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Abstract: Brine shrimp lethality assay was employed as the primary screening for bioactivity
possessing Streptomyces isolated from tropical soil. The isolates with high larvicidal activities were
then tested for anti-tumor activities against various human cell lines. Out of the total 459- isolates,
3 isolates including 442, 449 and 145(2010) showed strong brine shrimp larvicidal activities.
Identification of these strains by 16S rDNA sequence analysis indicating 442, 449 and 145(2010) were
closely related to S. griseoruber, S. antibioticus and S. sparsogenes, respectively. They were capable
of producing high brine shrimp larvicidal activity when grown on cheap and abundantly available
carbon sources which were cassava starch for 442 and 449 and partially hydrolyzed cassava starch
for 145(2010). When tested  against human cell lines, the crude ethyl acetate extracts from 442 and
449 had stronger anti-tumor activity against hepato carcinoma (HEP-G2), gastric carcinoma (KATO-3)
and breast carcinoma (BT747) than  that  of  the  reference  compound,  doxorubicin  hydrochloride.
The crude extract from 145(2010) had moderate activity but it showed selectivity against gastric
carcinoma, colon carcinoma and hepato carcinoma. Moreover, all extracts had low cytotoxicity against
fibroblast, the control normal cell. Preliminary analysis of the crude extracts using mass spectroscopic
technique indicated that 442 and 449 possessed similar major components but they were different from
those of 145(2010). This work demonstrated that these strains have high potential as anti-cancer drugs
producers. 
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INTRODUCTION

Actinomycetes, important sources of new bioactive compounds, are Gram-positive bacteria found in
different environments around the world including fresh water, terrestrial and marine environments. Their
physiological and biochemical activities are varied depending on ecological and geographical conditions.
Among them, streptomycete is the most fruitful genus which many members of this genus produced a large
number of bioactive compounds extensively used as pharmaceuticals and agrochemicals. These included
avermectins, the well known commercial pesticides, from S. avermitilis (Burg et al., 1979), polyketide
antibiotics from S. ambofaciens, S. thermotolerans, and S. fradiae (Hopwood, 1997), mitomycin from S.
lavendulae (Sheldon et al., 1999) and oligomycin A, a potential anti-cancer drug, from a new strain of S.
avermitilis (Lin et al., 2009), and bioactive compounds against plant pathogens from S. ambergiensis, S.
rubrogriseus and S. griseogromogenes (Dolotkeldieva and Totubaeva, 2006).

The exploration of new soils and habitats for streptomycetes- screening may lead to the discovery of
strains producing novel bioactive compounds useful for pharmaceutical and/or agrochemical application. Thai
soil is also a rich source of Streptomyces, and here we have focused on searching for strains possessing
bioactivity. Brine shrimp lethality assay is known to be an efficient, rapid and inexpensive test for biocides
and it requires only small amount of sample. This bioassay has a good correlation with cytotoxic, pesticidal
and insecticidal  activities. Hence it had been used as a preliminary tool for detection and isolation of bioactive
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compounds from plant extracts (Krishnaraju et al., 2005; Ogunnusi and Dosumu, 2008) and from
microorganisms such as the discovery of insecticidal antibiotics from marine Streptomyces sp.173 which this
bacteria was later identified as S. avermitilis (Xiong et al., 2004 and 2005) and new insecticidal antibiotics,
hydroxyfungerins A and B, produced by Metarhizium sp. FKI-1079 (Uchida et al., 2005). Thus in this work
we employed brine shrimp lethality assay to screen for bioactivity possessing Streptomyces isolated from Thai
soil which is located in the tropical zone and limited work on Streptomyces exploitation has been performed.
Moreover, detection for anti-tumor activity against human cancer cell lines was also carried out with the culture
extracts of the brine shrimp-active strains. 

MATERIALS AND METHODS

Isolation of Streptomyces: 
Soils samples were collected from different areas in various parts of Thailand including grass-covered land,

