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RINGKASAN 

DINDA RISTA ANIS MUFIDA. Aktivitas Antifungi Enzim Glukanase dari 

Streptomyces spp. terhadap Fungi Fitopatogen, Fusarium oxysporum. Dibimbing 

oleh ARIS TRI WAHYUDI, IVAN PERMANA PUTRA dan ABDJAD ASIH 

NAWANGSIH. 

Pengendalian penyakit tanaman akibat serangan patogen masih menjadi 

tantangan bagi para ahli fitopatologi untuk pertanian berkelanjutan. Fungi 

fitopatogen seperti Fusarium oxysporum dapat menyebabkan sindrom layu 

fusarium di lebih dari 120 tanaman inang yang berbeda, termasuk tanaman penting 

secara global. Fungi patogen tanaman secara umum dapat dikendalikan 

menggunakan fungisida sintetik. Penggunaan bahan kimia secara berlebihan dapat 

menyebabkan akumulasi residu beracun yang menimbulkan bahaya terhadap 

lingkungan karena sifatnya yang tidak dapat diurai secara hayati. Oleh karena itu, 

diperlukan alternatif biokontrol fungi fitopatogen, salah satunya dengan 

memanfaatkan kelompok aktinomiset rizosfer. Aktinomiset memiliki kemampuan 

menghasilkan enzim β-1,3-glukanase. Enzim β-1,3-glukanase mampu 

menghidrolisis ikatan β-1,3-glikosidik dalam glukan. β-glukan merupakan salah 

satu komponen penyusun dinding sel fungi fitopatogen seperti F. oxysporum. Maka 

dari itu, tujuan dari penelitian ini adalah menganalisis aktivitas enzim β-1,3-

glukanase yang dihasilkan oleh aktinomiset asal rizosfer serta mengetahui 

potensinya sebagai antifungi terhadap fungi fitopatogen F. oxysporum. 

Penelitian ini dilakukan melalui beberapa metode, dimulai dengan 

identifikasi isolat aktinomiset berdasarkan gen 16S rRNA terhadap 4 isolat 

aktinomiset. Selanjutnya 4 isolat Streptomyces yang telah diidentifikasi digunakan 

sebagai isolat uji untuk pengukuran aktivitas enzim glukanase secara kualitatif dan 

kuantitatif. Selain itu, pada 4 isolat terpilih, dilakukan pula deteksi dan analisis 

modelling protein gen penyandi enzim endo-β-1,3-glukanase (bglS gene). 

Selanjutnya, pengujian aktivitas antifungi isolat Streptomyces terhadap F. 

oxysporum dilakukan dengan dua metode, yakni dual culture method melibatkan 

sel Streptomyces secara langsung dan food poisoning method menggunakan filtrat 

kultur isolat Streptomyces sp. yang ditambahkan ke media PDA. Kerusakan pada 

miselia F. oxysporum hasil penghambatan diamati menggunakan mikroskop cahaya 

dan Scanning Electron Microscope (SEM). Enzim glukanase yang dihasilkan oleh 

Streptomyces sp. selanjutnya dimurnikan secara parsial dengan aseton serta 

dilakukan pengukuran aktivitas kuantitatifnya serta efek penghambatannya 

terhadap F. oxysporum. 

Streptomyces tendae ARJ 22, Streptomyces tendae ARJ 42, Streptomyces sp. 

ARJ 44, dan Streptomyces sp. ARJ 81 dievaluasi secara kuantitatif untuk aktivitas 

β-1,3-glukanase. Enzim β-1,3-glukanase yang dihasilkan oleh keempat isolat 

Streptomyces tersebut menunjukkan waktu optimal yang berbeda-beda. Aktivitas 

glukanase mengalami peningkatan pada hari ke-4 dan mengalami penurunan pada 
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hari ke-10. Isolat Streptomyces spp. menunjukkan nilai aktivitas spesifik enzim 

glukanase berkisar antara 10,38-24,08 U/mg protein. Kehadiran gen bglS yang 

menyandikan endo-β-1,3-glukanase dari glycoside hydrolase family 16 pada 

keempat isolat mendukung produksi glukanase. Model protein struktural tiga 

dimensi telah berhasil dikontruksi berdasarkan urutan asam amino gen bglS. Model 

ini menunjukkan kemiripan yang tinggi dengan model protein endo-β-1,3-

glukanase dari Nocardiopsis sp. F96. Uji in vitro menunjukkan bahwa semua isolat 

menghambat pertumbuhan hifa F. oxysporum. Uji penghambatan langsung dengan 

menggunakan metode dual culture menunjukkan penghambatan rata-rata sebesar 

26,18%, sedangkan metode food poison dengan filtrat kultur menunjukkan 

penghambatan sebesar 29,38%. Enzim dari Streptomyces sp. ARJ 44 dimurnikan 

menggunakan aseton, menghasilkan aktivitas spesifik 46,34 U/mg dan peningkatan 

kemurnian hingga 1,92 kali. Enzim yang telah dimurnikan menghambat 

pertumbuhan miselia F. oxysporum sebesar 35,80%. Penghambatan ini 

dikonfirmasi dengan mengamati kerusakan hifa dengan teramatinya lubang serta 

kerutan pada hifa F. oxysporum menggunakan scanning electron microscope 

(SEM). Penelitian ini menyimpulkan bahwa keempat isolat Streptomyces sp. 

penghasil enzim β-1,3-glukanase memiliki potensi sebagai agen biokontrol 

terhadap fungi fitopatogen Fusarium oxysporum. 

