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RINGKASAN

ANDI ANNISA SEPTIANA. Streptomyces spp. Asal Tanah sebagai Penghasil
Senyawa Bioaktif Antifungi Fitopatogen dan Analisis Genom Lengkapnya.
Dibimbing oleh ARIS TRI WAHYUDI, RIKA INDRI ASTUTI dan ABDJAD
ASIH NAWANGSIH.

Banyak bakteri tanah diketahui mampu menghasilkan senyawa bioaktif
antimikrob atau antibiotik. Salah satu kelompok yang berpotensi adalah aktinomiset
rizosfer, yang dikenal sebagai penghasil utama senyawa bioaktif dengan berbagai
aktivitas biologis, termasuk aktivitas antifungi terhadap cendawan fitopatogen.
Aktinomiset dari genus Streptomyces diketahui menghasilkan sekitar 70% dari
seluruh senyawa antibiotik yang tersedia saat ini dan 60% dari senyawa antifungi
telah digunakan dalam pertanian. Penelitian sebelumnya telah berhasil mengisolasi
sejumlah isolat Streptomyces asal tanah rizosfer jagung di Nusa Tenggara Barat
(NTB), dan telah berhasil menyeleksi isolat Streptomyces yang memiliki aktivitas
antifungi fitopatogen. Namun, profil metabolit sekunder serta klaster gen
biosintetik yang berperan dalam biosintesis senyawa bioaktifnya masih belum
diketahui. Oleh karena itu, penelitian ini bertujuan mengetahui senyawa bioaktif
antifungi fitopatogen yang dihasilkan oleh Streptomyces dan menganalisis klaster
gen biosintetiknya melalui pendekatan Whole Genome Sequencing (WGS) pada
1solat paling potensial.

Penelitian ini dilakukan melalui beberapa tahapan, antara lain uji aktivitas
antifungi terhadap cendawan fitopatogen Fusarium oxysporum dan Rhizoctonia
solani sebagai model. Uji antagonis dilakukan menggunakan metode dual culture.
Tiga isolat dengan aktivitas antifungi terbaik kemudian diekstraksi senyawa
bioaktif menggunakan pelarut etil asetat. Ekstrak kasar yang diperoleh kemudian
diuji aktivitas antifunginya menggunakan metode food poisoning. Ekstrak kasar
dengan aktivitas antifungi tertinggi dalam penghambatannya kemudian dilihat
profil metabolitnya menggunakan Liquid Chromatography-Tandem Mass
Spectrometry  (LC-MS/MS) dan dianalisis menggunakan WGS untuk
mengidentifikasi klaster gen biosintetik yang terkait dengan produksi metabolit
antifungi.  Anotasi genom dilakukan  menggunakan eggNOG-mapper,
BlastKOALA (KEGG), dan antiSMASH.

Hasil penelitian menunjukkan bahwa isolat Streptomyces spp. NTB 38, NTB
42, NTB 72, dan NTB 95 memiliki penghambatan terhadap kedua cendawan uji
sedangkan isolat NTB 36 dan 60 hanya menghambat cendawan R. solani. Diantara
seluruh isolat, NTB 42 menunjukkan aktivitas antifungi tertinggi. Analisis LC—
MS/MS mengidentifikasi beberapa metabolit bioaktif secara putative pada ekstrak
NTB 42, dengan senyawa dioxapyrrolomycin sebagai salah satu metabolit dominan.
Analisis genom menunjukkan bahwa NTB 42 berkerabat dekat dengan
Streptomyces tendae berdasarkan ANI dan filogenomik. Anotasi COG dan KEGG
mengungkap keberadaan gen yang berperan dalam regulasi transkripsi,
metabolisme primer, dan biosintesis metabolit sekunder, sedangkan analisis
antiSMASH mengidentifikasi 30 biosynthetic gene clusters (BGCs) yang
menunjukkan kapasitas biosintesis metabolit sekunder yang tinggi. Integrasi hasil



genome mining dan LC-MS/MS menunjukkan adanya klaster T1PKS yang
memiliki kemiripan parsial dengan klaster biosintesis pyrrolomycin A/B/C/D, yang
mengindikasikan keterkaitan antara potensi genetik NTB 42 dan biosintesis
dioxapyrrolomycin yang diduga berkontribusi terhadap aktivitas antifungi. Secara
keseluruhan hasil penelitian ini menunjukkan bahwa Streptomyces sp. NTB 42
merupakan isolat rizosfer jagung lahan kering yang berpotensi sebagai sumber
metabolit bioaktif antifungi terhadap cendawan fitopatogen.

