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Abstract

Secondary metabolites play a pivotal role in the antagonistic activities
of some biocontrol species of Trichoderma resulting in the suppression of
plant pathogens. T. koningii RIS 3-8, among other 22 strains, was the best
Trichoderma spp. tested against phytopathogens, Fusarium solani, F.
oxysporum, Rhizoctonia solani and Botrytis cinerea in vitro. Removing
proteins by heat-treatment and protease-treatment showed proteins had no
role in the antagonistic tests that lead to the secondary metabolites be the
primary candidates. To discern the determinants of the T. koningii RIS 3-8
secondary metabolites, antifungal oriented assays were performed. The
metabolites from the 9" day chloroform extract processed best antifungal
activity against pathogens. Five bioactive compounds of T. koningii RIS
3-8 were isolated chromatographically:
1-hydroxy-3-methylanthracene-9,10-dione, methyl 4-hydroxybenzoate,
methyl 4-hydroxycinnamate, 4-hydroxybenzaldehyde,
4-hydroxyacetophenone that all but
1-hydroxy-3-methylanthracene-9,10-dione were firstly isolated from T.

koningii.

Meanwhile, [C,-im-30EG][CI], amphiphilic ionic liquids and ionic
liquid crystals were tested their fungicial potency. [C14-im-30OEG][CI]
possesses the best antifungal activity against R. solani with an 1Csq of 130
uM. Rupture of the bioenvelop appears to be operative in the process of

antifungal activity.

Keywords: Biocontrol; Trichoderma; Secondary metabolites; Green

chemicals; lonic liquids (ILs); Imidazolium salts; Rhizoctonia
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1. Introduction

Fungi are among the most important organisms in the world with the
figure of 1.5 million estimated fungal species (Mueller & Schmit, 2007).
The Fungi are classified as the Eumycota kingdom. The major fungal
characters are their cell wall composed mainly of chitin while cellulose of
plant and they are sacrophore (Bartnicki-Garcia, 1968). Based on their
sexual or asexual reproductive characteristics, fungi have been classified to
Chytridiomycota, Neocallimastigomycota, Blastoclasiomycota and
Basidiomycota.

Biological control agents (BCASs) provide an alternative route to
regulated plant pathogens population in the field other than chemical
fungicides (Jose et al., 2008; Lorito et al., 2008; Harman et al., 2004;
Sweetingham, 1995; Compant et al., 2005). Trichoderma spp. are proven to
be excellent BCAs in greenhouse and in field as biopesticides and
biofertilizers (Harman et al., 2004). The fungal Trichoderma species are
present in a diverse array of habitats, including soil, marine sediments,
marine sponges, and mangroves. Trichoderma belongs to Eukaryota
(Superkingdom), Fungi kingdom, Ascomycota, Pezizmycotina,
Sordariomycetes, Hypocreomycetidae, Hypocreales, Hypocreacea,

Trichoderma. The most common BCAs of the Trichoderma spp. are T.


http://en.wikipedia.org/wiki/Kingdom_(biology)
http://en.wikipedia.org/wiki/Hypocreaceae

harzianum, T. virens and T. viride, which have been studied extensively
(Verma et al., 2007; Hermosa et al., 2000). Trichoderma are well-known
producers of volatile and nonvolatile secondary metabolites with antibiotic
activity such as T22 azaphilone and harzianopyridone (Sivasithamparam
and Ghisalberti 1998; Reino et al. 2008; Vinale et al. 2008a; Vinale et al.,
2009). At high concentrations they act as chemical defense against
competition with other microorganisms in species-rich environments, such
as the rhizosphere. However, at low concentrations, they work as
quorum-sensing molecules for intra- or interspecies signaling (Fajardo et
al., 2008). The mechanism of these compounds might be being antibiotics,
elicitor of systemic or acquired resistant to enhance host plant defense
themselves against phytopathogens. Among these antibiotics, the
production of gliovirin, gliotoxin, viridin, pyrones, peptaibols and others
have been described (\Vey et al., 2001). Moreover, research has identified
compounds produced by fungi that have inhibitory biological effects
against viruses (Meselhy et al., 1998; Halawany et al., 2008), bacteria,
fungi, and cancer cells (Hetland et al., 2008).

In this study, T. koningii RIS 3-8 exhibits the best antifungal potency,
among 23 isolates of Trichoderma spp., against tested phytopathogens.

Antifungal assays were performed using Trichoderma spp. secondary


http://en.wikipedia.org/wiki/Rhizosphere_(ecology)
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metabolites produced against pathogens. T. koningii RIS 3-8 bioactive
secondary metabolites against phytopathogens were isolated and named
4-hydroxybenzaldehyde (1), 4-hydroxyacetophenone (2),
1-hydroxy-3-methylanthracene-9,10-dione (3), methyl 4-hydroxybenzoate

(4), methyl 4-hydroxycinnamate (5).






2. Experimental materials and methods

All the solvents except Hexanes (ACS grade, Mallinckrodt Chemicals,
Paris, Kentucky, USA) and Benzene (SHOWA, Japan) were purchased
from ECHO Chemical, Miaoli, Taiwan. 254 nm and 365 nm UV lamp
(VL-6.LC 254/365 nm, Vilber Lourmat, France) was used for visualization.
Silica gels of G60, 70~230 meshes, pH 7 (SILICYCLE, Québec, Canada)

were used.

2.1 Fungal strains

All 23 tested Trichoderma spp. and eight fungal pathogens were
obtained from the Microbiology laboratory of National Formosa University.
The 23 Trichoderma spp. used in this research were T. atroviride ETS1-1-2,
T. atroviride ETS1-1-4, T. atroviride ETS1-1-10, T. harzianum ETS3-1-1,
T. harzianum ETS3-2-1, T. harzianum ETS3-3-2, T. harzianum ETS4-2-1,
T. virens KS-CO R8-8, T. virens LN-PA R3-2, T. virens LN-PAR4-2, T.
virens LN-PA S16-2, T. virens LN-PA S16-9, T. harzianum NT-TAR1-9, T.
harzianum NT-TA S3-9, T. harzianum SL-BN R1-4, T. harzianum SL-BN
R1-9, T. harzianum SL-BN S5-2, T. virens YAM 1-1, T. virens YAM 1-5, T.

virens YAM 3-1, T. virens YAM 3-5, T. koningii TA-GL R1-6 and T.



koningii RIS 3-8. Other phytopathogenic fungi tested in this research were
Colletotrichum gloeosporioides, F. solani f. sp. Fs-69, F. solani f. sp. Fs-75,
F. oxysporum f. sp. Fo-43, F. oxysporum f. sp. Fo-59, Rhizoctonia solani,
Sclerotinia sclerotiorum and Sclerotium rolfsi. The fungal strains were
maintained on potato dextrose agar (PDA, Becton, Dickinson and Company,

New Jersey, USA) slants at room temperature.

2.2 Trichoderma cultivation

Ten mL PDA plate (90 x 15mm petri dish, Alpha lus scientific corp.,
Taoyuan, Taiwan) was prepared by dissolving PDA (39 g L™) in demonized
water by Milli-Q (18 uQ, Millipore, MA, USA) and sterilized by TM-329
(TOMIN, Taipei, Taiwan) at 121 °C, 1.2 kg cm™for 15 min. Trichoderma
spp. was inoculated on PDA and cultivated at 28 °C for 5 days in the
incubator, stored at 4 °C until use. Conidia were collected by flushing the
cultivated medium with 6 mL of sterile water to acquire 10° conidia mL™

conidia suspension.



2.3 Metabolites preparation

To obtain the Trichoderma secondary metabolites, straw residue were
dried at 50 °C in an oven for 5 days and pulverized by a homogenizer. Later,
60 g straw residue pulverized were soaked and mixed with 120 mL liquid
mineral medium, which contains: CaCl, - 2H,0 (0.12 g L™, Showa, Tokyo,
Japan), Na,HPO, (2 g L™, TEDIA, Ohio, USA), MgSO, - 7H,0 (1.5g L%, J.
T. Baker, Phillipsburg, USA), FeCl; (2 mg L™, Sigma, St Louis, Missouri,
USA), (NH,),SO, (0.5 g L™, Showa), KH,PO, (7 g L™, J. T. Baker),
ZnSO, - 7TH,0 (1 mg L™, Ferak, Berlin, Germany) in a 2800 mL
Erlenmeyer flask. The medium was autoclaved at 121 °C, 1.2 kg cm™ for 15
min before used. 6 mL of suspension of conidia was inoculated into the
mixture and cultivated at 28 °C in the dark for 9 days in the incubator.
Cultivated Trichoderma medium was extracted with solvent after drying at
50 °C in the oven. The straw residue cultures were filtered through filter
paper (Advantec No. 1, Toyo Roshi Kaisha, Tokyo, Japan) by a vacuum
filtration apparatus. The solvent of the filtrate was removed by a rotary
evaporator at 35°C. The solvent was applied back to the medium to
intensify the extraction then solvent was removed. The procedure would be
preceded 5 times until filtrates were colorless. Each extract was placed in

the oven at 50 °C and dry weight of equal volume chloroform/methanol



extracted metabolites was determined.

2.4 Plate confrontation test

Mycelia of tested fungus were obtained from actively growing margin
of PDA. Two 5-mm diameter plugs each contained on of the twenty-three
Trichoderma strains and one of the eight fungal pathogens, respectively,
were placed opposite side of the PDA plate and growth diameter were

recorded daily until two species mycelia contacted.

