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ABSTRACT

Two species of sponge i.e.,, Xenia macrspiculata and Clathria
arbuscula, as well as one species of coral, i.e., Crella (Grayella)
cyathophora representing marine invertebrates were collected from the Red
Sea, Hurghada, Egypt. The antibacterial activities of their crude extracts was
investigated against, Against G+ve bacteria namely, Staphylococcus aureus
(NIOF-B16), enterococcus faecalis(NIOF-B21) and Bacillus cereus (NIOF-
B33) as well as G-ve ones namely, E. coli(NIOF-B17), Vibrio fluvial(NIOF-
B24), Pseudomonas aeroginosa(NIOF-B23), and Salmonella ttyphimurium
(NIOF-B35).The extracts were screened for the presence of compounds such
as terpenoids, tannins, anthocyanins, glycosides, phenols, flavonoids and
alkaloids that could be responsible for bioactivity. The extracts exhibited an
antibacterial effect against the all of the examined strains, resulting in
average inhibition zones ranging between 8.0 + 0.1 and 20.0 £ 0.3 mm. The
presence of steroids, terpenes, phenols, alkaloids, and tannins found in the
extract fractions seemed to be the cause of the wide spectrum antibacterial
activity of these sponges Most likely, this is the first report on Xenia
macrspiculata, Clathria arbuscula, and Crella (Grayella) cyathophora's
antibacterial activity.

Key words: Antibacterial activity, sponge, coral, Rad Sea




Sally M.A. El-Shafei et. al , 2024

INTRODUCTION

A wide variety of marine life forms
can be found, such as sponges, seaweeds,
corals, soft corals, ascidians, gorgonians,
sea pens, algae, fungi, and marine-
associated  microorganisms.  These
organisms are thought to be significant
sources for the identification of
structurally  diverse and  bioactive
secondary metabolites, which in turn
yield a wide range of novel secondary
metabolites with intriguing medical
potential, pharmaceutical significance,
and a variety of biotechnological
applications Wali et al. (2019) and
Thomas et al.,(2010)). Marine sponges,
or Porifera, are among the oldest living
things on Earth. They are deep-sea
creatures that have been there for about
580 million years, and they may also be
found in freshwater environments.
Although just around 15,000 species
have been identified, there are yet more
un-identified varieties in the genuine
aquatic  ecosystems  Hooper and
vanSoest, ( 2002). Sponge-like filter
feeders, known as aquiferous systems,
move vast amounts of water via a
network of specialized canals. Numerous
tiny intake gaps (Ostia) and one or more
larger outlet gaps (Oscula) make up this
system. A current forms within the
sponge as a result of the water being
translocated by pressure or specialized
cells called choanocytes that have.
Flagella Hooper and vanSoest, (2002).
Since the nineteenth century, soft corals
(Cnidaria: Anthozoa: Octocorallia) have
been the focus of several research
because they frequently equal or surpass
the total coverage of scleractinian corals
in coral reef ecosystems. They are also
significant structural elements of coral

reef communities, dominant space
occupants, and contributors to coral reef
biomass. Seapens, gorgonians, and soft
corals are all members of the subclass
Octocorallia. The Alcyonacea order,
which includes the families Xeniidae,
Nephtheidae, and Alcyoniidae, is home
to the majority of soft corals. Members
of the genera Sinularia, Lobophytum,
and Sarcophyton, which make up the
family Alcyoniidae, are among the most
common benthic invertebrates on the
coral reefs of Okinawa and other Pacific
Ocean regions Tursch and Tursch,
(1982). Biologically active secondary
metabolites with  unique chemical
structures may be found in abundance in
marine  sponges.  Anti-inflammatory,
anticancer, immunosuppressive  or
neurosuppressive, antiviral, antimalarial,
antibiotic, and antifouling agents are the
most common categories for the
bioactive  chemicals derived from
sponges. The chemical variety seen in
sponge products is astounding. Apart
from the unique nucleosides, sponges
have also been reported to contain
bioactive  terpenes, sterols, cyclic
peptides,  alkaloids, fatty  acids,
peroxides, and derivatives of amino acids

(many of which are halogenated)
(Joseph and Sujatha 2011; Sipkema et
al., 2005). Therefore, the current work
was suggested to extract and study the
potent antibacterial agents from the Red
Sea sponges and coral species.
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MATERIALS AND METHODS
Marine Biological Station (MBS):

The sampling location Fig. 1;
situates 5 kilometers north to Hurghada
city. The coral reefs directly abut to the
mainland and other three main reefs

independently are enclosed by water. The
specimens collected at depths ranges
between 1- 7 meters. The general features
and Taxonomic position of the collected
samples are presented in Fig.1 and Table,
1, respectively.

