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ABSTRACT

In this study, the 16S rRNA of the marine endophytic actinomycete was characterized and identified as
Nocardiopsis sp. strain DMS 2 (MH900226). Partial purification and spectroscopies data were interpreted
and confirmed as 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane. Anti-bacterial activity of the
crude extract and partially purified compound were shown highest inhibition activity against biofilm
forming K. pneumoniae. Minimum biofilm inhibition concentration of identified compound against K.
pneumoniae was exhibited at the concentration of 300 ug/mL. Decreased metabolic activity and modified
exopolysaccharide production of biofilm forming cells were observed at 350 pug/mL and 300 ug/mL con-
centration. At the same biofilm inhibition concentration, the intracellular architecture of the biofilm cells
and extracellular shape modifications were clearly viewed by confocal laser scanning electron micro-
scope and scanning electron microscope respectively. All the in-vitro inhibition results and microscopic
images were strongly suggested that the identified compound was a potential anti-biofilm agent against
tested K. pneumoniae.
© 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

holding 80-90% of GC rich content (Ballav et al., 2015). Recent
years, the non-Streptomyces are considered as potential sources

Marine nature is presenting with 70% of water with more com-
plex system, typically Earth was emerged from the Sea (Ismail
et al., 2016). The presence of unidentified microbes from marine
environments estimates highly in their potential biological diver-
sity compared with terrestrial microbes (Leetanasaksakul and
Thamchaipenet, 2018; Valli et al., 2012). Among the microbes, acti-
nomycetes are the important Gram positive, filamentous bacteria
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for new antibiotic synthesis and important hydrolytic enzymes
production with promising biomedical and pharmaceutical proper-
ties (Zheng et al., 2000). Some of the non-Streptomyces are fre-
quently discovered from various sources; they are Nocardiopsis,
Actinomadura, Pseudonocardia, Saccharomonospora, Sreptospo-
rangium and Micromonospora (Rajivgandhi et al., 2018). Most of
the non-Streptomyces strains are discovered from marine sources.
It is more favor in alkaline and organic matter contains soli, which
reproduce the spore formation (Davies-Bolorunduro et al., 2019).

Recent years, the discovery of unpredicted antibiotic deriva-
tives from marine endophytic Nocardiopsis is considered as a
prime target. Marine is a vast nature of source for producing
new types of antibiotics. The marine environmental behaviors
of pH, temperature, NaCl, carbon, nitrogen and some other
sources are involved in the growth and also productivity in
actinomycetes. The microbes that harboring the inside of host
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complex system without any harmful is considered as endo-
phytes (Tanvir et al., 2016). Likewise, endophytic actinomycetes
are rich and reliable sources for new undefined biomolecule pro-
ducer. Till-date, endophytic actinomycetes form marine seaweed
is rarely explored; the reported result was mainly focused on
fungi. Recently, some researcher are reported that the endo-
phytic actinomycetes from marine seaweed is an essential study
and it produced enormous biomedical compounds including
anti-microbial, anti-viral, anti-oxidants and larvicidal effect
(Ganesan et al., 2017). Also, the seaweed derived actinomycetes
have the ability to produce different variety of novel compounds
that helped against various bacterial infections. Based on the
above facts, the present study is highly concentrated on the
interesting sources of marine endophytic actinomycetes for inhi-
bit the multi-drug resistant K. pneumoniae.

2. Materials and methods
2.1. Isolation and identification of actinomycetes

The marine seaweed sample of Caulerpa racemosa was collected
in Gulf of Mannar Region, Southeast coast of Tamil Nadu, Ramesh-
waram, India. Small pieces of inner seaweed portions were made
by cutting and initially performed surface sterilization including
double distilled water, 70% ethanol, sodium hypochlorite. All the
sterilizations were made between the time intervals of 5 min.
After, dried pieces were gently inserted on the starch casein agar
surface and maintained at 28 °C for 96 h. Next, the actinomycetes
colonies arisen around the seaweed inserted places of starch casein
agar surfaces were detected based on the visibly observation of
phenotypic characterization.

