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Abstract
Influenza viruses are major communicable pathogens responsible for respiratory diseases affecting 
millions worldwide and denoted by increased morbidity and significant mortality. Antiviral drugs and 
periodical vaccination are used to control Influenza infections. The utility of currently available drugs 
is of major concern due to emergence of drug resistance. This necessitates the development of novel 
antiviral drugs from natural resources. Broad arsenal of highly effective novel anti-influenza drugs 
can be developed from actinomycetes which have been explored for development of an array of 
antimicrobials. Fractions of methanol, ethanol, ethyl acetate and aqueous of the Saccharopolyspora 
jiangxiensis IMA1 were employed to assess the antiviral activity against Oseltamivir resistant influenza 
A/(H1N1)pdm09 virus. MTT, Plaque Reduction, Quantitative Reverse Transcription Polymerase Chain 
Reaction (qRT-PCR) and DAPI staining assays were performed to validate the study findings. Selectivity 
Index value of 18.38µg/ml concentration of the fraction was found to be effective to inhibit the growth 
of influenza viruses employing the Madin-Darby Canine Kidney cell line. Fraction produced a visually 
noticeable reduction in cytopathic effect as well as a reduction in viral titre as determined by the 
reduction in plaque formation. qRT-PCR assay clearly showed a linear relationship between the fraction 
concentration and the Ct values, demonstrating the virus growth inhibitory activity of the fraction. 
S.jiangxiensis IMA1 ethyl acetate fraction showed promising antiviral activity as revealed by inhibiting 
the amplification of influenza virus type A/(H1N1)pdm09. The research findings will be useful for the 
development of new antiviral drug from the bioactive actinomycetes extractions.
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INTRODUCTION

 Globally, acute lower respiratory 
infections (ALRI) are the foremost cause of illness 
in all age group.1 Though ALRI is associated with 
high morbidity and mortality, the magnitude 
of illness varies widely among various age and 
socioeconomic groups. Both children and elderly 
are affected by viral etiological agents like 
influenza virus, Respiratory Syncytial Virus (RSV) 
and are associated with the most episodes of 
ALRI.2 Antiviral resistance developed by influenza 
viruses is one of the most important global 
health concerns.3 Reports emphasise on the rapid 
emergence of drug-resistance in type A influenza 
virus as it led to three major pandemics in the 
twentieth century and is predicted that more 
pandemic events can occur in future mainly due 
to the said concern. Antigenic drift associated with 
the core surface glycoprotein neuraminidase (NA) 
and mutations in M-protein enable the influenza 
viruses to build resistance to the available 
antivirals. Frequent antigenic variations lead to 
new influenza outbreaks that may be more severe 
than the previous epidemics.4 Influenza virus 
genome lacks proof reading mechanism like all 
other RNA viruses genome and thus it mutates 
persistently. Mutations may offer the virus varied 
selective advantages such as resistance to antiviral 
drugs and immune escape features. Even a single 
amino acid change in viral Hemaglutinin (HA) and 
NA antigen sequences results in antigenic drift 
which causes the virus to escape from the host’s 
adaptive immunity, increase in the virulence, 
infectivity rate, parallel spread (transmission 
occurs in the same species) and perpendicular 
spread (transmission to other species, like pig to 
human and avian to human). Further, genetic re-
assortment events magnify the above challenges 
due to generation of diverse variants.5-7

 Natural products are the organic 
molecules derived from primary or secondary 
metabolism of living organisms such as plants 
and microorgan isms. Around 50 to 60 percent 
are produced by plants (alkaloids, flavonoids, 
terpenoids, steroids, and carbohydrates), and 5% 
are of microbial origin. Among the microorganisms, 
actinomycetes are reported to serve as vital 
resources for the development of major anti-
infectious, anticancer, antibacterial, antiviral, 

anti-inflammatory, antimalarial, and antidiabetic 
drugs.8

 The marine environment constitutes 
approximately half of the global biodiversity 
and provides immense biological assets for the 
production of curative drugs. In the past few 
decades marine organisms (e.g. bacteria, algae, 
sponges, corals, etc.) have been explored for their 
bioactive natural products.9-11 Ecological pressures, 
such as struggle for space, predation, symbiosis 
and tide variations, throughout thousands of 
years, originated the biosynthesis of complex 
secondary metabolites by these organisms, which 
in turn, allowed their adaptation to a competitive 
and combative environment.12 It is clear that the 
marine environment will play a crucial role in the 
future development and trials of anti-infective 
drugs. The purpose of this study was to establish 
an in-vitro template to screen marine concentrates 
for antiviral activity with a long-term aim of 
exploring new marine composites to be used as 
prospective antiviral drug candidates.13

