
DAFTAR PUSTAKA 

Abd-Elnaby, H., Abo-Elala, G., Abdel-Raouf, U., Abd-Elwahab, A., & Hamed, M. 

(2016). Antibacterial and anticancer activity of marine Streptomyces parvus: 

optimization and application. Biotechnol. Biotechnol. Equip., 30 : 180–191. 

Abdella, G., Mirutse, G., Gobena, A., & Adane, W. (2013). In vitro anti-

mycobacterial activity of selected medicinal plants against Mycobacterium 

tuberculosis and Mycobacterium bovis strains. BMC Complement. Altern. Med., 13 

: 1–6.  

Adnani, N., Vazquez-Rivera, E., Adibhatla, S.N., Ellis, G.A., Braun, D.R., Bugni, 

T.S., et al. (2015). Investigation of interspecies interactions within marine 

micromonosporaceae using an improved co-culture approach. Mar. Drugs., 13: 

6082–6098.  

Affolabi, D., Sanoussi, N.D., Odoun, M., Martin, A., Koukpemedji, L., Palomino, 

J.C., et al. (2013). Rapid low-cost identification of Mycobacterium tuberculosis 

complex using p-nitro-benzoic acid (PNB) as inhibitor and the resazurin microplate 

assay (REMA): a preliminary study. Afr. J. Microbiol. Res., 7 : 3135–3138 

Ahsan, T., Chen, J., Wu, Y., Irfan, M., & Shafi, J. (2017). Screening, identification, 

optimization of fermentation conditions, and extraction of secondary metabolites 

for the biocontrol of Rhizoctonia Solani AG-3. Biotechnol. Biotechnol. Equip., 31 

: 91–98.  

Al-Ghazali, L.H., & Omran, R. (2017). Optimization of medium composition for 

antibacterial metabolite production from Streptomyces sp. Asian J. Pharm. Clin. 

Res., 10 : 381–385. 

Altameme, H., Hameed, I.H., & Kareem, M. (2015). Analysis of alkaloid 

phytochemical compounds in the ethanolic extract of Datura stramonium and 

evaluation of antimicrobial activity. African J. Biotechnol., 14 : 1668–1674. 

Altschul, S.F., Madden, T.L., Schaffer, A.A., Zhang, J., Zhang, Z., Miller, W., et 

al. (1997). Gapped BLAST and PSI-BLAST: a new generation of protein database 

search programs. Nucleic Acid Res., 25 : 3389–3402. 

Anahtar, M.N., Bowman, B.A., & Kwon, D.S. (2016). Efficient nucleic acid 

extraction and 16s rRNA gene sequencing for bacterial community 

characterization. J. Vis. Exp., 110 : 1–11. 

Ashforth, E.J., Fu, C., Liu, X., Dai, H., Song, F., Guo, H., et al. (2010). 

Bioprospecting for antituberculosis leads from microbial metabolites. Nat. Prod. 

Rep., 27 : 1709–1719.  

Axenov-Gribanov, D.V., Voytsekhovskaya, I.V., Tokovenko, B.T., Protasov, E.S., 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Gamaiunov, S.V., Rebets, Y.V., et al. (2016). Actinobacteria isolated from an 

underground lake and moonmilk speleothem from the biggest conglomeratic karstic 

cave in Siberia as sources of novel biologically active compounds. PLoS ONE., 11 

: 1–12.  

Ayuso-Sacido, A., & Genilloud, O. (2005). New PCR primers for the screening of 

NRPS and PKS-I systems in Actinomycetes: detection and distribution of these 

biosynthetic gene sequences in major taxonomic groups. Microb. Ecol., 49 : 10–24.  

Azkiyah, S. Z. (2013). Isolasi senyawa aktif antioksidan dari fraksi antioksidan dari 

fraksi n-Heksana tumbuhan paku Nephrolepis falcata (Cav.) C. Chr. Skripsi. 

Jakarta: UIN Syarif Hidayatullah.  

Bajpai, V.K., Majumder, R., & Park, J.G. (2016). Isolation and purification of plant 

secondary metabolites using column-chromatographic technique. Bangladesh J. 

Pharmacol., 11 : 844–848. 

Baltz, R.H. (2007). Antimicrobials from Actinomycetes: Back to the future. 

Microbe, 2 : 125–131. 

Baltz, R.H. (2010). Genomics and the ancient origins of the daptomycin 

biosynthetic gene cluster. J. Antibiot., 63 : 506–511.  

Barka, E.A., Vatsa, P., Sanchez, L., Nathalie Gaveau-Vaillant, C.J., Klenk, H.P., 

Clément, C., et al. (2016). Taxonomy, physiology, and natural products of 

actinobacteria. Microbiol. Mol. Biol. Rev., 80 : 1–43.  

Baskaran, R. Mohan, P.M., Sivakumar, K., & Kumar, A. (2016). Antimicrobial 

activity and phylogenetic analysis of Streptomyces parvulus DOSMB-D105 

isolated from the mangrove sediments of Andaman Islands. Acta Microbiol. 

Immunol. Hung., 63 : 27–46.  

Bekker, V., Dodd, A., Brady, D., & Rumbold, K.. (2014). Tools for metabolic 

engineering in Streptomyces. Bioeng. Bugs., 5 : 293–299.  

Bérdy, J. (2012). Thoughts and facts about antibiotics: Where we are now and 

where we are heading. J. Antibiot., 65 : 385–395. 

Bertrand, S., Schumpp, O., Bohni, N., Monod, M., Gindro, K., & Wolfender, J.L. 

(2013). De novo production of metabolites by fungal co-culture of trichophyton 

rubrum and bionectria ochroleuca. J. Nat. Prod., 76 : 1157–1165. 

Bertrand, S. Bohni, N., Schnee, S., Schumpp, O., Gindro, K., & Wolfender, J.L. 

(2014). Metabolite induction via microorganism co-culture: A potential way to 

enhance chemical diversity for drug discovery. Biotechnol. Adv., 32 : 1180–1204.  

Bethesda. (2017). Dactinomycin. In Livertox: Clinical and Research Information 

on Drug Induced Liver Injury [Internet]., pp. 1–7. Tersedia di 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



https://www.ncbi.nlm.nih.gov/books/, diakses pada tanggal 5 Juni 2020 

Bibb, M.J. (2005). Regulation of secondary metabolism in Streptomycetes. Cur. 

Opin. Microbiol., 8 : 208–215.  

Bode, H.B., Bethe, B., Höfs, R, & Zeeck, A. (2002). Big effects from small changes: 

Possible ways to explore nature’s chemical diversity. ChemBioChem, 3 : 619–627. 

Box, S.J., Cole, M., & Yeoman, G.H. (1973). Prasinons A and B: Potent insecticides 

from Streptomyces prasinus. Appl. Microbiol., 26 : 699–704.  