2.5 Exclude proteins from the Trichoderma culture

Trichoderma conidia 10° conidia mL™ were inoculated in 250 mL of
minimal medium, which contains: 0.5 mg of CacCl, - 2H,0, 1.25 mg of
FeCls, 0.125 g of MgSO, - 7H,0, 0.25g of peptone, 0.34 g of KH,PQOy,
0.125 g of Na,CO; - H,0, 0.35 mg of ZnSO, - 7H,0, plus 1 % glucose
(Media I) or in 1 % of heat deactivated F. solani mycelia (Media I1). Each
culture medium was lypholized and resuspended in 3 mL Milli-Q (18 uQ)
water. An aliquot of 1 mL solution was treated by protease K (100 uL

protease K (50 ug/mL) and 900 pL culture medium), 37 °C, 24 hr; another

10



1 mL aliquot was heated in 100 °C, cool down to room temperature, repeat
this procedure for another two times; the remaining material would be the

control group. Then, each preparation was mixed with 49 mL of one-fifths
concentration of PDA and three 90 x 15 mm petri dishes were prepared. A
plug of F. solani was placed in the center of above mentioned preparations
and the growth of mycelia in cm was recorded daily for 6 days at 37 °C.

Each treatment consisted of three replicates.

2.6 Bioactivity of the metabolite of Trichoderma

After mixing 60 g of pulverized rice straw residue with 120 mL of
liquid mineral medium supplemented with 1 % glucose or 1 % deactivated
F. solani mycelia, 6 mL of Trichoderma conidia solution (10° conidia mL™)
was added. The mixture was incubated at 28 °C in the dark for 3, 6, 9, 12,
15, 18, and 21 days. Cultivated media were extracted with solvent and
drying at 50 °C in the oven. Chloroform / methanol, 1:1 (v/v) were used to
extract the metabolites from three different cultivated media that were with
untreated (Extraction C, EC), or supplemented either with 1 % glucose
(Extraction G, EG) or with 1 % deactivated F. solani mycelia (Extraction F,

EF), respectively. Antifungal assays were performed using Trichoderma
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secondary metabolites produced against F. solani. The pathogen F. solani
growth was determined by measuring the diameter (cm) of the mycelium

plugs after 40 hpi. Each treatment consisted of three replicates.

2.7 Purification the antifungal molecules from Trichoderma

Chloroform / methanol, 1:1 (v/v) was used to extract the secondary
metabolites from Trichoderma cultivated for 9 days. The extract was
partitioned using CHCI;/ H,0, 1:1 (v/v), and the dry weight of CHCI; layer
and H,O layer were recorded. Nineteen fractions (Al to A19) were
obtained from the CHCI; extract after fractionation by silica gel column (56
x 500 mm) eluting with Benzene/EtOAc, 50:1, 25:1, 15:1, 10:1, 5:1 3:1,
2:1, 1.1 (v/v) (step gradient with EtOACc). The isolation strategy of each

purified compound was shown in Fig.1.

Purification method for the compound A:

Chloroform / methanol, 1:1 (v/v) was used to extract the metabolites
from Trichoderma cultivated medium. The extract was partitioned using
CHCI3/ H,0, 1:1 (v/v), and the dry weights of CHClI; layer and H,O layer

were recorded. Nineteen fractions (Al to A19) were obtained from the

12



CHCI; extract after fractionation by silica gel column (G60, 70~230
meshes, 56 x 500 mm) eluting with Benzene/EtOAc, 50:1, 30:1, 15:1, 10:1,
5:1, 3:1, 1:1 (v/v) (step gradient of EtOAC), with 1 mL min™ flow rate. Two
fractions (Al1-1 and Al-2) of the fraction Al was obtained by silica gel
column (G60, 70~230 meshes, 56 x 500 mm) eluting with Hexanes/EtOAc,
10:1 (v/v). Compound A was obtained by eluting fraction Al-1 in silica gel
column silica gel column (G60, 70~230 meshes, 56 x 500 mm) with

Hexanes/EtOAc, 20:1 (v/v).

Purification method for the compound B:

Chloroform / methanol, 1:1 (v/v) was used to extract the metabolites
from Trichoderma cultivated medium. The extract was partitioned using
CHCI3/ H,0, 1:1 (v/v). Nineteen fractions (Al to A19) were obtained from
the CHCI; extract after fractionation by silica gel column (silica gel column
(G60, 70~230 meshes, 56 x 500 mm) eluting with Benzene/EtOAc, 50:1,
30:1, 15:1, 10:1, 5:1, 3:1, 1:1 (v/v) (step gradient of EtOAC), flow rate 1
mL min™. Fraction A11 was chromatographed in silica gel column (G60,
70~230 meshes, 56 x 500 mm) with by Benzene / Acetone, 30:1 (v/v) and
15 fractions (fractions A11-1 to 15) were collected. Compound B was

obtained by eluting fraction A11-6 with MeOH/H,0, 55:45 (v/v), and flow
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rate of 0.3 mL min™ in the reversed phase column (Discover® C18 HPLC

column, 250 mm X 4.6 mm, 5 um, Supelco, Bellefonte, Pennsylvania,

USA).

Purification method for the compound C:

Chloroform / methanol, 1:1(v/v) was used to extract the metabolites
from Trichoderma cultivated medium. The extract was partitioned using
CHCI3/ H,0, 1:1 (v/v). Nineteen fractions (Al to A19) were obtained from
the CHCI; extract after fractionation by silica gel column (56 x 500 mm)
eluting with Benzene / EtOAc, 50:1, 30:1, 15:1, 10:1, 5:1, 3:1, 1:1 (v/v)
(step gradient with EtOAC). Fraction A14 was separated to 10 fractions
(fraction A14-1 to 10) by silica gel column (silica gel column (G60,
70~230 meshes, 56 x 500 mm) using CHCI3/ Acetone, 100:1 (v/v), as
mobile phase. Compound C in fractions A14-7 contended was obtain by
loaded the fraction A14-7 to the reversed phase Discover® C18 HPLC
column (250 mm x 4.6 mm, 5 um) using MeOH / H,0, 90:10 (v/v) as

mobile phase with flow rate of 0.4 mL min™.
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Purification method for the compound D:

Chloroform / methanol, 1:1(v/v) was used to extract the metabolites
from Trichoderma cultivated medium. The extract was partitioned using
CHCI3/ H,0, 1:1 (v/v), and the dry weights of CHCI; layer and H,O layer
were recorded. Nineteen fractions (Al to A19) were obtained from the
CHCI; extract after fractionation by silica gel column (G60, 70~230
meshes, 56 x 500 mm) eluting with Benzene/EtOAc, 50:1, 30:1, 15:1, 10:1,
5:1, 3:1, 1:1 (v/v) (step gradient with EtOAc). Fraction A14-7 was obtained
by further fractionation of fraction A14 by silica gel column (silica gel
column (G60, 70~230 meshes, 56 x 500 mm) by CHCI3/ Acetone, 100:1
(v/v) and 10 fractions were collected (A14-1 to 10). Among them,
compound D in fraction A14-7 contended was obtain by loaded the fraction
Al14-7 to the reversed phase Discover® C18 HPLC column (250 mm x 4.6
mm, 5 um) using MeOH / H,0, 90:10 (v/v) as mobile phase with flow rate

of 0.4 mL min™.

Purification method for the compound E:
Chloroform / methanol, 1:1(v/v) was used to extract the metabolites
from Trichoderma cultivated medium. The extract was partitioned using

CHCI3/ H,0, 1:1 (v/v), and the dry weights of CHCI; layer and H,O layer
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were recorded. Nineteen fractions (Al to A19) were obtained from the
CHCI; extract after fractionation by silica gel column (G60, 70~230

meshes, 56 x 500 mm) eluting with Benzene / EtOAc, 50:1, 30:1, 15:1,
10:1, 5:1, 3:1, 1:1 (v/v) (step gradient with EtOAc). Fraction A15-4 was
obtained from fraction A15 that was further separated to 6 fractions (A15-1
to 6) by Al5-loaded silica gel column (G60, 70~230 meshes, 56 x 500 mm)
eluting with Benzene / Acetone, 15 : 1 (v/v). Compound E was purified
from the fraction A15-4 by the reversed phase Discover® C18 HPLC
column (250 mm x 4.6 mm, 5 um) using MeOH / H,0O, 20:80 (v/v) as

mobile phase with flow rate of 0.5 mL min™.

Purification methods for the compound F:

Chloroform / methanol, 1:1 (v/v) was used to extract the metabolites
from Trichoderma cultivated medium. The extract was partitioned using
CHCI3/ H,0, 1:1 (v/v), and the dry weights of CHCI; layer and H,O layer
were recorded. Nineteen fractions (Al to A19) were obtained from the
CHCI; extract after fractionation by silica gel column (G60, 70~230
meshes, 56 x 500 mm) eluting with Benzene/EtOAc, 50:1, 30:1, 15:1, 10:1,
5:1, 3:1, 1:1 (v/v) (step gradient of EtOAC), with 1 mL min™ flow rate.

