Potensi Senyawa Organik Volatil dari Streptomyces sp. GMR22 dan GMY01 dalam Menghambat
Pertumbuhan

Fusarium oxysprorum f.sp. cubense (Foc)

NADIA SUKMAWATI, Dr. Ir. Jaka Widada, M.P. : Ir. Donny Widianto, Ph.D.

Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

DAFTAR PUSTAKA

Audrain, B., Farag, M.A., Ryu, C.M. and Ghigo, J.M., 2015. Role of bacterial volatile
compounds in bacterial biology. FEMS microbiology reviews, 39(2), pp.222-
233.

Blin, K., Medema, M.H., Kottmann, R., Lee, S.Y. and Weber, T., 2016. The
antiSMASH database, a comprehensive database of microbial secondary
metabolite biosynthetic gene clusters. Nucleic acids research, p.gkw960.

Boukaew, S., Plubrukam, A. and Prasertsan, P., 2013. Effect of volatile substances from
Streptomyces philanthi RM-1-138 on growth of Rhizoctonia solani on rice
leaf. BioControl, 58(4), pp.471-482.

Cordovez, V., Carrion, V.J., Etalo, D.W., Mumm, R., Zhu, H., Van Wezel, G.P. and
Raaijmakers, J.M., 2015. Diversity and functions of volatile organic
compounds produced by Streptomyces from a disease-suppressive
soil. Frontiers in microbiology, 6.

Cho, G., Kim, J., Park, C.G., Nislow, C., Weller, D.M. and Kwak, Y.S., 2017.
Caryolan-1-ol, an antifungal volatile produced by Streptomyces spp., inhibits
the endomembrane system of fungi. Open biology, 7(7), p.170075.

de Lima Procopio, R.E., da Silva, I.R., Martins, M.K., de Azevedo, J.L. and de Aradujo,
J.M., 2012. Antibiotics produced by Streptomyces. The Brazilian Journal of
infectious diseases, 16(5), pp.466-471.

Dickschat, J.S., Martens, T., Brinkhoff, T., Simon, M. and Schulz, S., 2005. Volatiles
released by a Streptomyces species isolated from the North Sea. Chemistry &
biodiversity, 2(7), pp.837-865.

Doroghazi, J.R. and Metcalf, W.W., 2013. Comparative genomics of actinomycetes
with a Focus on natural product biosynthetic genes. BMC genomics, 14(1),
p.611.

Farida, Y., Widada, J. and Meiyanto, E., 2007. Combination methods for screening
marine actinomycetes producing potential compounds as
anticancer. Indonesian Journal of biotechnology, 12(2).

Fernando, W.D., Ramarathnam, R., Krishnamoorthy, A.S. and Savchuk, S.C., 2005.
Identification and use of potential bacterial organic antifungal volatiles in
biocontrol. Soil Biology and Biochemistry, 37(5), pp.955-964.

Flardh, K. and Buttner, M.J., 2009. Streptomyces morphogenetics: dissecting
differentiation in a filamentous bacterium. Nature Reviews Microbiology, 7(1),
p.36.

Garbeva, P., Hordijk, C., Gerards, S. and De Boer, W., 2014. Volatiles produced by the
mycophagous soil bacterium Collimonas. FEMS microbiology ecology, 87(3),
pp.639-649.

24



Potensi Senyawa Organik Volatil dari Streptomyces sp. GMR22 dan GMY01 dalam Menghambat
Pertumbuhan

Fusarium oxysprorum f.sp. cubense (Foc)

NADIA SUKMAWATI, Dr. Ir. Jaka Widada, M.P. : Ir. Donny Widianto, Ph.D.

Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA
Getha, K. and Vikineswary, S., 2002. Antagonistic effects of Streptomyces
violaceusniger strain G10 on Fusarium oxysporum f. sp. cubense race 4:
indirect evidence for the role of antibiosis in the antagonistic process. Journal

of Industrial Microbiology and Biotechnology, 28(6), pp.303-310.

Giglio, S., Chou, W.K.W., Ikeda, H., Cane, D.E. and Monis, P.T., 2010. Biosynthesis of
2-methylisoborneol in cyanobacteria. Environmental science &
technology, 45(3), pp.992-998.

