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ABSTRACT

High-resistant cotton varieties contain a large number of components of plant protective system against the pathogen and insect pests. The
content of gossypol, its enantiomers and sum of cation peptides were determined in three cotton varieties with different resistance to
pathogens. The most resistant cotton variety Namangan-77 contains the highest level of total gossypol, (+)-gossypol and total sum of
cation peptides in cotton seeds have been detected a correlation. From sum of cation peptides were isolated low molecular proteins by a
combination of different chromatographic procedures. It was established that all peptide fractions contain of low molecular protein with
molecular mass 10,635 Da, relevant to class of 2S-albumin. Antifungal and antimicrobial activities were tested in sum of low molecular
proteins. Cottonseed proteins exhibit high antifungal and antimicrobial activities inhibiting growth of hyphae and causing spore
destruction in a number of fungal and microbial pathogens.
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INTRODUCTION

Plant seeds are able to survive and resist environmental
damage for several months. Essential to this resting state is
low water content and thus a low metabolic activity, which
resumes after rehydration and germination of the seeds.
Germination also involves the mobilization of storage com-
pounds, e.g. storage proteins that are sequestered in speci-
alized seed tissues such as cotyledons and endosperm.
Much of our current knowledge on seed proteins stems
from studies on storage proteins, i.e. proteins that accumu-
late to high levels during seed maturation and are rapidly
degraded during germination (Ferreira et al. 2007). Well-
known examples of such storage proteins are the 2S albu-
mins, which have been detected in seeds of many species
(Monsalve et al. 2003).

Other seed proteins are thought to play a role in the pro-
tection of resting seeds or seedlings against insect attacks or
microbial infection. Examples of such proteins are chiti-
nases and glucanases (Carstens et al. 2003), ribosome-inac-
tivating proteins (Zhu et al. 2005), chitin-binding lectins
(Raikhel et al. 1993; Mosolov et al. 2005), or more recently
discovered antimicrobial proteins (Banzet et al. 2002;
Choon et al. 2002; Jeandet et al. 2002; Sawada et al. 2004;
Castro et al. 2005; Silverstein ef al. 2005, 2007). In a num-
ber of cases, however, the distinction between storage func-
tion and defense function is vague, and many authors have
proposed a dual role for storage proteins.

Earlier a series of storage proteins consisting of 2 and 3
subunits belonging to the class 7S and 11S globulins were
extracted from cotton seeds (Asatov ef al. 1977; Marcus et
al. 1999; Yadgarov et al. 1978).

In Uzbekistan, cotton seed is a main source of feed pro-
tein, but the high content of toxic gossypol in cotton seed
limits it to be used as a feed for ruminant animals. There-
fore, Uzbek scientists have developed new varieties and
lines of cotton plants with low gossypol content as well as
glandless lines.

American scientists observed that glandless plants in
the field were completely damaged by insects whereas adja-
cent glanded plants showed little or no damage. Even
insects that are not considered as pests of cotton attacked
the glandless plants. Bottger et al. (1964) showed that gos-
sypol was toxic to cotton aphids, lygus bugs, salt-marsh
caterpillars, thurberia weevils, and bollworms.

However, glandless and low gossypol Uzbek varieties
of cotton plants possess some resistance to insects and
pathogens. This resistance may be due to induced defense
proteins and peptides. Herein we report our initial compara-
tive study of peptide profiles in 3 cotton varieties, and out-
lines our primarily research using proteomic analysis.

MATERIALS AND METHODS
Cotton varieties

Cotton varieties used in this study were Namangan-77 (normal
gossypol content), MG-02 (minor gossypol content), GB (gland-
less).

Determination of total gossypol and enantiomers

Twenty seeds from a cotton plant was manually dehulled, and then
grounded into meal with an agate mortar and pestle. The meal was
then stored at —20°C until the analysis were carried out. The
gossypol derivatization procedure was carried out (Dowd et al.
2005) using 20 mg of meal in a screw-cap test tube. The reaction
mixture was diluted with 5.0 ml of acetonitrile and centrifuged
(3000 rpm, 3 min). A portion of the resulting clear supernatant was
transferred to a vial for HPLC analysis.