MATERIALS AND METHODS

Extraction of extracellular secondary metabolites 
 S.jiangxiensis IMA1 was isolated from the 
coral reef environment of Munaikkadu, Palk bay 
(9 38’58" N- 79 57’38" E). Extracellular secondary 
metabolite fractions from S. jiangxiensis was 
extracted with water, methanol, ethanol and ethyl 
acetate as described by Krishnamoorthy et al.14

Cell line
 Madin-Darby Canine Kidney (MDCK) 
cells were cultured in Dulbecco’s Modified 
Eagle’s Medium (MEM; Wako, Osaka, Japan), 
supplemented with 10% fetal bovine serum 
(FBS; Life Technologies, CA, USA), 50 units/mL 
penicillin and 50 µg/mL streptomycin (P/S; Life 
Technologies), and 4 mM/L-glutamine, at 37°C in 
the presence of 5% CO2.

15

Cell Culture infectious dose (CCID50) assay
 I n  t h i s  s t u d y,  A / I n d i a / C h e -
1851811/2018(H1N1) influenza strain was used. 
Viral titres were determined by CCID50 assay. 
About 1.5×104 MDCK cells/well were seeded into 
96-well plate and incubated at 37°C with 5% CO2 
till the complete monolayer was formed. Ten-fold 
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serial dilutions of virus stock of Influenza A/(H1N1)
pdm09 was prepared and inoculated into the 
seeded 96-well plates (10 wells for each dilution). 
CCID50 value was determined by Karber formula 
L-d (S-0.5), where L=log of lowest dilution used in 
the test, d=difference between log dilution steps, 
S=sum of proportion of “positive” tests (i.e., wells 
showing CPE).16

Determination of Maximum Non Cytotoxic 
Concentration (MNCC)
 The extracts of known concentrations 
were dissolved in Dimethyl sulfoxide (DMSO - 
Sigma–Aldrich, St. Louis, MO) is diluted in MEM 
without fetal calf serum (FCS) and sterilized by 
a syringe filter of 0.2µm pore size (Millipore, 
MA) before each experiment (Sigma–Aldrich, St. 
Louis, MO). The cells were treated with different 
concentrations (0-25µg/ml) of the extract. MTT 
assay was used to determine the cytotoxicity.17 

The absorbance values were used to calculate the 
MNCC50. The concentration of the extract which 
delivered least toxicity was recorded.

Antiviral activity by MTT (3-[4,5-dimethylthiazol-
2-yl]-2,5 diphenyl tetrazolium bromide) assay
 MDCK cells were seeded in 96-well plate 
(1×104 cells/well) and incubated for 18 to 24 hrs 
for a monolayer formation. The non-cytotoxic 
concentration of the extract was prepared in 
MEM (MEM without FBS) and with 3 µg/mL 
L-tosylamido-2-phenyl ethyl chloromethyl ketone 
(TPCK- used to improve infection yield)-treated 
trypsin (Sigma-Aldrich). A virus dilution from 10-1 

to 10-6 was prepared with serum free medium. 
The maximum non-cytotoxic concentration was 
determined with the ethyl acetate extract used in 
the MTT assay. After incubation, cell viability was 
determined using the MTT cell proliferation assay 
at 72 hrs. Images were documented every day 
with microscope (Nikon ECLIPSETs2). Necessary 
positive and cell controls were included for all the 
experiments. The experiment was performed in 
triplicates. The final average value was noted as 
probable concluding concentration.18