Fig 1: Location in Red Sea, Hurghada

Table 1: Classification position of sponges and coral

Sample/scientific classification

Position Sponge Sponge coral

Kingdom | Animalia Animalia Animalia

Phylum Porifera Porifera Cnidaria

Class Demospongiae Demospongiae Anthozoa

Order Poecilosclerida Poecilosclerida Alcyonacea

Family Microcionidae Crellidae Xeniidae

Genus Clathria Crella Xenia

Subgenus | Clathria (Clathria) Crella(Grayella) | -—----

Species Clathria (Clathria) Crella(Grayella) Xenia macrspiculata
arbuscula Row, (1911) | cyathophpora Carter, (1869) | Gohar, (1940)
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Fig. 2: General features of collected sponges and coral.

Marine Sponge materials

The marine sponge Clathria
arbuscula, Crella cyathophora, and
Xenia macrspiculata Figure (2) were
collected from the Red Sea- Hurghada by
diving in the Red Sea at depth 1-7 m,
GPS: 27°17'12.4"N, 33°46'38.8"E in
May 2021 and identified by Professor
Mohammed Abdel Latif Ezz El-Arab,
National institute of oceanography and
fisheries, Hurghada, Egypt. Sample were

transferred to the laboratory in plastic
containers in seawater, cut into small
pieces, and left to dry.
Bacterial strains

The pathogenic bacterial strains used

in this investigation included
Staphylococcus aureus (NIOF-
B16), Escherichia coli (NIOF-B17),

Enterococcus faecalis (NIOF-
B21), Pseudomonas aeruginosa (NIOF-
B23), Vibrio fluvial is (NIOF-B24),
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Vibrio damsela (NIOF-B29), Bacillus
cereus (NIOF-B33) and Salmonella
typhimurium (NIOF-B35) Abdel-

Hameed et al. ( 2023). The NIOF
Microbiological Lab (National Institute
of Oceanography and Fisheries, Red Sea
branch, Egypt) provided these particular
marine  pathogenic  strains.  The
pathogenic strains were kept on nutrient
agar slants, which were folded with 25%
glycerol and kept for extended
preservation at -4 °C.

Marine sponge methanolic extracts:

Samples of Xenia macrspiculata,
Clathria  arbuscula, and  Crella
cyathophora were cut into small pieces
and used for preparing the methanol
extract.where 17.5, 16.44, and 29.65 ¢
extracts were obtained from the
extraction of 500 g fresh weight using
950, 350 and 450 mL 99.8% methanol.
Each extract was shaken for 3 hours at
150 rpm and 25°C than leaved in the
dark place over night. Whatman sheets
were then used for repeated extract
filtration, and the residue was further
extracted using the solvent for 3 days.
The leftover methanol from each extract
was evaporated at 40°C using a rotary
evaporator according to the methods
described by Erdogan orhan et al.
(2012) with some modification.
Qualitative chemical Analysis:

The qualitative analysis of the
sponge and coral extracts was carried out
following the methodology outlined by
Harborne (1973) as follows:

Detection of Steroids:

For detection of steroids; an
equivalent amount of concentrated
H2S0O4 was added to a test tube's
sidewalls after one milliliter of the
extract of the extract and ten milliliters
of chloroform were combined. The

development of H2SO4 layer fluoresces
yellowish green, while the top layer
becomes red was considered as an
indication of the presence of steroids .
(Gibbs, 1974).

Detection of Terpenoids:

Concentrated H2SO4 and two
milliliters each of acetic anhydride and
extract were thoroughly mixed. The
formation of blue-green ring , indicated
presence of terpenoids . Ayoola et al.,
(2008).