Fraction A16 was further fractionated to 6 fractions by loading fraction
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A16 to silica gel column (G60, 70~230 meshes, 56 x 500 mm) eluting with
Benzene / Acetone, 30:1 (v/v). Compound F was obtained from fractions
A16-5 by applying fraction A16-5 to the reversed phase Discover® C18
HPLC column (250 mm x 4.6 mm, 5 um) using MeOH / H,0, 20:80 (v/v)

as mobile phase with flow rate of 0.5 mL min™.
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Trichoderma secondary metabolites (9 days) C/M, 1:1 (v/v)

Hexanes MeOH-H,O
CHCl, H,0
Al-1 All1-6 Al14-7  Al15-4 A16-5
A B E F

Fig. 1 The strategy of isolation compounds A, B, C, D, E, and F
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2.8 Structure determination by NMR

The structure of each purified compound was determined by the nuclear
magnetic resonance (NMR) (Appendix 7.1.4 to 7.1.9). Compound A is
1-hydroxy-3-methylanthracene-9,10-dione, *H NMR (400 MHz, CDClIs,
ppm): & 2.45 (s, 3H, Hyy), 7.17 (d, 1H, Hy), 7.31(2d, 1H, H,), 7.62 (d, 1H,
Hs), 7.69(d, 1H, Hy), 8.27 (d, 1H, Hg), 12.55 (s, OH) (Fig. 15a) (Liu et al.,
2009). Compound B and Compound C have same structure, it is named
methyl 4-hydroxybenzoate, *H NMR (400 MHz, CDCl,, ppm): & 3.91 (s,
3H, -COOCHj), 6.86 (2d, 2H, Ar-CH), 7.95 (s, 1H, -OH) (Fig. 15b)
(Vijayan et al., 2003). Compound D is named methyl 4-hydroxycinnamate,
'H NMR (400 MHz, CDCl3, ppm): & 3.75 (s, 3H, CO,CHj), 6.30 (d, 1H,
H,), 6.85 (2d, 2H, Hz and Hs), 7.53 (2d, 2H, H, and Hg); 7.63 (d, 1H, H;)
(Fig. 15c¢) (Daayf et al., 1997). Compound E is named
4-hydroxybenzaldehyde, "H NMR (400 MHz, CDCls, ppm): & 6.96 (2d, 2H,
Ar-CH), 7.82 (2d, 2H, Ar-CH), 9.87 (s, 1H, -CHO) (Fig. 15d) (Chena et al.,
2010). Compound F is named 4-hydroxyacetophenone, *H NMR (400 MHz,
CDCls, ppm): 6 2.56 (s, 3H, -COCHj), 6.89 (2d, 2H, Ar-CH), 7.91 (s, 1H,

-OH) (Fig. 15e) (Anzenbacher et al., 1999).
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3. Results

3.1 Antagonistic potency of Trichoderma strains

Various Trichoderma species own different potency against diverse
fungal phtopathogens. To have the best Trichoderma candidate that might
produce the most potent metabolites, a matrix of duel experiments and
extent of antagonistic potency of Trichoderma strains against fungal
phytopathogens was determined (Table. 1). From the scale of A to D that
higher score indicates better antifungal pathogens activity, T. koningii RIS
3-8 poses the best antagonistic potency among all the tested Trichoderma.
In the other words, phytopathogens such as F. solani (Fs), F. oxysporum
(Fo), C. gloeosporioides (Ch), R. solani (RS), S. sclerotiorum (Ds) and S.

rolfsi (Sc) were highly susceptible to T. koningii RIS 3-8 antagonization.
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Table. 1 Antagonistic potency of Trichoderma strains

PDA Fs-69 | Fs-75 | Fo-43 | Fo-59 | Ch RS DS SC
ETS 1-1-2 B C B B C C C C
ETS 1-1-4 B A B B C C C C
ETS 1-1-10 B B C B C C C C
ETS 3-1-1 B C B B C C C C
ETS 3-2-1 B D C C D D C D
ETS 3-3-2 B B B B C C C C
ETS 4-2-1 B C B B C C C A

KS-CO R8-8 B B C B C C C C
LN-PA R3-2 D C D B C A C A
LN-PA R4-2 B B B B C C C C
LN-PAS16-2| B C B B C C C C
LN-PAS16-9( B C B B C C C C
NT-TA R1-9 B C D C D D D C
NT-TA S3-9 B B B B C A C A
SL-BN R1-4 C B C B B C C C
SL-BN R1-9 B B C B B C C C
SL-BN S5-2 B B D C D D D C
TA-GL R1-6 B B B B B B C A
YAM 1-1 B B C C B A C A
YAM 1-5 B B C B C C C C
YAM 3-1 B A B B C C C C
YAM 3-5 A A C B C C C C
RIS 3-8 B D D C D D D C

A: The growth of Pathogen overwhelm Trichoderma; B: Both of each can’t
cover each other; C: The growth of Trichoderma partially over pathogen; D:

Trichoderma fully overwhelm pathogen.
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3.2 T. koningii RIS 3-8 cultivation on PDA

To confirm the identity of the T. koningii RIS 3-8, green conidia were
inoculated on the center of the new PDA plates and cultivated at 28 °C for 5
days. The morphology in hyphae, hyphae growth, sporulation and color of
the conidia are typical T. koningii RIS 3-8 (Fig. 2). The hyphae growth
began to germinate on the 0 hour post inoculation (hpi) (Fig. 2 (a)). The
conidia began to germinate and white mycelia grew rapidly and covered
half of the PDA plates on the 24 hpi (Fig. 2 (b)). The white hyphae covered
whole plate on the 48 hpi (Fig. 2 (c)), then covered completely and a few
green conidia were formed on the 72 hpi (Fig. 2 (d)). The amount of green
conidia increased gradually and some green metabolites were secreted on
the 96 hpi (Fig. 2 (e)), and fully development of green conidia spread all

over the PDA plates on the 120 hpi (Fig. 2 (f)).
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Fig. 2 Morphology development of cultivated T. koningii RIS 3-8 on the

PDA plates at 28 °C. Trichoderma hyphae growth began to germinate on
the 0 hpi (a), 24 hpi, a few white and covered half mycelia grew (b), 48 hpi,
the white hyphae growth rapidly and covered of the PDA plates (c), 72 hpi,
covered completely and a few green conidia were formed (d), 96 hpi,
sporulation of green conidia (e) and 120 hpi, hyphae and green conidia

spread all over the PDA plates (f).
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3.3 Secondary metabolites contribute major potency of T. koningii RIS

3-8 against phytopathogens

The secretome of the T. koningii RIS 3-8 are composed of two major
parts: organic compounds and proteins that both might contribute to its
fungicidal potency. To distinguish each contribution, the heat-treated and
protease-treated secretomic components of the T. koningii RIS 3-8 in
minimal medium contained glucose (Media 1) or heat-inactivated F. solani
f. sp. Fs-75 (Media 1) were tested their fungicidal potency (Fig. 3). It
showed both treatments totally loss fungicidal activity indicate proteins had
no role in the antagonistic tests that the secondary metabolites be primary

components secreted by T. koningii RIS 3-8 to against F. solani on PDA

(Fig. 3).
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Fig. 3 The antifungal activity assays of culture media without treatment (m),

heat (), and protease K (m).
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3.4 T. koningii RIS 3-8 cultivation on straw residue medium

For the cost effective mass production of the T. koningii RIS 3-8
secondary metabolites, the conidia of T. koningii was inoculated on
pulverized rice straw residue medium soaked with liquid mineral medium.
After 15 days, the media were covered with the hyphae of the T. koningii
RIS 3-8 (Fig. 4 (a) to Fig. 4 (d)). Further tested the hyphae on to the PDA

plate showed the same morphology characters (Fig. 2) of the T. koningii

RIS 3-8.

(b) (d)

Fig. 4 Cultivation of Trichoderma on pulverized rice straw residue medium

soaked with liquid mineral medium. Trichoderma mycelia side view (a)
and (b); mycelia side view and green conidia (c); bottom view mycelia and

green conidia (d).
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3.5 Isolation and characterization of bioactive secondary metabolites
3.5.1 The variation of metabolite between dry weight and cultivation
on days

In order to learn the largest metabolites production in the T. koningii
RIS 3-8 pulverized rice straw, the cultures were cultivated Extraction C for
3,6,9,12, 15,18 and 21 days, dry weight were 4.43, 4.63, 5.10, 4.82, 4.82,
5.01 and 5.01 g, respectively, Extraction G for 3, 6, 9, 12, 15, 18 and 21
days, dry weight were 4.75, 4.47, 4.88, 5.25, 4.67, 4.84 and 4.94 g,
respectively, and Extraction F for 3, 6, 9, 12, 15, 18 and 21 days, dry
weight were 4.28, 4.77, 4.83, 5.39, 4.65, 5.03 and 5.12 g, respectively, (Fig.

5).
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Fig. 5 The dry weight of chloroform / methanol extracted fractions from T.
koningii RIS 3-8 in pulverized rice straw medium supplement with

Extraction C (e), Extraction G (m) and Extraction F (A).
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3.5.2 The antifungal activities of Extraction
To obtained the best potency against the F. solani, the antifungal

activity of different concentrations of metabolites from different cultural
conditions at various days (EXN;, EX = EC, EG, and EF; N = cultivated
day; [C] = ng plug™) were determined (Fig. 6 and 7). Among tested three
concentrations, 15 pg plug™, 150 pg plug™ and 1500 pg plug™, showed
positive concentration dependency. The F. solani inhibition potency of
EC18 showed 33 % (15 pg plug™), 43 % (150 pg plug™), and 60 % (1500
ng plug™). EC184500 had best potency against F. solani among tested days
that were 47 %, 37 %, 47 %, 50 %, 47 %, 60 % and 37 % of 3, 6", 9", 12",
15", 18" and 21% day (Fig. 7). EG9 showed 37 % (15 pg plug™), 53 % (150
ng plug™), and 70 % (1500 pg plug™) inhibition against F. solani. EG9:s00
had best potency against F. solani among tested days that were 53 %, 43 %,
70 %, 40 %, 57 %, 60 % and 55 % of 3", 6™, 9™ 12" 15" 18" and 21* day
(Fig. 7). EF9 showed 33 % (15 ug plug™), 40 % (150 pg plug™) and 57 %
(1500pg plug™). EF9;500 showed best potency against F. solani among
tested days that were 40 %, 53 %, 57 %, 47 %, 50 %, 57 % and 40 % of 3",

6", o™ 12" 15™ 18" and 21% day (Fig. 8).
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Fig. 6 The antifungal activities of metabolite extraction of 3", 6", 9™ 12",
15" 18™ and 21* days from EC (a), EG (b), and EF (c). Fungicide (),
sample concentrations 15 pg plug™ (), 150 pg plug™ (a), 1500 pg plug™

(m). Values are means of three replications = SE.
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Fig. 7 The antifungal activities of metabolite of 3", 6", 9" 12" 15" 18"
and 21% days from ECys00 (), EG1s00 (m), and EF 1500 (4). Values are means

of three replications + SE.
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Fig. 8 The antifungal activities of metabolite of 9" days from ECso,

EGis00, and EF500. Values are means of three replications £ SE (P < 0.05).
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3.5.3 The antifungal activity of partitioned EG

The EG9 metabolite was further partition with hexane and methanol
which further partition with CHCI3-H,0 (1:1, v:v). The potency against F.
solani of each partition, 1500 pg plug™, was 41.7 + 0.0 % of hexane
fraction, 24.3 + 4.8 % of MeOH, and 79.9 + 4.8 % of CHCI;. The CHCI;
fraction was further fractionation through several chromatography columns
to obtained 6 homogeneous compounds, A, B, C, D, E, and F. Later,
structure determination showed compound B and C were identical material
so that their information would be merged together. The yield of each
compound was 0.049 % of A (5 mg), 0.023 % of B + C (2 mg), 0.025 % of

D (2.2 mg), 0.022 % of E (1.9 mg), and 0.015 % of F (1.3 mg) (Table 2).