Plaque reduction assay
 Antiviral activities of the tested fractions 
were evaluated by measuring the reduction in 

number of viral foci.19 Briefly, confluent monolayers 
of MDCK cells were prepared in 24 wells cell culture 
microplate. One hundred microlitres of Flu A/
(H1N1)pdm09 (10-3 dilution) virus was prepared at 
the corresponding CCID50, allowed for absorbance 
by cells for 1h at 37°C. After incubation, the cells 
were treated with serial concentrations (ranging 
from 0 to 25 µg/mL) of S.jiangxiensis extract, and 
then incubated at 37°C further. After 3 days, the 
wells were overlaid with 1.5% of carboxy methyl 
cellulose (Sigma–Aldrich). Viral foci were visualized 
using crystal violet foci staining assay. The number 
of Flu A/(H1N1)pdm09 viral foci was counted and 
the titre of virus was expressed as Plaque-Forming-
Unit (PFU). The percentage of reduction in viral foci 
(RVF%) compared with controls was calculated as 
follows:
RVF (%)=((C-T) x 100)/C
 where, C is the mean of the number of 
foci for negative control well (without compound) 
and T is the mean of the number of foci in treated 
wells.

Quantitative RT-PCR
 The concentration of the extracts 
which delivered inhibitory effect in the 
antiviral assay were further confirmed by qRT-
PCR by TaqMan one-step RT-PCR master mix 
Reagents Kit (Applied Biosystems). Descriptions 
of primers and probes used are forward 5' 
-GTGCTATAAACACCAGCCTYCCA-3', reverse 
5'-CGGGATATTCCTTAATCCTGTRGC-3' and the 
probe is FAM specific 6-carboxyfluorescein-5'-
CAGAATATACATCCRGTCACAATTGGARAA-3' -BHQ-
1.20

DAPI (4’,6-diamidino-2-phenylindole)staining 
assay
 Cell nuclear morphology was evaluated 
by DAPI staining method and fluorescence 
microscopy. Gathering the supernatant from the 
antiviral assay plate includes Cell Control, Virus 
Control and various concentrations of drug and 
virus co-infected, were added to MDCK cells 
and incubated for 48 hrs and plate fixed with 
methanol. Finally, the cells were covered with 
DAPI and incubated for 15 min at 37°C in dark. 
After incubation, the DAPI stain was removed 
and the cells were washed with methanol and air 
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dried.21 The 24-well plates were examined under 
a fluorescence microscope (Nikon Eclipse Ti, Nikon 
Instruments Inc., USA).

Gas Chromatography-Mass Spectrometry (GC-
MS)
 GC-MS analysis was performed at CLRI-
CATERS (Central Leather Research Institute), 
Chennai. The fraction was dissolved in ethyl 
acetate and analyzed with GC-MS (CE GC 8000 
top MSMD 8000 Tyson) with Db 35 mr column 
(10 mx0.5 mmx0.25 mm film thickness). The 
separation was carried with the aid of helium 
carrier gas from 100° to 250°C for three min.22

RESULTS

Secondary metabolites
 Aqueous, methanol, ethanol and ethyl 
acetate extracts were included for Maximum Non 
Cytotoxic Concentration assay. 

MTT assay
 To evaluate the prepared fractions from 
S. jiangxiensis for their antiviral properties, a set of 
experiments in-vitro were carried out to conclude 
the nontoxic and effective antiviral dose of these 
fractions using MDCK cell line. Experimental results 
revealed that ethyl acetate fraction was found to 

be less toxic than others. To evaluate cytotoxicity, 
the viability of MDCK cells after incubation for 
24, 48 and 72 hrs in MEM was determined by 
MTT assay. The viability of MDCK cells treated 
with fraction was unaffected up to 72hrs using 
the concentration of 25µg/ml suggesting the 
non toxic feature of the fraction in the optimised 
concentration. The viability extent was on par with 
cells exposed to DMSO control while using the 
fraction at non toxic doses. Hence, ethyl acetate 
fraction in the concentration range of 0-25µg/ml 
was chosen for further analysis including antiviral 
studies. As shown in the Figure 1, the inhibitory 
concentration value of 18.38µg/ml was found to 
be effective in inhibiting the growth of influenza 
viruses and the results were consistent with the 
microscopic observations (Figure 2 and 3). 