garden and orchards. The samples were suspended in sterile distilled water (1 g in 10 ml), serially diluted up
to 10-4 and spread (0.1 ml) onto selective humic acid-vitamin agar medium as described by Hayakawa and
Nonomura (1987). Representative colonies were picked up and isolated to pure cultures using Bennett agar
medium. Morphological characteristics of the isolates were accomplished according to Bergey’s Manual (2000).
The 16S rRNA genes of the selected strains were analyzed. The genes were amplified from the genomic DNA
of the selected strains using STR1F (5'-TCACGGAGAGTTTGATCCTG-3') and STR1530R (5'-
AAGGAGATCCAG CCGCA-3') primers (Kataoka et al.,1997). Direct sequencing was carried out with the
PCR product using the same PCR primers. In order to cover both strands of the PCR fragment completely,
another set of primers, ATT025 (5'-TTAGATACCCTGGTAGTCCA-3') and ATT026 (5'-
TGGACTACCAGGGTATCTAATC-3') annealing in the middle of the 16S rDNA amplicons were used for
sequencing towards 3’- and 5’- ends respectively. The DNA sequencing reactions were performed by Macrogen
(Korea). The pure isolates were stored at -20o C as spore suspension in sterile 20% (v/v) glycerol prepared
as described by Kieser et al. (2000). 

Cultivation Conditions and Preparation of Crude Culture Extracts: 
For primary screening, the isolates were grown for 7 days or until mature colonies were obtained on

modified Luria-Bertani (LB) agar medium consisted of gl-1: glucose 1, yeast extract 2, NaCl 5, KNO3 3.8, and
agar 18. The culture extracts were prepared according to Xiong et al. (2004) by picking out 1cm2 of the colony
with agar under sterile condition and put in 1.5 ml-sterile microcentrifuge tube. One ml of sterile de-ionized
water was added into the tube and kept at 4o C for 18 h, then centrifuged at 13,420xg for 5 min and the
supernatant was used as a test solution for brine shrimp bioassay.

For bioactivity determination of the isolates grown in liquid medium, seed culture was prepared by
inoculating 100 μl of spore suspension (108 spores ml-1) into 30 ml of the modified LB medium and incubating
at 30oC with agitation speed of 250 rpm for 18 h. Ten percent (v/v) of the seed culture was inoculated into
the same medium except containing 0.5% glucose and incubated under the same conditions as above for the
period of time as indicated in the results. The culture was then extracted with equal volume of ethyl acetate,
the upper layer was evaporated to dryness, dissolved in 1 ml of water and 50 ppm of this solution was used
for brine shrimp bioassay. For the effect of different carbon sources on bioactivity production, glucose was
replaced by different carbon sources and incubation was for 3 days.

For cytotoxicity determination, the selected isolates were grown in liquid medium in the presence of
optimal carbon source for each isolate and preparation of the culture extracts was performed similarly as above.

Determination of Mycelial Protein Content: 
Mycelia were harvested from 10 ml of the cell culture by centrifugation at 10,000xg for 20 min and

washed twice with de-ionized water. They were mechanically disrupted in a mortar in the presence of equal
amount of alumina and the cell paste was extracted with de-ionized water as described by Pinphanichakarn
et al. (2004).  The supernatant obtained after removing the cell debris was used for protein determination as
described by Lowry et al. (1951) and expressed as mg protein per liter of the culture medium.

Brine Shrimp Bioassay: 
Brine shrimp bioassay was performed as described by Xiong et al. (2004).  In brief, brine shrimp eggs

were hatched in a 1:2 mixture of sea water : de-ionized water. After 24 h, the hatched nauplii suspension was
left to stand for 1 h without aeration, and the nauplii were collected by pipetting from middle layer of solution
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in which most of the nauplii were swimming. The 0.2 ml nauplii suspension (9-15 larvae) were pipetted into
separate wells of a plastic 96-well plate. The 0.2 ml of test solution was added to 96-well plate filled with 0.2
ml of a suspension of brine shrimp solution. Mortality of brine shrimps was checked for 24 h or as indicated
in the results and expressed as % mortality calculated as shown below. 
%Mortality = (No.of dead or stopped swimming brine shrimp/total No.of brine shrimps) x 100

Cytotoxicity Test by MTT Method: 
Bioassay of cytotoxicity of the crude extracts from the selected strains against human cell cultures in vitro

was performed by the MTT [3-(4,5)-dimethylthiazol-2,5-diphenyltetrazolium bromide] colorimetric method
(Twentyman et al., 1987; Carmichael et al., 1987). Human cell cultures used included gastric carcinoma
(KATO-3), colon carcinoma (SW620), breast carcinoma (BT474), human hepatocarcinoma (HEP-G2) and lung
carcinoma (CHACO), whereas fibroblast (Hs 27) was used as a control normal cell. Cells were diluted to 105

cells/ml. The culture extracts were dissolved with few drops of DMSO and diluted with water to make the
concentration of DMSO less than 0.1%, added into 96-well plates and incubated at 37oC for 5 days. MTT
solution (2 mg/ml) was added into each well and incubated at 37oC for 4 h. After 20 min, the optical density
was measured by microtiter plate reader at 510 nm. Doxorubicin hydrochloride was used as a positive control
and DMSO was used as a negative control.

