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					ABSTRACT  

					ARTICLE INFO  

					Actinobacteria are known as major producers of secondary metabolites that are widely applied as  

					anticancer agents. Actinobacteria can be found in various soil habitats, including the soil of the  

					Soraya Research Station, Gunung Leuser National Park, Aceh. This study aimed to explore the  

					soil actinobacteria at the Soraya Research Station, evaluate their potential cytotoxic and anticancer  

					activities, and identify their secondary metabolites. Soil samples were randomly collected from  

					two plots, and the actinobacteria were isolated, purified, and characterized according to standard  

					procedures. The cytotoxic activity of the actinobacteria isolates were evaluated using the Brine  

					Shrimp Lethality Test (BSLT). The anticancer activity of the most cytotoxic isolate was  

					investigated against T47D breast cancer cell line using the MTT (3-(4,5-Dimethylthiazol-2-yl)-  

					2,5-Diphenyltetrazolium Bromide) assay. The secondary metabolites of the most active isolate  

					were identified by Gas Chromatography-Mass Spectrometry (GC-MS) analysis. Seven distinct  

					soil actinobacteria strains (ATS-1 – ATS-7) were successfully isolated and purified from the soil  

					samples. The BSLT revealed that isolate ATS-7 exhibited the highest toxicity with an LC50 of  

					19.91 ppm, indicating potent bioactivity. However, anticancer investigation of ATS-7 supernatant  

					against T47D breast cancer cells demonstrated non-toxic effects, with an IC50 of 556.8 ppm,  

					suggesting limited anticancer efficacy. GC-MS analysis of ATS-7 supernatant identified 13  

					compounds with acetic acid, Acetoin, 2-Propanone (1-Hydroxy-), and 2,3-Butanediol as the most  

					abundant metabolites.  
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					Actinobacteria can produce secondary metabolites that have anticancer,  

					antibiotic, antioxidant, and anti-inflammatory properties.8 Some  

					Introduction  

					In the year 2022, breast cancer accounted for the second-  

					highest number of cancer cases worldwide, with 2.3 million new cases  

					diagnosed.1 According to Lei et al. (2021),2 the annual death rate from  

					breast cancer is 15.5%. Indonesia is one of the countries with the highest  

					number of breast cancer cases. New cases related to breast cancer in  

					Indonesia is about 66,271 accounting for 16.2% out of a total of 408,661  

					cases of cancer, with 22,598 deaths.3 One of the causes of breast cancer  

					is a mutation in the p53 gene. The mutation is expressed by the T47D  

					cell (human ductal breast epithelial tumour cell line), so this cell line is  

					often used for anti-cancer screening.4 One of the most commonly used  

					cancer treatments is chemotherapy. Chemotherapy involves the use of  

					drugs to destroy or slow the growth of cancer cells.5 Chemotherapy  

					treatment has side effects due to toxicity and drug resistance.6 Side  

					effects experienced by patients after chemotherapy include; hair loss,  

					nail discoloration, changes in taste buds, decreased appetite, nausea, and  

					nerve abnormalities.4 Therefore, the discovery and development of  

					more potent, and tolerable anticancer drugs with less side effect is  

					needed to increase chemotherapy tolerance.7  

					secondary metabolites produced by actinobacteria, such as  

					anthracyclines (aclarubicin, daunomycin, doxorubicin), peptides  

					(bleomycin, actinomycin D), aureolic acid (mithramycin), and  

					mitomycins have been clinically tested as sources of anticancer drugs.9  

					Anticancer activity of Actinobacteria have been widely reported in  

					recent decades. Actinobacteria from the genus Streptomyces have been  

					shown to possess anticancer activity against lung cancer cells (A549)10,  

					cervical cancer cells (HeLa)8, and breast cancer cells (MCF7).6 It has  

					also been reported that Streptomyces isolated from caves can inhibit the  

					viability of breast cancer cells (T47D).11 Actinobacteria are the most  

					abundant microorganisms in soil and can live in various ecosystem  

					habitats. The population of actinobacteria in soil reaches up to 106 to  

					109 cells per gram of soil.12 Factors influencing the abundance and type  

					of actinobacteria in soil are the geographical location and  

					physicochemical properties of the soil. Exploration of unexplored soil  

					habitats may lead to the discovery of various actinobacterial taxa with  

					novel secondary metabolites with potential anticancer activity.13  

					One of the unexplored ecosystems for actinobacteria is Soraya Research  

					Station in Gunung Leuser National Park, Kawasan Ekosistem Leuser  

					(KEL), Aceh, Indonesia. Soraya Research Station spans approximately  

					6,000 hectares and boasts a rich diversity of flora and fauna.14 The dense  

					forest and rich plant life at the Soraya Research Station support a  

					diverse array of microorganisms, including actinobacteria, which play  

					a significant role in enhancing soil fertility. Building on this  

					observation, this study aims to explore soil actinobacteria from the  

					Soraya Research Station, which may lead to the discovery of secondary  

					metabolites with anticancer potential. This study evaluated the  

					cytotoxicity of actinobacteria from Soraya Research Station soil against  

					Artemia salina larvae using the Brine Shrimp Lethality Test (BSLT), as  
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					Number of death larvae  

					well as its potential for inhibiting T47D breast cancer cells through the  

					% Mortality =  

					x 100  

					Eq. 1  

					MTT assay. Furthermore, Gas Chromatography-Mass Spectrometry  

					(GC-MS) was conducted to analyze the secondary metabolite profile of  

					the most active isolate. These methodologies are particularly relevant  

					as they offer a comprehensive framework for assessing both the  

					cytotoxic and anticancer properties of actinobacteria, potentially  

					facilitating the development of innovative anticancer drugs.  

