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Abstract

Garlic (Allium sativum L., family Amaryllidaceae) plants are usually used because of bioac-
tive compounds in their leaves and bulbs. Compounds extracted from this plant are often able to
protect against some diseases. There is not enough information about infusions garlic extracts that
can be used for plant pathogen control. Creating effective biologicals to protect plants against various
diseases is an urgent task to improve crop yields. In this work, the bioactive compounds possessing
activity against some phytopathogens were isolated from garlic plant bulbs A/lium sativum L. A com-
plex of lectin-allinase and peptide with molecular weight of 4392 Da was obtained from A. sativum
bulbs. This complex described in literature before is consisted of allinase enzyme (molecular weight
54 kDa) and mannose-specific garlic lectin (ASA) with molecular weight of 6.4 kDa, and is formed
when the bulb tissues are ground. Since, to our knowledge, no data on the biological action of this
complex were reported before, we studied its activity against the pathogen of rice blast Magnaporthe
grisea. This study showed that the lectin-allinaza complex had no suppressive effect on the pathogen
spore germination (spore germination both in control and under treatment was at the 80-90 % level),
but reduced the number of necrosis on treated leaves of rice (the percentage of uninfected leaves in-
creased from 15 % in control to 75 %). Thus, the complex did not affect M. grisea directly, but pro-
tected plants upon their infection by this pathogenic fungus. These findings suggest that lectin-
allinaza complex isolated from garlic bulbs is able to induce resistance to M. grisea, probably by acti-
vation of plant defense responses. The ability of obtained peptide not described in literature before to
inhibit action of B. sorokiniana, the causative agent of Helminthosporium root rot and barley leaf
blotch, at concentration corresponding to 10-11 mg protein/ml, was shown on wheat and barley
leaves. Since the peptide 4392 Da did not inhibit the growth of B. sorokiniana colonies in vitro, it
can be assumed that the peptide is capable of activating the protective functions of the plant during
the pathogen infection. When evaluating the effect of the peptide 4392 Da on seed germination and
growth stimulation in peas, cucumber, mustard, sunflower and garlic, the germination of garlic seeds
increased by 13.6 % (p < 0.01), while 65.5 % (p < 0.01) increase in the length of its stems and a
four-fold increase of the root length were observed, but the peptide had no effect on seeds and
sprouts of the other crops tested. Thus, the resulting substances do not possess phytotoxicity, and due
to its high activity at low concentrations show very low discharge at its application. Moreover, by virtue
of its origin they are absolutely harmless for humans and animals and are environmentally safe technol-
ogy of plant protection, which is especially important in modern agriculture.
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Leaves and bulbs of garlic Allium sativum L., family Amaryllidaceae, sub-
family Allioideae) serve as a source of various biologically active substances for a
long time [1-4]. Usually, however, studies of these parts are related to medicinal
use [5-9], including issues of thrombocytosis [10] and carcinogenesis [11], while
reports of use to counter phytopathogens are rare [12].



Among the means to protect plants from fungal diseases the majority are
chemical. These are effective, but have a number of downsides, which include vio-
lation of biological balance, accumulation of residue chemicals in agricultural pro-
duce, progressing tolerance of pathogenic organisms, high cost of fungicides and
catastrophic environmental pollution [13, 14]. Despite new chemical fungicides
emerging on the market, the general situation with the protection of plants from
disease and increasing productivity does not change in principle. The spread of
such dangerous infections, as root rots, cucumber powdery mildew and cucum-
ber false powdery mildew, cereal fusarium and rust, potato late blight, bacterial
diseases of vegetable and fruit crops is epiphytotic and leads to a severe decrease
in productivity and yield quality. Recently there is a growing interest in agricul-
tural biologicals based on antagonist microorganisms, which increase resistance
to stressors, and also to proteins and biologically active low molecular weight
compounds. These biologicals are believed to better fit into integrated plant pro-
tection protocols, as they are effective, selective and relatively environment and
human friendly [15, 16].

The range of preparations capable of inhibiting the development of dis-
eases in plants, preserving or increasing productivity, is sufficiently broad nowa-
days. The majority of these, however, are synthetic compounds. They include de-
rivatives of tetrahydrofuran and thiazolyl-5-carbonamide, a composition of 2-(5-
phenyl-3,6-diaza-2,7-dioxaocta-3,5-diphenyl)pheniacrylamide and anilinopyrim-
idine [17-19].

The enzyme allinase, found in garlic, catalyzes the formation of allicin, a
biologically active compound which produces the characteristic garlic smell. Al-
linase, containing 5.5-6.0 % of residual neutral sugars, can bond with the man-
nose-specific garlic lectin (ASA — A. sativum allinase). However, only the meth-
od of forming and conditions of existence of this complex are studied as of today
[20, 21]. No data is available on its impact on living systems.