Kata kunci: antifungi, biosynthetic gene clusters, metabolit sekunder, Streptomyces,
WGS.



SUMMARY

ANDI ANNISA SEPTIANA. Soil-Derived Streptomyces spp. as Producers of
Antifungal Bioactive Compounds Against Phytopathogens and Their Whole-
Genome Analysis. Supervised by ARIS TRI WAHYUDI, RIKA INDRI ASTUTI
dan ABDJAD ASIH NAWANGSIH.

Many soil bacteria are known to produce antimicrobial bioactive compounds
or antibiotics. One promising group is rhizosphere actinomycetes, which are known
as the primary producers of bioactive compounds with various biological activities,
including antifungal activity against phytopathogenic fungi. Actinomycetes of the
genus Streptomyces are known to produce about 70% of all currently available
antibiotic compounds and 60% of the antifungal compounds used in agriculture.
Previous research has successfully isolated a number of Streptomyces isolates from
the rhizosphere soil of corn in West Nusa Tenggara (NTB) and has successfully
screened Streptomyces isolates with antifungal activity against plant pathogens.
However, the profiles of secondary metabolites and the biosynthetic gene clusters
involved in the biosynthesis of these bioactive compounds remain unknown.
Therefore, this study aims to identify the bioactive antifungal compounds against
plant pathogens produced by Streptomyces and to analyze their biosynthetic gene
clusters using a whole-genome sequencing (WGS) approach on the most promising
Isolates.

This study was conducted in several stages, including antifungal activity tests
against the phytopathogenic fungi Fusarium oxysporum and Rhizoctonia solani as
model organisms. Antagonistic tests were performed using the dual-culture method.
Bloactive compounds were then extracted from the three isolates with the highest
antifungal activity using ethyl acetate as a solvent. The crude extracts obtained were
then tested for antifungal activity using the food poisoning method. The crude
extract with the highest antifungal inhibitory activity was then analyzed for its
metabolite profile using Liquid Chromatography-Tandem Mass Spectrometry (LC-
MS/MS) and analyzed using WGS to identify biosynthetic gene clusters associated
with the production of antifungal metabolites. Genome annotation was performed
using eggNOG-mapper, BlastKOALA (KEGG), and antiSMASH.

The results of the study showed that the Streptomyces spp. Isolates NTB 38,
NTB 42, NTB 72, and NTB 95 exhibited inhibitory activity against both test fungi,
whereas isolates NTB 36 and 60 inhibited only R. solani. Among all isolates, NTB
42 exhibited the highest antifungal activity. LC-MS/MS analysis identified several
putative bioactive metabolites in the NTB 42 extract, with the compound
dioxapyrrolomycin as one of the dominant metabolites. Genomic analysis showed
that NTB 42 is closely related to Streptomyces tendae based on ANI and
phylogenomic data. COG and KEGG annotations revealed the presence of genes
involved in transcriptional regulation, primary metabolism, and secondary
metabolite biosynthesis, while antiSMASH analysis identified 30 biosynthetic gene
clusters (BGCs) indicating a high capacity for secondary metabolite biosynthesis.
ibtegration of the results from genome mining and LC-MS/MS revealed the
presence of a T1PKS cluster that shares partial similarity with the pyrrolomycin
A/B/C/D biosynthetic cluster, indicating a link between the genetic potential of
NTB 42 and the biosynthesis of dioxapyrrolomycin, which is thought to contribute



secondary metabolites,

to its antifungal activity. Overall, the results of this study indicate that Streptomyces
biosynthetic gene clusters,

sp. NTB 42 is a rhizosphere isolate from dryland corn with potential as a source of

bioactive antifungal metabolites against phytopathogenic fungi.
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