2.2. Proof of endophytic actinomycetes

The interesting method of proof validation method is used to
detect the originality of isolated strains followed by Rajivgandhi
et al. (2018). Parallel experiment of last wash surface sterilized
water and unsterilized algal samples were inoculated separately
on the International Strptomyces Project Medium (ISP-2) agar plate
and maintained one to two days at ordinary atmosphere. Then, the
plates were observed visibly and noted the result and interpreted
the originality of sterilization. In result, without contamination of
plate containing no growth and more fungal contamination around
the unsterilized seaweed samples were suggested that the steril-
ization was pure.

2.3. Primary anti-biotic activity of crude extract

Detection of anti-bacterial ability of selected strains was per-
formed agar well diffusion method and the method was followed
by Ismail et al. (2016). A full loop of old culture inoculated liquid
sample was taken and spread on muller hinton agar surface, fol-
lowed by made different wells. Then, all the wells were filled by
different dose of crude extract of actinomycetes strains and incu-
bated at one day for room atmosphere. Then, the plates were visi-
bly viewed and measured the zone around the wells using
measuring scale and anti-bacterial effect was determined.
Whereas, the antibiotic disc ceftazidime was used for detect the
multi-drug resistant nature of K. pneumoniae.

2.4. Molecular identification of active strain

Based on the anti-bacterial activity, the genomic DNA of DMS
2 strain was used to detect 16S rRNA based molecular identifica-
tion using previously reported evidence of Shin et al. (2010). In
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this study, thermal cycler PCR was used to amplify the DNA of
DMS 4 using universal primers of forward —5-CTTATTGTA
TACCCTTAGCAT-3' and reverse primer-5-TACCCTAGCTCACCTT
GAACCTGCAATT-3'. The set up was fixed for 35 cycles followed
by initial denaturation of 94°C for 5 min and extended to 2
and 1 min at 54°C and 72 °C respectively. The final extension
temperature was continued for 15 min at 72°C. The purity of
DNA was checked by using NanoDrop and purified amplicons
were received. Consecutively, the amplicons were sent to
sequences in Rajiv Gandhi Centre for Biotechnology (RGCB),
Thiruvananthapuram, Kerala using automated DNA sequencer.
The noise was removed from complete sequences and made con-
tigs from pure sequences. The pure sequences were compared to
pair wise identities of similar sequences that received from
www.ncbi.nlm.nih.gov/blast. Then, the confirmed sequences
were submitted in GenBank. After submission, the accession
number was received from NCBI and multiple sequences were
aligned by CLUSTAL W program. Maximum 1000 replicates of
the resulted data was made phylogenetic tree using neighbour-
joining method.

2.5. Partial purification of anti-bacterial compound

The dried crude extract of DMS 2 Based on the movement of
DMSO mixed crude extract spot was partially purified by TLC using
different solvent combination as mobile phases including toluene:
acetic acid:chloroform (1:10:2), chloroform:alcohol (1:10), ethyl
acetate:water:chloroform (5:10:5). After movement from mobile
pahases, the complete movements of the spots were scrapped
and performed anti-bacterial activity to confirm the anti-
bacterial ability.

2.6. LC-MS detection of possible anti-bacterial compounds

LC-MS analysis of purified HPLC was performed for detection
of available chemical compounds from DMS extract and followed
by previous reported evidences of. The LC-MS was fitted through
pass of the electro spray ionization mass spectrum (ESIMS). Fin-
negan surveyor auto sampler was used to pass the 100 pL
extract into the ESI and 100-1000 nm range of mass spectra
was used to mass analysis. 1 mL/min of gradient elated program
was set for the process and 1 h of injection time was used with
4kv voltage. The ion spray voltage was 40kv and capillary filter
was used three times. Continuously 1 h run the machine of
MS for compound detection and it performed by 2.0 SRI of Xcal-
ibur. The mobile phases of acetonitrile:methanol:alcohol
combination.