HPLC analysis was performed within 8 h of obtaining the
supernatant samples from either seed meal. The column was Zor-
bax Eclipse XDB Cjg (3.0 mm x 100 mm). The mobile phase was
an 80:20 mixture of acetonitrile and 10 mM KH,PO, (the latter
adjusted to pH 3.0 with concentrated H;PO,) and is run at a flow
rate of 0.600 mL/min. The chromatogram signal was collected at
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254 nm while UV spectra were obtained over 220-400 nm. The
injection volume was 5 or 10 pL depending on the concentration
of gossypol in the sample. The gossypol-amino-propanol com-
plexes appear at 3.2 and 4.8 min for the (+)- and (-)-enantiomers,
respectively. These peaks were integrated and the peak area per-
centages calculated. As the UV spectra for the (+)- and (-)-gossy-
pol adducts are identical, the ratio of the peak area percentages of
these compounds are considered to be equivalent to the enantio-
meric ratio.

Isolation of peptides from cotton seeds

The dehulled cotton seeds (100 g) were ground and defatted for 72
h by hexane. The seeds were homogenized using 10 N acetic acid
in 1:10 (w/v) ratio. The protein—peptide fraction was extracted for
1 h at room temperature under continuous stirring. The supernatant
obtained after centrifugation (6000 rpm, 30 min, 4°C) was filtered
through a filter paper B, neutralized with 10 N NaOH, and kept at
4°C for 12 h. The precipitate was isolated by centrifugation (6000
rpm, 30 min, 4°C) and the supernatant was dialyzed.

lon-exchange chromatography

The dialyzed extract was adjusted to pH 9 with ammonium acetate
(0.050 M) and passed over a column of Servacel DEAE-23SN (2.0
x 10 cm, Reanal) equilibrated with ammonium acetate (0.050 M,
pH 9) at flow rate 0.5 mL/min. Fractions of non-bonded proteins
were mainly thermally stable proteins. The resulting eluate was
adjusted to pH 6 with acetic acid and applied on a column of CM-
TSK-650M (2.0 x 5 cm, Tosoh Bioscience) equilibrated with am-
monium acetate (0.50 M, pH 6). Proteins bound to the sorbent
were eluted with a linear gradient of NaCl (from 0 M to 1 M, 400
mL) in ammonium acetate (0.050 M, pH 6) at flow rate 0.5
mL/min. Proteins were detected at 280 nm.

Reversed-phase HPLC

Peptides eluted from the cation-exchange column were dialyzed
against distilled water and separated in a chromatograph (DuPont
8800) using a 250/8/4 Protein@Peptide C18 column. Solution A:
TFA (0.1%); B: CH;CN; flow rate 1 mL/min; absorption at 280
nm; gradient (%/min): 0%/3 min, 0-70%/25-30 min; 70-0%/35-40
min.

Protein concentration

Protein concentration was determined by the Lowry method using
albumin as the standard protein (Darbre 1989).

Analysis of antifungal activity

The antifungal activity of the peptides was tested against several
fungi using 96-well micro titer-plate as described previously
(Broekaert et al. 1990). Wells were filled with 10 pl of twofold
serial dilutions of the peptide and mixed with 90 pl half-strength
potato-glucose broth containing 10* spores/ml. The inhibition of
spore germination was evaluated by measuring the absorbance at
490 nm using an automated micro plate reader (Bio-Rad, Model
3550). ICsq values showing protein concentration required for 50%
growth inhibition were calculated. Experiments were performed at
least in three replicates.

Analysis of antimicrobial activity

The antimicrobial activity of peptides was assayed against the
strain of Xanthomonas malvacearum using radial diffusion assay.
Petri dishes with Luria-Bertani agar were seeded with test bacteria.
The peptide solutions (50 pl) were applied to the wells (5 mm in
diameter) punched into the agar, and incubated at room tempera-
ture for 48 h. The inhibition of spore germination was evaluated
by measuring the absorbance at 490 nm using an automated micro
plate reader (Bio-Rad, Model 3550). ICs, values showing protein
concentration required for 50% growth inhibition were calculated.
Experiments were performed at least in three replicates.
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Statistical analysis

Values are mean +SD (standard deviation) of three replicates. All
experiments were performed at least, three times (unless indicated
otherwise) and were highly reproducible. Therefore, data from one
replicate is presented below.

MALDI mass spectrometry

The molecular masses of proteins and peptides were measured on
an Ultraflex time-of-flight Agilent Technologies 6520 Accurate-
Mass Q-TOF LC/MS in the regime of positive ions. 2,5-Di-
hydroxybenzoic acid was used as a matrix. The accuracy of
measurement was 0.015%.