Braña, A.F., Rodríguez, M., Pahari, P., Rohr, J., García, LA., & Blanco, G. (2014). 

Activation and silencing of secondary metabolites in Streptomyces albus and 

Streptomyces lividans after transformation with cosmids containing the 

thienamycin gene cluster from Streptomyces cattleya. Arc. Microbiol., 196 : 345–

355.  

Breitling, R., Ceniceros, A., Jankevics, A., & Takano, E. (2013) Metabolomics for 

secondary metabolite research. Metabolites, 3 : 1076–1083.  

Bucar, F., Wube, A., & Schmid, M. (2013). Natural product isolation-how to get 

from biological material to pure compounds. Nat. Prod. Rep., 30 : 525–545.  

Bunalema, L., Kirimuhuzya, C., Tabuti, J.R.S., Waako, P., Magadula, J.J., Otieno, 

N., Orodho, J.A,. et al. (2012). The efficacy of the crude root bark extracts of 

Erythrina abyssinica on rifampicin resistant Mycobacterium tuberculosis. Afr. 

Health Sci., 11 : 587–593.  

Bwanga, F., Joloba, M.L., Haile, M., & Hoffner, S. (2010). Evaluation of seven 

tests for the rapid detection of multidrug-resistant tuberculosis in Uganda. Int. J. 

Tuberc. Lung. Dis., 14 : 890–895 

Cai, W., Wang, X., Elshahawi, S.I., Ponomareva, L.V., Liu, X., McErlean, M.R., 

Cui, Z., et al. (2016). Antibacterial and cytotoxic actinomycins Y1-Y9 and Zp From 

Streptomyces sp. Strain Go-GS12. J. Nat. Prod., 79 : 1–21.  

CDC. (2018). Tuberculosis. CDC, tersedia di 

https://www.cdc.gov/tb/topic/basics/default.htm, diakses pada tanggal 1 Agustus 

2020. 

Chandrakar, S., & Gupta, A.K. (2019). Actinomycin-producing endophytic 

Streptomyces parvulus associated with root of aloe vera and optimization of 

conditions for antibiotic production. Probiotics Antimicrob. Proteins, 11 : 1055–

1069.  

Charousová, I., Medo, J., Hleba, L., Císarová, M., & Javoreková, S. (2019). 

Antimicrobial activity of Actinomycetes and characterization of actinomycin-

producing strain KRG-1 isolated from Karoo, South Africa. Brazilian J. Pharm. 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Sci., 55 : 1–11.  

Chen, C., Song, F., Wang, Q., Abdel-Mageed, W.M., Guo, H., Fu, C., et al. (2012). 

A marine-derived Streptomyces sp. MS449 produces high yield of actinomycin X2 

and actinomycin D with potent anti-tuberculosis activity. Appl. Microbiol. 

Biotechnol., 95 : 919–927.  

Chen, C., Wang, J., Guo, H., Hou, W., Yang, N., Ren, B., et al. (2013) Three 

antimycobacterial metabolites identified from a marine-derived Streptomyces sp. 

MS100061. Appl. Microbiol. Biotechnol., 97 : 3885–3892.  

Ciulli, A., Scott, D.E., Ando, M., Reyes, F., Saldanha, S.A., Tuck, K.L., et al. 

(2008). Inhibition of Mycobacterium tuberculosis panthothenate synthetase by 

analogues of the reaction intermediate. Chembiochem., 9(16): 2606-2611 

CLSI. (2018). Performance standards for susceptibility testing of Mycobacteria, 

Nocardia spp., and other aerobic Actinomycetes, 1st edition CLSI supplement M62. 

Wayne, PA: Clinical and Laboratory Standards Institute 

Conradie, F., Diacon, A.H., Ngubane, N., Howell, P., Everitt, D., Crook, A.M., et 

al. (2020). Treament of highly drug-resistant pulmonary tuberculosis. N. Eng. J. 

Med., 382 : 893-902 

Cos, P., Vlietinck, A.J., Berghe, D., Vanden, & Maes, L. (2006). Anti-infective 

potential of natural products: How to develop a stronger in vitro “proof-of-

concept”. J. Ethnopharmacol., 106 : 290–302.  

Cox, E. & Laessig, K. (2014). FDA approval of bedaquline - the benefit-risk 

balance for drug-resistant tuberculosis. N. Engl. J. Med., 371: 689-691 

Cumsille, A., Undabarrena, A., González, V., Claverías, F., Rojas, C., & Cámara, 

B. (2017). Biodiversity of actinobacteria from the South Pacific and the assessment 

of Streptomyces chemical diversity with metabolic profiling. Mar. Drugs., 15 : 1–

21.  

Desai, S.S., & Phatak, A.A. (2010). Study of growth pattern of Actinomycetes 

species in various nutrient medium. Int. J. Pharm. Pharm. Sci., 2 : 42–45. 

Dias, D.A., Jones, O.A.H., Beale, D.J., Boughton, B.A., Benheim, D., Kouremenos, 

K.A., et al. (2016). Current and future perspectives on the structural identification 

of small molecules in biological systems. Metabolites, 6 : 1–29.  

Djinni, I., Defant, A., Kecha, M., & Mancini, I. (2013). Metabolite profile of 

marine-derived endophytic Streptomyces sundarbansensis WR1L1S8 by liquid 

chromatography-mass spectrometry and evaluation of culture conditions on 

antibacterial activity and mycelial growth. J. Appl. Microbiol., 116 : 39–50.  

Doroghazi, J.R., & Metcalf, W.W. (2013). Comparative genomics of Actinomycetes 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



with a focus on natural product biosynthetic genes. BMC Genomics, 14. 

Drobniewski, F., Rüsch-Gerdes, S., & Hoffner, S. (2007). Antimicrobial 

susceptibility testing of Mycobacterium tuberculosis (EUCAST document E.DEF 

8.1) - Report of the subcommittee on antimicrobial susceptibility testing of 

Mycobacterium tuberculosis of the European Committee for Antimicrobial 

Susceptibility Te. Clin. Microbiol. Infect., 13 : 1144–1156.  

Elyashberg, M., & Williams, A.J. (2015) Computer-Based Structure Elucidation 

from Spectral Data, Lecture Notes in Chemistry. Berlin: Springer-verlag. 

Engelhardt, K., Degnes, K.F., Kemmler, M., Bredholt, H., Fjaervik, E., 

Klinkenberg, G., et al. (2010). Production of a new thiopeptide antibiotic, TP-1161, 

by a marine Nocardiopsis species. Appl. Environ. Microb., 76 : 4969–4976.  

Escher, S.K.S., de Sousa Júnior, J.J.V., Dias, A.L., de Amorim E.L.C., &  Araújo, 

J.M. (2016). Influence of glucose and stirring in the fermentation process in order 

to produce anti-candida metabolites produced by Streptomyces sp. Brazilian J. 