					Total number of initial larvae  

					Actinobacterial cultivation and supernatant preparation  

					Actinobacterial isolates with the lowest LC50 values were inoculated on  

					Yeast Malt Agar (YMA) and incubated at 25°C for 14 days.  

					Actinobacterial colonies that grew after 14 days were collected using a  

					12 mm sterile pipette, then inoculated into 150 mL of Yeast Malt (YM)  

					broth in a 250 mL Erlenmeyer flask. The media filled with  

					actinobacterial isolate was incubated using an Environmental Shaker-  

					Incubator ES-20/60 (Biosan, Rusia) for 10 days at 25°C at a speed of  

					150 rpm.16 Thereafter, the suspension was centrifuged at 4,200 rpm at  

					20°C for 20 minutes.20 The supernatant obtained was filtered using filter  

					paper and stored at 4˚C for 3 days.8  

					Materials and Methods  

					Soil sampling  

					Soil samples were collected at Soraya Research Station, Gelombang  

					Village, Sultan Daulat sub-district, Subulussalam, Aceh, Indonesia.  

					This station is located in the Leuser Ecosystem Area (KEL). Samples  

					were collected according to the method commonly used in soil  

					microbiological research, which uses a 20 x 20 m plot.15 Soil sampling  

					was conducted on 11th July 2023. The plots were located at two  

					locations, namely; 02°55'28.33 ‘N - 097°55'49.78 ’E; altitude 112 m  

					(plot 1) and 02°55'22.55 ‘N - 097°55'22.14 ’E; altitude 108 m (plot 2).  

					Each plot was randomly sampled with a soil depth of 10 cm.  

					Environmental parameters such as temperature, pH, and soil moisture  

					were measured in each of three replicates. Soil samples were placed in  

					sterile plastic clips measuring 21 x 15 cm and taken to the Microbiology  

					Laboratory, Faculty of Mathematics and Natural Sciences, Universitas  

					Syiah Kuala, Banda Aceh for further analysis.  

					Cytotoxicity test  

					T47D breast cancer cell culture  

					T47D cell lines were cultured in Roswell Park Memorial Institute  

					(RPMI) d1640 medium, supplemented with 10% Fetal Bovine Serum  

					(FBS), 1% Penicillin-Streptomycin. The cells were incubated at 37°C  

					in a 5% CO2 incubator and observed for 2 to 3 days until 80% confluent.  

					Cell harvesting  

					Cell condition was observed with an inverted microscope. Cells were  

					harvested at 80% confluent. Subsequently, the media was discarded  

					using a micropipette. Cells were rinsed twice using phosphate buffered  

					saline (PBS). The PBS was then discarded, and 3 mL of 0.25% Trypsin  

					EDTA (Gibco, CA, USA) was added. The cells were incubated at 37°C  

					for 5 minutes in a 5% CO₂ incubator. The medium (10 mL) was added  

					to inactivate the Trypsin EDTA. Cells were resuspended and transferred  

					to a 15 mL sterile conical flask, and then centrifuged at 1500 rpm for 5  

					minutes, the supernatant was discarded, and 1 mL of medium was added  

					to resuspend the cells until homogeneous. A 10 µL of the cell  

					suspension was harvested, transferred to a haemocytometer (Neubauer  

					Improved Brigt-Line Blood, Chamber, MARIENFELD, Germany),  

					then observed under a microscope. The number of cells was counted  

					using a counter.  

					Actinobacterial isolation and purification  

					Actinobacterial isolation from Soraya Research Station soil was carried  

					out by serial dilution method. The medium used for actinobacterial  

					isolation was Yeast extract - Malt extract Agar (YMA). Soil samples  

					from ten points were composited first.15 The composite sample (1 g  

					each) was mixed with 100 mL of sterile distilled water until a dilution  

					of 10-1 was obtained. Subsequently, 1 mL of the suspension was mixed  

					with 9 mL of sterile distilled water to obtain serial dilutions ranging  

					from 10-2, 10-3, 10-4, 10-5, and 10-6. The diluted soil samples (0.1 mL  

					each) were then suspended in YMA media using the scatter cup method,  

					then incubated at 30oC for 14 days until the colonies grew. The colonies  

					were purified on YMA media and incubated at 30oC for 14 days until  

					pure isolates were obtained.  

					Cell seeding and treatment with actinobacteria  

					Morphological characterization of Actinobacteria  

					Each well of a 96-well plate was seeded with a cell suspension of 2 x  

					104 cells and incubated at 37°C for 24 hours.21 The cells were treated  

					with actinobacterial supernatant (200 µL) at different concentrations  

					(3.125, 6.25, 12.5, 25, 50, 62.5, 125, 250, 500, and 1000 ppm), each  

					concentration was repeated 3 times. The cells were then incubated in a  

					CO₂ incubator at 37°C for 24 hours.  

					Morphological characterization of actinobacterial isolates was carried  

					out on three different media, namely; Yeast Malt Agar (YMA), Oatmeal  

					Agar (OA), and Yeast Starch Agar (YSA) according to the method  

					described by Fitri et al. (2021).16 Macroscopic characterization  

					consisted of colony morphology, namely; elevation, aerial mycelium  

					colour, substrate mycelium colour, and pigmentation. Microscopic  

					characterization was done by Gram staining and the shape of mycelium  

					was observed using a Swift M18 Compound Microscope (Swift, China)  

					with 1000x magnification.  