2.7. Minimum biofilm inhibition concentration

Turbidity based inhibition of identified compound treated e was
visually inspected in 24-well polystyrene plate using microtitre
plate (Vinotha et al., 2019). The MIC is suggested that the highest
turbidity of identified compound treated wells of the K. pneumo-
niae in the lowest concentration. Each well was filled by 10 pL of
overnight confluent culture and increasing concentration (25-20
0 pg/mL) of identified compound into the tryptic soy broth. Plate
was monitored at room temperature with one day and then
observed visibly for turbidity. Based on the visible observation,
the minimum biofilm inhibition concentration was calculated after
read at 600 nm of microtitre plate reader (Sigma, Mumbai, India).
The 0.D values were converted to percentages and inhibition per-
centages were noted by bellowed equation,

Inhibition(%) = TeStzno nps —
ContrOIPathogen+media

_ContrOlPathogen+media x 100

(1)
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2.8. Biofilm metabolic assay

After 24 h treatment of bacteria plus 25-200 ug/mL of actino-
mycete compound, the non-adherent cells were removed by using
10x PBS and 10 pL of 2,3-bis(2-methoxy-4-nitro-5 sulfophenyl)-2
H-tetrazolium-5-carboxanilide (XTT) solution was treated on the
biofilm cells of the 24-well polystyrene plate. The plate was mon-
itored under room temperature for 5 min and followed by addition
of 1 uL of menadione acetone solution for 5 min. The reaction mix-
ture was washed with 10x PBS and maintained in dark condition
(Maruthupandy et al., 2020). Finally, 1 mL of ethanol was added
into the well and read at 600 nm O.D for detection of bacterial sur-
vival. The result was done in triplicate and converted to percentage
of inhibition using bellowed formula,

Inhibition(%) = TeSt sctinomycetes€Xtract — —Controlpamogen-media x 100
ContrOIPathogen+media

(2)

2.9. Intracellular damages by CLSM

The architectural structure of K. pneumoniae biofilm arrange-
ment was abolished by BIC of actinomycete compound and
detected by CLSM (Tenconi et al., 2018). Shortly, biofilm forming
K. pneumoniae culture was inoculated into the TSB along with BIC
of actinomycete compound. After, 1x1 cm size cover slip was
soaked in inside of the 24-well polystyrene plate samples. The
plate was allowed to grow the culture on cover slip at room tem-
perature for one day. Contrary, without treated bacterial culture
was used for control. The plate was maintained at room tempera-
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ture 24 h. Then, cover slip was taken and washed thrice by 10x PBS
and followed by D.D-H,0 to remove non-adherent cells. Then, the
cover slip was treated with 1 mg/mL acridine orange (AO), and
then stained cells were viewed under CLSM using 480 nm arogon
laser with 640 nm band pass emission filter.

2.10. SEm

Extracellular morphology of BIC treated or untreated biofilm
forming K. pneumoniae was analyzed by SEM using following
report of Maruthupandy et al. (2018). Briefly, after incubation of
overnight culture with BIC of actinomycete compound combina-

Anti-bacterial activity
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Fig. 2. Bacterial inactivation of various solvent extracted crude extract of DMS 2
strain.

Fig. 1. Isolation and identification of endophytic actinomycetes from marine algae (a), parallel experiment of fungal contamination (b) and screening of pure cultured DMS 2

strain in starch casein agar plate.
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tion was centrifuged with 2,500 rpm for 30 min, and washed the
sample by 10x PBS. Next, the pellet was diluted by PBS and further
centrifuged at same procedure. After, the cells were fixed with 4%
fresh glutaraldehyde and kept for 4 h. After fixed, the cells were
transferred to polycarbonate membrane filter and followed by
dehydrated using ethanol graded serious 30-100%. After, the cells
were treated by t-butanol and maintained for 2 h. Finally, the cells
were coated by aluminum sputter with 15 nm thickness of gold-
palladium metal (60:40 alloys). The cover slip was air dried and
viewed under 20kv of SEM (Tokyo, stereo scan Japan).

