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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
th

 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, [Cn-im-3OEG][Cl], amphiphilic ionic liquids and ionic 

liquid crystals were tested their fungicial potency. [C14-im-3OEG][Cl] 

possesses the best antifungal activity against R. solani with an IC50 of 130 

μM. Rupture of the bioenvelop appears to be operative in the process of 

antifungal activity. 

Keywords: Biocontrol; Trichoderma; Secondary metabolites; Green 

chemicals; Ionic liquids (ILs); Imidazolium salts; Rhizoctonia 
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中文摘要 

木黴菌是生物防治真菌之一，木黴菌的二次代謝產物在拮抗作用

中扮演了一個重要能夠去抑制植物病原真菌的角色。本實驗是利用抗

真菌活性來進行篩選分析，並利用稻草培養後的T. koningii RIS 3-8二次

代謝產物，來有效的抑制植物病原菌。由本實驗結果可知，在體外的

拮抗測試中，從23株木黴菌中顯示出T. koningii RIS 3-8可以最有效地抑

制Fusarium solani, F. oxysporum, Rhizoctonia solani and Botrytis 

cinerea。利用加熱處理以及蛋白酶來移除蛋白質後，發現T. koningii RIS 

3-8能有效抑制F. solani，主要是由於二次代謝產物，而蛋白質在抗真

菌測試中完全沒有活性。本實驗結果顯示T. koningii RIS 3-8在固態培養

第九天之代謝物，以及利用分配萃取後之氯仿層部分有最好的抗真菌

活性。更進一步地利用活性導向和色譜分析法來分離和純化T. koningii 

RIS 3-8的二次代謝產物，分別為

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

methyl 4-hydroxycinnamate，4-hydroxybenzaldehyde和

4-hydroxyacetophenone共五個化合物，其中methyl 4-hydroxybenzoate，

methyl 4-hydroxycinnamate，4-hydroxybenzaldehyde和

4-hydroxyacetophenone是第一次從Trichoderma中被分離出來的。 
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    此外，我們的研究從ethoxy ether functionalized imidazolium salts合

成的化合物中的imidazolium上陽離子不同的10、12、14、16和18碳鏈

長度的衍生物，去篩選能對抗植物病原菌立枯絲核菌的活性物質並且

探討其機制。本實驗結果顯示imidazolium salts在14碳鏈長度的im-009 

1-(2-(2-(2-hydroxyethoxy)ethoxy)ethyl)-3-tetradecyl-1H-imidazol-3-ium 

chloride最具有抑制立枯絲核菌的生長能力。探討立枯絲核菌在處理

im-009後，利用倒立式螢光顯微鏡去觀察立枯絲核菌的細胞壁和細胞

核在形態學上的作用機制。 

 

關鍵字：生物防治；木黴菌；二次代謝物；綠色化學；離子液體；咪

唑鹽類；立枯絲核菌 
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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 (BCAs) 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
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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)
http://en.wikipedia.org/wiki/Quorum_sensing
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Cancer_cells
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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). 
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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-PA R4-2, T. 

virens LN-PA S16-2, T. virens LN-PA S16-9, T. harzianum NT-TA R1-9, 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. 
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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
-1

) in demonized 

water by Milli-Q (18 μΩ, Millipore, MA, USA) and sterilized by TM-329 

(TOMIN, Taipei, Taiwan) at 121 
o
C, 1.2 kg cm

-2 
for 15 min. Trichoderma 

spp. was inoculated on PDA and cultivated at 28 
o
C for 5 days in the 

incubator, stored at 4 
o
C until use. Conidia were collected by flushing the 

cultivated medium with 6 mL of sterile water to acquire 10
6
 conidia mL

-1 

conidia suspension. 
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2.3 Metabolites preparation 

To obtain the Trichoderma secondary metabolites, straw residue were 

dried at 50 
o
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: CaCl2 · 2H2O (0.12 g L
-1

, Showa, Tokyo, 

Japan), Na2HPO4 (2 g L
-1

, TEDIA, Ohio, USA), MgSO4 · 7H2O (1.5 g L
-1

, J. 