					MTT assay  

					The media containing sample treatment from each well was discarded,  

					and a 1% MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium  

					Bromide) reagent (100 µL) was added to each well and incubated for 2-  

					4 hours at 37°C. Thereafter, 100 µL of dimethyl sulfoxide (DMSO) was  

					added to each well to dissolve the formazan crystals formed. The  

					Optical Density (OD) was read using an ELISA reader (Multiskan EX)  

					at a wavelength of 550 nm. Percentage cell viability, and inhibition were  

					calculated using the formula shown in Equation 2 and Equation 3  

					below.  

					Cytotoxicity test  

					Cytotoxicity tests were carried out using the Brine Shrimp Lethality  

					Test (BSLT) methods previously described by Rahayu et al. (2019)17  

					and modified by Fauziah et al. (2022).18 Brine Shrimp Larva were  

					prepared by immersing 1 g of Artemia salina eggs in 2 L of seawater  

					illuminated with an incandescent lamp and aerated for 48 hours.  

					Actinobacterial supernatant of different concentrations; 10, 50, 100,  

					500, and 1000 µg/mL were prepared, and 1 mL of this solution was  

					transferred to a test tube, followed by the addition of seawater  

					containing ten A. salina larvae until the total volume reached 5 mL. The  

					test solution was allowed to stand for 24 hours, then the number of live  

					and dead A. salina larvae was counted. The data obtained was then  

					analyzed to determine the LC50 value. The mortality of A. salina larvae  

					24 hours after treatment serves as an indicator of toxicity levels:  

					concentrations ≤ 30 ppm are considered highly toxic, concentrations  

					from 31 ppm to 1000 ppm are toxic, and concentrations > 1000 ppm are  

					non-toxic.19 The number of dead larvae was counted, and the Lethal  

					Concentration (LC50) value was determined using probit analysis with  

					IBM™ SPSS 25 application after 24 hours. The percentage mortality  

					was calculated using the formula presented in equation 1 below.  

					OD treatment - OD medium control  

					% Viability =  

					x 100%  

					Eq. 1  

					Eq. 2  

					OD cells control- OD medium control  

					OD cells control - OD treatment  

					% Inhibition =  

					x 100%  

					OD cells control  

					Gas Chromatography-Mass Spectrometry (GC-MS) Analysis  

					GC-MS analysis of the actinobacterial supernatant was performed using  

					Shimadzu GC-MS QP2010 Ultra. Actinobacterial supernatant (2 mL)  

					was inserted into the injection port and the device was activated. Helium  

					was used as an inert carrier gas and set at a constant flow rate of 1.30  

					mL/min. The oven temperature was set at 31°C to 300°C. The injection  

					temperature and ion source temperature were 270°C and 200°C,  

					respectively. Interpretation of GC-MS mass spectra was performed  
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					using the National Institute of Standards and Technology 11 (NIST11)  

					and Wiley 7 libraries.  

					average soil moisture of 84%, and an average pH of 5.6. According to  

					Barka et al. (2015),22 the most commonly found actinobacteria belong  

					to the mesophilic group, which thrives at optimal temperatures between  

					25-30°C. Additionally, the ideal pH range for soil actinobacterial  

					growth is 6-9, with the best growth occurring at a pH close to neutral.  

					The soil sample from Soraya Research Station has an average humidity  

					of 84% which is higher than the humidity of the soil sample from Ujung  

					Pancu, Lampageu Village, Peukan Bada, Aceh Besar, which ranges  

					from 10-75%, as well as the humidity of the soil sample from Pocut  

					Meurah Intan Forest Park, which is 50%.  

					Soil samples from Soraya Research Station were found to have acidic  

					pH and high average moisture levels. Soil moisture at Soraya Research  

					Station is high due to its location within the Leuser Ecosystem Area, a  

					tropical rainforest that typically experiences high humidity levels,  

					ranging from approximately 88.8% to 94.3%. Kumalasari et al23  

					explained that the presence of actinobacteria will decrease at pH 5,  

					making actinobacteria acid intolerant. Actinobacteria are also known to  

					be more adaptive to low soil moisture below 80%. The acidic soil pH  

					and high humidity are thought to be strong reasons for the small number  

					of actinobacterial isolates successfully isolated from soil at Soraya  

					Research Station.  

					Statistical analysis  

					Descriptive analysis was conducted, and data presented in the form of  

					tables and figures. The data included the number of actinobacterial  

					isolates, and the results of their macroscopic and microscopic  

					characteristics. Probit analysis using IBM™ SPSS 25 was performed to  

					measure the LC50 value. The analysis of anticancer activity was  

					conducted using the mean value of cell viability and the 50% inhibitory  

					concentration (IC50). Cell viability data and IC50 values were analyzed  

					using Microsoft Excel, followed by four-parameter logistic nonlinear  

					regression analysis using GraphPad Prism 8 software with the following  

					model (Equation 4).  

					bottom + (top - bottom)  

					Y =  

					Eq. 3  

					(

					)

					( LogIC50-x Hill slope  

					1+10  

					Where; y is the percentage inhibition, x is the inhibitory concentration,  

					bottom is the lowest value that can be achieved by the prediction  

					function, top is the highest value that can be achieved by the prediction  

					function, IC50 is the concentration at which 50% inhibition is observed,  

					and hill slope is the slope factor. The data analysis of the GC-MS results  

					was conducted descriptively and presented in the form of figures and  

					tables.  

					Morphological characteristics of actinobacterial isolates  

					(macroscopic and microscopic)  

					Morphological characteristics of actinobacterial isolates both  

					macroscopically and microscopically are presented in Figure 1.  