Gust, B., Challis, G.L., Fowler, K., Kieser, T. and Chater, K.F., 2003. PCR-targeted
Streptomyces gene replacement identifies a protein domain needed for
biosynthesis of the sesquiterpene soil odor geosmin. Proceedings of the
National Academy of Sciences, 100(4), pp.1541-1546.

Hamedi, J., Mohammadipanah, F., Klenk, H.P., Pétter, G., Schumann, P., Sproer, C.,
Von Jan, M. and Kroppenstedt, R.M., 2010. Streptomyces iranensis sp. nov.,
isolated from soil. International journal of systematic and evolutionary
microbiology, 60(7), pp.1504-1509.

Herdini, C., Mubarika, S. and Hariwiyanto, B., 2016. Pendekatan Genome Mining
Terhadap Streptomyces Sp. GMR22 (Darat) Dan GMYO01 (Laut) Asal
Indonesia  Sebagai  Penghasil  Senyawa  Antikanker Baru yang
Potensial (Doctoral dissertation, Universitas Gadjah Mada).

Iftime, D., Kulik, A., Héartner, T., Rohrer, S., Niedermeyer, T.H.J., Stegmann, E.,
Weber, T. and Wohlleben, W., 2016. Identification and activation of novel
biosynthetic gene clusters by genome mining in the kirromycin producer
Streptomyces collinus T 365. Journal of industrial microbiology &
biotechnology, 43(2-3), pp.277-291.

Jones, S.E., Ho, L., Rees, C.A., Hill, J.E., Nodwell, J.R. and Elliot, M.A., 2017.
Streptomyces exploration is triggered by fungal interactions and volatile
signals. Elife, 6.

Juttner, F. and Watson, S.B., 2007. Biochemical and ecological control of geosmin and
2-methylisoborneol in  source  waters. Applied and environmental
microbiology, 73(14), pp.4395-4406.

Kai, M., Crespo, E., Cristescu, S.M., Harren, F.J., Francke, W. and Piechulla, B., 2010.
Serratia odorifera: analysis of volatile emission and biological impact of
volatile compounds on Arabidopsis thaliana. Applied microbiology and
biotechnology, 88(4), pp.965-976.

Khamna, S., Yokota, A., Peberdy, J.F. and Lumyong, S., 2009. Antifungal activity of
Streptomyces spp. isolated from rhizosphere of Thai medicinal
plants. International Journal of Integrative Biology, 6(3), pp.143-147.

Komatsu, M., Tsuda, M., Omura, S., Oikawa, H. and Ikeda, H., 2008. Identification and
functional analysis of genes controlling  biosynthesis of  2-
methylisoborneol. Proceedings of the National Academy of Sciences, 105(21),
pp.7422-7427.

25



Potensi Senyawa Organik Volatil dari Streptomyces sp. GMR22 dan GMY01 dalam Menghambat
Pertumbuhan

Fusarium oxysprorum f.sp. cubense (Foc)

NADIA SUKMAWATI, Dr. Ir. Jaka Widada, M.P. : Ir. Donny Widianto, Ph.D.

Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Kumar, P.A., Srinivas, T.N.R., Madhu, S., Manorama, R. and Shivaji, S. 2010.
Indibacter alkaliphilus gen. nov., sp. nov., an alkaliphilic bacterium isolated
from a haloalkaline lake. International journal of systematic and evolutionary
microbiology, 60(4), pp.721-726.

Kumar, V., Bharti, A., Gusain, O. and Bisht, G.S., 2011. Scanning electron microscopy
of Streptomyces without use of any chemical fixatives. Scanning, 33(6),
pp.446-449.

Li, Q., Ning, P., Zheng, L., Huang, J., Li, G. and Hsiang, T., 2010. Fumigant activity of
volatiles of Streptomyces globisporus JK-1 against Penicillium italicum on
Citrus microcarpa. Postharvest Biology and Technology, 58(2), pp.157-165.

Lin, B. and Shen, H., 2017. Fusarium oxysporum f. sp. cubense. In Biological Invasions
and Its Management in China. Springer Singapore. (pp. 225-236).

Luo, Q., Hiessl, S. and Steinbuichel, A., 2014. Functional diversity of Nocardia in
metabolism. Environmental microbiology, 16(1), pp.29-48.

Madigan, Michael T., Carbondale John M. MarTinko, kelly S. Bender , Daniel H.
Buckley , David a. Stahl. 2014. Brock Biology Of Microorganisms Fourteenth
edition. Pearson Inc. New York.