Pharm. Sci., 52 :. 265–272.  

Euanorasetr, J., Nilvongse, A., Tantimavanich, S., Nihira, T., Igarashi, Y., & 

Panbangred W. (2010). Identification and characterization of soil-isolated 

Streptomyces SJE177 producing actinomycin Southeast Asian J. Trop. Med. Public 

Health, 41 : 1177–1187. 

Evangelopoulos, D., & McHugh, T.D. (2015). Improving the tuberculosis drug 

development pipeline. Chem. Biol. Drug Des., 86 : 951–960.  

Felsenstein, J. (1985). Confidence Limits on Phylogenies: an Approach Using the 

Bootstrap. Evolution, 39 : 783–791.  

Fleming, I., & Williams, D. (2019). Spectroscopic methods in organic chemistry. 

7th ed., Cham: Springer Nature Switzerland AG.  

Forner, D,. Berrué, F., Correa, H., Duncan, K., & Kerr RG. (2013). Chemical 

dereplication of marine Actinomycetes by liquid chromatography – high resolution 

mass spectrometry profiling and statistical analysis. Anal. Chim. Acta., 805 : 70–

79. 

Franzblau, S.G., Degroote, M.A., Cho, S.H., Andries, K., Nuermberger, E., Orme, 

I.M., et al. (2012). Comprehensive analysis of methods used for the evaluation of 

compounds against Mycobacterium tuberculosis. Tuberculosis, 92 : 453–488.  

Fuloria, N.K., & Fuloria, S. (2013). Structural elucidation of small organic 

molecules by 1D, 2D and multi dimensional-solution NMR spectroscopy. J. Anal. 

Bioanal. Tech., 11 : 1–8.  

Gallo, M., & Katz, E. (1972). Regulation of secondary metabolite biosynthesis: 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



catabolite repression of phenoxazinone synthase and actinomycin formation by 

glucose.  J. Bacteriol., 109 : 659–667.  

Gaudêncio, S.P., & Pereira, F. (2015). Dereplication: Racing to speed up the natural 

products discovery process. Nat. Prod. Rep., 32 : 779–810.  

Giampaglia, C.M.S., Martins, M.C., Chimara, E., Oliveira, R.S., Vieira, G.B.D.O., 

Marsico, A.G., et al. (2007). Differentiation of Mycobacterium tuberculosis from 

other mycobacteria with p -nitrobenzoic acid using MGIT960. Int. J. Tuberc. Lung 

Dis., 11: 803–807. 

Ginting, M.K. (2012) Validasi metode LC-MS/MS untuk penentuan senyawa asam 

trans, trans-mukonat, asam hippurat, asam-2-metil hippurat, asam-3-metil hippurat, 

asam-4-metil hippurat dalam urin sebagai biomarker paparan benzena, toluena, dan 

xilena. Skripsi. Jakarta: Universitas Indonesia. 

Gohain, A., Gogoi, A., Debnath, R., Yadav, A., Singh, B.P., Gupta, V.K., et al. 

(2015). Antimicrobial biosynthetic potential and genetic diversity of endophytic 

Actinomycetes associated with medicinal plants. FEMS Microbiol. Lett., 362: 1–10. 

Gontang, E.A., Gaudêncio, S.P., Fenical, W., & Jensen, P.R. (2010). Sequence-

based analysis of secondary-metabolite biosynthesis in marine actinobacteria. Appl. 

Environ. Microbiol., 76 : 2487–2499. 

Gonzalez-Pimentel, J.L., Jurado, V., Laiz, L., & Saiz-Jimenez, C. (2019). Draft 

genome sequence of a granaticin-producing strain of Streptomyces parvus isolated 

from a roman tomb in the necropolis of Carmona, Spain. Microbiol. Res, Announc., 

8 : 4–5.  

Graça, A.P., Viana, F., Bondoso, J., Correia, M.I., Gomes, L., Humanes, M., et al. 

(2015). The antimicrobial activity of heterotrophic bacteria isolated from the marine 

sponge Erylus deficiens (Astrophorida, Geodiidae). Front. Microbiol., 6 : 1–14.  

Grange, J.M., Yates, M.D., & de Kantor, I.N. (1996). World Health Organization: 

Guidelines for speciation within the Mycobacterium tuberculosis complex, second 

ed. WHO: Geneva 

Graziani, V., Scognamiglio, M., Belli, V., Esposito, A., D’Abrosca, B., Chambery, 

A., et al. (2018). Metabolomic approach for a rapid identification of natural 

products with cytotoxic activity against human colorectal cancer cells. Sci. Rep., 8 

: 1–11.  

Green, K.D., & Garneau-Tsodikova, S. (2013). Resistance in tuberculosis: What do 

we know and where can we go? Front. Microbiol., 4 : 1–7.  

Hall, B. G. (2013). Building phylogenetic trees from molecular data with MEGA. 

Mol. Biol. Evol., 30 : 1229–1235.  

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Hamada, M., Shibata, C., Nurkanto, A., Ratnakomala, S., Lisdiyanti, P., Tamura, 

T., et al. (2015). Serinibacter tropicus sp. nov., an actinobacterium isolated from 

the rhizosphere of a mangrove, and emended description of the genus Serinibacter. 

Int. J. Sys. Evol. Microbiol., 65 : 1151–1154.  

Hamza, A.A. Ali, H.A., Clark, B.R., Murphy, C.D., & Elsheikh, A. (2013). Isolation 

and characterisation of actinomycin D producing Streptomyces spp. from Sudanese 

soil. African J. Biotechnol., 12 : 2624–2632.  

Heidari, B. & Mohammadipanah, F. (2018). Isolation and identification of two 

alkaloid structures with radical scavenging activity from Actinokineospora sp. 

UTMC 968, a new promising source of alkaloid compounds. Mol. Biol. Rep., 45 : 

2325–2332. 

Hill, C.R., Cole, M., Errington, J., Malik, G., Boddy, A.V.,  & Veal, G.J. (2014). 

Characterisation of the clinical pharmacokinetics of actinomycin D and the 

influence of ABCB1 pharmacogenetic variation on actinomycin D disposition in 

children with cancer. Clin. Pharm., 53 : 741–751.  

Hoshinoa, S., Zhang, L., Awakawa, T., Wakimoto, T., Onaka, H., & Abe, I.. (2014). 

Arcyriaflavin E, a new cytotoxic indolocarbazole alkaloid isolated by combined-

culture of mycolic acid-containing bacteria and Streptomyces cinnamoneus NBRC 

13823. J. Antibiot., 68 :. 342–344.  

Hoshinob, S., Wakimoto, T. Wakimoto T, Onaka, H., & Abe, I. (2015). 

Chojalactones A-C, cytotoxic butanolides isolated from streptomyces sp. cultivated 

with mycolic acid containing bacterium. Org. Lett., 17 : 1501–1504.  