Plaque reduction assay
 Among the four fractions, ethyl acetate 
exhibited significant levels of inhibitory effect 
on viral plaque formation as observed in the 
preliminary screening. Its inhibitory potential 
against Flu A/(H1N1)pdm09 virus was evaluated 
using the virus plaque assay, which is considered 
the gold standard for viral sensitivity test. Test 
fractions were shown to produce a visually 
noticeable reduction in CPE as well as a reduction 
in viral titer as plaques. The fraction was highly 

Figure 1. Graph Depicting the Maximum Non Cytotoxic Concentration of the 4 extracts used in the present study
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Figure 2. Pictorial Image of the Cell Inhibitory concentration of the extract

Figure 3. Graphic Presentation of the Cell Inhibitory based on the incubation hours of the extract and the virus

effective for inactivation of virus, producing a 
50% viral inhibiting effect at concentration less 
than12.5µg/ml (Figure 4), which was considered 
for further characterization.

Quantitative RT-PCR
 To confirm and quantitate the antiviral 
activity of the fraction, the RNA copy numbers 
was measured by qRT-PCR on Applied Biosystems 
Quant Studio. The RNA copies present in a given 
volume is relatively proportional to a measure of 

the degree of virus replication. Figure 5 depicts the 
decreasing mode in viral copy number estimated 
in cycle threshold (Ct) values as a function of 
concentration of the drug concentration. The RNA 
fractioned from virus stocks was used as a positive 
control, in the absence of drug which delivered 
an early Ct (14). The higher (Late) the Ct value 
was noticed in presence of drug i.e., in 12.5µg/
ml concentration of drug, the ct value is 23 and in 
25µg/ml concentration, the ct value noticed in 27th 
cycle which clearly indicates the inhibitory activity 
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of the extraction (Figure 5). This show a leaner 
relationship between the drug concentration 
and the Ct values which demonstrates the virus 
growth inhibitory activity of the drugs chosen for 
the present study. 

DAPI staining
 To investigate whether the fractions 
inhibited the viral infection in cells, MDCK cells 
treated with a mixture of virus and fractions was 
examined by DAPI fluorescent staining method. 

The morphological changes such as nuclear 
fragmentation, cellular blebs and margination of 
nucleus were evident in untreated MDCK infected 
cells suggesting that the cells were undergoing 
apoptosis (Figure 6). Viability of ethyl acetate 
fraction treated viral infected cells was increased 
as shown by absence of CPE against untreated 
virus infected cells. This substantiated that the 
metabolite from S. jiangxiensis was able to inhibit 
the growth of virus and thereby possibly prevented 
the cell damage due to virus induced apoptosis.

Figure 4. Illustration of the Inhibitory concentration of the extract against the virus by Plaque Reduction Assay

Figure 5. Representation of ct value in terms of Inhibition concentration of the extract and the positive virus controls
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Gas chromatography-mass spectrometry 
 The ethyl acetate fraction of S.jiangxiensis 
IMA1 was analyzed for the presence of virucidal 
compounds by GC-MS spectrum. Active 
compounds were predicted by their peak and 
molecular weight. Four different peaks were 
identified from chromatogram and the molecular 
weight 207, 210.27, 151.16 and 138.06 and 
the compounds are Streptazolin, Gancidin W, 
Streptokordin and Fosfomycin. Streptozolin and 
Gancidin exhibit anti-influenza activity by binding 
to viral Hemaglutinin protein domain having 
affinity with host cell receptor and thereby inhibits 
the binding of HA protein to host cell receptor 
subsequently preventing the entry of virus into 
the host cell.