Preparation of Hydrolyzed Cassava Starch: 
Partial hydrolyzed cassava starch was prepared as follows: 50 g of cassava starch was suspended in 100

ml of deionized water and adjusted to pH 6.0. 
α-Amylase (BAN® 480L from Novo Nordisk, Denmark) was added to the slurry at 0.2 KNU/ g of starch.

The reaction mixture was incubated at 70oC for 5 or 10 min as indicated in the results, after that it was
transferred to boiling water bath for 5 min. The supernatant was determined for reducing sugars by using
dinitrosalisylic acid as described by Miller (1959) and expressed as percentage of dextrose equivalent (% DE)
calculated as shown below. (% DE = the amount of reducing sugars x 100/solid content). 

MS Analysis of Crude Culture Extracts: 
HPLC/ESI-ITMS was performed on an HP1100 system (Hewlett-Packard, Palo Alto, Ca. USA) connected

to a Bruker Esquire ion-trap mass spectrometer (Bruker Daltonik GmbH, Bremen, Germany) equipped with
an ESI ion source. Samples (10 μl) were injected and the column was eluted with acetonitrile at 0.2 ml/min.
The ion optics and ion-trap settings were adjusted by the ‘smart’ option of the software.  For each analysis,
settings for compound stability was up to 80%, for trap drive was 120%, and target mass  was to the actual
mass of the analyte (m/z 1100 when analyzing mixtures). Ions were scanned in the range of m/z 100-1500 at
a scan speed of 13,000 Da/s, and 15 scans were averaged for each spectrum. The maximum number of ions
allowed in the ion trap was set to 15,000 with a maximum acquisition time of 50 ms.

RESULTS AND DISCUSSION

Screening for Streptomyces Strains Possessing Brine Shrimp Larvicidal Activity:
From the primary screening of the total 459-Streptomyces isolates cultivated on agar medium, five isolates

(1.1%) showed high brine shrimp larvicidal activity as shown in Table 1. Of the 5 isolates, strains from
different parts of Thailand which were 442 (from orchard in the central part), 449 (from garden in urban
Bangkok) and 145(2010) (from orchard in the northern part) had potent activities. They were then selected for
further study on the production of biological activity and their 16S rRNA gene sequences were analyzed.
Comparison of the 16S rRNA gene sequences with those retrieved from the GenBank data base showed that
449 had 100% similarity to Streptomyces antibioticus whereas 442 and 145(2010) had 99.487% and 99.058%
similarity to Streptomyces griseoruber and Streptomyces sparsogenes, respectively. Their 16S rRNA gene
sequences were deposited in GenBank under the accession Nos.GU458297 for 442, GU458299 for 449 and
GU458296 for 145(2010).

Bioactivity of the Selected Streptomyces spp. Grown in Liquid Medium: 
Streptomyces spp. 442, 449 and 145(2010) were grown in modified LB-medium containing 0.5% glucose

as a carbon source. The cultures were extracted with ethyl acetate and tested for brine shrimp larvicidal
activity. The crude extracts from all isolates possessed larvicidal activity and the most potent was from 449
whereas the least potent was from 145(2010) as shown in Figure 1. The bioactivities of these strains seemed
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Table 1: Brine shrimp assay of aqueous extracts from Streptomyces isolates.
Isolate. Mortality (%)
*Control 0
174 35
375 60
442 100
449 100
145(2010) 100
* Aqueous extract of the agar medium in the absence of Streptomyces was used as a control.

Fig. 1: Brine shrimp assay of crude  culture extracts(A) and mycelial protein contents (B) of Streptomyces
 spp. 442 ("), 449 (G) and 145(2010) (Δ) grown in modified LB medium containing 0.5% (w/v)
glucose.

to be associated with growth phase. Although, our findings were not agreed with those who reported that onset
of antibiotic biosynthesis was commonly observed in the stationary phase of growth  (Granozzi et al., 1990;
Neumann et al., 1996) or in the second growth phase of Streptomyces (Manteca et al., 2008) but they were
agreed with Du et al. (2003) who reported growth associated production of antibiotic by Rhizopus chinesis 12.
Moreover, Hobbs et al. (1990) studying methylenomycin production by S. coelicolor A3(2) also reported that
secondary metabolite production could be associated with either growth or stationary phase depending upon
the nutritional environments in which the producing organism is grown. 