T. Baker, Phillipsburg, USA), FeCl3 (2 mg L
-1

, Sigma, St Louis, Missouri, 

USA), (NH4)2SO4 (0.5 g L
-1

, Showa), KH2PO4 (7 g L
-1

, J. T. Baker), 

ZnSO4 · 7H2O (1 mg L
-1

, Ferak, Berlin, Germany) in a 2800 mL 

Erlenmeyer flask. The medium was autoclaved at 121 
o
C, 1.2 kg cm

-2 
for 15 

min before used. 6 mL of suspension of conidia was inoculated into the 

mixture and cultivated at 28 
o
C in the dark for 9 days in the incubator. 

Cultivated Trichoderma medium was extracted with solvent after drying at 

50 
o
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
 o
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 
o
C and dry weight of equal volume chloroform/methanol 
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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
6
 conidia mL

-1 
were inoculated in 250 mL of 

minimal medium, which contains: 0.5 mg of CaCl2 · 2H2O, 1.25 mg of 

FeCl3, 0.125 g of MgSO4 · 7H2O, 0.25g of peptone, 0.34 g of KH2PO4, 

0.125 g of Na2CO3 · H2O, 0.35 mg of ZnSO4 · 7H2O, plus 1 % glucose 

(Media I) or in 1 % of heat deactivated F. solani mycelia (Media II). Each 

culture medium was lypholized and resuspended in 3 mL Milli-Q (18 μΩ) 

water. An aliquot of 1 mL solution was treated by protease K (100 μL 

protease K (50 μg/mL) and 900 μL culture medium), 37 °C, 24 hr; another 
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1 mL aliquot was heated in 100 
o
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
6
 conidia mL

-1
) 

was added. The mixture was incubated at 28
 o
C in the dark for 3, 6, 9, 12, 

15, 18, and 21 days. Cultivated media were extracted with solvent and 

drying at 50
 o
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 CHCl3 / H2O, 1:1 (v/v), and the dry weight of CHCl3 layer 

and H2O layer were recorded. Nineteen fractions (A1 to A19) were 

obtained from the CHCl3 extract after fractionation by silica gel column (56 

× 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 EtOAc). 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 

CHCl3 / H2O, 1:1 (v/v), and the dry weights of CHCl3 layer and H2O layer 

were recorded. Nineteen fractions (A1 to A19) were obtained from the 
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CHCl3 extract after fractionation by silica gel column (G60, 70~230 

meshes, 56 × 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
-1 

flow rate. Two 

fractions (A1-1 and A1-2) of the fraction A1 was obtained by silica gel 

column (G60, 70~230 meshes, 56 × 500 mm) eluting with Hexanes/EtOAc, 

10:1 (v/v). Compound A was obtained by eluting fraction A1-1 in silica gel 

column silica gel column (G60, 70~230 meshes, 56 × 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 

CHCl3 / H2O, 1:1 (v/v). Nineteen fractions (A1 to A19) were obtained from 

the CHCl3 extract after fractionation by silica gel column (silica gel column 

(G60, 70~230 meshes, 56 × 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
-1

. Fraction A11 was chromatographed in silica gel column (G60, 

70~230 meshes, 56 × 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/H2O, 55:45 (v/v), and flow 
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rate of 0.3 mL min
-1

 in the reversed phase column (Discover
®
 C18 HPLC 

column, 250 mm × 4.6 mm, 5 μm, 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 

CHCl3 / H2O, 1:1 (v/v). Nineteen fractions (A1 to A19) were obtained from 

the CHCl3 extract after fractionation by silica gel column (56 × 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 × 500 mm) using CHCl3 / 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 × 4.6 mm, 5 μm) using MeOH / H2O, 90:10 (v/v) as 

mobile phase with flow rate of 0.4 mL min
-1

. 
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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 

CHCl3 / H2O, 1:1 (v/v), and the dry weights of CHCl3 layer and H2O layer 

were recorded. Nineteen fractions (A1 to A19) were obtained from the 

CHCl3 extract after fractionation by silica gel column (G60, 70~230 

meshes, 56 × 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 × 500 mm) by CHCl3 / 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 

A14-7 to the reversed phase Discover
®
 C18 HPLC column (250 mm × 4.6 

mm, 5 μm) using MeOH / H2O, 90:10 (v/v) as mobile phase with flow rate 

of 0.4 mL min
-1

. 