Medema, M.H., Blin, K., Cimermancic, P., de Jager, V., Zakrzewski, P., Fischbach,
M.A., Weber, T., Takano, E. and Breitling, R., 2011. antiSMASH: rapid
identification, annotation and analysis of secondary metabolite biosynthesis
gene clusters in bacterial and fungal genome sequences. Nucleic acids
research, 39(suppl_2), pp.W339-W346.

Michielse, C.B. and Rep, M., 2009. Pathogen profile update: Fusarium
oxysporum. Molecular plant pathology, 10(3), pp.311-324.

Monteiro, F.P., Ferreira, L.C., Silva, J.L., Pacheco, L.P. and Souza, P.E., 2013.
Influence of plant extracts and essential oils against panama disease (Fusarium
oxysporum f. sp. cubense) in banana seedlings. Journal of Agricultural
Science, 5(4), p.63.

Morath, S.U., Hung, R. and Bennett, J.W., 2012. Fungal volatile organic compounds: a
review with emphasis on their biotechnological potential. Fungal Biology
Reviews, 26(2-3), pp.73-83.

Moretti, A.N., 2009. Taxonomy of Fusarium genus: a continuous fight between lumpers
and splitters. Zbornik Matice srpske za prirodne nauke, (117), pp.7-13.

Murthy, S.N. and Shivakumar, H.N., 2010. Topical and transdermal drug delivery.
In Handbook of non-invasive drug delivery systems (pp. 1-36).

Nurjasmi, R., Widada, J. and Ngadiman, N., 2009. Diversity of actinomycetes at several
forest types in Wanagama | Yogyakarta and their potency as a producer of
antifungal compound. Indonesian Journal of Biotechnology, 14(2).

26



Potensi Senyawa Organik Volatil dari Streptomyces sp. GMR22 dan GMY01 dalam Menghambat
Pertumbuhan

Fusarium oxysprorum f.sp. cubense (Foc)

NADIA SUKMAWATI, Dr. Ir. Jaka Widada, M.P. : Ir. Donny Widianto, Ph.D.

Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

Omura, S., lkeda, H., Ishikawa, J., Hanamoto, A., Takahashi, C., Shinose, M.,
Takahashi, Y., Horikawa, H., Nakazawa, H., Osonoe, T. and Kikuchi, H.,
2001. Genome sequence of an industrial microorganism Streptomyces
avermitilis: deducing the  ability of  producing  secondary
metabolites. Proceedings of the National Academy of Sciences of the United
States of America, 98(21), pp.12215-12220.

Ploetz, R.C., 2006. Fusarium wilt of banana is caused by several pathogens referred to
as Fusarium oxysporum f. sp. cubense. Phytopathology, 96(6), pp.653-656.

Rabe, P., Citron, C.A. and Dickschat, J.S., 2013. Volatile terpenes from actinomycetes:
a biosynthetic study correlating chemical analyses to genome
data. ChemBioChem, 14(17), pp.2345-2354.

Rodrigues, M.L., Nosanchuk, J.D., Schrank, A., Vainstein, M.H., Casadevall, A. and
Nimrichter, L., 2011. Vesicular transport systems in fungi. Future
microbiology, 6(11), pp.1371-1381.

Rowan, D. D. 2011. Volatile Metabolites . Metabolites 1: 41-63.

Santhanam, R., Okoro, C.K., Rong, X., Huang, Y., Bull, A.T., Andrews, B.A., Asenjo,
J.A., Weon, H.Y. and Goodfellow, M., 2012. Streptomyces deserti sp. nov.,
isolated  from  hyper-arid  Atacama  Desert  soil. Antonie  Van
Leeuwenhoek, 101(3), pp.575-581.

Schlatter, D., Kinkel, L., Thomashow, L., Weller, D. and Paulitz, T., 2017. Disease
Suppressive Soils: New Insights from the Soil
Microbiome. Phytopathology, 107(11), pp.1284-1297.

Schmidt, R., Cordovez, V., De Boer, W., Raaijmakers, J. and Garbeva, P., 2015.
Volatile affairs in microbial interactions. The ISME journal, 9(11), p.2329.

Scholler, C.E., Gurtler, H., Pedersen, R., Molin, S. and Wilkins, K., 2002. Volatile
metabolites from actinomycetes. Journal of agricultural and food
chemistry, 50(9), pp.2615-2621.