Effect of Different Carbon Sources on Bioactivity Producing Ability: 
As antibiotic production is found to be dependent on medium composition and fermentation conditions

(Theobald, 2000; Xiong et al., 2004), we therefore tested for the effect of different carbon sources including
sucrose, dextrin and starch from different sources on bioactivity producing ability of these strains. It was
observed that 449 gave 100% brine shrimp larvicidal activity when assayed for 24 h with all of the carbon
sources tested (data not shown). Thus to see the effect of each carbon source on its bioactivity producing
ability, brine shrimp assay was reduced to only 3 h. As shown in Table 2, 442 and 449 could efficiently
produce bioactivity when grown on starch from various sources which differed from 145(2010) that produced
highest activity when grown on dextrin. This might be due to 145(2010) had lower activity of starch
hydrolyzing enzymes resulting in less efficiency to utilize starch as a carbon source. 

As cassava starch is cheap and abundantly available in Thailand, it was then chosen as a carbon source
for its concentration optimization for bioactivity production by 442 and 449. By varying the concentration of
cassava starch from 0.25-2.0% (w/v), it was found that the concentration of 1.5% yielded maximal activity for
both strains (data not shown). For 145(2010), as dextrin which is a low molecular weight carbohydrate derived
from starch hydrolysis was the best carbon source, we therefore, tested for the possibility of using partially
hydrolyzed cassava starch as a carbon source. As shown in Figure 2, 145(2010) grown on hydrolyzed cassava
starch having 38% DE gave higher activity than that of the 45% DE-hydrolyzed starch. When compared the
DE contents of the hydrolyzed starch-preparations to that of dextrin which we analyzed to be about 30%, it
indicated that hydrolyzed cassava starch having DE content close to that of dextrin will be the suitable carbon
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Table 2: Effect of different carbon sources in culture medium on brine shrimp larvicidal activity of Streptomyces spp. 442, 449 and
145(2010).

C-source (0.5%) Mortality (%) 
---------------------------------------------------------------------------------------------------------------------------------
4421 4492 145(2010)1

Sucrose 80.28 ± 12.63 66.98 ± 6.63 24.70 ± 7.71
Dextrin 77.93 ± 11.70 79.23 ± 6.31 72.42 ± 14.71
Soluble starch 84.22 ± 9.42 85.78 ± 8.46 44.99 ± 16.79
Cassava starch 79.40 ± 11.77 90.48 ± 8.53 19.16 ± 9.68
Corn starch 88.51 ± 10.09 89.25 ± 5.37   7.95 ± 1.03
1 Mortality test at 24h. 
2 Mortality test at 3h.

Fig. 2: Bioactivity of Streptomyces sp. 145(2010) grown on cassava starch (0.5%, w/v) partially hydrolyzed
for 5 min (having 38% DE) (G) and for 10 min (having 45% DE) (#).

source for bioactivity production by this strain. Further optimization of the concentration of 38% DE-
hydrolyzed cassava starch by varying its concentration from 0.25-2.0% (w/v) found that the concentration of
0.5% (w/v) was the best (data not shown).

Time Course and Effect of Cultivation Temperature on Bioactivity Production:  
Streptomyces spp. 442, 449 and 145(2010) were grown in modified LB medium in the presence of carbon

sources optimal for each strain which were 1.5% (w/v) of cassava starch for 442 and 449 and 0.5% (w/v) of
partially hydrolyzed cassava starch having 38% DE for 145(2010). When cultivated at 30oC, all strains
produced relatively higher activities than those of 32 o C (Figure 3). The maximal activities were reached at
day 4 for both 442 and 449 and at day 5 for 145(2010). The fermentation periods for maximal bioactivity
production by these strains were considered to be short when compared to those of the secondary metabolites
production reported by the others such as 6 days for macrolide antibiotics production by S. hygroscopicus
(Gesheva et al., 2005), 15 days for hydroxyfungerins A and B production by Metarhizobium sp. FKI-1079
(Uchida et al., 2005) and 7 days for actinorhodin production by S. coelicolorA3(2) (Manteca et al., 2008).