 

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 

CHCl3 / H2O, 1:1 (v/v), and the dry weights of CHCl3 layer and H2O layer 
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were recorded. Nineteen fractions (A1 to A19) were obtained from the 

CHCl3 extract after fractionation by silica gel column (G60, 70~230 

meshes, 56 × 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 A15-loaded silica gel column (G60, 70~230 meshes, 56 × 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 × 4.6 mm, 5 μm) using MeOH / H2O, 20:80 (v/v) as 

mobile phase with flow rate of 0.5 mL min
-1

. 

 

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 

CHCl3 / H2O, 1:1 (v/v), and the dry weights of CHCl3 layer and H2O layer 

were recorded. Nineteen fractions (A1 to A19) were obtained from the 

CHCl3 extract after fractionation by silica gel column (G60, 70~230 

meshes, 56 × 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
-1 

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 × 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 × 4.6 mm, 5 μm) using MeOH / H2O, 20:80 (v/v) 

as mobile phase with flow rate of 0.5 mL min
-1

.
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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, 
1
H NMR (400 MHz, CDCl3, 

ppm): δ 2.45 (s, 3H, H11), 7.17 (d, 1H, H1), 7.31(2d, 1H, H7), 7.62 (d, 1H, 

H5), 7.69(d, 1H, H4), 8.27 (d, 1H, H8), 12.55 (s, OH) (Fig. 15a) (Liu et al., 

2009). Compound B and Compound C have same structure, it is named 

methyl 4-hydroxybenzoate, 
1
H NMR (400 MHz, CDCl3, ppm): δ 3.91 (s, 

3H, -COOCH3), 6.86 (2d, 2H, Ar-CH), 7.95 (s, 1H, -OH) (Fig. 15b) 

(Vijayan et al., 2003). Compound D is named methyl 4-hydroxycinnamate, 

1
H NMR (400 MHz, CDCl3, ppm): δ 3.75 (s, 3H, CO2CH3), 6.30 (d, 1H, 

H2), 6.85 (2d, 2H, H3 and H5), 7.53 (2d, 2H, H2 and H6); 7.63 (d, 1H, H7) 

(Fig. 15c) (Daayf et al., 1997). Compound E is named 

4-hydroxybenzaldehyde, 
1
H NMR (400 MHz, CDCl3, ppm): δ 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, 
1
H NMR (400 MHz, 

CDCl3, ppm): δ 2.56 (s, 3H, -COCH3), 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 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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. 

 

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-PA S16-2 B C B B C C C C 

LN-PA S16-9 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 
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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 
o
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 
o
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). 

 

(f) (e) (d) 

(c) (b) (a) 
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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 I) or heat-inactivated F. solani 

f. sp. Fs-75 (Media II) 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 (■), 

heat (■), and protease K (■). 
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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. 

 

 

 

(a)               (b)             (c)             (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 (◆), Extraction G (■) and Extraction F (▲). 
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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[C], EX = EC, EG, and EF; N = cultivated 

day; [C] = μg plug
-1

) were determined (Fig. 6 and 7). Among tested three 

concentrations, 15 μg plug
-1

, 150 μg plug
-1

 and 1500 μg plug
-1

, showed 

positive concentration dependency. The F. solani inhibition potency of 

EC18 showed 33 % (15 μg plug
-1

), 43 % (150 μg plug
-1

), and 60 % (1500 

μg plug
-1

). EC181500 had best potency against F. solani among tested days 

that were 47 %, 37 %, 47 %, 50 %, 47 %, 60 % and 37 % of 3
rd

, 6
th

, 9
th

, 12
th
, 

15
th
, 18

th
 and 21

st
 day (Fig. 7). EG9 showed 37 % (15 μg plug

-1
), 53 % (150 

μg plug
-1

), and 70 % (1500 μg plug
-1

) inhibition against F. solani. EG91500 

had best potency against F. solani among tested days that were 53 %, 43 %, 

70 %, 40 %, 57 %, 60 % and 55 % of 3
rd

, 6
th
, 9

th
, 12

th
, 15

th
, 18

th
 and 21

st
 day 

(Fig. 7). EF9 showed 33 % (15 μg plug
-1

), 40 % (150 μg plug
-1

) and 57 % 

(1500μg plug
-1

). EF91500 showed best potency against F. solani among 

tested days that were 40 %, 53 %, 57 %, 47 %, 50 %, 57 % and 40 % of 3
rd

, 

6
th

, 9
th

, 12
th
, 15

th
, 18

th
 and 21

st
 day (Fig. 8). 
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(a) 

(b) 
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Fig. 6 The antifungal activities of metabolite extraction of 3
rd

, 6
th
, 9

th
, 12

th
, 

15
th
, 18

th
 and 21

st
 days from EC (a), EG (b), and EF (c). Fungicide (╳), 

sample concentrations 15 μg plug
-1

 (◆), 150 μg plug
-1 

(▲), 1500 μg plug
-1

 

(■). Values are means of three replications ± SE. 