Hoshino, S., Okada, M., Wakimoto, T., Zhang, H., Hayashi, F., Onaka, H., et al. 

(2015). Niizalactams A-C, multicyclic macrolactams isolated from combined 

culture of Streptomyces with mycolic acid-containing bacterium. J. Nat. Prod., 78 

: 3011–3017.  

Hu, D., Chen, Y., Sun, C., Jin, T., Fan, G., Liao, Q., et al. (2018). Genome guided 

investigation of antibiotics producing actinomycetales strain isolated from a Macau 

mangrove ecosystem. Sci. Rep., 8 : 1–12.  

Hubert, J., Nuzillard, J., & Renault, J. (2015). Dereplication strategies in natural 

product research: How many tools and methodologies behind the same concept? 

Phytochem. Rev. 11 : 1 -41 

Hug, J.J., Bader, C.D., Remskar, M., Cirnski, K., & Muller, R. Concepts and 

methods to access novel antibiotics from Actinomycetes. Antibiot., 7 : 1 -47 

Hurwitz, J., Furth, J.J., Malamy, M., & Alexander, M. (1962). The role of 

deoxyribonucleic acid in ribonucleic acid synthesis III  the inhibition of the 

enzymatic synthesis of ribonucleic acid and deoxyribonucleic acid by actinomycin 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



D and proflavin. PNAS., 48: 1222-1230 

Isnaeni, I., Kusumawati, I., Suwito, M.F., Darmawati, A., & Mertaniasih, N.M. 

(2016). Antimicrobial activity of Streptomyces spp. isolated from vegetable 

plantation soil. J. Biol. Res., 21 : 69–74. 

Isnaeni, I., Warsito, M.F., Nasution, N.E., Merthaniasih. N.M., Poernomo, A.T., 

Fairuz, D., et al. (2017). Antibacterial activity of butanol extract from cell free 

fermentation broth of Streptomyces spp . isolated from vegetable plantation soil. 

Res. J. Pharm. Biol. Chem. Sci., 8 : 1921–1927. 

Istianto, Y., Koesoemowidodo, R.S.A., Saputra, H., Watanabe, Y., Pranamuda,  H., 

& Marwoto, B. (2012). Application of phenol pretreatment for the isolation of rare 

Actinomycetes from Indonesian soil. Microbiol. Indones., 6 : 42–47.  

Ito, T., Odake, T., Katoh, H., Yamaguchi, Y., Aoki, M. (2011). High-throughput 

profiling of microbial extracts. J. Nat. Prod., 74 : 983–988.  

Jacob, J., Rajendran, R.U., Priya, S.H., Purushothaman, J., Saraswathy Amma, 

D.K.B.N., (2017). Enhanced antibacterial metabolite production through the 

application of statistical methodologies by a Streptomyces nogalater NIIST A30 

isolated from Western Ghats forest soil. PLoS ONE, 12 : 1–21.  

Jagielski, T., Bakuła, Z., Brzostek, A., Minias, A., Law Stachowiak, R., Kalita, J., 

et al. (2018). Characterization of mutations conferring resistance to rifampin in 

mycobacterium tuberculosis clinical strains. Antimicrob. Agents Chemother., 62 : 

1–16. 

Janin, Y. L. (2007). Antituberculosis drugs: Ten years of research. Bioorganic Med. 

Chem., 15 : 2479–2513.  

Javadi, A., Shamaei, M., Ziazi, L.M., Pourabdollah, M., Dorudinia, A., 

Seyedmehdi, S.M., et al. (2014). Qualification study of two genomic DNA 

extraction methods in different clinical samples. Tanaffos, 13 : 41–47. 

Kang, H.K., Seo, C.H., & Park, Y. (2015). Marine peptides and their anti-infective 

activities. Mar. Drugs, 13 : 618–654.  

Katz, E., & Goss, W.A. (1958). Influence of amino acids on actinomycin 

biosynthesis.  Nature, 182 : 1668–1669. 

Keller, U., Lang, M., Crnovcic, I., Pfennig, F., & Schauwecker, F. (2010) ‘The 

actinomycin biosynthetic gene cluster of Streptomyces chrysomallus: A genetic hall 

of mirrors for synthesis of a molecule with mirror symmetry. J. Bacteriol., 192 : 

2583–2595. 

Kemenkes. (2012). Petunjuk Teknis Pemeriksaan Biakan, Identifikasi, dan Uji 

Kepekaan Mycobacterium tuberculosis pada Media Padat. Jakarta: Kementerian 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Kesehatan RI. 

Kemenkes. (2014). Pedoman Nasional Pengendalian Tuberkuolsis. Edited by T. N. 

Dinihari and V. Siagian. Jakarta: Kementerian Kesehatan RI. 

Khanna, M., Solanki, R., & Lal, R. (2011). Selective isolation of rare Actinomycetes 

producing novel antimicrobial compounds. Int. J. Adv. Biotech. Res., 2 : 357–375. 

Khieu, T., Liu, M., Nimaichand, S., Quach, N., Chu-Ky, S., Phi, Q., et al. (2015). 

Characterization and evaluation of antimicrobial and cytotoxic effects of 

Streptomyces sp. HUST012 isolated from medicinal plant Dracaena 

conchinchinensis Lour. Front. Microbiol., 6: 1-9 

Kiranmayi, M.U., Sudhakar, P., Sreenivasulu, K., Vijayalakshmi, M. (2011). 

Optimization of culturing conditions for improved production of bioactive 

metabolites by Pseudonocardia sp. VUK-10. Mycobiology, 39 : 174–181.  

Knight, V., Sanglier, J.J., DiTullio, D., Braccili, S., Bonner, P., Waters, J., et al. 

(2003). Diversifying microbial natural products for drug discovery. Appl. 

Microbiol. Biotechnol., 62 : 446–458.  

Kottege, J. (2007). Evaluation of the active DIMETHENAMID – P in the product 

FRONTIER – P HERBICIDE. Canberra : Australian Pesticides and Veterinary 

Medicines Authority. 

Koul, A., Arnoult, E., Lounis, N., Guillemont, J., & Andries, K. (2011). Nature., 

469 : 483–490.  

Kresge, N., Simoni, R.D., & Hill, R.L. (2004). Selman Waksman: the Father of 

Antibiotics.  J. Biol. Chem., 279 : e7–e7. 

Kumar, S., Stecher, G., & Tamura, K. (2016). MEGA7: Molecular Evolutionary 

Genetics Analysis version 7.0 for bigger datasets. Mol. Biol. Evol., 33 : 1870–1874.  

Kurnijasanti, R. (2013). Potensi Streptomyces sp. isolat tanah rumah kompos 

Bratang Surabaya sebagai anti tuberkulosis secara in vitro menggunakan metode 

turbidimetri. In Prosiding Musyawarah Nasional Ke II Asosiasi Farmakologi dan 

Farmasi Veteriner Indonesia. Surabaya: Indonesia Veterinary Pharmacy and 

Pharmacology Association (IVPPA), pp. 24–28.  