LC50 Values from Brine Shrimp Assay: 
The LC50 values against brine shrimp of the crude extracts of Streptomyces spp. 442, 449 and 145(2010)

grown in liquid medium under their optimal conditions were shown in Table 3. According to Meyer et al.
(1982) who studied with plant constituents and classified crude extracts and pure substances to be toxic for
LC50 value <1000 μg/ml and non-toxic for LC50 value >1000 μg/ml when assayed with brine shrimp, these
isolates are therefore considered to be potent bioactive compounds producers. 

Cytoxicity of the Crude Extracts Against Human Cell Lines: 
As seen in Table 4, the extracts from 442 and 449 had stronger activities against almost all cell lines

tested than that of doxorubicin hydrochloride, a positive control substance. The extract from 145(2010) showed
moderate activity, however, it showed selectivity against hepato carcinoma (HEP-G2), colon carcinoma
(SW620) and gastric carcinoma (KATO-3). All of these extracts had low cytotoxicity against fibroblast, the
control normal cell, indicating they have potential for the application as anti-cancer drugs.

Preliminary Detection of Components in Crude Extracts:  
Preliminary analysis of the crude extracts from the fermentation broths of these strains using mass

spectroscopic technique revealed that the major components in Streptomyces spp. 442 and 449 were similar.
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Table 3: The mean LC50 values ± S.D of the crude extracts from 442, 449 and 145(2010) on Brine shrimp assay.
Strains LC50 ± S.D. (μg/ml) ( 95% confidence interval)
442 10.0 ± 0.71 (9.38-10.62)
449 3.5 ± 0.41 (3.04-3.96)
145(2010) 12.5 ± 0.71 (11.88-13.12) 

Table 4: Cytotoxicity of the crude extracts from 442, 449, and 145(2010) on human cell linesa.
Crude extracts from Cell linesb

------------------------------------------------------------------------------------------------------------------------------
Hep-G2 SW620 KATO-3 CHAGO BT474 Hs27

442 0.006±0.002 0.017±0.006 0.001±0.00 <0.001 0.053±0.003 >10
449 0.095±0.01 0.02±0.01 0.119±0.014 0.59±0.04 0.055±0.004 >10
145(2010) 2.265±0.34 2.834±0.470 1.817±0.714 7.887±0.480 6.168±0.203 >10
Doxorubicin hydrochloridec 0.60±0.11 0.009±0.001 0.587±0.094 0.40±0.08 0.40±0.04 >10
a Results are the mean of three replications expressed as IC50( μg/ml).
b HEP-G2, human liver hepatoblastoma ATCC No.HB8056.
  SW620,  human colon adenocarcinoma ATCC No. CCL227.
  KATO-3, human gastric carcinoma ATCC No. HTB103.
  CHAGO, human undifferentiated lung carcinoma.
  BT474,  human breast ductol carcinoma ATCC No. HTB20.
  Hs27, human fibroblast.
c Cytotoxic reference compound.

Fig. 3: Time course and effect of cultivation temperatures of 30oC (A) and 32oC (B) on  bioactivity
production by 442("), 449(G) and 145(2010)(Δ). Brine shrimp assay was observed at 24h for 442 and
145(2010) and at 3h for 449.  

They possessed two major components with the m/z at 1255.6 [1255.6, M+H and 628.4, M+2H] and 563.6,
[563.6, M+H, and 282.5,M+2H] as shown in Figure 4. On the other hand, Streptomyces sp. 145(2010)
contained four components with m/z 563.6 [563.6, M+H, and 282.5, M+2H], 391.3, 149.8 and 889.5, but the
m/z 1255.6 was absent. Therefore, it is not surprise to see the similarity in cytotxicity of Streptomyces spp.
442 and 449. Further purification and characterization of the active components from these strains will be
carried out.

Conclusion:
The present work reported  primary screening of Streptomyces  isolated from soil samples collected from

various locations in Thailand by using brine shrimp larvicidal activity which led to the discovery of three
isolates including  442, 449 and 145(2010) possessing anti-tumor activities. The crude ethyl acetate extracts
of 442-and 449-cultures showed stronger activities against various human cell lines than that of  doxorubicin
hydrochloride, a reference compound, whereas that of 145(2010) had moderate activity. However, the crude
extract from 145(2010) had selectivity against gastric carcinoma, colon carcinoma and hepato carcinoma. All
extracts had low cytotoxicity against control normal cell, fibroblast, indicating these strains have high potential
for the production of anti-cancer drugs.
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Fig. 4: Preliminary detection of components in the culture extracts from 442 (A), 449 (B) and 145(2010) (C)
by Mass Spectroscopy.
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