 

 

 

 

 

 

 

 

(c) 
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Fig. 7 The antifungal activities of metabolite of 3
rd

, 6
th
, 9

th
, 12

th
, 15

th
, 18

th
 

and 21
st
 days from EC1500 (◆), EG1500 (■), and EF1500 (▲). Values are means 

of three replications ± SE. 
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Fig. 8 The antifungal activities of metabolite of 9
th

 days from EC1500, 

EG1500, and EF1500. 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 CHCl3-H2O (1:1, v:v). The potency against F. 

solani of each partition, 1500 μg plug
-1

, was 41.7 ± 0.0 % of hexane 

fraction, 24.3 ± 4.8 % of MeOH, and 79.9 ± 4.8 % of CHCl3. The CHCl3 

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 

Compound IUPAC name 

Molecular 

Formula 

Molecular 

Weight 

Dry 

weight 

(mg) 

Production 

ratio (%) 

A 1-hydroxy-3-methylanthracene-9,10-dione C15H10O3 238.2381 5 0.049 

B and C methyl 4-hydroxybenzoate C8H8O3 152.15 2 0.023 

D methyl 4-hydroxycinnamate C10H10O3 178.18 2.2 0.025 

E 4-hydroxybenzaldehyde (HBA) C7 H6 O2 122.12 1.9 0.022 

F 4-hydroxyacetophenone (Piceol) C8H8O2 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). 

 

 

(a)                   (b)                   (c)                   

(d)                   (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 μg mL
-1

 but not 500 μg mL
-1

 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 

μg mL
-1

 but not 500 μg mL
-1

 showed 100 % inhibition in 48 hpi but 

inhibition potency down to less than 10 % after 72 hpi with exception of 

500 μg mL
-1 

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 

μg mL
-1

. Little inhibition capability, 66.7 % 24 hpi of 500 μg mL
-1

, 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. 

 

 

 Compound (μg mL-1) 

F. solani F. oxysporum R. solani  B. cinerea 
 

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  4.2 ± 0.0  0.0 ± 0.0   0.0 ± 0.0   0.0 ± 2.7 
 

250   100.0 ± 0.0     45.7 ± 0.0   100.0 ± 0.0    22.2 ± 0.0 33.3 ± 0.0 11.8 ± 0.0   0.0 ± 0.0   3.1 ± 2.7 
 

500   100.0 ± 0.0     65.2 ± 0.0   100.0 ± 0.0    56.4 ± 0.0 66.7 ± 0.0 15.2 ± 1.7   100.0 ± 0.0    21.3 ± 0.0 
 

methyl 4-hydroxybenzoate 
         

50   100.0 ± 0.0     10.4 ± 3.6   100.0 ± 0.0    17.0 ± 0.0   100.0 ± 0.0   0.0 ± 0.0   100.0 ± 0.0   -4.8 ± 2.8 
 

250   100.0 ± 0.0     25.0 ± 0.0   100.0 ± 0.0    28.3 ± 0.0   100.0 ± 0.0   0.0 ± 2.9   100.0 ± 0.0  -4.8 ± 2.8 
 

500   100.0 ± 0.0    100.0 ± 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    14.0 ± 3.5   100.0 ± 0.0   0.0 ± 0.0   100.0 ± 0.0  -3.2 ± 2.8 
 

250   100.0 ± 0.0     28.8 ± 3.3   100.0 ± 0.0    39.6 ± 3.6   100.0 ± 0.0     70.1 ± 0.8   100.0 ± 0.0   9.4 ± 2.7 
 

500   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0 
 

4-hydroxybenzaldehyde 
         

50   100.0 ± 0.0     53.2 ± 3.7   100.0 ± 0.0    34.0 ± 0.0    41.7 ± 0.0     35.5 ± 1.1    -8.3 ± 2.9     -6.5 ± 1.9 
 