Kwan, E.E. & Huang, S.G. (2008). Structural elucidation with NMR spectroscopy: 

Practical strategies for organic chemists. European J. Org. Chem., 16 : 2671–2688.  

Lackner, H., Bahner, I., Shigematsu, N., Pannell, L.K., & Mauger, A.B. (2000) 

Structures of five components of the actinomycin Z complex from Streptomyces 

fradiae, two of which contain 4-chlorothreonine. J. Nat. Prod., 63 : 352–356. 

Lacobino, A., Fattorini, L., & Giannoni, F. (2020). Drug-resistant tuberculosis: 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



where we stand. Appl. Sci., 10: 1-17 

Lade, B.D., Patil, A.S., Paikrao, H.M., Kale, A.S., & Hire, K.K. (2014). A 

comprehensive working, principles and applications of thin layer chromatography. 

Res. J. Pharm. Biol. Chem. Sci., 5 : 486–503. 

Lahlou, M. (2013). The success of natural products in drug discovery. Pharmacol. 

Pharm., 04 : 17–31.  

Lau, S.S., Dias, R.P., Martin-culet, K.R., Race, N.A., Schammel, M.H., Reber, 

K.P., et al. (2018). 1,3,5_Trimethoxybenzene (TMB) as a new quencher for 

preserving redox-labile disinfection byproducts and for quantifying free chlorine 

and free bromine. Environ. Sci. Water Res. Technol, 4 : 926–941. 

Lee, H., & Suh, J.W. (2016). Anti-tuberculosis lead molecules from natural 

products targeting Mycobacterium tuberculosis ClpC1. J. Ind. Microbiol. 

Biotechnol., 43 : 205–212.  

Lee, J.H., Kim,Y.G, Lee, K., Kim, C.J., Park, D.J, Ju, Y.,. et al. (2016). 

Streptomyces-derived actinomycin D inhibits biofilm formation by Staphylococcus 

aureus and its hemolytic activity. Biofouling, 32 : 45–56.  

Lisdiyanti, P., Ratnakomala, S., Ridwan, R., Widyastuti, Y., Otoguro, M., & 

Katsuhiko, A. (2011). Ecological study of rare-Actinomycetes in soils and leaf-

litters. Ann. Bogor., 15 : 31–36. 

Liu, M. Jia, Y., Xie, Y., Zhang, C., Ma, .J, Sun, C., & Ju, J. (2019). Identification 

of the actinomycin D biosynthetic pathway from marine-derived Streptomyces 

costaricanus SCSIO ZS0073. Mar. Drugs, 17 : 1–13.  

Liu, X., Ashforth, E., Ren, B., Song, F., Dai, H., Liu, M., et al. (2010). 

Bioprospecting microbial natural product libraries from the marine environment for 

drug discovery. J. Antibiot., 63 : 415–422.  

Maharani, T., Sukandar, D., & Hermanto, S. (2016). Karakterisasi senyawa hasil 

isolasi dari ekstrak etil asetat daun namnam (Cynometra Cauliflora L.) yang 

memiliki aktivitas antibakteri. J. Kim. V., 2 : 55–62.  

Mahyarudin, Rusmana, I., & Lestari, Y. (2015). Metagenomic of Actinomycetes 

based on 16S rRNA and nifH genes in soil and roots of four Indonesian rice 

cultivars using PCR-DGGE. HAYATI J. Biosci., 22 : 113–121.  

Mammo, F., & Endale, M. (2015). Recent trends in rapid dereplication of natural 

product extracts: an update. J. Coast. Life Med., 3 : 178–182.  

Mangamuri, U.K., Poda, S, Naragani, K., & Muvva, V. (2012). Influence of cultural 

conditions for improved production of bioactive metabolites by Streptomyces 

cheonanensis VUK-A isolated from coringa mangrove ecosystem. Curr. Trends 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Biotechnol Pharm., 6 : 99–111. 

Manivasagan, P., Venkatesan, J., Sivakumar, K., & Kim, S.K. (2013). Marine 

actinobacterial metabolites: Current status and future perspectives. Microbiol. Res., 

168 : 311–332.  

Marmann, A. Aly A.H, Lin, W., Wang, B., & Proksch, P. (2014). Co-cultivation - 

A powerful emerging tool for enhancing the chemical diversity of microorganisms. 

Mar. Drugs, 12 : 1043–1065. 

Martin, A., & Palomino, J.C. (2012). Drug susceptibility testing for Mycobacterium 

tuberculosis-Colorimetric Redox Indicator ( CRI ). Procedure Manual. 

Matlock, B. (2015). Assessment of Nucleic Acid Purity. Technical Bulletin 

NanoDrop Spectrophotometers. Wilmington: Thermo Fisher Scientific, pp. 1–2. 

McGuire, A.M., Weiner, B., Park, S.T., Wapinski, I., Raman, S., Dolganov, G., et 

al. (2012). Comparative analysis of mycobacterium and related Actinomycetes 

yields insight into the evolution of Mycobacterium tuberculosis pathogenesis. BMC 

Genomics, 13 : 1–27.  

Miao, V., Coëffet-LeGal, M.F., Brian, P., Brost, R., Penn, J., Whiting, A., et al. 

(2005). Daptomycin biosynthesis in Streptomyces roseosporus: Cloning and 

analysis of the gene cluster and revision of peptide stereochemistry. Microbiology, 

151 : 1507–1523.  

Monciardini, P., Iorio, M., Maffioli, S., Sosio, M., & Donadio, S. (2014). 

Discovering new bioactive molecules from microbial sources. Microb. Biotechnol., 

7 : 209–220.  

Morbidoni, H.R. Vilchèze, C., Kremer, L., Bittman, R., Sacchettini,  J.C, & Jacobs, 

WR (2006). Dual inhibition of mycobacterial fatty acid biosynthesis and 

degradation by 2-alkynoic acids. Chem. Biol., 13 : 297–307.  

Munawaroh, A.L., Hidayati, D.Y.N., & Utami, Y.W. (2015). Comparative study of 

coco blood malachite green culture media with lowenstein jensen (LJ) for apid 

diagnostic, specific, and sensitive on sputum of tuberculosis suspect patient. Maj. 

Kesehatan FKUB, 2 : 79–91. 

Munro, M.H.G., Blunt, J.W., Dumdei, E.J., Hickford, S.J.H., Lill, R.E., Li, S., et 

al. (1999). The discovery and development of marine compounds with 

pharmaceutical potential. J. Biotechnol., 70 : 15-25 

Narayana, K.J.P., & Vijayalakshmi, M. (2008). Optimization of antimicrobial 

metabolites production by Streptomyces albidoflavus. Res. J. Pharm., 2 : 4–7. 

