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Abstract

Several plants use secondary metabolites against insects and pathogens attack. Among such me-
tabolites known glycoalkaloids are the most studied. Plants from Solanaceae Family are the most
abundant on those alkaloids. Despite alfa-tomatine is a known glycoalkaloid, its specific action
against Moniliophthora perniciosa, fungi responsible for witches broom disease in cocoa planta-
tions was obtained in this work. Alfa-tomatine was infusion-extracted from Solanum lycopersicum
leaves, and its action against the fungi growth was shown on the bioassays. In these tests, M. perni-
ciosa growth was totally inhibited but other fungus tested, the inhibition was not totally, or did not
present effect on growth, showing in this way, the specificity of alfa-tomatine to M. perniciosa. The
advantages of work with a natural molecule for the fungi control is the stability of the molecule, its
resistance to high temperature and pressure and for its use, the simple method of extraction used.
The confirmation of the alfa-tomatine molecule was done by High Performance Liquid Chromato-
graphy and Mass Spectrometry in comparison to the Sigma standard.
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1. Introduction

Phytotoxins can be produced by any plant or be induced by stressed conditions and act as a natural herbicide or
fungicide. It varies widely in size and in chemical class to which they belong, e.g. peptides, terpenoids, diketo-
piperazines, macrolides, phenolics. Therefore potentially, it is a unexploited biological reservoir of important
substances awaiting discovery [1] [2]. Understanding the mode of action of a host-specific toxin might provide
insight into the development of plant pathogen-host plant dynamics [2]. Solanaceae Family are world known as
most important crops (tomato and potato) and both are target for a whole range of pathogens. Leaves of Sola-
num genera produce secondary metabolites known as glycoalcaloids, which can act as protection molecules
against fungi and some bacteria. Many virulence genes of plant pathogens are induced only in planta or in the
presence of host components [3]. Glicoalcaloids from Solanum species were already used in the control of fungi,
showing that further studies with other important fungi diseases can be promising. Among important crops and
important diseases in Brazil, Witches’ broom is a most important disease of Theobroma cacao (cacao) caused by
the basidiomycete Moniliophthora perniciosa (Stahel) [4], formerly Crinipellis perniciosa. This fungus occurs
in the Amazon Forest infecting cacao, some plants from Solanaceae Family, some woodyliana vine species and
others [5]. Control of this fungus is hard and expensive due to the cocoa crop conditions: high humidity, tropical
forest environment, high cost fungicides, short-interval applications due to perseverant raining, perennial crop,
and traditional methods of farming. The introduction of witches’ broom disease into cocoa producing areas of
South America and Caribbean has devastated the chocolate industry [6]. The ultimate method of witches’ broom
control [7] will be through genetic resistance, therefore the resistance source “Scavina 6” is not doing very well
in field conditions, leading to fungi resistant strains [8] [9]. Moniliophthora perniciosa is a hemibiotrophic pa-
thogen, with contrasting mycelial morphology and behavior during the biotrophic and necrotrophic phases [5]
Its biotrophic phase starts with the germination of a basidiospore, apoplast colonization with no specific infec-
tion structure [10]. The pathogen generally infects cacao shoots, flower cushions, single flowers, and pods in-
ducing symptoms depending on organ infected and stage of development. Hypertrophic growth of the infected
shoots, called ‘brooms’ is the most dramatic symptom, appearing 15 d after infection [7]. External symptoms
evolve to tissue necrosis, from where basidiocarps emerge. Control of this fungus is hard and expensive due to
the cocoa crops conditions: high humidity, tropical forest environment, high cost fungicides, short interval ap-
plications due to perseverant raining, perennial crop, traditional methods of farming [11] Leal et al. 2010. The
objectives of this work were to test natural extracts from Solanum lycopersicon and purify such extracts to prove
the growth inhibition of M. perniciosa and the specificity of such compound to this fungus.