We were the first to show the biological activity (blast disease and spot
blotch development suppression in cereals, stimulation of seed germination and
seedling development in garlic) in the lectin-allinase complex of garlic, as well as
in a new 4392 Da molecular weight peptide isolated by us from garlic bulbs.

The goal of the study was to isolate peptides from garlic and assess their
antifungal and growth stimulating effect.

Techniques. Peeled bulbs (3 kg) of garlic (Allium sativum L.) Podmoskovnyi
cultivar were milled into 1xX1 cm pieces, put into 10 1 of water-salt solution
(2.06x102 M NH4NOs, 1.88x102 M KNOs, 3.0x103 M CaCl,, 1.5x103 M
MgSOy, 1.25 x103 M KH,PO,) and kept in a fridge for 4-5 hours at 4 °C. The
resulting extract was centrifuged (3000 g, 30 min), after which crystalline am-
monium sulphate was added, with constantly stirring, to form a saturated salt so-
lution (780 g/1) for protein precipitation [22]. The mixture was kept for 20 days
at 4 °C. After centrifuging for 30 minutes at 10000 g to remove salts the residue
was dialyzed at 4 °C against 0.05 M phosphate buffer (1:50 v/v), the supernatant
was dialyzed at against water.

Desalted protein residue was dissolved in the minimum amount of 0.05 M
phosphate buffer and fractioned by high performance gel permeation chromatog-
raphy on a Bio-Sil TSK-125 300 xX7,5 mm column (Bio-Rad Laboratories, USA),
using a high pressure Agilent 1200 chromatography system (Agilent Technolo-
gies, USA). The mixture was eluted for 12 min at 0.5 ml/min with 0.05 M
phosphate buffer. The detection was performed at A = 280 nm. The first fraction
to exit the column was collected, because it contains proteins with the highest mo-
lecular weight. The resulting fraction was analyzed by electrophoresis in 12.5 %
polyacrylamide gel with added SDS. The analysis resulted in two colored bands



in the gel, corresponding to molecular weights of 6400 and 54000 Da. Tryptic
protein hydrolysis was then performed for the bands, followed by MALDI-TOF
mass-spectrometry (UltraFlex 2, Bruker Daltonic GmbH, Germany). The pro-
teins obtained were identified by the SWISS PROT and NCBI databases. The
concentration of the lectin-alinnase complex (LAC) was adjusted to 10! mg/ml
with sequential ten-fold dilutions with water, which conforms with the mean
value of the range of ultralow concentrations (10-8-10-15 mg/ml). The resulting
preparation was used in the tests.

Desalted supernatant was concentrated at 36-40 °C and fractioned by
reverse phase high-performance liquid chromatography (HPLC) in a hydropho-
bic Kromasil C18 column (Russia) (4,6x250 mm) and a high pressure Agilent
1200 chromatography system. Elution was performed in the gradient of acetoni-
trile concentrations (2-96 %) in 0.1 % water solution of trifluoroacetic acid (pH
2.2) at 1 ml/min for 60 min. The detection was performed at A = 214 nm. The
resulting HPLC fraction was analyzed by mass spectrometry with an UltraFlex 2
TOF mass-spectrometer (Bruker Daltonic GmbH, Germany) using a-cyano-4-
hydroxycinnamic acid as a matrix. From the HPLC fractions, among which the
4392 Da peptide (P 4392 Da) was the main component, we picked a fraction of
1 ml with concentration peak 40 ug/ml (by peptide) for further work. The result-
ing peptide was adjusted to a concentration of 10-!! (by protein) with sequential
ten-fold dilutions with water.

The rice blast agent Magnaporthe grisea (strain H5-3, race 007 with viru-
lence genes Av-k5*, Av-a™t, Av-it) and wheat and barley net blotch agent Bipolaris
sorokiniana (strain Tul-12-1-3) were obtained from the State Collection of Phyto-
pathogenic Microorganisms of the All-Russian Research Institute of Phytopathol-
ogy. M. grisea was grown on agar carrot medium for 7-10 days at 24 °C, after
which a washout of spores (conidia) was prepared in a laminar box (40-50 ml of
sterile distilled water — SDW, 2-4 Petri dishes). The suspension was concentrated
in a centrifuge (10 min, 8000 rpm), its density was counted in a Goryaev's cham-
ber and diluted to 105/ml when necessary. B. sorokiniana was grown on potato-
glucose agar (PGA) for 10-12 days at 24 °C. In a laminary box 10-15 ml SDW
was added to the dishes with the agent, spores were brought down from aerial my-
celium with a microbiological loop. The spore suspension was filtered through a
sterile cotton filter and diluted with SDW to 103 and 105 spore/ml density.