Detection of Tannins:

When two milliliters of the examined
extract were mixed with few drops of 1%
lead acetateand a reddish precipitate was
formed, this indicated the presence of
tannins Treare and Evans, (1985).
Detection of Saponins:

Five milliliters of the examined
extract were agitated in twenty milliliters
of distilled water in a graded cylinder for
15 mins . Foam production indicates the
presence of saponins Kumar et al.,
(2009).

Detection of Anthocyanins:

Detection of anthocyanins tn the
extracts was performed by adding 2
milliliters of the examined extract to 2
ml of 2N HCI and 2 ml of 33% ammonia
The change of the pink-red color into
blue-violet, means the presence of
anthocyanins Paris and Moyse, (1969).
Detection of Glycosides:

According to Khandewal ,(2008), 5
mL of the examined extract were mixed
with two milliliters of glacial acetic acid
and one drop of 5% FeCI3. Concentrated
H2S04 was then put into the test tube,
The formation of a brown ring indicates
the presence of glycosides.

Detection of Emodins:

Emodins were detected in the

examined by adding 3 ml of benzene and
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2 ml of 33% NH4OH to the extract and
the presence of emodins is indicated by
the appearance of red color Rizk, (1982).
Detection of Alkaloids:

For detection of alkaloids; a little
amount of Mayer's regent (Techno
Pharmchem Co.) was applied to the
extracts and the presence of alkaloids
was indicated by the formation of a
cream-colored precipitate Gibbs, (1974).

Detection of Phenol:

The presence of phenols in the
sponge and coral extracts was examined
by mixing 2 mL of the extract with 0.5
mL of FeClI3 (5%) solution; the creation
of a strong hue indicated the presence of
phenols. Gibbs, (1974).

Detection of Flavonoids:

The presence of flavonoids in the
examined extracts was shown by adding
few drops of a 20% sodium hydroxide
solution to 2 or 3 mL of the examined
extract in a test tube and the formation of
a bright yellow color. If the mixture
became colorless after addition of a few
drops of diluted HCI ,, this indicates the
presence of flavonoids Khandewal,
(2008).

Test Microorganism

The pathogenic bacterial strains used
in this investigation included
Staphylococcus aureus (NIOF-B16),
enterococcus faecalis(NIOF-B21) and
Bacillus cereus (NIOF-B33) as well as
G-ve ones namely, E. coli(NIOF-B17),
Vibrio fluvial(NIOF-B24), Pseudomonas
aeroginosa(NIOF-B23), and Salmonella
ttyphimurium (NIOF-B35).Abdel-
Hameed, et al.,, ( 2023). The NIOF
Microbiological Lab (National Institute
of Oceanography and Fisheries, Red Sea
branch, Egypt) provided these particular

marine  pathogenic  strains.  The
pathogenic strains were kept on nutrient
agar slants, which were folded with 25%
glycerol and kept for extended
preservation at -4 °C.
Preliminary Tests for Antibacterial
activities of sponge and coral extracts

The antibacterial activity of the
sponge and coral extracts was
preliminary examined against the G+ve
strains Staphylococcus aureus (NIOF-
B16), enterococcus faecalis(NIOF-B21)
and Bacillus cereus (NIOF-B33) and G-
ve ones E. coli (NIOF-B17), Vibrio
fluvial  (NIOF-B24), Pseudomonas
aeruginosa (NIOF-B23), and Salmonella
ttyphimurium (NIOF-B35) adopting the
agar-well  diffusion  technique as
described by Gaswi et al., (2022) in
surface-inoculated Muller Hinton agar
plates. Eight mm diameter wells in each
plate were filled with , 100 pL (25
mg/mL) of the examined extract.
Minimum Inhibitory Concentration
(MIC) of sponge and coral extracts