2. Methods

Biotype assays: the Fungi strains from three different biotypes of Moniliophothora perniciosa: From Theobroma
cacao, region: Pard, denomination- CP44; from Solanum lycocarpum, region: Minas Gerais, denomination-
AFL105; and from Liana, region Para, denomination- 322. were grown in TDA media (wheat bran 3%, dextrose
2%; agar 2%), for 30 days at 26°C.

Leaves extracts were done using 8 g of fresh leaves from Theobroma cacao (T) and Solanum lycopersicum
(S), made as an infusion with boiling water, mixed until cooling and filtered. The extract was used to make the
TDA media, designed as TDAT, with Theobroma leaves and TDAS with Solanum leaves. Media were autoc-
laved at 1 atm for 20 min. before use. Control media was used for the biotypes with TDA formula. Petri dishes,
at three replicates were kept in BOD for 10 days at 26°C.

All vegetable material used were produced under controlled conditions, without use of agrochemicals. Seeds
from Solanum lycopersicum were from Santa Clara 1-5.300, lote 611625 Agroceres variety and the Theobroma
cacao seeds were obtained from fruits of a clonal field at ESALQ Campus. For Solanum lycopersicum, 70 days
after seedlings, leaves were cutted after flowering and before fructification period, washed in destilated water,
kept in plastic bags and frozen at —-80°C. Theobroma cacao leaves were harvested when plants reach 1 m high.
Leaves were also washed and kept the same way.

2.1. Biological Assays

Agar diffusion test was performed using paper discs of 6 mm diameter with vegetal extract, placed into the solid
culture media and the target were inoculated by a plug of 8 mm, from older petri dishes, were fungi were pre-
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viously grown [12]. Inhibition tests with other fungi: Using the same three culture media TDA, TDAT and
TDAS, other fungi were tested for its development on such culture media. Fungi were: Fusarium oxysporum f.sp.
vasinfectum (cotton pathogen), Colletotrichum truncatum and Cercospora kikuchi, both soy bean pathogens at
three replicates each were kept in BOD for 10 days at 26°C.

Supplementation of TDA media: TDA media were supplemented with carbon sources: 2% of each: dextrose,
glycerol, pectin, cellulose, starch and maltose. Tests were also performed with TDAS, TDA + ornamental sola-
naceae leaves; TDAT.

Solanum leaves extraction methodologies: Extraction protocols were done with S. lycopersicum leaves using
Hexan in the Soxlet system; agitation on warm hexan. Samples were artificial dried and oil extracts were used
from both fractions.

2.2.Isolation and Identification of Chemical Active Compound

The isolation and identification of active chemical compound, 16 grams of S. lycopersicun leaves were grinded
with milli-Q water. The extract was frozen and lyophilized. Dry extract (5.54 g) was solved in milli-Q water
(300 mL) and submitted to partition liquid-liquid using dichloromethane and a separation funnel, repeated three
times, obtaining two phases: organic and aqueous phase. Aqueous phase was again submitted to partition lig-
uid-liquid with n-butanol, as previously described. Both phases obtained were tested into petri dishes bioassays
in agar diffusion test, to assure which phase was responsible for the growth inhibition of M. perniciosa. Buta-
nolic phase showed activity, so it was submitted to a chromatographic separation using a column Sephadex
LH-20 with isocratic elution of methanol and the fractions obtained were then analyzed. Thin layer chromato-
graphy (TLC) and revealed with Dragendorf for UV.

Similar fractions were mixed and later submitted to new agar diffusion test. Activity fractions were reunid and
passed through high performance liquid chromatography attachade to a mass detector (HPLC-MS).

2.3. Chromatography in Pre-Packed Column

Phenomenex Strata® of different dimensions (2 and 5 g) pre-packed columns were used with silica-gel as sta-
tionary phase derivatizated with octadecilsilane groups (C;g) and mobile phase using a methanol/water gradient
starting with 100% water, ending with 100% methanol. Columns and eluent were chosen according to samples
characteristics.

For permeation chromatography a glass column of 20 cm height and 2 cm of internal dimension. Material
used as stationary phase was Sephadex LH-20 (Pharmacia Biotech®). Eluation was done by isocratic method
using methanol.