RESULTS AND DISCUSSION

The seeds of the three cotton varieties [Namangan-77 (nor-
mal gossypol content), MG-02 (minor gossypol content)
and GB (glandless)] were analyzed for total gossypol and
percentage of enantiomers.

Evidence varieties of cotton have different content of
total gossypol and its enantiomers.

It may be suggested that the level of biocide peptides in
different varieties of cotton may correlate with their resis-
tance for fungal disease. We carried out isolation of cationic
peptides from seeds of three cotton varieties and compared
their molecular masses and antifungal and antimicrobial
activities (Table 1).

Purification of peptides from cotton seeds
included several chromatographic procedures

Cotton seeds were ground in a coffee mill and the resulting
meal was extracted for 1 h at 4°C with 1000 mL of 10N
acetic acid. After extraction the slurry was mixed in a
Waring blender and subsequently squeezed through a jam
mincer to separate the extract from the solid residue. The
product of extraction was purified by following steps.

The total fraction of thermally stable peptides was
applied on an anion-exchange column of Servacel DEAE-
23SN. The main peptide fraction that was not bound to the
anion-exchange column was placed on a CM-TSK-650M
cation-exchange column. The peptide fraction bound to the
CM-TSK-650M column was eluted by a NaCl gradient (0-1
M) and cationic peptides fraction were collected, desalted
by dialysis, and used for further characterization.

All fractionated peaks were used for antifungal activity
assay. The fractions which possessed antifungal activity
were collected and re-purified with RP-HPLC.

In vitro antifungal susceptibility tests of the isolated
peptides’ fractions were assayed against the pathogenic
strain of Fusarium oxysporum and antimicrobial suscepti-
bility tests against the strain of Xanthomonas malvacearum
(Table 2).

The rest of fractions did not inhibit the growth of the
fungus. The highest antifungal activity was observed in
CM-2 fraction from MG-02 variety. The highest antimicro-
bial activity was observed in CM-6 fraction from var.
‘Namangan 77°.

Molecular masses infractions after cation-exchange
chromatography were determined using the method of
Accurate-Mass Q-TOF LC/MS. It has shown a presence of

Table 1 Amount of gossypol, its enantiomers and total sum of cation pep-
tides.

Cotton Gossypol Total sum of
variety Content of Ratio of enantiomer cation peptides,
gossypol, % of gossypol, % mg/g (M+m)
(6) ()
Namangan-77 2.79 68 32 57+1
Mg-02 1.84 53 47 43 £0.866
Glandless 141 63 37 55+£1.73
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Table 2 Antifungal and antimicrobial activity of peptide fractions after
separation on CM-TSK-650M.

Ne  Cotton variety Fraction ICspg/ml ICs, pg/ml
(Fusarium (Xanthomonas
oxysporum) malvacearum)
(M=+m) (M=+m)
1 Namangan 77 CM-2 29+0.1 33+0.1
CM-3 87.0+0 61.88+0.01
CM-4 19.7+0.1 49.8+0.1
CM-5 6.06 +0.01 4.63+0
CM-6 3.0+0.26 0.86 +0.01

2 MG-02 CM-1 - 7.55+0.01
CM-2 1.55+0.017 3.25+0.01
CM-3 18.1+0.1 37.34 +0.005
CM-4 2.8+0.1 73£0

3 Glandless CM-2 2.09+0.01 96.1 £0.1
CM-3 - 142.8 £0.1
CM-4 - 185240
CM-5 42.8+0.2 44.6+0

ICs - concentration of peptides at pg, which inhibit growth of fungus at 50%.

low molecular protein (molecular mass 10,635 Da) in all
studied fractions.

It is proposed that the observed protein belongs to class
of 2S albumins — cystein-rich proteins, present in seeds.
Several studies have demonstrated that 2S albumins possess
antimicrobial and antifungal activities. Our results also sup-
port these reports.

CONCLUSION

From the results obtained in our work, it can be concluded,
that between the resistance to pathogens and low molecular
proteins in different varieties of cotton seeds have been
detected a correlation. The highest amount low molecular
proteins concentration was observed in ‘Namangan 77’
seeds and the lowest concentration was observed in var.
‘Glandless’ seeds. The results have shown a presence of low
molecular protein (molecular mass 10 635 Da) in all cotton
varieties. The protein isolated from MG-02 CM-2 possessed
the highest antifungal activity and protein isolated from
‘Namangan 77° CM-6 possessed the highest antimicrobial
activity. These data support the view that 2S albumins may
protect seeds from microbial infestation in soil during the
germination.
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