3.6 Structure determination of isolated compound

The structure of each compound was determined by the NMR.
Compound A is 1-hydroxy-3-methylanthracene-9,10-dione; compound B +
C is methyl 4-hydroxybenzoate; compound D is methyl
4-hydroxycinnamate; compound E is 4-hydroxybenzaldehyde (HBA); and

compound F is 4-hydroxyacetophenone (Piceol) (Fig. 9).
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Table. 2 Information of isolated compounds

Dry
Molecular | Molecular Production
Compound IUPAC name weight
Formula | Weight ratio (%)
(mg)
A 1-hydroxy-3-methylanthracene-9,10-dione| C15H1,05 | 238.2381 5 0.049
B and C methyl 4-hydroxybenzoate CsHgO5; | 152.15 2 0.023
D methyl 4-hydroxycinnamate CioHyOs | 17818 | 2.2 0.025
E 4-hydroxybenzaldehyde (HBA) C/Hg O, | 122.12 1.9 0.022
F 4-hydroxyacetophenone (Piceol) CgHgO, | 136.15 1.3 0.015
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Fig. 9 Scheme of each purified compound.

1-hydroxy-3-methylanthracene-9,10-dione (a), methyl 4-hydroxybenzoate

(b), methyl 4-hydroxycinnamate (c), 4-hydroxybenzaldehyde (d),

4-hydroxyacetophenone (e).
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3.7 The antifungal assay of compounds

Antifungal activity of various concentrations of
4-hydroxybenzaldehyde derivatives and one anthraquinone possessed
inhibition against F. solani, F. oxysporum, R. solani and B. cinerea (Table.
3). Each compound showed 100 % inhibition against F. solani and F.
oxysporum 24 hpi then quickly loss inhibition capability after 48 hpi in 50
and 250 pg mL™ but not 500 pg mL™ which retained at least 56.4 % of
1-hydroxy-3-methylanthracene-9,10-dione to F. oxysporum in 48 hpi. All
but 4-hydroxybenzaldehyde isolated compound from Trichoderma in 250
ng mL™ but not 500 pg mL™ showed 100 % inhibition in 48 hpi but
inhibition potency down to less than 10 % after 72 hpi with exception of
500 pg mL™" methyl 4-hydroxycinnamate of 100 % still.
4-hydroxybenzaldehyde has little inhibition capacity against B. cinerea that
no more than 25 % inhibition even in the highest tested concentration 500
ng mL™. Little inhibition capability, 66.7 % 24 hpi of 500 ug mL™, of
1-hydroxy-3-methylanthracene-9,10-dione to R. solani and decending to
15.2 % 48 hpi. 4-hydroxyacetophenone showed the best inhibition capacity
against R. solani, retained 100 % activity of all tested concentrations 48 hpi.
Although, 100 % inhibition 24 hpi to R. solani, methyl 4-hydroxybenzoate

activity dissipitate totally 48 hpi.
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Table. 3 Inhibition bioactivity of purified compounds from Trichoderma against F. solani, F. oxysporum,

R. solani and B. cinerea. Values are inhibition percentage in means of three replicates in percentage = SD.

F. solani F. oxysporum R. solani B. cinerea
Compound (pg mL™Y)
24 hpi 48 hpi 24 hpi 48 hpi 24 hpi 48 hpi 48 hpi 72 hpi
1-hydroxy-3-methylanthracene-9,10-dione

50 100.0+ 0.0 19.6+0.0 100.0+0.0 10.9+3.2 42+0.0 0.0£0.0 0.0£0.0 0.0zx27

250 100.0+ 0.0 457+0.0 100.0+0.0 222+0.0 333zx00 11.8+0.0 0.0+0.0 31+£27

500 100.0+ 0.0 65.2+0.0 100.0x0.0 56.4+0.0 66.7x0.0 152+1.7 100.0%0.0 21.3+0.0

methyl 4-hydroxybenzoate

50 100.0+ 0.0 104+3.6 100.0+0.0 17.0+0.0 100.0+0.0 0.0£0.0 100.0x0.0 -48+28

250 100.0+ 0.0 250+0.0 100.0x0.0 28.3+0.0 100.0x0.0 0.0+£29 100.0%0.0 -48+28

500 100.0+0.0 1000+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 54.8+2.8

methyl 4-hydroxycinnamate

50 100.0+ 0.0 7.7+0.0 100.0%0.0 140+3.5 100.0+0.0 0.0£0.0 100.0+0.0 -32+28

250 100.0+ 0.0 28.8+3.3 100.0x+0.0 39.6+3.6 100.0x0.0 70.1£0.8 100.0+0.0 94+27

500 100.0+0.0 1000+00 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 1000+0.0  100.0+0.0

4-hydroxybenzaldehyde

50 100.0+ 0.0 532+3.7 100.0x0.0 34000 41.7x00 355+1.1 -83+29 -6.5+1.9

250 100.0+ 0.0 65.2+3.8 100.0x0.0 58.8+0.0 100.0+0.0 541+12 154+33 43+19

500 100.0+ 0.0 87.0+0.0 100.00.0 720+35 100.0+0.0 62.2+0.0 25.0%55 143+0.0

4-hrdroxyacetophenone

50 100.0+ 0.0 52.1+3.8 100.0x0.0 40.0£0.0 100.0+0.0 100.0x0.0 0.0zx47 -23+0.0

250 100.0+ 0.0 77.7+3.8 100.0x0.0 64.0+0.0 1000+00 100.0+0.0 100.0+0.0 100.0x0.0

500 100.0+ 0.0 87.0+0.0 100.0x0.0 755+0.0 1000+00 100.0+0.0 100.0+0.0 100.0x0.0

Control 0.0£0.0 0.0£0.0 0.0+0.0 0.0£0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
Fungicides 100.0+0.0 1000+00 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0 100.0+0.0  100.0+0.0
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3.8 Effect of the compounds on the growth of Trichoderma

Other than fungicidal activity, it is intriguing to learn if any of isolation
compounds might have elicitor property that can promote the compound
produce host mycelia growth (Table. 4). Each compound can promote the
mycelia growth from 2 folds of methyl 4-hydroxycinnamate to 8 folds 24
hpi and less profound 48 hpi of 2 folds of both 4-hydroxybenzaldehyde and
4-hrdroxyacetophenone in 250 and 500 pug mL™". However, there was no
significant promotion in Trichoderma mycelia growth both of
1-hydroxy-3-methylanthracene-9,10-dione and methyl 4-hydroxybenzoate
24 hpi and 48 hpi in every tested concentration. The morphological images
of the elicitor property of both 4-hydroxybenzaldehyde and
4-hydroxyacetophenone showed much faster mycelia growth and higher

sporulation (Fig. 10).
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Table. 4 Among the various pathogens growth length of the Trichoderma

of compounds 1 to 5.

Trichoderma mycelia (cm)

-1
Compound (ug mL™) 24 pi 28 hpi
1-hydroxy-3-methylanthracene-9,10-dione
50 0.20£0.03 1.37+0.00
250 0.40+0.03 1.37+0.00
500 0.55+0.00 1.65+0.00
methyl 4-hydroxybenzoate
50 0.20£0.03 1.37+0.00
250 0.30+£0.03 1.37+0.00
500 0.55+0.00 1.60+0.00
methyl 4-hydroxycinnamate
50 0.10£0.00 1.37+0.00
250 0.55+0.00 1.37+0.00
500 0.50+0.00 1.60+0.00
4-hydroxybenzaldehyde
50 0.82+0.03 1.83+0.03
250 2.02+0.03 3.23+0.06
500 1.98+0.03 3.58+0.03
4-hrdroxyacetophenone
50 0.42+0.03 2.88+0.03
250 1.83+0.03 2.97+0.06
500 2.00+0.00 3.27+0.06
Control 0.25+0.05 1.37+0.00
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Piceo

Fig. 10 Mycelia growth and sporulation promotion of Trichoderma by the
4-hydroxybenzaldehyde (HBA) and 4-hydroxyacetophenone (Piceol) in

500 pg mL™.
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4. Discussion

The main purpose of this research was to isolate and purify the
molecules that possessed efficiently antifungal capability from
Trichoderma metabolites. And it will be hoped to understand how these
antifungal molecules influence the growth of pathogenic.
1-hydroxy-3-methyl-9,10-anthraquinone had inhibited of R. solani growth
rate (Liu et al., 2009). Methyl 4-hydroxybenzoate had high antibacterial
and low toxicity (Pelz et al., 2008; Zhou et al., 2010), and effective
preservatives for cosmetics, skin care products, drugs, beverages and food
(Mahuzier et al., 2001; Mahuziera et al., 2001; Borremans et al., 2004).
Methyl 4-hydroxycinnamate had antifungal activity such as pythium spp.
(Tawata et al., 1996; Daayf et al., 1997), inhibition of tyrosinase (Kubo et
al., 2004), antioxidative (Piattelli et al., 1996), anti-lipid peroxidation
(Kwon and Kim, 2003) and antibacterial activity (Gopalakrishnan et al.,
2007). 4-hydroxybenzaldehyde had antibacterial activity such as E. coli, P.
aeruginosa, S. aureus, S. epidermidis, S. aureus, K. pneumoniae, and V.
parahemolyticus (Chang et al., 2001), antifungal activities such as C.
versicolor and L. Sulphureus (Chang et al., 2001) and inhibition of GABA
shunt enzymes (Tao et al., 2006). 4-hydroxyacetophenone had antifungal

activities (Nascimento et al., 2004) and inhibition of GABA shunt enzymes
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(Tao et al., 2006).

