
positive strains including B. cereus, S. epidermidis, S.
aureus, Micrococcus kristinae , Streptococcus pyrogens, E.
coli, S. pooni, Serratia marcescens, P. aeruginosa, K.
pneumonae (Jimoh et al., 2010). This result showed that
different species might contain different bioactive molecules
with different activities.

Tris-tricine SDS-PAGE: Tris-tricine SDS-PAGE revealed
the major protein bands at 10.2 kDa and 15.7 kDa whereas a
minor band around 21.5 kDa as shown in Fig. 1. Previous
antimicrobial peptides reports showed that pepper (Piper
nigrum) extract contained protein bands at MW

approximately 6-10 kDa (Diz et al., 2006) and 6-16 kDa

(Ribeiro et al., 2007). The peptide snakin-2 (StSN2) from

potato (S. tuberosum cv Jaerla) tubers has MW about 7 kDa
(Berrocal-Lobo et al., 2002). Therefore, we proposed from
this SDS-PAGE result those protein or some of them
probably are antimicrobial peptides.

Antibacterial activity and protein pattern of Pronase
treated seed extract: S. stramonifolium seed aqueous
extracts after treated with pronase, antibacterial activity was
only slightly decreased as shown in Table Il. Antibacterial
activity was related to the results of Tris-tricine SDS-PAGE,
which no difference could be observed between treated and
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Table I: Antibacterial activity of S. stramonifolium seed
extracts against certain gram positive and gram
negative bacteria by disc diffusion method

Character Bacteria Inhibition zone® (mm)

S. aureus 2.00+0.00
Gram positive B. subtilis 8.33+1.15

B. licheniformis 8.00 + 0.00

Xanthomonas sp. 6.00 + 0.00

P. aeruginosa 9.50 £0.50
Gram negative E. coli 0.00 +0.00

S. typhi 6.67+0.29

K. pneumonia 0.00 + 0.00

%data showed the mean inhibition zone from a triplicate subtracted from
negative controls

Table II: Anti-B. subtilis and anti-P. aeruginosa of S.
stramonifolium seed extract treated with pronase

Sample Protein Loaded Inhibition zone (mm)
content Protein B. subtilis P. aeruginosa
(gur) (9 ¢ s. c’ 5.
Stramonifolium stramonifolium
Crude extract 6.8 50.0 180 950+0.71 17.0 11.00+0.00
Untreated 24 50.0 18.0 10.00+£0.00 17.0 10.75%1.77
Pronase 24 50.0 180 9.75+0.35 17.0 10.00=+0.00
treated

Table I11: Purification table of S. stramonifolium seed
extracts

Purification steps Volume Protein Total protein
(mL) (Hg/mL) (mg)
Crude extract 1 30 153.0 4590
HiTrapQ 1 21 153.0 321
Unbound 620 2.8 1.76
Q1 12 230 0.28
Q2 10 39.0 0.39
Q3 10 40.7 041
Q4 16 24.0 0.38
SOURCE 15RPC
S1 6 15.7 0.094
S2 2 18.0 0.036
S3 7 134 0.094

untreated seed extracts (Fig. 2). This indicated that protein
in this solanaceae seed aqueous extract could not be
degraded by this proteolytic enzyme in the experimented
condition. It will also be possible that there might be some
peptides (or protein) in the seed aqueous extract that act as
protease inhibitors. Proteinase inhibitor 1l (PIN2) proteins
from the Solanaceae family have been reported (Chye et al.,
2006). Six diverse representative Capsicum annuum
(common name: hot pepper; Solanaceae) protease inhibitor
genes were found (Mishra et al., 2010). These indicate that
there might be also protease inhibitor genes or protein
inhibitors of proteases in this S. stramonifolium seed extract.
However, further study in more detail is still needed.

Purification of active protein: The crude extract of S.
stramonifolium after purified by Hitrap Q XL column, one
fraction of unbound protein and 10 bound protein fractions
were collected. Protein concentration and total protein
contents of each fraction are as shown in Table IlI.
Purification profile is as shown in Fig. 3. The results
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Fig. 1: A 12% tris-tricine SDS-PAGE gel stained with
silver of seed extracts. Lane 1: protein markers; 2: S.
stramonifolium (3 pg protein). The arrows indicate
proteins bands expressed in various treatments
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Fig. 2: A 12% tris-tricine SDS-PAGE stained with
silver of pronase treated seed extract. Lane 1: protein
markers; 2: crude extract of S. stramonifolium seed; 3:

control; 4: Pronase; 5: crude extract of S.
stramonifolium seed treated with pronase. The arrows
indicate proteins bands expressed in various
treatments
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showed that Q4 exhibited antibacterial activity against P.
aeruginosa. Active fraction bound to Hitrap Q XL at pH
8.0, which indicated that at this pH they bare net negative
charges on their molecular structures and their pl is
supposed to be less than 8.0. Unlike most reports
antimicrobial peptides, which normally are highly basic
(pI>10) such as plant AMPs from the seed of Mirabilis
jalapa L. (Cammue et al., 1992; Broekaert et al., 1992).
Some other plant AMPs have pl > 8.0 such as reported by
Canales et al. (2011). Snakin-2 (StSN2) has been isolated
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Fig. 3: Hitrap Q XL column profile of S.
stramonifolium seed extract. Bound proteins eluted
with a linear gradient of citrate-phosphate buffer, pH
8.0-2.0
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Fig. 4: SOURCE 15RPC ST 4.6/100 column profile of
S. stramonifolium (Q4 fraction). Unbound proteins
were washed with solution A (0.065% TFA in water)
and bound proteins were eluted with a linear gradient
of 0-100% solution B (0.05% TFA in acetonitrile)
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from potato (S. tuberosum cv Jaerla) tubers also has pl =
9.16 (Berrocal-Lobo et al., 2002). Those antimicrobial
peptides contain positive net charges. In our work, we
suggest that peptide fractions contain antibacterial activity
might have negative net charges. According to report of
Canales et al. (2011), there are some plant AMPs bearing
negative net charges and had their pl values less than 7.0
such as from Sorghum bicolor, Zea mays, Picea sitchensis,
Pinus taeda and P. pinaster.

Most AMPs have been reported baring positive
charges, which be hypothesized to interact with negative
charges of phospholipid on bacterial membrane. This
interaction cause alteration of membrane or disruption and
cause the death of such bacteria (Zaloff, 2002). The
SOURCE 15RPC ST 4.6/100 chromatogram of Q4 fraction
showed several peaks came out both unbound and bound
fractions as shown in Fig. 4. This indicated that there are
several compounds differently in size or polarity.
Unfortunately, these small fractions of proteins are not
enough for either antibacterial activity assay or protein
pattern checking by SDS-PAGE. Improvement of
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purification is still needed in order to achieve the pure active
compounds enough for characterizations.

CONCLUSION

Seed aqueous extracts of S. stramonifolium exhibited

very good antibacterial activity against tested bacterial
strains except for E. coli and K. pneumonia at protein
amount of 100 ug/ disc. The small proteins or peptides with
MW less than 14.4 kDa might involve in antibacterial
activity of this specie. To confirm the peptides a
corresponding molecule, further successful purification is
still needed. Apart from a common vegetable food, seed
proteins from this plant species might be a good source of
antibacterial agents.
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