 

Kata kunci: β-1,3-glukanase, biokontrol, gen bglS, kloning, Streptomyces  
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SUMMARY 

DINDA RISTA ANIS MUFIDA. Antifungal Activity of the glukanase Enzyme 

Produced by Streptomyces sp. Againts the Phytophatogenic Fungus, Fusarium 

oxysporum. Supervised by ARIS TRI WAHYUDI, IVAN PERMANA PUTRA dan 

ABDJAD ASIH NAWANGSIH 

Controlling plant diseases due to pathogen attack is still a challenge for plant 

pathologists for sustainable agriculture. Phytopathogenic fungi such as Fusarium 

oxysporum can cause Fusarium wilt syndrome in more than 120 different host 

plants, including globally important crops. Plant pathogenic fungi can generally be 

controlled using synthetic fungicides. Excessive use of chemicals can lead to the 

accumulation of toxic residues, posing hazards to the environment due to their non-

biodegradable nature. Therefore, there is a pressing need for alternative biocontrol 

methods to manage pathogenic fungi, particularly by utilizing rhizosphere 

actinomycetes. Actinomycetes possess the capability to produce the enzyme β-1,3-

glucanase, which hydrolyzes the β-1,3-glycosidic bond in glucans. β-glucan is one 

of the components of the cell wall of phytopathogenic fungi, including F. 

oxysporum. The aim of this study was to analyze the activity of β-1,3-glucanase 

produced by actinomycetes isolated from the maize rhizosphere and to evaluate its 

potential as an antifungal agent against the phytopathogenic fungus F. oxysporum. 

This research was conducted using several methods, starting with the 

identification of actinomycetes isolates through 16S rRNA gene sequencing. A total 

of four Streptomyces isolates were selected as test isolates for both qualitative and 

quantitative measurements of glucanase enzyme activity. Additionally, these four 

isolates were utilized to detect and analyze the modeling protein of the gene 

encoding the glucanase enzyme (bglS gene). The antifungal activity of 

Streptomyces isolates against F. oxysporum was evaluated using two methods: the 

dual culture method, involving direct application of Streptomyces cells, and the 

food poisoning method, where culture filtrates of Streptomyces isolates were 

incorporated into PDA media. The resultant damage to F. oxysporum mycelia due 

to inhibition was observed using both light microscopy and scanning electron 

microscope (SEM). The glucanase enzyme produced by Streptomyces sp. was then 

partially purified using acetone, followed by quantitative activity measurements 

and an assessment of its inhibitory effects on F. oxysporum. 

Streptomyces tendae ARJ 22, Streptomyces tendae ARJ 42, Streptomyces sp. 

ARJ 44, and Streptomyces sp. ARJ 81 were quantitatively evaluated for β-1,3-

glucanase activity. The β-1,3-glucanase enzymes produced by these four 

Streptomyces isolates exhibited varying optimal production times, with glucanase 

activity peaking on day 4 and declining by day 10. The activity values of the isolates 

ranged from 10.38 to 24.08 U/mg. The presence of the bglS gene, which encodes 

endo-β-1,3-glucanase from glycoside hydrolase family 16, supports the production 

of glucanase. A three-dimensional structural model of the amino acid sequence was 
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constructed, demonstrating high similarity and quality parameters akin to endo-β-

1,3-glucanase from Nocardiopsis sp. F96. In vitro assays indicated that all isolates 

inhibited the hyphal growth of Fusarium oxysporum. Direct inhibition assays using 

the dual-culture method showed an average inhibition of 26.18%, while the filtrate 

culture method demonstrated a 29.38% inhibition. The enzyme produced by 

Streptomyces sp. ARJ 44 was partially purified using acetone, resulting in a specific 

activity of 46.34 U/mg and a purity increase of up to 1.92-fold. The purified enzyme 

inhibited the growth of F. oxysporum mycelia by 35.80%. This inhibition was 

confirmed through observations of damage to F. oxysporum hyphae using scanning 

electron microscope (SEM). The study concludes that the four Streptomyces strains, 

which produce β-1,3-glucanase enzymes, hold potential as biocontrol agents 

against the phytopathogenic fungus Fusarium oxysporum 

 

Keywords: β-1,3-glucanase, bglS gene, biocontrol, cloning, Streptomyces 
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