The impact of LAC on rice blast development was assessed in pot test
with susceptible rice (Oryza sative L.) cultivar Sha-tiao-tsao (contains complete
resistance genes Pi-k®). The P 4392 Da activity in wheat and barley net blotch
was assessed in a biotest with Lada cultivar wheat plants and Zazerskiy 85 culti-
var barley plants. The growth stimulating effect of P 4392 Da was studied on cu-
cumber (Fenix cultivar), pea (Sakharnyi cultivar), sunflower (Master cultivar)
and garlic (Podmoskivnyi cultivar).

In the study of lectin-allynase complex (LAC) activity against M. grisea
45 pul of SDW or LAC and 5 pl of 105 spores/ml suspension was placed in wells of a
Cellstar 96 well cell culture plate (Greiner Bio-One, Germany) for tissue cultures.
The samples were incubated for 24 hours in the dark at 23 °C. Germination rate
(%) was calculated in samples of 100 spores. The mean value for the test was
determined. The significance of differences was evaluated by Student’s z-test. The
results were recorded using a Leitz Diavert inverted microscope (Leica Microsystems
GmbH, Germany).

In pot test of LAC impact on the development of rice blast 2-3-day-old
seedlings were planted into plastic containers (0.5 1) with Sadovaya zemlya non-
sterile universal nutrient soil and grown in a greenhouse for 21-24 days with 18
hours of daylight, at 22/30 °C (night/day) and good humidification. At leaf 3



stage the plants were sprayed with LAC (10-!! mg/ml by protein) or distilled wa-
ter (control) at 0.5 ml per container and left in the same conditions. For each
variant we used 3 containers, with 8 plants in each. Seven days after the spray-
ing, when the leaf 4 appeared, its middle part (6 cm in length) was placed in an
inoculation chamber. A suspension of M. grisea spores (105/ml, three 20 pl
drops) was put on the leaf with a drop holder [23]. The plants were kept for 22-
24 hours in the dark at 23 °C in a thermostat, then the drop holders and inocu-
lation chambers were removed and the plants were put back in the greenhouse.
Seven days after the inoculation the symptoms were assessed visually and the
leaves were scanned with an Epson Perfection 3200 Photo tablet scanner (EP-
SON, Japan). The plant response was evaluated by the 5-point F.M. Laterell’s
scale [24]: lack of spots or weak necrosis — 0, brown spots — 1, brown spots
0.5-1 mm in diameter with rough edges — 2, rhomb-shaped spots 2-3 mm in di-
ameter with brown center — 3, big rhomb-shaped grey-brown spots with sporu-
lation in the center — 4, toxic effect spread over the whole plant — 5. The per-
centage (%) of inoculum drops, which formed compatible (4 points, susceptibil-
ity) and incompatible infection spots (1-3 points, resistance) or those, which had
caused no symptoms (0 points, resistance) was calculated [25].

The impact of P 4392 Da peptide on B. sorokiniana was studied by diffu-
sion into agar [26]. Spore suspension (103/ml) aliquots of 100 pl were spread onto
potato-glucose agar (PGA) in Petri dishes. Three wells of 8 mm in diameter were
made in agar, in which 100 pl of peptide solution (10-!! mg/ml), or 100 ul SDW
in control, were put and incubated in a thermostat at 26 °C. At day 3 the diameter
of growth delay areas was measured. The test was performed twice in three-fold
repetitions. The development of net blotch infection after treatment with P 4392
Da peptide was assessed in a biotest using a modified method [26, 27]. Wheat and
barley first fully unfolded leaves (segments of 5-6 cm in length, 8-10 pcs per Petri
dish, 3 dishes for test and control each) were put on 1 % agar with benzimidazole.
For each leaf segment, one half was treated with 10 ul of B. sorokiniana spore sus-
pension in P 4392 Da solution (protein concentration 10-!! mg/ml, resulting spore
suspension density 103/ml), and other half was treated with 10 pl of water spores
suspension of the same density (control). The results were assessed 7 days after the
inoculation by the number of typical spots.

In the study of the impact of P 4392 peptide (10-!! mg/ml) on seed ger-
mination and seedling growth stimulation the sample for each culture consisted of
four samples of 100 seeds (or 50 for big seeds). Sterilized filtering paper (2-3 layers
soaked with peptide solution) in Petri dishes was a substrate. The seeds were orga-
nized in rows, with no less than 0.5-1.5 cm between them. The dishes were put
into a thermostat and incubated at 25 °C for 7-10 days. The percentage of germi-
nated seeds was calculated, the length of roots and stems of seeding was measured.

The significance of differences was assessed by the Student's 7-test (Sta-
tistica 6.0, StatSoft. Inc., USA).

Results. Extraction of lectin-allynase complex was performed at a low
temperature (4 °C) which allowed to prevent non-specific proteolysis of proteins.
The tryptic hydrolysis of the 6400 Da and 54000 Da fractions, obtained after elec-
trophoretic separation of the first chromatography peak using denaturing condi-
tions, and the following spectrometry showed the 6400 Da protein to be homolo-
gous to the A-chain of the mannose specific agglutinin (lectin) of garlic, and the
54000 Da protein appeared to be the enzyme allynase. Therefore, we managed to
isolate the lectin-allynase complex.