The result of antifungal confrontation assay against phytopathogenic by
antagonistic Trichoderma spp. revealed that the T. koningii RIS 3-8 showed
the best antifungal potency to against phytopathogenic. We isolated the
major secondary metabolites produced by T. koningii RIS 3-8. Six known
compounds obtained from Trichoderma cultivated medium were extracted
and characterized (Fig. 9). 1-hydroxy-3-methylanthracene-9,10-dione,
methyl 4-hydroxybenzoate, methyl 4-hydroxycinnamate,
4-hydroxybenzaldehyde, 4-hydroxyacetophenone that all but
1-hydroxy-3-methylanthracene-9,10-dione were firstly isolated from T.
koningii. The antibiosis assays (Table. 3) showed that the secondary
metabolites produced by T. koningii have different activities towards the
pathogens tested, suggesting that individual compounds could have specific
modes of action.

The activity against F. solani, F. oxysporum, R. solani and B. cinerea
were strong for 4-hydroxyacetophenone, methyl 4-hydroxybenzoate and
methyl 4-hydroxycinnamate. In the future it will be hoped to understand
how these antifungal molecules influence the growth of pathogenic, and
then had correlation between antifungal molecules and antifungal

capability.
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5. Conclusion

Biocontrol agents generally do not perform well enough under field
conditions to compete with chemical fungicides. In this research, we
investigated bioactivity in metabolites of T. koningii RIS 3-8. Five
compounds were isolated, four 4-hydroxybenzaldehyde derivatives and one
anthraquinone. Further studies on the secondary metabolites isolated from
T. koningii supported by a ‘metabolomic approach’ (Weckwerth and Fiehn,
2002) are required to better our understanding of both the mechanisms of
action of these bioactive compounds during the antagonism and their role
in the interaction between biocontrol fungi, plant and microbial pathogens.
In addition, the study of Trichoderma spp. as a source of biologically active
metabolites is especially significant and ensures interest on this subject for

years to come.

45



46



6. References

Bartnicki-Garcia S. 1968. Cell Wall Chemistry, Morphogenesis, and Taxonomy of Fungi.
Annual Review of Microbiology 22:87-108.

Compant S, Duffy B, Nowak J, Clement C, Barka EA. 2005. Use of Plant
Growth-Promoting Bacteria for Biocontrol of Plant Diseases: Principles,
mechanisms of action, and future prospects. Applied and Environmental
Microbiology 71:4951-4959.

Chena LW, Cheng MJ, Pengc CF, Chen Is. 2010. Secondary Metabolites and
Antimycobacterial Activities from the Roots of Ficus nervosa. Chemistry and
Biodiversity 7.

Daayf F, Bel-Rhlid R, Bélanger RR. 1997. Methyl Ester of p-coumaric Acid: A
Phytoalexin-like Compound from Long English Cucumber Leaves. Journal of
Chemical Ecology 23:1517-1526.

Fajardo A, Martinez JL. 2008. Antibiotics as Signals that Trigger Specific Bacterial
Responses. Curr Opin Microbiol 11:161-167.

Halawany AM, Ma CM, Hattori M. 2008. Anti-HIV-1 Protease Activity of Lanostane
Triterpenes from the Vietnamese Mushroom Ganoderma Colossum. Journal of
Natural Products 71 (6):1022-1026.

Harman GE, Howell CR, Viterbo ACI, Lorito M. 2004. Trichoderma Species:
Opportunistic, Avirulent Plant Symbionts. Nature Reviews Microbiology
2:43-56.

Hetland G, Johnson E, Lyberg T, Bernardshaw S, Tryggestad AMA, Grinde B. 2008.
Effects of the Medicinal Mushroom Agaricus Blazei Murill on Immunity,
Infection and Cancer. Journal compilation 68:363 - 370.

Hermosa MR, Grondona I, Iturriaga EA, Diaz-Minguez JM, Castro C, Montee, Garcia-
Acha 1. 2000. Molecular Characterization and Identification of Biocontrol
Isolates of Trichoderma spp. Applied and Environmental
Microbiology:1890-1898.

Liu SY, Lo CT, Shibu MA, Leu YL, Jen BY, Peng KC. 2009. Structure-Activity
Relationship Study of Biologically Active Anthraquinone Derivatives from
Trichoderma harzianum strain Th-R16. Journal of Agricultural and Food
Chemistry 57:7288-7292.

Meselhy M. 1998. Hopane-Type Saponins from Polycarpon Succulentum - I1.
Phytochemistry 48:1415-1421.

Mueller GM SJ. 2007. Fungal Biodiversity: What do we know? What can we predict?.
Biodiversity and Conservation 16:1-5.

Pavel AJr, Karolina Jk, Vincent ML, Philip AG, Jonathan LS. 1999. Calix[4]pyrroles
Containing Deep Cavities and Fixed Walls. Synthesis, Structural Studies, and
Anion Binding Properties of the Isomeric Products Derived from the
Condensation of p-Hydroxyacetophenone and Pyrrole. J Am Chem Soc
121:11020-11021.

Reino AP SM, de la Riva ABM, Henriquez JM. 2008. Severe hypotension during spinal
anesthesia induced by angiotensin-converting enzyme inhibitors Reply.
Medicina Clinica 131:677-678.

Reino JQ, Guerrero RF, Hernandez-Galan R, Collado 1G. 2008. Secondary Metabolites
from Species of the Biocontrol Agent Trichoderma. Phytochemistry Reviews
7:89-123.

47



Sivasithamparam K. 1998. Root cortex-The final Frontier for theBbiocontrol of
Root-rot with Fungal Antagonists: A Case Study on a Sterile red Fungus. Annual
Review of Phytopathology 36:439-452.

Sweetingham MW CW, Buirchell BJ, Brown AGP, Shivas RG. 1995. Anthracnose of
lupins in Western Australia. Australasian Plant Pathology 24:271-271.

Vey A HR, Butt TM. 2001. Toxic Metabolites of Fungal Biocontrol Agents. Fungi as
Biocontrol Agents: Progress, Problems and Potential. CAB International, Bristol:
311-346.

Vinale F FG, Sivasithamparam K, Lorito M, Marra R, Skelton BW, Ghisalberti EL.
2009. Harzianic Acid, an Antifungal and Plant Growth Promoting Metabolite
from Trichoderma harzianum. Journal of Natural Products 72:2032-2035.

Vinale F GE, Sivasithamparam K, Marra R, Ritieni A, Ferracane R, Woo S, Lorito M.
2008a. Factors Affecting the Production of Trichoderma harzianum Secondary
Metabolites During the Interaction with Different Plant Pathogens. Letters in
Applied Microbiology.

Vinale F SK, Ghisalberti EL, Marra R, Woo SL, Lorito M. 2008b.
Trichoderma-Plant-Pathogen Interactions. Soil Biology & Biochemistry 40:1-10.

Vijayan N, Ramesh Babu R, Gunasekaran M, Gopalakrishnan RP. 2003. Growth,
Optical, Thermal and Mechanical Studies of Methyl 4-hydroxybenzoate Single
Crystals. Journal of Crystal Growth 256:174-182.

Verma M, Brar SK, Tyagi RD, Surampalli RY, Val“ero JR. 2007. Antagonistic Fungi,
Trichoderma spp.: Panoply of Biological Control. Biochemical Engineering
Journal 37:1-20.

48



PartIl

Imidazolium salts £ = et £ 32 K E ‘,,%]“:% b
lonic Liquids and Antibiotic Properties of the Ethoxy ether

Functionalized Imidazolium Salts

49



50



1. Introduction

lonic liquids (ILs), have earned intensive attention in the past two
decades due to their distinguished physico-chemical properties, i.e. low
vapor pressure, high polarity, high thermal stability, high ionic conductivity,
tuneability and non-flammability, etc. (Deetlefs and Seddon, 2006; Welton,
1999; Wasserscheid and Keim, 2000; Sheldon, 2001; Fei et al., 2006). With
these unique properties, ILs have been widely employed as a new
generation of solvents for electrochemical reactions and chemical
transformations. These ILs also show great potentials in the fabrication of
solar cells (Zakeeruddin and Grétzel, 2009), fuel cells (Nakamoto et al.,
2007), and nano-materials (Li et al., 2009). Potential application in the
biocatalysis (Dreyer and Kragl, 2008; Wehofsky et al., 2008) and medicine
(Hough et al., 2007) (enhancement active pharmaceutical ingredients) are
the recent advancement for the ILs. Simultaneously, research of ILs
intriguing characters extend their applications onto antibioactivity toward
microorganisms, which evolve troublesomes multidrug-resistance character
both in the hospitals in the crop fields, also have been appeared (Ranke et
al., 2004; Pernak and Chwal, 2003; Grabinska-Sota and Kalka, 2006;
Ganske and Bornscheuer, 2006; Lee et al., 2005; Pernak and Chwal, 2003;

Pernak et al., 2004b; Pernak et al., 2003; Docherty et al., 2005;
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Demberelnyamba et al., 2004). To meet the designated purposes,
antibiotics have to cross the bioenvelop, which consists of cell walls and
biomembrane, surrounding the outer-sphere of bacteria and fungi. The
composition of fungi cell wall are mainly chitin, 1,3- and 1,6-glycan.
Biomembrane, a selective permeable membrane, consists of a bilayer lipid
with hydrophilic character facing out- and in-ward at both sides while with
hydrophobicity in-betweens. Organelles such as mitochondria and nucleus
presented inside the eukaryotic cells are also surrounded by bilayer
membrane. So, successfully deliver agents through any of these barriers is a
key factor to be an effective antibiotics.