250   100.0 ± 0.0     65.2 ± 3.8   100.0 ± 0.0    58.8 ± 0.0   100.0 ± 0.0     54.1 ± 1.2    15.4 ± 3.3    4.3 ± 1.9 
 

500   100.0 ± 0.0     87.0 ± 0.0   100.0 ± 0.0    72.0 ± 3.5   100.0 ± 0.0     62.2 ± 0.0    25.0 ± 5.5     14.3 ± 0.0 
 

4-hrdroxyacetophenone 
         

50   100.0 ± 0.0     52.1 ± 3.8   100.0 ± 0.0     40.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   0.0 ± 4.7     -2.3 ± 0.0 
 

250   100.0 ± 0.0     77.7 ± 3.8   100.0 ± 0.0     64.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0 
 

500   100.0 ± 0.0     87.0 ± 0.0   100.0 ± 0.0     75.5 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0   100.0 ± 0.0 
 

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   100.0 ± 0.0   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 μg mL
-1

. 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). 

 

 

 

 

 

 

 

 

 



41 

Table. 4 Among the various pathogens growth length of the Trichoderma 

of compounds 1 to 5. 

Compound (μg mL
-1

) 
Trichoderma mycelia (cm) 

24 hpi 48 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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Fig. 10 Mycelia growth and sporulation promotion of Trichoderma by the 

4-hydroxybenzaldehyde (HBA) and 4-hydroxyacetophenone (Piceol) in 

500 μg mL
-1

.

24 hr                48 hr               72 hr  96 hr  
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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. 
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PartⅡ 

Imidazolium salts 合成的化合物之殺真菌功能 
Ionic Liquids and Antibiotic Properties of the Ethoxy ether 

Functionalized Imidazolium Salts 
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1. Introduction 

   Ionic 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 Grätzel, 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; Grabińska-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 (Pow), which provides an 

information of relative solubility in two phases (common 1-octanol / water). 
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The first experimental report of Pow was four ILs of 1-alkyl-3-methyl 

imidazolium chlorides (Urszula et al., 2003) following various methods to 

determine the Pow (Ropel et al., 2005; Lee, 2009). The value of log Pow 

supplies quantitative information to easily understanding of solubility, the 

positive value indicate more lipophilic and negative value indicate more 

hydrophilic. 

   In this work, [Cn-im-3OEG][Cl], 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. 

 

 

 

 

 

 

 

 

 



54 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



55 

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·H2O. (Scheme. 1). 

[C10H21-im-(OCH2CH2)2CH2CH2OH][Cl]·2H2O. 

[C12H25-im-(OCH2CH2)2CH2CH2OH][Cl]·1.5H2O. 

[C14H29-im-(OCH2CH2)2CH2CH2OH][Cl]·1.5H2O. 

[C16H33-im-(OCH2CH2)2CH2CH2OH][Cl]·H2O. 

[C18H37-im-(OCH2CH2)2CH2CH2OH][Cl]·H2O.  

The five compounds from the National Dong Hwa Univercity 

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

 

 

Scheme. 1 Synthetic pathway for the [Cn-im-3OEG][Cl] (Roy T. W. 

Huang.)  
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2.2 Rhizoctonia cultivation 

R. solani was incubated on 39 g L
-1

 of potato dextrose agar (PDA) 

(Difco, Becton, Dickinson and Company, Franklin Lakes, NJ, USA) 

medium. The PDA medium was autoclaved at 121 
o
C, 1.2 kg cm

-2 
for 15 

min, and then stored at 4 
o
C until use. R. solani was inoculated on the 

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

 

2.3 Antifungal assays 

Tested concentration of each [Cn-im-3OEG][Cl] was 15 μg. A R. 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 IC50 determination 

Each tested [Cn-im-3OEG][Cl] of 0, 0.0001, 0.001, 0.01, 0.1, 0.5, 1, 2, 

5, 8 and 10 mM were mixed with PDA. A 5 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 μM 

[C14-im-3OEG][Cl] in a 250 mL Erlenmeyer flask, 180 rpm, 28 
o
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 IX70, 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 

stereomicroscope. 