For qualitative analyzes in TLC, chromoleaves of silica-gel 60 over polyester as ultraviolet indicator Fys4 20 x
20 cm (Aldrich) were used. Chromoleaves were eluated into dichloromethano/methanol 8:2 solvents and re-
vealed undr UV light with Spectroline model ENF-240 C/FE lamp, at 254 nm and 365 nm wavelenght.

2.4. High Performance Liquid Chromatography and Mass Spectrometry

The HPLC equipment was a Alliance model 2695 system, from Waters, a PDA detector (“Photodiode Array
Detector”) which allowed us to observ between the wavelength 200 to a 800 nm and a mass detector model Mi-
cromass ZQ. For the HPLC-PDA-MS a silica-gel column as stationary phase derivatizated with octadecilsilano
groups (Cyg) was used 250 x 4.6 mm, 5 um, from Inertsil. The LC-MS/MS equipment was from Agilent 6410
MS (using the Agilent Mass Hunter program) with direct insertion on MRM mode. Cone voltage was 50 V and
a positive mode detector. lons screening were from 100 to 1200 Da. Colision energy used was 60 eV. Mass
spectra obtained in spectrophotometer VG-7070 operating at 70 eV. High resolution mass spectra were obtained
using nominal resolution of 5000 - 10,000. Internal standard was: perfluorquerosene, 3-nitrobenzil alcohol or
polyetilenoglicol. Alfa-tomatine standard used was from Sigma (T2830).

2.5. Statistical Analysis

Statistical analisys of mycelial growth data were done by the R program version 2.3.2.2 (The R Foundation for
Statistical Computing, 2009) using a randomized experimental design and a factorial analizes was done of all
data from different culture media. ANOVA and Tukey test were performed at 5% of significance.
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3. Results

The three biotypes of M. perniciosa were grown at 26°C, for ten days and after this time, petri dishes were ana-
lyzed and in the TDAS medium the three biotypes did not grow, different from TDA medium where the three
biotypes showed average growing of 3.6 cm radio from the initial plug at Table 1. In Figure 1 mycelial growth
can be visualized during experiment with different culture media.

In a second assay, two biotypes of M. perniciosa were inoculated into TDAS culture media with 8% of Sola-
num leaves, in comparison to TDA medium. TDAS was autoclavated and the solanum extract was filtered in
0.22 um filter and added after TDA autoclavation. Both biotype did not grow in neither one of the TDAS media
(Table 2).

As seing on Tables 1 and 2, statistical differences could be seing on othe different culture media tested, using
Tukey’s analysis.

Table 3 shows there is a high specificity of growth inhibition of the Solanum compound to the M.perniciosa
fungi, related to other genera, in which the leaves extract did not inhibit mycelial growth. Fusarium oxysporum
among other 8 fungi, showed some inhibition, but not total as M. perniciosa.

With such results a chemical study was performed using the S. lycopersicum extract aiming to isolate and
identify the compound responsible for the anti-fungi activity. Initially, dichloromethano:water and buthanol:
water partitions were used. After separation of two fractions, a biological assay was performed to assure which
partition the active compound was present. In the first separation, it was present in the water fraction and in the
second, in the buthanol phase.

Table 1. Average mycelial growth (cm) of M. perniciosa in different culture media.

Biotype TDAS TDAT TDA
CP44 0.0a" 45b 3.6¢
AFL105 0.0a 4.8b 3.8¢
L322 0.0a 4.2b 33c

“Different letters differs statistically by Tukey test at 5% of significance.

Table 2. Mycelial Growth average (cm) of M. perniciosa in different culture media.

Biotype TDA - autoclaved TDAS - autoclaved TDAS - filtered
CP 44 3.6a 0.0b 0.0b
AFL 105 3.6a 0.0b 0.0b

“Different letters differs statistically by Tukey test at 5 % of significance.