When studying whether or not this complex has a direct impact on a
pathogen, we revealed that the viability of M. grisea spores did not differ in the
control and LAC treatment groups (90-90 % of spores germinated).
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Fig. 1. Necrosis on the leaf segments in rice (Oryza sativa L.) Sha-
tiao-tsao cultivar, susceptible to rice blast, after inoculation with
Magnaporthe grisea in the presence of water (A) and lectin-allynase
complex from of garlic (Allium sativum L.) cultivar Podmoskovnyi
(B): a — drops which caused no symptoms (0 points, resistance),
b — drops which caused incompatible infection spots (1-3 point,
resistance), ¢ — drops, which caused compatible infection spots (4
points, susceptibility) (all differences from control are significant at
p <0.01).

Inoculum drops percentage, %

When studying possibility to develop systemic
resistance to rice blast using LAC, it was showed that
treatment of the leaf 3 reduced the development of
the disease on the leaf 4, which appeared later, that was
manifested in a lesser number of necrosis compared to the control (Fig. 1).
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Fig. 2. The mass spectrum of the P 4392 Da peptide isolated from garlic (Allium sativum L.) cultivar
Podmoskovnyi (Matrix-assisted laser desorption/ionization—Time of flight mass spectrometry —
MALDI-TOF, Time-of-flight mass-spectrometer UltraFlex2, Bruker Daltonic GmbH, Germa-
ny, matrix — a-cyano-4-hydroxycinnamic acid).

At purification, large proteins are first to sediment from water-salt ex-
tract, while peptides remained in the solution [18]. Using reverse phase HPLC

the main peptide of 4392 Da (P 4392 Da) was isolated from the supernatant
(Fig. 2). We did not find colony growth inhibition when studying the impact of



this peptide at concentration of 10-!! mg/ml on B. sorokiniana. However, the
biotest on wheat and barley leaves showed the P 4392 Da capability to com-
pletely suppress or significantly decrease manifestation of symptoms 7 days after
the B. sorokiniana inoculation (Fig. 3).

Fig. 3. The development of dark-brown net blotch on leaves of wheat cultivar Lada (upper row) and
spring barley cultivar Zazerskiy 85 (lower row) in response to inoculation with Bipolaris sorokiniana
in the presence of the P 4392 Da peptide from garlic (Allium sativum L.) cultivar Podmoskovnyi: A,
C — control (water spore suspension), B, D — joint application of spores and P 4392 Da (day 7 af-
ter inoculation).

P 4392 Da peptide had no phytotoxicity against wheat and barley, and al-
so peas, cucumber, mustard, sunflower and garlic (data not shown). The peptide
also had no effect on seed germination in pea, sunflower, mustard and cucumber,
and further development of seedling of these crops in which an increase in stem
and root length was not observed. At the same time, adding peptide in concentra-
tion of 10-!! mg/ml had a reliable positive effect on garlic seed germination (an
increase by 13.6 %, p < 0.05). It should be noted, that with the peptide the stem
length in garlic seedlings increased by 65.5 %, and the root length was 4 times as
much as that in the control (Fig. 4).

40.1 Fig. 4. Root (a) and stem (b) length in garlic (Allium sativum
L.) cultivar Podmoskovnyi 10-days seedlings in the presence of

P 4392 Da peptide isolated from garlic: C — control (water),
P — peptide solution.
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3 To date, various plant peptides with pro-
tective, antimicrobial and antifungal properties
have been reported [28-31]. These are mostly
cationic peptides, rich in cysteine, which have a
broad range of effect against phytopatogens and
pests. Most of the known antifungal peptides are ef-
fective in micromolar quantities. The P 4392 pep-
tide that we have isolated from garlic differs from
other known peptides due to significantly lower effective concentration and the ap-
parent capability of activating the plant's own defensive mechanisms at infection.
Therefore, bioactive substances of protein nature, effective against a range
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of phytopathogens, have been isolated from bulbs of garlic (Allium sativum L.). In
our findings, the lectin-allynase complex (LAC), previously described by other re-
searchers, has no direct effect against Magnaporthe grisea (the rice blast agent) in
the concentration of 101! mg/ml, but decreases the lesion of rice leaves infected
with the pathogen. This can be considered as an evidence for LAC capability of
inducing the plant's defensive response, leading to systemic resistance. In addition,
we have isolated a 4392 Da peptide which effectively countered the development
of net blotch infection (Bipolaris sorokiniana agent) in the 10~ mg/ml concentra-
tion, and significantly stimulate seed germination and seedling growth in garlic.
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