Nuñez, A., Sapozhnikova, Y., & Lehotay, S. J. (2018). Characterization of MS/MS 

product ions for the differentiation of structurally isomeric pesticides by high-

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



resolution mass spectrometry. Toxics, 6 : 1–12. 

Nurlaila, E. & Tukiran (2017). Analysis of spektrofotometri UV-VIS and FT-IR 

from isolation of compounds chloroform extract of plant salam bark (Syzygium 

polyanthum). UNESA J. Chem., 6 : 4–7. 

Olano, C. (2011). Hutchinson’s legacy: Keeping on polyketide biosynthesis. J. 

Antibiot., 64 :. 51–57. 

Olano, C., García, I., González, A., Rodriguez, M., Rozas, D., Rubio, J., Sánchez-

Hidalgo, M., et al. (2014). Activation and identification of five clusters for 

secondary metabolites in Streptomyces albus J1074. Microb. Biotechnol., 7 : 242–

256.  

Omura, S,. Iwai, Y., Takahashi, Y., Sadakane, N., Nakagawa, A., Oiwa, H., et al. 

(1979). Herbimycin, a new antibiotic produced by a strain of streptomyces. J. 

Antibiot., 32 : 255–261.  

Õmura, S., & Crump, A. (2004). The life and times of ivermectin - A success story. 

Nat. Rev. Microbiol., 2 : 984–989.  

Onaka, H., Mori, Y., Igarashi, Y., & Furumai, T. (2011). Mycolic acid-containing 

bacteria induce natural-product biosynthesis in Streptomyces species.  Appl. 

Environ. Microbiol., 77 :. 400–406. 

Ovation Pharmaceuticals. (2008). Cosmegen® Dactinomycin for Injection. USA  

Palomino, J.C., Martin, A., & Portaels, F. (2007). Rapid drug resistance detection 

in Mycobacterium tuberculosis: a review of colourimetric methods. Clin. 

Microbiol. Infect., 13: 754–762 

Pauli, G.F., Chen, S.N., Friesen, J.B., McAlpine, J.B., & Jaki, B.U., et al. (2012). 

Analysis and purification of bioactive natural products: The AnaPurNa study. J. 

Nat. Prod., 75 : 1243–1255.  

Pavlopoulos, G.A., Soldatos, T.G., Barbosa-Silva, A., & Schneider, R. (2010). A 

reference guide for tree analysis and visualization. BioData Min., 3 : 1–16.  

Pettit, R. K. (2011). Small-molecule elicitation of microbial secondary metabolites. 

Microb. Biotechnol., 4 : 471–478.  

Praveen, V. et al. (2008). Production of actinomycin-D by the mutant of a new 

isolate of Streptomyces sindenensis. Braz. J. Microbiol., 39 : 689–692. 

Praveen, V., & Tripathi, C.K.M. (2009). Studies on the production of actinomycin-

D by Streptomyces griseoruber - A novel source. Lett. Appl. Microbiol., 49 : 450–

455.  

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Primanita, M., Tri Wahyudi, A., & Lestari, Y. (2015). 16S rRNA-based 

metagenomic analysis of endophytic Actinomycetes diversity from Tinospora 

crispa L. Miers. Microbiol. Indones, 9 : 25–34.  

Rahman, M. A., Islam, M. Z., & Islam, M.A.U. (2011). Antibacterial activities of 

actinomycete isolates collected from soils of Rajshahi, Bangladesh. Biotechnol. 

Res.Int. 2011 : 1–6.  

Rahman, M.M., Ahmad, S.H., Mohamed, M.T.M., & Ab Rahman, M.Z. (2014) 

Antimicrobial compounds from leaf extracts of Jatropha curcas, Psidium guajava, 

and Andrographis paniculata. Sci. World J., 2014.  

Rakhmawatie, M.D., Wibawa, T., Lisdiyanti, P., Pratiwi, W.R., Mustofa.. (2019). 

Evaluation of crystal violet decolorization assay and resazurin microplate assay for 

antimycobacterial screening. Heliyon, 5 : e02263.  

Ramos, D.F., Leitão, G.G., Costa, F.D.N,, Abreu, L., Villarreal, J.V., Leitão, S.G., 

et al. (2008). Investigation of the antimycobacterial activity of 36 plant extracts 

from the brazilian Atlantic Forest. Braz. J. Pharm. Sci., 44: 669–674.  

Rante, H. Wahyono, Murti,Y.B., Alam, G. (2010). Purifikasi dan karakterisasi 

senyawa anti- bakteri dari Actinomycetes asosiasi spons terhadap bakteri patogen 

resisten. Maj. Farma. Indones., 21 : 158–165. 

Rao, M. Wei, W., Ge, M., Chen, D., & Sheng, X. (2013). A new antibacterial 

lipopeptide found by UPLC-MS from an actinomycete Streptomyces sp. 

HCCB10043. Nat. Prod. Res., 27 :190–2195.  

Ratnakomala, S., Lisdiyanti, P., Prayitno, N.R., Triana, E., Lestari, Y., Hastuti, 

R.D., et al. (2016). Diversity of Actinomycetes from Eka Karya Botanical Garden, 

Bali. Biotropia, 23 : 42–51.  

Reina, J.C., Perez-Victoria, I.,Martin, J., & Llamas I. (2019). A quorum-sensing 

inhibitor strain of Vibrio alginolyticus blocks Qs-controlled phenotypes in 

Chromobacterium violaceum and Pseudomonas aeruginosa. Mar. Drugs, 17 : 1–

18. 

Rhee, K.H. (2002). Isolation and characterization of Streptomyces sp. KH-614 

producing anti-VRE (vancomycin-resistant enterococci) antibiotics. J. Gen. Appl. 

Microbiol., 48 : 321–327. 

Rodriguez, G. Ma., & Neyrolles, O. (2014). Metallobiology of Tuberculosis. 

Microbiol Spectr., 2 : 1--17.  

Romano, S., Jackson, S,A., Patry, S., & Dobson, A.D.W. (2018). Extending the 

“one strain many compounds” (OSMAC) principle to marine microorganisms. Mar. 

Drugs, 16 : 1–29.. 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Romero-Rodríguez, A. Maldonado-Carmona, N., Ruiz-Villafán, B., Koirala, N., 

Rocha, D., & Sánchez, S. (2018). Interplay between carbon, nitrogen and phosphate 

utilization in the control of secondary metabolite production in Streptomyces’, 

Antonie van Leeuwenhoek, Int. J. Gen. Mol. Microbiol., 111 : 761–781.  

Rosica, P. (2015). Eksplorasi gen polyketide synthase dan identifikasi molekuler 

bakteri endofit akar Ageratum conyzoides L. Skripsi. Jakarta : Universitas 

Pendidikan Indonesia.  

Ruiz, B. Chávez, A., Forero, A., García-Huante, Y., Romero, A,, Snchez, M.et al. 