Imidazolium based ILs have been the most widely studied in their
antimicrobial activity against Escherichia coli, Salmonella typhimurium,
Staphylococcus aureus, Bacillus subtilis, Vibrio fischeri (Pernak et al.,
2004a), Chlorella regularis and Candida albicans (Carson et al., 2009).
Their antimicrobial potency has been attributed partly to the lipophilicity of
the imidazolium salts, which correlate to the alkyl chain length and
functionality of the cationic moiety. However, reports on the lipophilicity
of imidazolium salts are very limited. In general speaking, lipophilicity can
be known by measuring partition coefficients (P,,), which provides an

information of relative solubility in two phases (common 1-octanol / water).
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The first experimental report of P,,, was four ILs of 1-alkyl-3-methyl
imidazolium chlorides (Urszula et al., 2003) following various methods to
determine the P, (Ropel et al., 2005; Lee, 2009). The value of log P,
supplies quantitative information to easily understanding of solubility, the
positive value indicate more lipophilic and negative value indicate more
hydrophilic.

In this work, [C,-im-30EG][CI], amphiphilic ionic liquids and ionic
liquid crystals were tested their fungicial potency. We investigated along
with their antibiotic properties against fungal phytopathogen. Rupture of
the bioenvelop appears to be operative in the process of antifungal activity.
The significant antibiotic properties and the environmental benign
characters suggest that the ILs / ILCs may have potential applications in the

modern biotechnology.

53



54



2. Experimental Materials and Methods

2.1 Preparation of ethoxy ether functionalized imidazolium salts
1-octadecyl-3-(2-(2-(2-hydroxyethoxy)ethoxy)ethyl)-imidazolium

chloride-H,0. (Scheme. 1).
[C1oH2:-Iim-(OCH,CH,),CH,CH,OH][CI] -2H,0.
[C12H,5-im-(OCH,CH,),CH,CH,0H][CI] -1.5H,0.
[C14H29-im-(OCH,CH,),CH,CH,0H][CI] -1.5H,0.
[C16Ha33-im-(OCH,CH,),CH,CH,OH][CI] -H,O.
[C1gHa7-im-(OCH,CH,),CH,CH,0H][CI] -H,O0.

The five compounds from the National Dong Hwa Univercity

Department of Chemistry, lvan J.B. Lin professor laboratory.

)

Cl\/\o/\/o\/\OH

PAN
100 °C 12h "~/ o OH |Cl

R = CyHane, N = 10, 12, 14, 16, 18

Scheme. 1 Synthetic pathway for the [C,-im-30EG][CI] (Roy T. W.

Huang.)
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2.2 Rhizoctonia cultivation

R. solani was incubated on 39 g L™ of potato dextrose agar (PDA)
(Difco, Becton, Dickinson and Company, Franklin Lakes, NJ, USA)
medium. The PDA medium was autoclaved at 121 °C, 1.2 kg cm™ for 15
min, and then stored at 4 °C until use. R. solani was inoculated on the

center of PDA plate and cultivated at 28 °C for 5 days.

2.3 Antifungal assays

Tested concentration of each [C,-im-3OEG][CI] was 15 pg. AR. soloni
mycelial plug of 0.5 cm diameter was placed at the center of 8 mL PDA.
The hyphae growth in diameter were recorded at 8, 16, 24, 32, 40, 48, 56

hour post inoculation (hpi). Each treatment consisted of three replicates.

2.4 1C5, determination

Each tested [C,-im-30EG][CI] of 0, 0.0001, 0.001, 0.01, 0.1, 0.5, 1, 2,
5, 8 and 10 mM were mixed with PDA. A5 mm plug of R. solani was
placed in the center of the PDA. The hyphae growth was recorded at 8, 16,

24, 32, 40 hpi. Each treatment consisted of three replicates.
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2.5 Morphological observation by fluorescent stereomicroscope

R. solani was cultivated in potato dextrose broth (PDB) (Difco, Becton,
Dickinson and Company, Franklin Lakes, NJ, USA) containing 130 uM
[C14-im-30EG][CI] in a 250 mL Erlenmeyer flask, 180 rpm, 28 °C. An
aliquot of R. solani hyphae on 24, 48, 72, 96, 120, and 144 hpi was
removed and lactophenol blue solution (Sigma-Aldrich, St Louis, MO,
USA) applied to stain the fungal cell wall. The hyphae were observed
under the fluorescent stereomicroscope (Olympus 1X70, Olympus, Tokyo,
Japan) to count the number of septa, measure the distance between two
septa. Besides, nuclei stained with the Hoechst stain (Invitrogen, Carlsbad,
CA, USA) for 30 min at 144 hpi were observed under fluorescent

stereomi croscope.
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3. Results

3.1 Antifungal activity

Among the compounds of various alkyl chain lengths,
[C14-im-30EG][CI] shows the best inhibition capacity, a 91 % inhibition
against R. solani after treating with of 15 ug of the compounds for 40 hpi
while with n =10, 12, 16 and 18 show 0 %, 67 %, 67 % and 63 %
inhibition, respectively (Fig. 1). ICsq 0f n =12, 14, 16, and 18 of

[C,-im-30OEG][CI] are 0.600, 0.130, 0.590, and 0.720 mM, respectively.

100 -

80 A

60
40
20 A
0 T :
n=10 n=12 n=14 n=16 n=18

1

|

R soloni inhibition

Fig. 1 The inhibition capacity of various alkyl length of the

[C,-im-30EG][CI] compounds to R. soloni.
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3.2 Morphological observation

The morphology change of the R. solani upon treatment with
[C14-im-30EG][CI] was further investigated under fluorescence
microscope for a duration of 144 hpi, and a control group was employ for
comparison (Fig. 2). Dramatic changes in the number of septa and the
hyphae length of the R. soloni were observed. At the first 24 hpi, there is an
increase in the number of septa together with a shortening of the hyphae
length from 0.92 + 0.02 to 0.21 £ 0.01 mm (Fig. 2 A and B). At 72 hpi,
there is a further increase in the septa number and shortening of the hyphae
from 0.68 + 0.03 t0 0.13 £ 0.04 mm (Fig. 2 C and D). After 144 hpi the
hyphae length further reduces to 0.09 + 0.01 mm as compared to the 0.70 =
0.04 mm for the control (Fig. 2 E and F), In the other hand, the number of
the septa per 1mm are also increasing when control vs. [Cy4-im-30EG][CI]
treatment. The number of the septa per 1mm of 24, 72 and 144 hpi, shows
control were 1.09 + 0.03, 1.47 + 0.07 and 1.44 £ 0.08, respectively, and
treatment were 4.66 £ 0.2, 8.48 £ 2.96 and 11.13 + 0.77, respectively (Fig.
2). We also notice that there is a progressive swelling of hyphae during at
144 hpi, the hyphae cell wall incomplete and debris (Fig. 2 F). Especially,
treatment with [C14-im-30EG][CI] was 2000 uM more significant

observation (Fig. 2 G). Furthermore, the nuclei morphology changes
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significantly in the number of nuclear stained spots under 600 x fluorescent
stereomicroscope (Fig. 3), showed the treated hyphae 72 hpi obvious
nuclear was incomplete showed brightness and size of the nucleus were
unusual (Fig. 3 C and D), this is compared to the control (Fig. 3 Aand B),

implying possible apoptosis but further evidences required.
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Fig. 2 The R. soloni morphology observation in the present of 130 uM
[C14-im-30EG][CI] under the 600 x Fluorescent stereomicroscope. Scale
bars = 0.5 mm. The more septa and hyphae swelled along with longer
period of treatment. Many tiny blue dots and blue smear area were debri of
lysed hyphae. Arrow indicated the position of the septum. Control groups
(A), (C), (E); [C14-im-30EG][CI] treatment groups (B), (D), (F). 24hpi (A),
(B); 72hpi (C), (D); and 144hpi (E), (F). Treatment the present of 2000 uM,