					Figure 1 shows that colonies of actinobacterial isolates grown on ISP-2  

					or YMA media display a starchy to smooth surface. The shape seen was  

					generally round with flat, raised, and convex elevations, and flat to  

					irregular edges. Isolates ATS-3, ATS-6 and ATS-7 had a starchy and  

					powdery colony structure, while ATS-1, ATS-2, ATS-4 and ATS-5 had  

					a buttery smooth colony structure.  

					The colour of the aerial mycelium produced also varied ranging from  

					white, to brownish to yellow, to gray, and to brown. The characteristics  

					of actinobacterial colonies can be divided into two groups, the first  

					group has a velvety and coloured colony surface, and are able to  

					produce aerial mycelium, while the second group has a smooth and  

					colourless colony surface and does not produce aerial mycelium.13,16  

					The morphological characteristics of actinobacterial isolates both  

					macroscopically and microscopically grown on ISP-2 or YMA media  

					are presented in Table 1.  

					Results and Discussion  

					Actinobacterial isolates  

					Seven actinobacterial isolates (ATS1 - ATS7) derived from soil from  

					Soraya Research Station were successfully obtained from this study.  

					The soil actinobacterial isolates obtained were fewer in number  

					compared to some previous studies. Research by Fitri et al. (2021),16  

					successfully isolated nine actinobacterial isolates from Ujung Pancu  

					soil in Lampageu Village, Peukan Bada, Aceh Besar, while Milda and  

					Yulvizar (2012),13 isolated 24 actinobacterial isolates from soil in Pocut  

					Meurah Intan Grand Forest Park. This difference in numbers is likely  

					related to varying environmental conditions and abiotic factors, such as  

					temperature, pH, and humidity, at each sampling site.  

					Environmental conditions such as pH, temperature, and soil moisture  

					are important factors for the presence of actinobacteria in the soil. The  

					average soil temperature at Soraya Research Station was 25°C, with an  

					Table 1: Morphological characteristics of actinobacterial isolates on ISP-2 or YMA media  

					IsolateCode  

					Mycelium Colour  

					Pigmentation  

					Elevation  

					SporeChains  

					Aerial  

					Vegetative  

					ATS-1  

					ATS-2  

					ATS-3  

					White  

					BrownishYellow  

					Gray  

					White  

					Brown  

					Brown  

					-

					-

					Convex  

					Embossed  

					Flat  

					Nochains  

					Retinaculiaperti(openloops)  

					Verticillate(Biverticillateno  

					spirals)  

					Green  

					ATS-4  

					ATS-5  

					ATS-6  

					ATS-7  

					BrownishWhite  

					Brown  

					Brown  

					Brown  

					Brown  

					Embossed  

					Embossed  

					Embossed  

					Embossed  

					Rectiflexibiles(straight)  

					Retinaculiaperti(irregularspiral)  

					Rectiflexibiles(Flexuous)  

					Verticillate(Biverticillateno  

					spirals)  

					Brown  

					White  

					Brown  

					-

					-

					White  

					BrownishYellow  

					Note: (-) None  

					open loop shape and ATS-5 has a short and irregular spore shape.  

					Isolates ATS-3 and ATS-7 have verticillate type spores (biverticillate  

					without spirals). According to Li et al,25 aerial mycelium has spores  

					with different types of structures, namely; rectiflexibles type, straight  

					or straight, flexous, fasciculated, monovericillate (no spirals),  

					retinaculiaperti type consists of open spiral and closed spiral types,  

					verticillate type has circular and branched spore chains,  

					Monoverticillate (with spirals), Biverticillate (no spirals) and  

					Biverticillate (with spirals).  

					Table 1 shows that actinobacterial isolates have different aerial  

					mycelium shapes under the microscope. This aerial mycelium forms  

					spores which have different structures under the microscope. The shape  

					and characteristics of the aerial mycelium were observed, and isolates  

					ATS-4 and ATS-6 belong to the rectiflexibiles type based on previously  

					reported classification criteria,24,25 where ATS-4 has a straight spore  

					shape and ATS-6 has a flexible or flexuous shape. Isolates ATS-2 and  

					ATS-5 have spores of the retinaculiaperti type, where ATS-2 has an  
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					B

					F

					G

					E

					Figure 1: Macroscopic and microscopic observations of actinobacterial isolates on YMA media, (A) ATS-1, (B) ATS-2, (C) ATS-3,  

					(D) ATS-4, (E) ATS-5, (F) ATS-6 and (G) ATS-7  

					The spore structure of aerial mycelium has characteristics of many  

					branches and long branches such as the spore structure of isolates ATS-  

					3, ATS-6, and ATS-7. In addition, there are spore structures with  

					branched characteristics but short chains such as the spore structures of  

					isolates ATS-2, ATS-4, and ATS-5. Isolate ATS-7 has a spore chain  

					similar to actinobacterial isolates of the genus Streptomyces. The genus  

					Streptomyces has a straight chain spore type and many branches.26  

					Isolate ATS-6 has a spore type similar to the genus Streptomyces, which  

					is multi-branched and intertwined spore chains.25 It has been reported  

					that Streptomyces has a chain of spores that are shaped like a coil,  

					twisted and curved.27 Isolates ATS-6 and ATS-7 also had the same  

					colony surface, which is starchy. Actinobacteria belonging to the genus  

					Streptomyces group have typical colonies that are starchy28.  

					which did not form spore chains. Research has shown that isolates of  

					the genus Micrococcus have colonies that are yellow, orange, red, to  

					white.29  

					Comparatively, isolate ATS-5 had Retinaculiap-type spore chains with  

					irregular and short spiral shapes when observed under a microscope.  