(2010). Production of microbial secondary metabolites: Regulation by the carbon 

source Crit. Rev. Microbiol., 36 : 146–167.  

Saitou, N., & Nei, M. (1987). The neighbor-joining method: a new method for 

reconstructing phylogenetic trees. Mol. Biol. Evol., 4 : 406–425.  

Sánchez, J.G.B., & Kouznetsov, V.V. (2010). Antimycobacterial susceptibility 

testing methods for natural products research. Braz. J. Microbiol., 41 : 270–277. 

Schena, E., Nedialkova, L., Borroni, E., Battaglia, S., Cabibbe, A.M., Niemann, S., 

et al. (2016). Delamanid susceptibility testing of Mycobacterium tuberculosis using 

the resazurin microtitre assay and the BACTECTM MGITTM 960 system. J. 

Antimicrob. Chemother, 71 : 1532–1539.  

Schmitzer, P.R., Graupner P.R., Chapin, E.L., Fields, S.C., Gilbert, J.R., Gray, J.A., 

et al. (2000). Ribofuranosyl triazolone: A natural product herbicide with activity on 

adenylosuccinate synthetase following phosphorylation. J. Nat. Prod., 63 : 777–

781. 

Schoenian, I., Spiteller., M., Ghaste, M., Wirth., R., Herz. H., & Spiteller, D. 

(2011).  Chemical basis of the synergism and antagonism in microbial communities 

in the nests of leaf-cutting ants. Proceedings of the National Academy of Sciences 

of the United States of America, 108 : 1955–1960.  

Schrey, S.D. Erkenbrack, E., Früh, E., Fengler, S., Hommel, K., Horlacher, N., et 

al. (2012). Production of fungal and bacterial growth modulating secondary 

metabolites is widespread among mycorrhiza-associated streptomycetes. BMC 

Microbiol., 12 : 1–14.  

Sengupta, S., Pramanik, A., Ghosh, A., & Bhattacharyya, M. (2015). Antimicrobial 

activities of Actinomycetes isolated from unexplored regions of Sundarbans 

mangrove ecosystem. BMC Microbiol., 15 : 1–16. 

Sharma, M. & Manhas, R.K. (2019). Purification and characterization of 

actinomycins from Streptomyces strain M7 active against methicillin resistant 

Staphylococcus aureus and vancomycin resistant Enterococcus. BMC Microbiol., 

19 : 1–14. 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Shepherd, M.D., Kharel, M.K., Bosserman, M.A., & Rohr, J. (2010). Laboratory 

maintenance of streptomyces species. Curr. Prot. Microbiol., 18 : 1–10.  

Shetty, P.R., Buddana, S.K., Tatipamula, V.B., Naga, Y.V.V., & Ahmad, J. (2014) 

Production of polypeptide antibiotic from Streptomyces parvulus and its 

antibacterial activity. Braz. J. Microbiol., 45 : 303–312.  

Singh, R., Dwivedi, S.P., Gaharwar, U.S., Meena, R., Rajamani, P., & Prasad, T. 

(2020). Recent updates on drug resistance in Mycobacterium tuberculosis. J. Appl. 

Microbiol., 128 : 1547-1567 

Singh, V., & Tripathi, C. K.  (2013). Isolation and characterization of actinomycin 

V and D from a new Isolate of Streptomyces sp. In International Conference and 

Exhibition on Pharmacognosy, Phytochemistry, and Natural Products. Hyderabad, 

p. 261. 

Sivakumar, C., & Jeganathan, K. (2018). Phytochemical profiling of cat whisker’s 

(Orthosiphon stamineus) tea leaves extract. J. Pharmacog. Phytochem., 7 : 1396–

1402. 

Son, S.Y., Lee, S., Singh, D., Lee, N.R., Lee, D.Y., & Lee, C.H. (2018). 

Comprehensive secondary metabolite profiling toward delineating the solid and 

submerged-state fermentation of Aspergillus oryzae KCCM 12698. Front. 

Microbiol., 9 : 1–12.  

Sousa, M.D.F.V.D.Q., Lopes, C.E,. & Pereira, N. (2001). A chemically defined 

medium for production of actinomycin D by Streptomyces parvulus. Brazilian. 

Arch. Biol. Technol., 44 : 227–231.  

Sousa, M.F.V.Q., Lopes, C.E. and Pereira, N. (2002). Development of a bioprocess 

for the production of actinomycin-D. Brazilian J. Chem. Eng., 19 : 277–285.  

Srinivasan, R. Karaoz, U, Volegova, M, MacKichan, J, Kato-Maeda, M, Miller, S. 

et al. (2015). Use of 16S rRNA gene for identification of a broad range of clinically 

relevant bacterial pathogens. PLoS ONE, 10 : 1–22. 

Srinu, M., Kumar, M.M.K., & Shankar, G.G. (2013). Actinomycin D from marine 

sediment associated Streptomyces Capillispiralis MTCC10471. Asian J. Pharm. 

Res. Health Care, 5 : 16–23. 

Starkey, L.S. (2020). 1H-NMR chemical shift. Pomona: California State 

Polytechnic University. Tersedia di 

https://www.cpp.edu/~lsstarkey/courses/NMR/NMRshifts1H-general.pdf diakses 

pada tanggal 7 Agustus 2020. 

Subramani, R., & Aalbersberg, W. (2012).  Marine Actinomycetes: An ongoing 

source of novel bioactive metabolites. Microbiol. Res., 167 : 571–580.  

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Sulistiyani, T. R., & Widhyastuti, N. (2011). Isolasi, seleksi, dan identifikasi 

molekuler aktinomisetes penghasil antibiotik. Widyariset, 14 : 541–548. 

Sulistyani, M., &  Huda, N. (2017). Optimasi pengukuran spektrum vibrasi sampel 

protein menggunakan spektrofotometer fourier tranform infrared (FT-IR). 

Indonesian J. Chem. Sci., 6 : 173–180. 

Sulistyani, N. (2013). Keragaman isolat Actinomycetes berdasarkan analisis RFLP 

terhadap gen NRPS. J. Ilm. Kefarmasian, 3 : 81–94. 

Sung, A.A. (2016). Upregulation of Antibiotic Activity of a Streptomyces sp. Via 

Co-Cultures with Challenge Pathogens. Theses. University of Connecticut.  

Talukdar, M., Bordoloi, M., Dutta, P.P., Saikia, S., Kolita, B., Talukdar, S. et al. 

(2016). ‘Structure elucidation and biological activity of antibacterial compound 

from Micromonospora auratinigra, a soil Actinomycetes. J. Appl. Microbiol., 121 

:  973–987.  

Tamura, K., & Nei, M. (1993). Estimation of the number of nucleotide substitutions 

in the control region of mitochondrial DNA in humans and chimpanzees. Mol. Biol. 