3. Result
3.1. Isolation and identification of actinomycetes

Clear white color, pale yellow like powdery white, spore form-
ing observation with clear round colonies were detected 15 num-
bers around the Caulerpa racemosa inserted places. All the
phonotypical observation result was shown with arial mass, clear
reverse side and melanoid pigment (Fig. 1a). Based on the barge’s
theory and previously reported evidences were significantly corre-
lated to present result of visible observation (Rajivgandhi et al.,
2018). In addition, absence of growth in the last wash water spread
starch casein agar plate was also suggested to present result, and
the arisen colonies were originated from inside of the algae. Fur-
ther, the parallel result of unsterilized algae plate was exhibited
with fungal contamination (Fig. 1b). It was also clearly confirm,
the surface sterilization was excellent and the emerged colonies
were pure colonies (Jacintha Jasmine and Agastian, 2013). Identi-
fied pure colonies were streaked on starch casein agar for further
studies (Fig. 1¢). Our validation evidences were agreed by previous
reported result of Ramachandran et al. (2019).

3.2. Initial bacterial inactivation assay

Among the isolated strains, the anti-bacterial effect of the strain
against K. pneumoniae was observed and the effective strain was
named as DMS 2. Also, the result was shown with excellent zone
of inhibition after one day gap with unpurified crude extract
against biofilm forming. The 15 mm zone of inhibition was shown
at 500 pg/mL concentration (Fig. 2). Whereas, the distilled water
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loaded well was shown with no zone of inhibition. Therefore, the
result was suggested that the crude extract of the DMS 2 extract
has anti-bacterial effect. Previously, marine actinomycetes crude
extract has better anti-bacterial activity against bacteria and it
influences by marine environmental factors including nutrients,
salt stress, organic and inorganic nutrient (Valli et al., 2012).

3.3. Molecular identification of DMS 2 strain

Excellent anti-bacterial activity of DMS 2 strain was genomi-
cally identified based on the obtained sequences. The obtained
sequences of DMS 2 strain was compared with more similar NCBI
strains sequences and pair wise alignment was made properly.
Based on the similarities of related sequences, the DMS 2 strain
was closely related to the genus Nocardiopsis. Consecutively, the
related sequences similarities were closely adjusted to the genus
of Nocardiopsis and indicated as Nocardiopsis DMS 2. Then, NCBI
submitted sequences were used to get the accession number. After
submission in NCBI, the number of MH900226 was received.
Finally, the identified actinomyces strain was named as Nocardiop-
sis sp. DMS 2 (MH900226) (Fig. 3)

Anti-bacterial activity
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Fig. 4. Partial purification of TLC spots mediated active compounds against K.
pneumoniae.
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Fig. 3. Phylogenetic tree construction of Nocardiopsis sp. DMS 2 (MH900226).
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3.4. Partial purification of active anti-bacterial compounds by TLC

In the mobile phase of toluene:acetic acid:chloroform (1:10:2),
the movement of the spots were observed at 0.30, 0.29 and 0.24
distances. Among the distances, the first spot was shown increased
anti-bacterial activity compared to other two spot. Among the all,
the spot 1, spot 2 and spot 3 were shown with 15 mm, 0 mm, 6 mm
zone of inhibition against K. pneumoniae was observed (Fig. 4). This