144hpi (G).
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Fig. 3 The R. soloni nuclei morphology observation in the present of 130
UM [Cy14-im-30EG][CI] 72 hpi under the 600 x Fluorescent
stereomicroscope. Scale bars = 0.5 mm. More bright spots, represented
nuclei, showed in the [Cy4-im-30EG][CI] treated hyphae 72 hpi (D) then
control group (B). Also, the septa shorter and hyphae swelled can be

observed.
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4. Discussion

The amphiphilic nature of an imidazolium salt depends on (1) the
imidazolium ring heads, (2) the N-substituents, and (3) the counter anions.
In this work, most commercial fungicides might function via disrupting the
cell membrane permeability of polyenes, the inhibiting the transcription or
translation of pyrimidines, or inhibiting the free radical activity of azoles.
The fungicidal activity of the [C,-im-30EG][CI] on R. solani, a very
notorious phytopathogens that cost huge damages to many crops and
vegetables every year, are investigated in this research. The results shown
(Fig. 1) indicate that the antifungal activity of the [C,-im-30EG][CI]
compounds increases with increasing chain length fromn = 10 to 14, it
then gradually decreases. Under microscope the hyphae morphology of the
[C,-im-30OEG][CI] treated R. solani changes along with time; first there is
an increase in the number of septa number vacuole, then hyphae swells,
and cell wall collapses (Fig. 2), finally the nuclei fragmentation occurs (Fig.
3). We propose that these imidazolium salts might damage the cell
membrane, which would cause the leakage of cytoplasm. This process
possibly leads to an increasing septa number and the shortening of the knob
in the hyphae to prevent further leakages of interior fluid. Exterior

materials, such as water, flooding in and cells contain it in the increasing
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number of vacuoles. This osmosis stress further works on the hyphae by
creating outward force against hyphae cell wall to expand causing the
hyphae swelling and, finally, collapse the cell wall. The [C,-im-30EG][CI]
might also dissipate the chemical potential of the mitochondria, so the ATP
synthesis, via punching holes in the outer and inner membranes. This
damage might accelerate the death process of the R. solani. Most other
reports concerning antifungal activity of the imidazolium are tested on the
singular cell yeast-like fungi, such as Candida spp. and Rhodotorula spp.
(Pernak et al., 2003; Pernak et al., 2004). In this research, the multicellular
fungus R. solani is the first reported antifungal activity. The proposed
working mechanism of [C,-im-30EG][CI] against the R. solani is also

reported.
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5. Conclusion

Many fungal phytopathogens may cause crops disease result in
tremendous harvest damages. Rhizoctonia has earned notorious fame for
their parasitism onto many economically important crops, such as soybean,
papaya, eggplant, potato and wheat, causing the damping off or blight
syndromes. Fungicides are the major agents to reduce the population of the
Rhizoctonia spp. but are designed to eliminate or adversely affect living
organisms causing adverse effects to humans, animals, and the environment.
In this work, a series of amphiphilic ILs comprising a cationic imidazolium
head group, a hydrophobic N-alkyl chain, and an
N-2-(2-(2-ethoxy)ethoxy)ethanol functional group are reported. While
these ILs of n = 16 and 18 possesses thermotropic liquid crystalline
properties, compounds of n = 14, 16, and 18 also exhibit lyotropic liquid
crystal properties. These ILs show effective antibiotic activity against
infectious pathogens in fungi. Experimental results show lipophilicity
correlates with alkyl chain number and may play an important role in
antibiotic activities. The antibiotic processes were examined under the
fluorescent stereomicroscope. A comparison of morphological change
between the [C,-im-30EG][CI] and cell wall synthesis-related inhibitors.

No conclusive mechanism is found. The proposed working mechanism of
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[C,-im-30EG][CI] against the R. solani might contribute to the

[C,-im-30EG][CI] created osmosis stress.
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7. Appendix

7.1 Fungicides screening from the Trichoderma secondary metabolites
Appendix 7.1.1 Characteristics of Common Organic Solvents

boiling melting solubility Dielectric flash

Solvent formula MW lzg::n)t [;g(i;l)t ?;;::B 1(1;/ ‘lv(s)l‘;;l) Constant™” I;?(i:l;t

acetic acid CH4O;  60.05 118 16.6 1.049 Miscible 6.15 39
acetone C3HsO 58.08 56.2 -943 0.786 Miscible 20.7(25) -18
acetonitrile CH:N  41.05 81.6 -46 0.786 Miscible 37.5 6
benzene C¢Hsg 78.11 80.1 5D 0.879 0.18 2.28 -11
1-butanol CsH; 0O 7412 1176 -89.5 0.81 6.3 17.8 35
2-butanol CsH; 0O  74.12 98 -115 0.808 15 15.8(25) 26
2-butanone C4HgO 72.11 79.6 -86.3 0.805 25.6 18.5 -7
t-butyl alcohol CsH100 7412 82.2 255 0.786 Miscible 12.5 11
carbon tetrachloride CCL 153.82 76.7 -224 1.594 0.08 2.24 -
chlorobenzene CeHsCl 112.56 131.7 -45.6 1.1066 0.05 2.1 29
chloroform CHCL 119.38 61.7 -63.7 1.498 0.795 4.81 --
cyclohexane CsHy» 84.16 80.7 6.6 0.779 <0.1 2.02 =20
1.2-dichloroethane CH4sCL, 98,96 83.5 -35.3 1.245 0.861 10.42 13
diethyl ether CsH;pO 7412 346 -116.3 0.713 7.5 4.34 -45
diethylene glycol C4Hj0O3 106.12 245 -10 1.118 10 31.7 143
gﬁjﬂ’e’:ﬁ;ﬂﬁ?{ lene glycol - p1,0, 13417 162 -68 0043 Miscible  7.23 67
L2:dimethoxy: CHi O, 9012 85  -58  0.868 Miscible 7.2 -6
ethane (glyme. DME)

dimethylether CHsO  46.07 -22  -138.5 NA NA NA -41
?;‘:;f}l‘l:}de — GH/NO  73.09 153  -61 0944 Miscible  36.7 58
El[‘;ﬁgg; Sdixie GHsOS 78.13 189 184  1.092 253 47 95
dioxane CsHgO, 88.11 101.1 11.8 1.033 Miscible 2.21(25) 12
ethanol CyHsO 46.07 785 -114.1 0.789 Miscible 246 13
ethyl acetate CsHgO,  88.11 77 -83.6 0.895 8.7 6(25) -4
ethylene glycol CHsOy  62.07 195 -13 1.115 Miscible 37.7 111
glycerin C3;HgO;  92.09 290 17.8 1.261 Miscible 42.5 160
heptane C7Hie 100.20 98 -90.6 0.684 0.01 1.92 -4

Hexamethylphosphoramide

‘ N3 79.20 232.5 g8 .03 isci 33 5
(HMPA) CsH1gN3OP 179.20 1.0 Miscible 31 10
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boiling melting solubility Dielectric flash

Solvent formula MW [Eg(i;l)t 1zgiclst ((lgeri-ll_‘t; Z/‘:;;;; Constant™ ]Zoo(ijl;t
Hexamethylphosphorous 39 00ip 16320 150  -44  0.898 Miscible 22 26
triamide (HMPT)
hexane Ce¢His  86.18 69 -95  0.659 0.014 1.89 -22
methanol CH,0 32.04 646 -98 0.791 Miscible  32.6(25) 12
L‘:ﬁ::’&}’gg; CsHpO 8815 552 -109 0741 5.1 29 -28
methylene chloride CH-Ch 8403 398 -96.7 1.326 1.32 9.08 1.6
i 'mi;hyl'z"’y”°ﬁdi“°“° CHsHNO 99.13 202 -24 1033 10 32 01
nitromethane CH3NO, 61.04 101.2 -29 1.382 9.50 35.9 35
pentane CsHi 72.15 36.1 -129.7 0.626 0.04 1.84 -49
Petroleum ether (ligroine) -- --  30-60 -40  0.656 -- -- -30
1-propanol CsHgO  88.15 97 -126  0.803 Miscible 20.1(25) 15
2-propanol C3HgO 88.15 824 -88.5 0.785 Miscible 18.3(25) 12
pyridine CsHsN 79.10 1152 -41.6 0.982 Miscible 12.3(25) 17
tetrahydrofuran (THF) C4HgO 72.11 66 -108.4 0.886 30 7.6 -21
toluene C7Hg 92.14 110.6 -93 0.867 0.05 2.38(25) 4
triethyl amine C¢HisN  101.19 88.9 -114.7 0.728 0.02 24 -11
water H,O 18.02 100.00 0.00 0.998 - 78.54 -
water, heavy D,O 20.03 101.3 4 1.107 Miscible 2 -
o-xylene CsHyp  106.17 144  -252 0.897 Insoluble 2.57 32
m-xylene CgHio 106.17 139.1 -47.8 0.868 Insoluble 2.37 27
p-xylene CgHip 106.17 1384 133  0.861 Insoluble 227 27

Notes:

1. This table was orginally from: Prof. Murov's Orgsoltab. which was edited and

reposted by Erowid

You can find more detailed information (Health & Safety. Physical. Regulatory.

Environmental) on various organic solvents from NCMS

3. The values in the table above were obtained from ChemFinder Web Server, the
CRC. or Vogel's Practical Organic Chemistry (5th ed.).