Evol., 10. 

Tatsuno, S., Arakawa, K. & Kinashi, H. (2007). Analysis of modular-iterative 

mixed biosynthesis of lankacidin by heterologous expression and gene fusion. J. 

Antibiot., 60 : 700–708.  

Tormo, J. R. García, J.B., DeAntonio, M., Feliz, J., Mira, A., Díez, M.T., et al. 

(2003). A method for the selection of production media for actinomycete strains 

based on their metabolite HPLC profiles. J. Ind. Microbiol. Biotechnol., 30 : 582–

588.  

Trezzi, J., Jäger, C., Galozzi, .S, Barkovits, K. Marcus, K., & Mollenhauer, B. 

(2017). Metabolic profiling of body fluids and multivariate data analysis. 

MethodsX, 4 : 95–103.  

Ueda, K., & Beppu, T. (2017). Antibiotics in microbial coculture. J. Antibiot., 70 : 

361–365.  

Usha, R. Ananthaselvi, P., Venil, C.K., & Palaniswamy, M.. (2010). Antimicrobial 

and antiangiogenesis activity of Streptomyces parvulus KUAP106 from mangrove 

soil. Eur. J. Biol. Sci., 2 : 77–83. 

Viegelmann, C,. Margassery, L.M., Kennedy, J., Zhang, T., O’Brien, C., O’Gara, 

F. et al. (2014). Metabolomic profiling and genomic study of a marine sponge-

associated Streptomyces sp. Mar. Drugs, 12 : 3323–3351. 

Waldron, C. Matsushima, P., Rosteck, P.R., Broughton, M.C., Turner, J., Madduri, 

K.,  et al. (2001). Cloning and analysis of the spinosad biosynthetic gene cluster of 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Saccharopolyspora spinosa. Chem. Biol., 8 : 487–499.  

Wang, X., Huang, L, Kang, Z., Buchenauer, H., Gao, X. (2010). Optimization of 

the fermentation process of actinomycete strain Hhs.015(T). J. Biomed. Biotechnol. 

2010 : 1–10. 

Wardani, I.G.A.A.K., Andayani, D.G.S., Sukandar, U., Sukandar, E.Y., Adnyana 

IK. (2013). Study on antimicrobial activity of Nocardia sp. strain TP1 isolated from 

Tangkuban Perahu Soil, West Java, Indonesia. Inter. J. Pharm. Pharm. Sci., 5 : 

713–716. 

Weber, T,. & Kim, H. U. (2016). The secondary metabolite bioinformatics portal: 

Computational tools to facilitate synthetic biology of secondary metabolite 

production. Synt Syst Biotechnol., 1 : 69–79.  

Wei, Z., Xu, C., Wang, J., Lu, F., Bie, X., & Lu, Z. (2017). Identification and 

characterization of Streptomyces flavogriseus NJ-4 as a novel producer of 

actinomycin D and holomycin.  PeerJ., 7.  

Wiener, P. (1996). Experimental studies on the ecological role of antibiotic 

production in bacteria. Evol. Ecol, 10 : 405–421.  

Williams, D.H. & Fleming, I. (2008). Spectroscopic methods in organic chemistry 

6th Edition. United Kingdom: McGraw-Hill International 

Wolfender, J.L., Nuzillard, J.M., Van Der Hooft, J.J.J., Renault, J.H., & Bertrand, 

S. (2019). Accelerating metabolite identification in natural product research: toward 

an ideal combination of liquid chromatography-high-resolution tandem mass 

spectrometry and NMR profiling, in silico databases, and chemometrics.  Anal. 

Chem., 91 : 704–742.  

WHOa. (2019). Global tuberculosis report. Geneva: WHO Press. 

WHOb. (2019). Rapid communication: key changes to the treatment of drug-

resistant tuberculosis. Geneva: WHO 

WHOa. (2020). Tuberculosis. Tersedia di https://www.who.int/health-

topics/tuberculosis#tab=tab_1, diakses pada tanggal 1 Agustus 2020 

WHOb. (2020). WHO consolidated guidelines on tuberculosis. Module 4: 

Treatment- drug-resistant tuberculosis treatment. Geneva: WHO 

Yang, Y., Gao, P., Liu, Y., Ji, X., Gan, M., & Guan, Y. (2011). A discovery of novel 

Mycobacterium tuberculosis pantothenate synthetase inhibitors based on the 

molecular mechanism of actinomycin D inhibition. Bioorganic Med. Chem. Lett., 

21 : 3943–3946.  

Yang, Z., & Rannala, B. (2012). Molecular phylogenetics: Principles and practice’, 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



Nat Rev. Gen., 13 : 303–314. 

Yoon, V. & Nodwell, J.R. (2014). Activating secondary metabolism with stress and 

chemicals. J. Ind. Microbiol Biotechnol., 41 : 415–424.  

Zhang, Ye X,, Chai, W., Lian, X.Y., & Zhang, Z.X. (2016). New metabolites and 

bioactive actinomycins from marine-derived Streptomyces sp. ZZ338. Mar. Drugs, 

14 : 1–9.  

Zhang, Z., Schwartz, S., Wagner, L., & Miller, W. (2000). A greedy algorithm for 

aligning DNA sequences. J. Comput. Biol., 7 : 203–214.  

Zhao, W.Y., Zhu, T.J., Fan, G.T., Liu, H.B., Fung, Y.C., Gu, Q.Q., et al. (2010). 

Three new dioxopiperazine metabolites from a marine-derived fungus Aspergillus 

fumigatus Fres. Nat. Prod. Res., 24 : 953–957.  

Zhu, C.H., Lu, F.P., He, Y.N., Han, Z.L., & Du, L.X. (2007). Regulation of 

avilamycin biosynthesis in Streptomyces viridochromogenes: Effects of glucose, 

ammonium ion, and inorganic phosphate. Appl. Microbiol. Biotechnol., 73 : 1031–

1038. 

Zhu, H., Sandiford, S.K., & Van Wezel, G.P. (2014). Triggers and cues that activate 

antibiotic production by Actinomycetes. J. Ind. Microbiol. Biotechnol., 41 : 371–

386.  

Ziemert, N., & Jensen, P.R. (2012). Phylogenetic approaches to natural product 

structure rediction Physiol. behav., 176 : 139–148.  

Zuck, K.M., Shipley, S., & Newman, D.J. (2011). Induced production of N-formyl 

alkaloids from Aspergillus fumigatus by co-culture with Streptomyces peucetius. J. 

Nat. Prod., 74 : 1653–1657.  

 

 

ISOLASI DAN UJI AKTIVITAS SENYAWA ANTIMIKOBAKTERIUM DARI ACTINOMYCETES INDONESIA
MAYA DIAN R, Prof. Dr. Mustofa, M.Kes., Apt; Prof. dr. Tri Wibawa, Sp.MK(K)., Ph.D
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/