					This isolate had aerial hyphae with short and coil-like spore chains. The  

					characteristics shown by the spore chain of isolate ATS-5 were different  

					from the spore chains of isolates ATS-6 and ATS-7 which were many-  

					branched, long, and coil-shaped. The characteristics shown by the spore  

					chain of isolate ATS-5 were different from the spore chains of isolates  

					ATS-6 and ATS-7 which were many-branched, long, and coil-shaped.  

					It has been shown that actinobacteria with aerial hyphae and short chain  

					spores belong to the genus Nocardia.27  

					Aerial hyphae in isolate ATS-1 did not form spores so that the spore  

					chain was not visible when observed under a microscope. Isolate ATS-  

					1 had macroscopic characteristics in the form of a smooth colony  

					surface structure and did not form spores, which indicated that the  

					isolate belonged to the rare-actinomycetes or non-streptomyces  

					actinobacterial group. The macroscopic and microscopic characteristics  

					of isolate ATS-1 were similar to those of actinobacterial isolate AG13,  

					identified in the work of Armaida and Khotimah.28 This isolate,  

					associated with Porifera (Axinella spp.) from the waters of Lemukutan  

					Island, West Kalimantan, is classified within the genus Micrococcus.  

					The similarity was seen in the colour of aerial mycelium and substrate  

					mycelium of both isolates which were white as well as in the  

					microscopic characteristics of isolate ATS-1 and isolate AG13 both of  

					Growth pattern of actinobacterial isolates on different media (YMA,  

					YSA, and OA media)  

					Morphological characterization was conducted by growing  

					actinobacterial isolates on three different media, namely; Yeast Malt  

					Agar (YMA), Oatmeal Agar (OA), and Yeast Starch Agar (YSA).  

					Morphological characterization is the basic information needed in  

					classifying actinobacteria which includes the colour of the aerial  

					mycelium, the colour of the substrate mycelium and the soluble  

					pigments produced.30 The macroscopic characteristics of  

					actinobacterial isolates grown on three different media (YMA, YSA,  

					and OA) are presented in Table 2.  

					Table 2: Characteristics of actinobacterial isolates on different media  
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					Media  

					Isolate Code  

					Mycelium Colour  

					Pigmentation  

					Elevation  

					Aerial  

					White  

					Vegetative  

					White  

					ATS-1  

					ATS-2  

					ATS-3  

					ATS-4  

					ATS-5  

					ATS-6  

					ATS-7  

					ATS-1  

					ATS-2  

					ATS-3  

					ATS-4  

					ATS-5  

					ATS-6  

					ATS-7  

					ATS-1  

					ATS-2  

					ATS-3  

					ATS-4  

					ATS-5  

					ATS-6  

					ATS-7  

					-

					Convex  

					Embossed  

					Flat  

					Brownishyellow  

					Gray  

					Brown  

					-

					Brown  

					Green  

					YMA  

					Brownishwhite  

					Brown  

					Brown  

					Brown  

					Embossed  

					Embossed  

					Embossed  

					Embossed  

					Flat  

					Brown  

					Brown  

					White  

					Brown  

					-

					White  

					Brownishyellow  

					Brownlight  

					Brown  

					-

					Yellow  

					-

					Yellow  

					-

					Embossed  

					Convex  

					Convex  

					Flat  

					Brownishyellow  

					Brownishyellow  

					White  

					Brownlight  

					Yellow  

					-

					OA  

					-

					Cream  

					-

					Blackish green  

					White  

					White  

					-

					Embossed  

					Convex  

					Convex  

					Embossed  

					Convex  

					Embossed  

					Embossed  

					Convex  

					Convex  

					Brown  

					-

					White  

					Cream  

					-

					Brown  

					Brown  

					-

					Gray  

					Black  

					Green  

					YSA  

					Brown  

					Brown  

					Brown  

					White  

					White  

					-

					-

					-

					Green  

					Greenishgray  

					White  

					Yellowish White  

					Note: (-) None  

					As shown in Table 2, the characteristics of actinobacterial isolates on  

					three different media were different both in terms of mycelium colour,  

					elevation and pigments produced. The colour of aerial mycelium on  

					YMA and YSA media tends to be the same, but the colour was different  

					from OA media. The colour of the vegetative mycelium varied across  

					the three media: YMA tends to be brighter and more homogeneous,  

					while OA and YSA displayed greater diversity. Soluble pigment  

					production by actinobacterial isolates can be seen in YMA and YSA  

					media, but was absent in OA media. Pigments produced by  

					actinobacterial spores affect the colour of actinobacterial isolates.  

					According to Singh and Singh,31 actinobacterial spores will develop  

					into mycelium, change the colour of the media and will produce  

					secondary metabolites when nutrients, temperature, and humidity  

					support their growth. Pigments owned by the spore chain cause colour  

					diversity in actinobacteria.32  

					The different characteristics of actinobacterial isolates grown on YMA,  

					OA, and YSA media show that the composition of each different media  

					affected the growth pattern of actinobacterial isolates. Nurkanto and  

					Agusta,33 described how one isolate exhibited a different mycelium  

					colour, along with variable pigment production when grown on  

					different media. This demonstrates that variations in media composition  

					can influence and alter certain morphological characteristics of  

					actinobacteria. Actinobacterial isolates grow best on YMA media, as  

					indicated by the number of colonies and the highest production of  

					secondary metabolites, such as pigments. ISP-2, or YMA media, has a  

					more complex nutritional composition compared to OA and YSA  

					media, consisting of yeast extract, malt extract, and dextrose. While  

					actinobacterial isolates grow well on YSA media, some isolates are  

					particularly difficult to cultivate on this medium, resulting in longer  

					growth times, similar to those grown on OA media.  