 

 

 

 

 

 

 

 

 

 



58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



59 

3. Results 

3.1 Antifungal activity 

Among the compounds of various alkyl chain lengths, 

[C14-im-3OEG][Cl] shows the best inhibition capacity, a 91 % inhibition 

against R. solani after treating with of 15 μg of the compounds for 40 hpi 

while with n = 10, 12, 16 and 18 show 0 %, 67 %, 67 % and 63 % 

inhibition, respectively (Fig. 1). IC50 of n = 12, 14, 16, and 18 of 

[Cn-im-3OEG][Cl] are 0.600, 0.130, 0.590, and 0.720 mM, respectively. 

 

 

 

 

 

 

 

 

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

[Cn-im-3OEG][Cl] compounds to R. soloni. 
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3.2 Morphological observation 

The morphology change of the R. solani upon treatment with 

[C14-im-3OEG][Cl] 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 to 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. [C14-im-3OEG][Cl] 

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-3OEG][Cl] was 2000 μM 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 A and B), 

implying possible apoptosis but further evidences required. 
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Fig. 2 The R. soloni morphology observation in the present of 130 μM 

[C14-im-3OEG][Cl] 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-3OEG][Cl] treatment groups (B), (D), (F). 24hpi (A), 

(B); 72hpi (C), (D); and 144hpi (E), (F). Treatment the present of 2000 μM, 

144hpi (G). 
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Fig. 3 The R. soloni nuclei morphology observation in the present of 130 

μM [C14-im-3OEG][Cl] 72 hpi under the 600 x Fluorescent 

stereomicroscope. Scale bars = 0.5 mm. More bright spots, represented 

nuclei, showed in the [C14-im-3OEG][Cl] 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 [Cn-im-3OEG][Cl] 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 [Cn-im-3OEG][Cl] 

compounds increases with increasing chain length from n = 10 to 14, it 

then gradually decreases. Under microscope the hyphae morphology of the 

[Cn-im-3OEG][Cl] 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 [Cn-im-3OEG][Cl] 

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 [Cn-im-3OEG][Cl] 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 [Cn-im-3OEG][Cl] and cell wall synthesis-related inhibitors. 

No conclusive mechanism is found. The proposed working mechanism of 
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[Cn-im-3OEG][Cl] against the R. solani might contribute to the 

[Cn-im-3OEG][Cl] 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 
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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 
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Daucanes 

 

 

Pyrones metabolites 
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Koninginins and derivatives 
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Trichodermamides 
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Viridins family of steroidal antibiotics 
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Viridiofungins and alkyl citrate derivatives 
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Pyridine ringcontaining fungal metabolites 

 

 

 

 

 

Oxazol derivatives 
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Pirrolidinediones 

 

 

 



81 

 

Trichodenones and other cyclopentenones 

 

 

 

 

 

 

 



82 

 

Azaphilones 

 

 

Harzialactones and derivatives 
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Butenolides 

 

 

 

 

 

 

 

 

 

 



84 

 

Trichothecenes 
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Dermadin-type cyclopentylisocyanides 
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Trichoviridin-type cyclopentylisocyanides 
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Setin-like antibiotics 

 

 

Cyclonerodiol derivatives 
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Sorbicillin derivatives 

 

 

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

Barnes–Seeman and Corey (Path B) 
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Bisorbicillinoids 
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Diketopiperazines 
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Sterols 
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Peptaibols structures 

 

 

 

Statins 
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Heptelidic acid and closely related compounds 

 

 

Acoranes 
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Miscelanea 
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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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(a) 

 

 
(b) 

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). 
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(a) 

 

 
(b) 

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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(a)                 (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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(

a) 

 

(b) 

 

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)                  (c) 

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). 
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                            (a) 

 

          (b)           (c) 

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  
1
H-NMR spectra of Compound A 
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Appendix 7.1.5  
1
H-NMR spectra of Compound B 
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Appendix 7.1.6  
1
H-NMR spectra of Compound C 
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Appendix 7.1.7  
1
H-NMR spectra of Compound D 
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Appendix 7.1.8  
1
H-NMR spectra of Compound E 
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Appendix 7.1.9   
1
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 

μM, 130 μM, 2mM [C14-im-3OEG][Cl] under the 600 x Fluorescent 

stereomicroscope. 
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Appendix 7.2.2 Photomicrographs of pathogens R. soloni after treated by 

[C14-im-3OEG][Cl] and observed nucleus by Fluorescent stereomicroscope. 
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