Shen, Z., Zhong, S., Wang, Y., Wang, B., Mei, X., Li, R., Ruan, Y. and Shen, Q., 2013.
Induced soil microbial suppression of banana fusarium wilt disease using
compost and biofertilizers to improve yield and quality. European Journal of
Soil Biology, 57, pp.1-8.

Siedenburg, G. and Jendrossek, D., 2011. Squalene-hopene cyclases. Applied and
environmental microbiology, 77(12), pp.3905-3915.

Smith, S.N., 2007. An overview of ecological and habitat aspects in the genus Fusarium
with special emphasis on the soil-borne pathogenic forms. Plant Pathol
Bull, 16, pp.97-120.

Stotzky, G., Schenck, S. and Papavizas, G.C., 1976. Volatile organic compounds and
microorganisms. CRC critical reviews in microbiology, 4(4), pp.333-382.

27



Potensi Senyawa Organik Volatil dari Streptomyces sp. GMR22 dan GMY01 dalam Menghambat
Pertumbuhan

Fusarium oxysprorum f.sp. cubense (Foc)

NADIA SUKMAWATI, Dr. Ir. Jaka Widada, M.P. : Ir. Donny Widianto, Ph.D.

Universitas Gadjah Mada, 2018 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA
Taddei, A., Rodriguez, M.J., Marquez-Vilchez, E. and Castelli, C., 2006. Isolation and
identification of Streptomyces spp. from Venezuelan soils: Morphological and

biochemical studies. I. Microbiological Research, 161(3), pp.222-231.

Wan, M., Li, G., Zhang, J., Jiang, D. and Huang, H.C., 2008. Effect of volatile
substances of Streptomyces platensis F-1 on control of plant fungal
diseases. Biological Control, 46(3), pp.552-559.

Wang, Z., Xu, Y., Shao, J.,, Wang, J. and Li, R., 2011. Genes associated with 2-
methylisoborneol biosynthesis in cyanobacteria: isolation, characterization, and
expression in response to light. PLoS One, 6(4), p.e18665.

Wang, C., Wang, Z., Qiao, X., Li, Z., Li, F., Chen, M., Wang, Y., Huang, Y. and Cui,
H., 2013. Antifungal activity of volatile organic compounds from Streptomyces
alboflavus TD-1. FEMS microbiology letters, 341(1), pp.45-51.

Weber, T., Blin, K., Duddela, S., Krug, D., Kim, H.U., Bruccoleri, R., Lee, S.Y.,
Fischbach, M.A., Miller, R., Wohlleben, W. and Breitling, R., 2015.
antiSMASH 3.0—a comprehensive resource for the genome mining of
biosynthetic gene clusters. Nucleic acids research, 43(W1), pp.W237-W243.

Wheatley, R.E., 2002. The consequences of volatile organic compound mediated
bacterial and fungal interactions. Antonie Van Leeuwenhoek, 81(1-4), pp.357-
364.

Wu, Y., Yuan, J., Raza, W., Shen, Q. and Huang, Q., 2015. Effects of volatile organic
compounds from Streptomyces albulus NJZJSA2 on growth of two fungal
pathogens. Journal of basic microbiology, 55(9), pp.1104-1117.

Yamada, Y., Kuzuyama, T., Komatsu, M., Shin-ya, K., Omura, S., Cane, D.E. and
Ikeda, H., 2015. Terpene synthases are widely distributed in
bacteria. Proceedings of the National Academy of Sciences, 112(3), pp.857-862.

Yamada, Y., Arima, S., Nagamitsu, T., Johmoto, K., Uekusa, H., Eguchi, T., Shin-ya,
K., Cane, D.E. and lkeda, H., 2015. Novel terpenes generated by heterologous
expression of bacterial terpene synthase genes in an engineered Streptomyces
host. The Journal of antibiotics, 68(6), p.385.

Yuan, J., Raza, W., Shen, Q. and Huang, Q., 2012. Antifungal activity of Bacillus
amyloliquefaciens NJN-6 volatile compounds against Fusarium oxysporum f. sp.
cubense. Applied and environmental microbiology, 78(16), pp.5942-5944.

Ziemert, N., Alanjary, M. and Weber, T., 2016. The evolution of genome mining in
microbes—a review. Natural product reports, 33(8), pp.988-1005.

28



	DAFTAR PUSTAKA