					Cytotoxicity of actinobacterial isolates  

					Toxicity test of actinobacterial isolates from Soraya Research Station  

					soil was conducted using the Brine Shrimp Lethality Test (BSLT). The  

					mortality data of Artemia salina larvae in each replicate showed that the  

					percentage mortality of A. salina larvae increased as the concentration  

					of actinobacterial supernatant increased. Death was indicated by the  

					presence of A. salina bodies at the bottom of the test tube. The death of  

					A. salina larvae is not only influenced by the components of the  

					solution, but also by the concentration of the solution itself. The results  

					of the present study showed that the mortality rate of A. salina larvae  

					was directly proportional to the concentration of the actinobacterial  

					supernatant given, which showed that the mortality rate of larvae and  

					the concentration of the solution had a very close relationship. The  

					cytotoxicity results are presented in Table 3.  

					A. salina mortality data was further used to calculate the LC50 (50%  

					Lethal Concentration) value. The lowest LC50 value was shown by  

					isolate ATS-7 which had a value of 19.91 ppm followed by ATS-2,  

					ATS-5, ATS-4, ATS-6, and ATS-3 with LC50 values of 28.48 ppm,  

					38.83 ppm, 41.93 ppm, 53.15 ppm, and 65.52 ppm, respectively. The  

					highest LC50 value was demonstrated by isolate ATS-1 with a value of  

					149.07 ppm. The lower the LC50 value, the higher the toxicity of the test  

					compound, otherwise the higher the LC50 value, the lower the toxicity  

					level of the compound. A compound has cytotoxic properties if the  

					compound shows an LC50˂1000 ppm.34 Based on this statement, the  

					seven isolates obtained from this study show toxic properties where all  

					isolates have an LC50 value of ˂1000 ppm. According to Meyer et al.,19  

					compounds with LC50 ≤ 30 ppm is highly toxic, when the LC50 is  

					between 31 ppm - 1000 ppm, the compound is toxic, and when LC50  

					˃1000 ppm, the compound is non-toxic. It can be concluded that isolates  

					ATS-2 and ATS-7 are highly toxic with LC50 values ≤ 30 ppm, while  

					isolates ATS-1, ATS-3, ATS-4, ATS-5, and ATS-6 are toxic with LC50  

					Table 3: Cytotoxicity of actinobacterial isolates  
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					Mortality (number)  

					Concentration (ppm)  

					ATS-1  

					0

					ATS-2  

					0

					ATS-3  

					0

					ATS-4  

					0

					ATS-5  

					0

					ATS-6  

					0

					ATS-7  

					0

					0

					10  

					7

					8

					7

					10  

					7

					5

					13  

					50  

					11  

					20  

					14  

					15  

					18  

					14  

					19  

					100  

					13  

					22  

					19  

					17  

					19  

					24  

					25  

					500  

					19  

					28  

					22  

					25  

					28  

					25  

					30  

					100  

					22  

					29  

					25  

					28  

					29  

					25  

					30  

					LC50 (ppm)  

					149.0  

					28.48  

					65.52  

					41.93  

					38.83  

					55.15  

					19.91  

					Note: ppm: parts per million; LC50: Lethal Concentration  

					values ranging from 31 ppm - 1000 ppm. The results also showed that  

					the lowest LC50 value was shown by isolate ATS-7 which was 19.91  

					ppm. Figure 2 shows the linear regression graph of the probit analysis  

					of the percentage mortality of A. salina treated with isolate ATS-7.  

					The linear regression equation obtained through probit analysis is y =  

					1.865x + 2.577. The x value in the equation is the LC50 value and the y  

					value is the probit value of 50%, which is 5. Then the x value which is  

					the LC50 value is 19.91 ppm. As shown in Figure 2, there was a linear  

					relationship between the concentration and the percentage mortality.  

					This indicates that the higher the concentration used, the higher the  

					percentage mortality of A. salina. Study on the cytotoxicity of  

					Pseudonocardia sp. isolates SM1A, obtained an LC50 value of 11.2570  

					μL/mL, which indicated that the isolate has cytotoxic activity and  

					possess potential antitumour activity.35 Actinobacterial isolates coded  

					AJ2 successfully isolated by Rahayu et al have been shown to have  

					cytotoxic activity with LC50 value of 309.358 ppm.36 The research by  

					Fauziah et al found that endophytic bacterial isolate BETD5 from tapak  

					dara leaves exhibited the highest cytotoxic activity at 413.590 ppm.18  

					The BETD5 isolate was subsequently tested for anticancer properties  

					by Fitri et al who revealed an LC50 value of 14.28 ppm, indicating that  

					the isolate is highly toxic to T47D cancer cells.5 Based on the  

					aforementioned findings, the very low LC50 value and associated  

					toxicity suggest that the seven actinobacterial isolates from Soraya  

					Research Station soil may possess anticancer properties.  

					Figure 3: Relationship graph of log concentration versus  

					percentage inhibition  

					Figure 3 shows the relationship between percentage inhibition and log  

					concentration of ATS-7 actinobacterial supernatant. The influence of  

					log supernatant concentration on the percentage inhibition is  

					ascertained from the R square (R2) value or the coefficient of  

					determination. The R square value obtained was 0.9510, which mwans  

					that 95.10% of the inhibition percentage is influenced by the  

					concentration of ATS-7 actinobacterial supernatant. R square or the  

					coefficient of determination is used to measure the variability in the  

					dependent variable that can be explained by the independent variable in  

					the regression model.39 The four parameter logistic nonlinear regression  

					model obtained from this study was used to predict the percentage  

					inhibition or cytotoxicity of ATS-7 actinobacterial supernatant against  

					T47D breast cancer cells. The regression model (Equation 5) obtained  

					is shown below.  