Table 3. Mycelial average growth of fungi in different culture media, with respective host and

application.
Control fungi (TDA) TDAs host/Aplication
Cercospora kikuchii 3.8 2.6 Soybean
Colletotrichum truncatum 2.6 29 Soybean
Fusarium oxysporum 4.0 0.3 bean/cotton
Moniliophthora perniciosa 3.8 0.0 Cocoa
Alternaria solani 4.2 3.9 Tomato
Beauveria bassiana 3.8 35 Insects/biological control
Trichoderma reesei 45 44 Celulases
Rhizoctonia solani 35 3.2 potato
Metarhizium anisopliae 4.6 4.3 Insects/biological control
Trichoderma viride 4.5 4.3 Biofungicide
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Figure 1. Mycelial growth of 3 biotytes, following the same
scheme as the Table 1: from left to right, from above to
down: strain CP44 media TDAS; TDAT and TDA; strain
AFL105 media TDAS; TDAT and TDA; and strain L322
media TDAS; TDAT and TDA.

Buthanolic fraction was submitted to chromatographic separation in Sephadex-LH-20 gel column, where 14
fractions could be seeing, analyzed by TLC, seen on Figure 2.

Similar chemical fractions were mixed, totalizing eight fractions, again analyzed by TLC (Table 4) and an-
ti-fungi activity was tested in agar diffusion bioassay (Table 4).

Fraction Sex - 5 had more anti-fungi activity and it was selected for the HPLC-MS analyzes.

Figure 3 represents the mass spectro of the crude extract of S. lycopersicum where can be seen the following
signals, related to mass/power (m/z): 416, 528, 578, 1034 corresponding to the standard spectro of alfa-tomatina.

Searching for compounds present on S. lycopersicum with anti-fungi activity, alfa-tomatina appears as a ma-
jor metabolite for this function, present in all parts of the tomato plant. According to [13] the ion 1034.7 reffers
to alfa-tomatina mass and the ions 578 and 528 416 are from its fragmentation. Same results can be obtained
using alfa-tomatina standard from Sigma (product code—T2830).

Confirming the similarity between ions (m/z) in the S. lycopersicum extracts with the alfa-tomatina standard
an anti-fungi activity bioassay using the standard incorporated into TDA medium was performed (Figure 2).
Results of this bioassay confirm the efficiency of this glycoalcaloid on the inhibition of the M. perniciosa fungi.

4. Discussion

Looking for a medium in which Moniliophthora perniciosa could present a better growth and basidiocarp de-
velopment, experiments start to be done with several additions components into TDA media, a known medium
for this fungi development [14]. Once strains were collected from Solanaceae family, Theobroma species and
Liana species, forming the biotypes we have today of witches’ broom disease pathogens, those leaves extracts
were incorporated to TDA media in order to obtain a better growth media, hoping for a media able to induce ba-
sidiocarp development [7] [15]. For the group surprise, every time Solanum lycopersicum leaves extracts were
present into media, M. perniciosa strains did not grow. Based on this premisse, experiments were conducted in
the way to prove the inhibition of Solanum leaves extracts against M. perniciosa fungi.

Results on Table 1 first could be a lack of some nutritional factor or a inhibition of some compound present
on tomato leaves. It is known in literature that Solanaceae family has glycoalcaloids such as alfa-tomatine, espe-
cially in S. lycopersicum, toxics against a wide range of fungi, described by SANDROCK & Van ETTEN 1997

[16].
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Figure 2. Sephadex gel column of TLC 14 fractions from buthanolic extrac-

tion after Dragendorf dye.
200.00 m/z 200
400.00 ,600:00  800.00  1000.00
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Figure 3. Mass Spectro of crude extract of Solanum
lycopersicum. lons (m/z) circled corresponding to alfa-
tomatina.

Table 4. Chemical similar fractions tested in bioassays for anti-fungi activity.

Mixed fractions Name Activity
1to5 Sex-1 ++
6 Sex -2 ++
7 Sex -3 ++
8and 9 Sex-4 ++
10 Sex -5 +++
11 Sex -6 +
12to 14 Sex -7 -
15 Sex -8 -

(+) - positive anti-fungi activity; (-) - negative anti-fungi activity.