4. T =20 °C unless specified otherwise.

[39]
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Appendix 7.1.2 The secondary metabolites of the most important fungal
Trichoderma, include classes and structures. (Reino et al., 2008)

Classes
Structure
Anthraquinones and xanthone derivatives
Rt O OH R,=R,=H
(T T we-ommen
R2
) R, =R, =0H
OH O OH
0®
HO OH R=COCH;-
o} R
OH O OH
H

HO
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Daucanes

R=H R1=H,R2=0H

R= OCO(CH;);CH=CH(CH:);CHs R|=R?=0OH

HD\(\P\NG "'0\,/\# ‘xll
H«D).-_"_-"/\ /I'\ HOZ S\

: - ~<_H
——_H -
—A N OH

Pyrones metabolites

/\Nflwfl
/\AIIANQ
2L
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Koninginins and derivatives

OH

H
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Trichodermamides

MeO o 0o

OMe
_— MeO o_ _0
MeO 0o__0
MeO 0.....0
Z NH
NH
7 NH 2 H
NH, | o
° oH: O
OH OH
OH:
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Viridins family of steroidal antibiotics

HO B
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Viridiofungins and alky| citrate derivatives

HO_ COOH Hooc, ©
Hooc\)Qra H/(CH,)‘,CH3

N ;

COOH ”OOC\V/{:;>\

COOH 2

HO  cooH R2. R3

HOOCW/\/\M

(o] R1

R1= Tyrosine: R2, R3 = O; R4= Me

R1= Phenylalanine: R2, R3= O: R4= Me
R1= Tryptophan; R2, R3= O; R4= Me
R1= Tyrosine; R2= OH: R3= H: R4= Me
R1= Tyrosine: R2= R3= H: R4= Me
R1= Tyrosine: R2, R3=0; R4=H

R1= Tyrosine: R2, R3= O:; R4=n-Pr
R1= Phenylalanine; R2=R3= H: R4= Me
R1= OH: R2=R3= H: R4= Me

o

COOH (CH,),CH,

HoOC_ o
g =

o "0 coon

HO_ COOH
HoOC (CH,),

=
COOH
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Pyridine ringcontaining fungal metabolites

MeO N (0]

H
MeO N 0
| =H
CH,CI
MeO” T R=Cl
OH O R CI
Oxazol derivatives
,,N
(/ \\,-CHO
0

HO
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Pirrolidinediones

OH o

R2
RN
N HO 'COOH
(o) \

R1
R1=Me, R2= Me

R1=H, R2=Me
R1=Me, R2=Et
|
Ho °
N AR
0
OH

R= -CH=CH-COOH

R= -COOH

Rl1=Me, R2=H

R1=R2=Me
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Trichodenones and other cyclopentenones

OH
H -

OR, R1=R2=H
, ,OH
Oﬁﬂﬂ‘l Rl= Ac, R2=H
R1=H, R2= Ac
OR, o
| oH R1=R2=H

Dé“.ﬂ 0“1 ! R_l: Aﬂ.. RE: H

RI1=H, R2= Ac
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Azaphilones

O T
o 0 o~ (CHy)CH,
HO" B CH,(CH,)s~_ O, 0
0
o}
O ol

Harzialactones and derivatives

CH,Ph
- HD \\-\H R: _ETH:CHQ
HO (9] R= Me
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Butenolides

R1=H, R2=0OH

R1.R2=0

Hd R= -(CH,)sCH(OH)CH:
0 R= -fCHthHfDH]CHQCH;
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Trichothecenes

:‘&UH1

Rl1=Ac.R2=H
R1=H. R2=0OH
Ri1=R2=H

R= Ac
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Dermadin-type cyclopentylisocyanides

NC NC
o)
/ﬁ_;‘ R=H
HOOC ROOC R=CH;
NC HO NC
y HO
HOOC Hooe
HO NC .
HO
- 07
HOOC NG
OH
070

NC
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Trichoviridin-type cyclopentylisocyanides

H

4

OH

OH

“NC
HO 0
HO
HO NC
HO...
/" “oH
OH

Cl
HO NC
HO
OH
O R
O

H

—

R=NC R=NHCHO
R=NH> R=N(CH;),
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Setin-like antibiotics

LALLM

OH

’ll,' “\\\‘

HO

R= B-CMe,OH
R= 0-CMe,OH
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Sorbicillin derivatives

o) OH O

Biomimetic total syntheses of 138 by Nicolaou et al. (Path A) and of 135 by

Barnes—Seeman and Corey (Path B)

A
=y wo M e
V. KOH then HCI (aq) "0 L~ AL
~ or conc/HCI - = ”r
:»1/\0“ ——eee——e =2 */)“}o ™ ,.‘\0"
S o R /'l:: ° IR o
| dienophile dieno
1. NaOMe, MeOH
B | 2 NaHPOH.0 | ieis-Aldor reaction |
3. HCl, MeOH T
v
N
\.._ 7 o
- A/l<’ Reoage
BT Y L e v ik
N Jou NO’Y:' \,' o
S p:
Ho” X
138

135
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Bisorbicillinoids

OH ¢

(1]
ot
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".3"-dihydro

()

372773 ~tetrahydro
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24.25-dihydro
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Diketopiperazines
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RO S

R= COCH(NH;)CH(OSOs;H)CHMe,
R=H
R= COC(NH2)Me;

93




Peptaibols structures

Ac-Aib-Pro-Aib-Ala-Aib-Ala-Gln- Aib-Val- Aib-Gly-Leu-Aib-Pro-Val-Aib-Aib-Glu-Gln-Phe-OH

Me(CH:)sCH=CH(CH:):CO-Gly-Gly-Leu-Aib-Gly-lle-Leucinol

0
(R)-2- memﬂdecanuyl-Pm-—H ~u\
AH/Y\J“ Ala-Alb-Ai h-IIe-Na-Mb-A[h
= HN b
6 Hl

N—CH,
%
Statins
WOH
Ri1=R2=H
Rl=co-Me, R2=H
Rl1=R2=0-Me
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Heptelidic acid and closely related compounds

COOH

Acoranes

Rl= a.-Me, R2= OH
Rl= o-Me, R2=H
R1=[3-Me, R2=H
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Miscelanea

H
OH

OH O )J\EH
R - -(CH,),,CH,

0 Ht‘ OH

HO = CH-0OCH; e
OH O R=CH, [ T T(CH,)CH,
R=CH; OH OH
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Appendix 7.1.3 Purification the antifungal molecules by TLC and HPLC

Fig. 11 The fractions A1-1-1, and observed by 254 nm (a). The

wavelengths of UV light were 254 nm (green background).
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Fig. 12 The pure compound A14-7-2 was separated from A14-7. The

fractions A14-7, and observed by 254 nm (a); The HPLC chromatogram

(b).

98
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Fig. 13 The pure compound A14-7-3 was separated from A14-7. The

fractions A14-7, and observed by 254 nm (a); The HPLC chromatogram

(b).
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(@) (b)

Fig. 14 The distribution of components from fractions A15-1 to A15-6.

Lane 1: A15-1, lane 2: A15-2, lane 3: A15-3, lane 4. A15-4, lane 5: A15-5,
lane 6: A15-6, and observed by 254 nm (a) and burning TLC (b). The
wavelengths of UV light were 254 nm (green background) and burning

TLC (gray background).
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Fig. 15 The pure compound A15-4-1 was separated from A15-4. The HPLC

chromatogram (a); The wavelengths of UV light were 254 nm (b).
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(a) (b) ()

Fig. 16 The distribution of components from fractions A16-1 to A16-6.

Lane 1: A16-1, lane 2: A16-2, lane 3: A16-3, lane 4: A16-4, lane 5: A16-5,
lane 6: A16-6, and observed by 254 nm (a), 365 nm (b) and burning TLC
(c). The wavelengths of UV light were 254 nm (green background), 365 nm

(blue background) and burning TLC (gray background).

102



Y A Wevorgn-2 e BT TGRRE Oy =
g5 N g
= | uf//
i
'-
|
i i
! f
] i
) g |
;i x 1 | \
g§ ¢
o ig v jk.__J‘ : . 4.!.3,__ 5 LR |
T M TR A TN SR R
(a)

(b) (©)

Fig. 17 The pure compound A16-5-1 was separated from A16-5. The HPLC

chromatogram (a); The wavelengths of UV light were 254 nm (b); burning
TLC (c).
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Appendix 7.1.4 'H-NMR spectra of Compound A
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Appendix 7.1.5 'H-NMR spectra of Compound B
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Appendix 7.1.6  'H-NMR spectra of Compound C
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Appendix 7.1.7 'H-NMR spectra of Compound D
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Appendix 7.1.8 'H-NMR spectra of Compound E
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1H

Appendix 7.1.9

'H-NMR spectra of Compound F
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7.2 Antifungal potency of the organic ethoxy ether functionalized
imidazolium salts

Appendix 7.2.1 The R. soloni morphology cell wall observation in the present of 13
pM, 130 uM, 2mM [C14-im-30EG][CI] under the 600 x Fluorescent

stereomicroscope.
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Untreated

Fungicides

im-009 0.013 mM

im-009 0.13 mM

im-009 2 mM

24 hr

48 hr

72 hr

96 hr

120 hr

144 hr
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Appendix 7.2.2 Photomicrographs of pathogens R. soloni after treated by

[C14-im-30EG][CI] and observed nucleus by Fluorescent stereomicroscope.

Untreated

DDW

Fungicides

0.013 mM

0.13 mM

2 mM
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Appendix 7.2.3 Calculate the hyphal length and the hyphae amount

Samplc |[Oyphdlingh] Typha |Hyphdimgh] Hyphe |Hyphdieogh) Hypos |Hyphdimgh  Hypha [Hyphlieogh] Hyphas |Hyphlimgh] Typha

o) {7 bm) {/ Loam) o) {7 bm) {/ Loam)

untreated |g94t001| 11001 0371002 11002 |0742003| 11005 |0591t003) 21009 |0731001| 11002 |07410.02| 11004
DDW (go2+g02| 11003 |08610.03| 11004 (0631003 11007 (0591002 21006 |06910.03| 11007 | 071004 110.08

fongicide | Spherical Spherical Spherical lcolated Spherical loulated Spherical lenlated Spherical

calcolated
0013mM |34+ 0.03| 3+024 |0361002 31012 |0231003| 47048 0261004 41049 (0157000 61021 |01710.08| 61 1.00

013mM (g21+001| 5t02 |023t002| 41031 [013t004| 81296 (0112001 9209 (011001 | 102143 |oostom| 112077
2mM [(g12t002| 94132 |014t002| 71104 |0101t003| 111274 0091 001| 111108 (0091001 1111.08 |008t000| 121024

% Not calculated: Hyphae wound together.
Hyphal length: Round off to the 2nd decimal place.
Hyphae amount: Round off to integral number

113