					9

					8

					y = 1.865x + 2.5776  

					7

					6

					5

					4

					3

					2

					1

					Probit  

					R² = 0.9288  

					Linear  

					(Probit)  

					12.46 +(102.0 - 12.46)  

					Y =  

					Eq. 5  

					(

					)

					( LogIC50-x 6.492  

					1+10  

					0

					Based on the regression model, a nonlinear curve was obtained,  

					showing the relationship between the log of actinobacterial ATS-7  

					supernatant concentration and the percentage inhibition as well as the  

					50% inhibitory concentration (IC50) value (Figure 3). The IC50 value  

					obtained from the four-parameter logistic nonlinear regression analysis  

					was 556.8 ppm (µg/mL). Based on these results, the actinobacterial  

					ATS-7 supernatant does not exhibit cytotoxic effects against T47D  

					breast cancer cells. This is in accordance with the toxic compound  

					classification based on IC50 values according to the United States  

					National Cancer Institute (NCI), which are: strong with an IC50 value ≤  

					20 µg/mL, moderate with an IC50 value of 21-200 µg/mL, weak with an  

					IC50 value of 201-500 µg/mL, and non-toxic with an IC50 value > 500  

					µg/mL. Therefore, the actinobacterial supernatant does not have  

					potential as an anticancer agent against T47D cells, as it does not exhibit  

					toxic effects on these cells. One of the factors influencing the IC50 value  

					is the type of cancer cell line.40 Cancer cell lines have specific responses  

					(cell specific responses) to certain anticancer compounds. This suggests  

					0

					1

					2

					3

					4

					Log ppm (concentration)  

					Figure 2: Probit regression graph of Artemia salina larval  

					percentage mortality by isolate ATS-7  

					Anticancer activity of ATS-7  

					The potential of ATS-7 actinobacterial supernatant in inhibiting T47D  

					breast cancer cells was analyzed based on the 50% inhibitory  

					concentration 50% (IC50) value calculated from various concentrations  

					of 3.125, 6.25, 12.5, 25, 50, 62.5, 125, 250, 500, and 1000 ppm. IC50 is  

					one of the parameters that is often calculated using the MTT test to  

					evaluate the sensitivity or resistance of cell lines to anticancer agents.37  

					The IC50 value is the concentration of a compound or drug that reduces  

					cell viability by 50%.38 The IC50 value was obtained from the graph of  

					concentration versus percentage inhibition (Figure 3).  

					63  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, January 2025; 9(1):58 - 66  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					that the actinobacterial ATS-7 supernatant might have potential as an  

					anticancer agent against different types of cancer cell lines.  

					different compound. The types of compounds in the supernatant of  

					actinobacteria ATS-7 were identified based on the MS spectrum data of  

					each peak using the National Institute of Standards and Technology 11  

					(NIST11) and Wiley 7 databases. The identification of the same  

					compounds was carried out to ensure that the spectra of the compounds  

					in the sample were registered with a similarity index of more than  

					80%.41 The results of the GC-MS analysis of the supernatant of  

					actinobacteria isolate ATS-7 is presented in Table 4.  

					Secondary metabolite profile of actinobacteria ATS-7  

					Identification of various compounds in the supernatant of actinobacteria  

					ATS-7 was conducted using Gas Chromatography-Mass Spectrometry  

					(GC-MS) analysis. The GC-MS analysis was based on compound  

					peaks, retention time, percentage area, and similarity index. The number  

					of compounds in the supernatant of actinobacteria ATS-7 is derived  

					from the number of chromatogram peaks. Each peak represents a  

					Table 4: Compounds identified from the Gas Chromatography-Mass Spectrometry (GC-MS) analysis of isolate ATS-7  

					Class of  

					Compound  

					Peak  

					Name of Compound  

					RT (minute)  

					Peak Area (%)  

					1

					2,3-Butanediol  

					3.135  

					0.33  

					Alcohol  

					(CAS) Butane-2,3-Diol  

					2

					3

					4

					5

					6

					7

					Hydrazinium, 1,1,1-trimethyl-  

					Acetic Acid (CAS) Ethylic Acid**  

					2-Propanone, 1-Hydroxy-**  

					2-Butanone,3-Hydroxy-(CAS) Acetoin**  

					Carbonic Acid, Ethyl-, Methyl Ester  

					2,3-Butanediol  

					3.895  

					4.033  

					4.099  

					4.220  

					4.482  

					4.616  

					3.50  

					58.47  

					8.91  

					8.95  

					1.77  

					8.34  

					Cationic  

					Carboxylic acid  

					Ketone  

					Ketone  

					Ester  

					Alcohol  

					(CAS) Butane-2,3-Diol**  

					8

					Propanoic Acid, 2-Hydroxy-, Ethyl Ester (CAS) Ethyl Lactate  

					L-Lactic Acid  

					5.676  

					5.826  

					1.72  

					4.27  

					1.16  

					0.83  

					0.95  

					Ester  

					Carboxylic acid  

					Ester  

					9

					10  

					11  

					12  

					2-Hydroxy-Gamma-Butyrolactone  

					Cyclopropyl Carbinol  

					9.356  

					11.116  

					12.246  

					Alcohol  

					2(3h)-Furanone, Dihydro-4-Hydroxy-  

					Heterocyclic  

					lactone  

					13  

					1,2-Ethanediol,1-(2-Furanyl)-(CAS) Dihydroxyethyl-1-Furan  

					13.189  

					0.81  

					Diol  

					Notes: RT = Retention Time; ** = highest component; CAS = Chemical Abstracts Service  

					to have potential as an anticancer agent against rat gastric mucosa cells  

					(RGK1).44 Acetic acid can increase the effectiveness of photodynamic  

					therapy (PDT) by inducing cancer-specific HCP1 expression through  

					the production of reactive oxygen species (ROS). ROS play an  

					important role in cell signal transduction that regulates protein  

					expression and apoptosis process. To date, no study has reported the  

					anticancer activity of acetic acid against breast cancer cells.  