To test both hypothesis, TDA medium was again added of S. lycoperiscum leaves (TDAS) and two biotypes
inoculated. The no-growth was not for the lack of any nutrient, once in TDA M. perniciosa grew (Table 2),
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since this is the most suitable media for its growing [7] [11] and due to the presence of a toxic compound in the
Solanum leaves.

KUBOW [17] reports the lipid oxidation by heat can lead to polymeric compound potentially toxic. To avoid
heating the leave extract during culture media sterilization, leaves extract was filtered in 0.22 um membrane and
added to autoclaved TDA medium. Results showed same inhibition using heat or filtration (Table 2), so in this
case, no toxic compounds formed by heat are responsible for the fungi growth inhibition. Based upon those re-
sults, the alfa-tomatine is a molecule which demands no acid treatment and is stable after heat treatment, cha-
racteristics wanted in a natural fungicide, especially for perennial crops.

The anti-fungi activity of the growth inhibitor compound of M.perniciosa present in S. lycopersicum leaves
was evaluated against other filamentous fungi, selected from different genera and all pathogens of important
crops and of industrial importance (Table 3). In this assay, we verified a specificity of the inhibitor compound
related to fungi other than M. perniciosa and F. oxysporum. According to several researchers, the growth inhibi-
tion must be due to the presence of glicoalcaloide alfa-tomatine in S. lycopersicum leaves and such inhibition
occurs by the linkage of the glycoalcaloid and 3alfa-hidroxy esterol present in the sensible fungi wall, fact al-
ready observed by Lairini & Ruiz-Rubio [18] where the mechanism described leads to membrane pores and loss
of it is integrity.

In order to confirm alfa tomatine is the molecule responsible for the growth inhibition of M. perniciosa, TDA
media was added with alfa tomatine standard Sigma (T-2830) (Figure 4), and we can observe mycelial growth
percentage using different doses of standard, in comparison to control, only TDA media. The highest dose used
was 30 pg-ml™ and the inhibition was 78%. According to literature, plants of S. lycopersicum have 10 to 30 mg
of a-tomatina per kilo [19]. Considering the maximum concentration of 30 mg per kilo, in our culture media,
with 8% of fresh leaves we assume 2 to 2.4 pg per mL. Such dose was enough to inhibit 100% of mycelial
growth of M. perniciosa, which is 10 times superior the assay done with standard alfa-tomatina, represented on
Figure 2. This result leads us to consider there are interactions between other glycoalcaloids and other chemical
compound as in the crude leave extract, potentializing the anti-fungi effect. Similar results were obtained by
ABDEL-MOTAAL et al. [20], proving the interaction of two glycoalcaloides and the increasing of anti-fungi
activity.

Cocoa crop is cultivated in humid tropical forests [21], which can be characterized by a complex ecosystem
with saprophytic microorganisms, very important to the litter decomposition. IN this way, a natural molecule to
control M. perniciosa is aimed in a way to not interferes on this ecosystem unlike chemical control, reaching all
fungi from the environment [22]. The phytopathogen F. oxysporum is emerging as a potential pathogen for
mammals due to its resistance to anti-fungi drugs. In this wasy, a natural molecule would be also a trouble-
shooting. To prevent same resistance to anti-fungi for the control of M. perniciosa the use of alfa-tomatine could
mitigate such effects, like those occurred with F. oxysporum, besides the environmental advantages.

100 =
90 -~
80 A
R 70 -
= 60 -
3 50 -
& 40 -
30
20
n
0 | | | 1
control 10 ug 20 ug 30 ug
o -tomatine concentration (ug-mL™)

Figure 4. % growth evaluation of M. perniciosa in TDA medium (control) and with
adition of alfa-tomatine standard sigma T-2830 in different concentrations (ug-mL™),

with standard deviation.
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5. Conclusion

The glycoalcaloid alfa-tomatine, present in S. lycopersicum leaves is able to inhibit growth of Moniliophthora
perniciosa fungi as a excellent bio compound to be used for the control of this important phytopathogen, show-
ing important characteristics as an easy extraction method in water, high stability in aqueous media, thermic re-
sistance and selectiveness.
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