Journal of King Saud University — Science 32 (2020) 3495-3502

result was confirmed that the anti-bacterial metabolites of the
chemical materials were mostly present in the spot 1 and this spot
was taken more amounts by using preparative TLC method for fur-
ther use. Previously, Ramachandran et al. (2019) reported that the
partial purification of TLC method was very suitable method for
detection of available compounds. In addition, among the complete
chemical groups, the active chemical compounds only moved on
TLC plate. It was used to detect the individual compound detection.
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Fig. 5. Detection of complete chemical composition of TLC purified actinomycete extract by LC-MS.
a Minimum inhibition concentartion b Biofilm metabolic activity
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Fig. 6. Minimum biofilm inhibition concentration (a), biofilm metabolic activity (b) of actinomycete compound 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane against

K. penumoniae.
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3.5. Available chemical components detection by LC-MS

Excellent anti-bacterial activity of TLC spot 1 was effectively
monitored by LC-MS for detection of complete chemical com-
pounds analysis. After interpretation with NSIT Wiley library
result, the bioactive compounds of 2-hydroxy-3-methyl, pheny-
lethyl alcohol, nicotinic acid, phenol, 2,4-bis(1,1-dimethylethyl),
benzene, 1,1’-[oxybis(methylene)]bis, e-14-hexadecenal, 1, 4-
diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane, cycloicosane.
All these compounds were detected based on the retention time,
area, area of percentages. All these chemical compounds may have
the biological properties. These compounds have the retention
times of 13.25, 14.43, 20.64, 17.45, 30.60, 10.16, and 30.45. The
area of 245678, 1237896, 231452, 1786543, 2345897, 1803451,
and 4, 45678, and area percentages of 0.86, 1.2, 0.8, 0.9, 1.2, 1. 4
and 1.5 were observed. Based on the literature review, the anti-
bacterial activity of the 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo
[4.3.0]nonane, was highly occupied, and also have more area and
more percentages were observed (Fig. 5). Previously, Lin Li et al.
(2015), reported that the 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo
[4.3.0]nonane, compound has excellent anti-bacterial activity. This
result was agreed by Ye et al. (2017) and the marine actinomycetes
compound 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane
act as an excellent anti-bacterial agents against multi drug resis-
tant bacteria. Previously, Ser et al. (2015) reported that the identi-
fied compound 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]
nonane was identified from marine Streptomyces pluripotens and

Journal of King Saud University — Science 32 (2020) 3495-3502

it has more cytotoxicity against various cancer cells. Recently, mar-
ine endophytic actinomycete Nocardiopsis sp. was synthesized the
1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane compound
with excellent anti-microbial activity (Rajivgandhi et al., 2019).
The result was agreed by Ramachandran et al. (2019), and partially
purified TLC extract was exhibited the excellent anti-bacterial
activity compound of 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo
[4.3.0]nonane (Ramachandran et al., 2019).

3.6. Minimum biofilm inhibition concentration

Based on the O.D values of treated and untreated 1, 4-diaza-2,
5-dioxo-3-isobutyl bicyclo[4.3.0]nonane containing bacterial cul-
ture was exhibited in Fig. 6. In our result, the 1, 4-diaza-2, 5-
dioxo-3-isobutyl bicyclo[4.3.0]nonane treated bacterial well was
gradually decreased the attachment of bacteria at respective
increased concentration. Whereas, the control O.D value result
was shown with well grown colonies. It suggested that the 1, 4-
diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane has anti-biofilm
activity against tested . The comparison of control and test result
0.D values was converted to percentages to detect the biofilm inhi-
bition percentages. The highest inhibition rate of 94% was mea-
sured at 300 pg/mL and no inhibition was observed only in
control well (Fig. 6a). Therefore, it convinced the result of 1, 4-
diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane treatment
against biofilm formation. The result was revealed, biofilm inhibi-
tion concentration was fixed to 300 ug/mL concentration (Fig. 6a).

Fig. 7. Intracellular modification of of actinomycete compound 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane treated K. pneumonia by CLSM (a, b).
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Fig. 8. Outer membrane damages of of actinomycete compound 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane treated K. penumoniae by SEM (a, b, c).