					Figure 4 shows that there are 13 chromatogram peaks that indicate the  

					number of secondary metabolites in the supernatant of ATS-7  

					actinobacteria. Three compounds belong to the alcohol group (23%),  

					one compound belong to the cationic group (7.7%), two compounds are  

					in the carboxylic acid group (15.4%), two compounds in the ketone  

					group (15.4%), three compounds in the ester group (23%), one  

					compound from the diol group (7.7%), and one compound belong to the  

					heterocyclic lactone group (7.7%). Alcohol, ketone, carboxylic acid  

					(acetic acid (CAS) ethylic acid) and ester group of compounds can be  

					categorized as volatile organic compounds (VOC). This shows that  

					69.1% of the compounds in the supernatant of ATS-7 actinobacteria are  

					VOCs. VOCs are organic metabolites that are volatile at room  

					temperature, have a low molecular weight, low boiling point, and are  

					lipophilic.42 The work of Choudoir et al. revealed 126 unique volatile  

					compounds from the GC-MS analysis of 48 actinobacterial strains.43  

					Most of the compounds were from the C1-C5 class of VOCs, alcohols  

					(oxidized), ketones, esters and compounds containing nitrogen and  

					sulfur. It has been reported that VOCs from the alcohol (6,10-dimethyl-  

					4-undecano) and ester (1,2-benzenedicarboxylic acid bis(2-ethylhexyl)  

					ester) groups produced by Streptomyces have anticancer activity.48  

					The major compound in the supernatant of ATS-7 actinobacteria is  

					acetic acid (CAS) ethylic acid (58.47%). This is similar to the findings  

					of Setyaningrum et al in which the GC-MS analysis of Streptomyces sp.  

					(InaCC A497) revealed acetic acid ethyl ester as the major compound  

					with a percentage peak area of 99.35%.49 Acetic acid has been shown  

					Based on the results of the GC-MS analysis, the three other most  

					abundant compounds in the supernatant of actinobacteria ATS-7 after  

					acetic acid are 2-butanone, 3-hydroxyacetoin (8.95%) at peak 5, and 1-  

					hydroxy-2-propanone (8.91%) at peak 4, and 2,3-butanediol butane-  

					2,3-diol (8.34%) at peak 7. The compound 2,3-butanediol butane-2,3-  

					diol was found in two peaks, namely; peak 1 and peak 7 with retention  

					times of 3.135 min and 4.616 min, respectively. This can occur because  

					the compound is unstable at high temperatures, so the compound  

					undergoes partial decomposition and produces several chromatogram  

					peaks with different retention times. The compound 2,3-butanediol  

					butane-2,3-diol has been shown to possess cytotoxic and anti-EMT  

					effects against 4T1 mice breast cancer cells.45 Anti-EMT is the property  

					of a compound in inhibiting the epithelial-mesenchymal transition  

					(EMT) process, thus preventing the spread and metastasis of cancer  

					cells. An in silico screening of the potential of 2-propanone, 1-hydroxy-  

					or hydroxyacetone in inhibiting Jurkat T leukaemia cells showed a  

					moderate inhibitory activity of hydroxyacetone against Jurkat T cells.46  

					Enterococcus faecalis LD33 supernatant containing the metabolites  

					acetoin, acetic acid, diacetyl, and lactic acid has been shown to inhibit  

					HT-29 colon cancer cells.47 Based on this report, the metabolites of  

					Enterococcus faecalis LD33 supernatant has similarities with the  

					metabolites of ATS-7 actinobacterial supernatant, thus, there is a  

					64  

					© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License  

				

			

		

		
			
				
					
				
			

			
				
					Trop J Nat Prod Res, January 2025; 9(1):58 - 66  

					ISSN 2616-0684 (Print)  

					ISSN 2616-0692 (Electronic)  

					possibility that ATS-7 actinobacterial supernatant also has the potential  

					to inhibit HT-29 colon cancer cells.  
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					Figure 4: Chromatogram of the GC-MS analysis of isolate  
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					Conclusion  

					Seven actinobacterial isolates (ATS-1 to ATS-7) were successfully  

					obtained from soil samples at Soraya Research Station soil. These  

					isolates were found to be highly toxic based on Brine Shrimp Lethality  

					Test (BSLT). Among the isolates, isolate ATS-7 exhibited the highest  

					toxicity with an LC50 value of 19.91 ppm, but demonstrated no  

					cytotoxic effect against T47D breast cancer cells, reflected by an IC50  

					value of 556.8 ppm. GC-MS analysis identified 13 compounds in the  

					ATS-7 supernatant, with acetic acid as the predominant compound  

					(58.47%) along with other volatile organic compounds. These findings  

					indicate the potential of these isolates as anticancer agents, which  

					warrant further investigation, particularly against other cancer cell lines  

					such as gastric and colon cancer.  
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