DISCUSSION

 Marine habitat is proving to be a rich 
source of novel microorganisms, particularly 
actinomycetes, whose metabolic products 
provide entirely new structural diversity with 
broad potential clinical applications.23-25 An array 
of novel compounds have been isolated from 
various marine organisms and evaluated for 
pharmacological properties. The screening of 
natural antiviral compounds from marine bacterial 
species has yielded positive outcome as there are 

over 40 compounds that are commercially made 
available in pharmacological markets. Several of the 
compounds have found applications in alternative 
antiviral medicines and some are being tested as 
potential antiviral drugs at the preclinical and clinical 
stages.26 Musacin C (Streptomyces griseovirdis), 
Fattiviracin A1(Streptomyces griseovirdis), FK 
506 (Streptomyces tsukubaensis), Cyclomarin A 
(Streptomyces sp.), Resistomycin (Streptomyces 
corchorusii), Benzastatin C (Streptomyces 
nitrosporeus), MM461156 (Actinomadura 
pelletieri), Antimycin (S. kaviengensis) etc. 
produced by marine actinomycetes have exhibited 
potential antiviral effect against HSV-1, VZV, 
HIV, Orthopox, White Spot Syndrome virus, 
Hepatitis C, Western Equine Encephalitis virus 
etc. Their antiviral mechanisms broadly include 
the inactivation of the viral particles, inhibition 
of viral entry into host cells and inhibition of viral 
replication. These products continue to provide 
new drug leads for pharmaceutical development. 
However, reports on the compounds from 
natural sources especially marine actinomycetes 
exhibiting anti-Influenza viral activity are scarce.27

 The immense capability of microorganisms 
presents an unrivalled opportunity to explore 
their unique properties towards the discovery 
of novel therapeutic agents. In this report, the 
potential anti-influenza feature of the solvent 

Figure 6. Pictorial image of the inhibitory concentration of the extract against the virus by DAPI tests
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fractions derived from marine actinomycete S. 
jiangxiensis IMA1is explored in-vitro using MDCK 
cell line susceptible for influenza A/(H1N1)pdm09. 
This study optimizes the non-toxic dose of the 
ethyl fraction which was also found to possess 
anti-influenza activity as determined by antiviral 
studies. The ethyl acetate fraction was found 
to be more effective in terms of displaying non 
toxicity than the other solvent fractions such as 
methanol, ethanol, and aqueous derived from 
the marine actinomycete. Due to their toxic 
features as revealed by MTT assay and microscopic 
observations, further studies on evaluation of 
antiviral features were not planned for other 
fractions. Ethyl acetate is reported to be widely 
used for extracting the extra cellular antimicrobial 
secondary metabolites from actinomycetes.28-31 

The compounds Streptozolin and Gancidin 
exhibit anti-influenza activity by binding to viral 
Hemaglutinin (HA) protein domain having affinity 
with host cell receptor and thereby inhibits 
the binding of HA protein to host cell receptor 
subsequently preventing the entry of virus into 
the host cell.
 In the present study, it was shown that 
the ethyl acetate extract was found to apparently 
hinder at the viral entry stage of influenza A virus 
lifecycle. The MTT assay findings were further 
substantiated by the florescence assay (DAPI), 
qRT-PCR assay and plaque reduction assay. In 
addition, studies on mode of action would support 
the inference. Most important finding in the study 
is that this novel fraction has inhibitory effects on 
oseltamivir resistant strains of influenza viruses, 
suggesting that its antiviral activity may involve 
a different mode of action from current available 
antiviral agents besides its utility potential for 
treating oseltamivir resistant strains. Results from 
qRT-PCR also supported the findings from the 
viral foci reduction assays and demonstrated the 
significant reduction in Flu A/(H1N1)pdm09 virus 
specific RNA, suggesting that the fraction may 
probably target the virus replication machinery, 
mainly by inhibiting the RNA polymerase.32,33 
Recent reports suggest the emergence of drug 
resistant pathogens and urge to search for the 
novel drugs against such pathogens. Takahashi 
and Nakashima stated the possibility of finding 
new and efficient bioactive metabolites from 
actinobacteria in under-explored resources.34

 

CONCLUSION

 The present study identified that the 
fraction derived from marine actinomycetes, 
S. jiangxiensis IMA1 showed a promising anti-
Influenza activity by means of reducing the 
viral load through blocking the amplification of 
oseltamivir resistant virus type A/(H1N1)pdm09. 
Ethyl acetate fractions were tested for their ability 
to block viral attachment/entry into the cells. The 
uniqueness of the present study remains that this 
represents the only study reporting anti-Influenza 
activity especially against oseltamivir resistant 
strain from marine actinomycete S. jiangxiensis 
IMA1. 
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