3.7. Biofilm metabolic assay

It is a typical experiment for detection of damaged biofilm cells
after treatment of 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]
nonane (Maruthupandy et al., 2002). After addition of XTT solution,
the increased death cells were observed at 350 pg/mL concentra-
tion due to the decreased production of formazan (Fig. 6b). Due
to the decreased production of formazan, the bacteria lost their
pathogenicity and cannot be synthesized extracellular materials
such as polysaccharides, quorum sensing, ESBLs production and
DNA production (Rajivgandhi et al., 2018). The absence of virulence
factors of treated cells were shown with minimum viability when
compared with control at increasing concentration. The biofilm
formed cells were compromised and more sensitive to 1, 4-diaza-
2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane at 200 pg/mL concen-
tration. The rate of decreased metabolic arrest rate against e was
88%. The inhibition percentage result based on the tested 1, 4-
diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane concentration
was available in Fig. 7a.

3.8. Intracellular damages by CLSM

The demolished architectural arrangement in the BIC of 1, 4-
diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]nonane treated -cells
was observed under CLSM. Based on the observation, the rough
surface of bacteria with green color structure was compromised
when compared to control. AO is a fluorescence dye, it has the
binding ability of bacterial nucleus with green color morphology
(Maruthupandy et al., 2020). After addition AO, it permeates
through surface layers and bind with damaged and normal
nucleus. It differentiated form reduced thickness of biofilm
arrangement compared to control and increased death cells. Based
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on the regulation of AO, the green color emitted tightly clumped
biofilm structure of the control (Fig. 7a, c¢), and sparse with loosely
associated separated colonies of 1, 4-diaza-2, 5-dioxo-3-isobutyl
bicyclo[4.3.0]nonane treated cells were shown in Fig. 7b, d.

3.9. SEm

Outer membrane morphology of 1, 4-diaza-2, 5-dioxo-3-
isobutyl bicyclo[4.3.0]nonane treated biofilm forming cells were
shown in Fig. 8. The positive charges of 1, 4-diaza-2, 5-dioxo-3-
isobutyl bicyclo[4.3.0]nonane was attracted by negative charged
bacterial surface and led to form compromised surface. In this pro-
cess, the chemical groups of the ions were enter into the ion chan-
nels of porin and transferred the amino group to remain the anti-
bacterial activity (Maruthupandy et al., 2018). After dehydration,
the fixed cells were shown with low integration of polysaccharides
arrangement and belbing morphology in 1, 4-diaza-2, 5-dioxo-3-
isobutyl bicyclo[4.3.0]nonane treated sample (Fig. 8a). Whereas,
the bundle cells aggregation with clear rod shaped morphology
of control cells were shown in untreated control sample (Fig. 8b).
The stress formation in the bacterial surface morphology had
shown damaged rod shape for treated cells. Also, the hank-like
polysaccharides containing structure was destructed.

4. Conclusion

Based on the molecular identification, the marine actino-
mycetes Nocardiopsis sp. strain DMS 2 (MH900226) was identified.
Based on the agar well diffusion, the partially purified TLC extract
was exhibited more inhibition against tested bacteria. Further, the
minimum biofilm inhibition concentration study result was exhib-
ited the anti-biofilm effect at 300 pg/mL concentration. The
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decreased metabolic activity of 1, 4-diaza-2, 5-dioxo-3-isobutyl
bicyclo[4.3.0]nonane treated K. pneumoniae result was exhibited
at the concentration dependent inhibition. Importantly, the archi-
tectural damages of 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]
nonane treated K. pneumoniae cells were showed with decreased
biofilm arrangement. The microscopic results of CLSM and SEM
were proved the intracellular and extracellular damages in the
treated K. pneumoniae. Therefore, the present study was concluded
that the compound 1, 4-diaza-2, 5-dioxo-3-isobutyl bicyclo[4.3.0]
nonane was dominant compound and it has promising anti-
biofilm effect against K. pneumoniae.
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