As described by Mahmud et al.,
(2012); tetrazolium microplate assay was
adopted to assess the minimum
inhibitory concentrations (MICs) of the
examined extracts on the test strains in
Muller—Hinton broth (Becton Dickinson,
Sparks, MD, USA). The examined
extracts were prepared in DMSO to be
ranging from 15 to 0.25 mg/mLwhere
200 pL of each concentration were added
in triplicate to the wells, and the plates
were incubated for 18-24 hours at 37 °C
+ 0.5. Fifty pL of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium  bromide
(MTT) with a concentration of 0.2
mg/mL were added to each well, and
incubated at 37 °C for 30 minutes. The
bacterial suspension without the extract
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served as the positive control, while the
corresponding solvent blank (DMSO)
was used as the negative control. To
determine the percentage reduction of
the dye (indicating the inhibition of
bacterial growth), we measured the
absorbance at 570 nm relative to a
reference wavelength of 650 nm, which
was achieved by introducing DMSO to
the spectrophotometer Pourali et al.
(2017).
Comparative  evaluation of the
antibacterial activities of the sponge
and coral extracts

The antimicrobial activity of the
sponge and coral extracts was evaluated
in comparison with 4 commercial
antibiotics, following the agar disc
diffusion method as described by Bauer
et al. (1966). Approximately 25 mg/mL
of each extract was added. For the
comparative  study, four standard
commercial  antibiotic  discs  were
utilized: 30 mg/disc of Amikacin, 30
mg/disc of Tetracycline, 5 mg/disc of
Flucloxacillin  and 2 mg/disc of
Clindamycin (Oxoid Ltd, England).
These discs were placed on the surfaces
of inoculated plates with the test
bacterial strain Plates were incubated at
37 °C overnight and the inhibition zone
diameters each disc was measured (mm)

. The assays were conducted in duplicate
Abd-Elnaby et al. (2016).
Statistical Analysis

Data were analyzed using One Way
ANOVA test. The results were expressed
as mean + standard division and values
of P< 5.y prism 7.
Ethics Committee Approval

All procedures carried out in the
current study were approved by the
ethical committee for the care and use of
animals, microorganisms, and living cell
cultures in education and scientific
research, Faculty of Agriculture, Minia
university, EI-Minya, Egypt and assigned
the following approval number:.
0170523.

RESULTS AND DISCUSSION
Qualitative Screening of zoo-chemicals
of marien sponge :

The results presented in Table. (2)
show the phytochemical screening of
methanolic extract from marine sponge
Clathria (Clathria) arbuscula , Crella
(Grayella) cyathophora <«and the coral
Xenia macrspiculata. All these extracts
displayed different types of terpenoids,

tannins, anthocyanins, glycosides
,phenols, flavonoids and alkaloids
compounds .
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Table (2): chemical screening of marine sponges methanol 99.8% , Clathria (Clathria)
arbuscula:Crella (Grayella) cyathophora and Xenia macrspiculata .

Clathria (Clathria) Crella (Grayella) | Xenia macrspiculata
arbuscula cyathophora (CS)
(RS) ©

Terpenoids + ++ +++
Tannins ++ 4+ ++
Saponins +++++++ + _
Anthocyanins +++ + _
Glycosides +++ ++ ++
Phenols ++ +++ +
Favonoids + +++ +
Alkaloids + ++ +

Cumarine - ++ +++

(+++++4),(+++),(+4),(+) and (-) indicate to very high, high, moderat and low absent

concentration respectively.

According to earlier research, sea
sponges were shown to contain
secondary metabolites such alkaloids,
flavonoids, and steroids. These findings
are supported by chemical testing(
Hanani et al., 2005 and . Rumagit ,
2015).According  Mayefis et al.,
(2021),the sea sponge Porifera contained
a variety of compounds, such as tannins,
steroids, alkaloids, and flavonoids
Analysis of the different bioactivities of
a methanol extract of the sea sponges,
Demospongiae,revealed the presence of
triterpenoids, steroids, phenols, and
alkaloids Athira and Keerthi, (2016).
Govinden-Soulange et al., (2014)
revealed that the secondary metabolites
found in both marine sponges seem to be
in a methanolic extract of the sponge,
alkaloids, steroids, saponins, and tannins
(both  hydrolysable and condensed
tannins).

Anti-microbial activity

In this study, eight distinct strains of
marine pathogenic bacteria, Against
G+ve bacteria namely, Staphylococcus
aureus, enterococcus faecalis and
Bacillus cereus as well as G-ve ones
namely, E. coli, Vibrio
fluvial,Pseudomonas aeroginosaand
Salmonella ttyphimurium were
examined. The extracts exhibited an
antibacterial effect against all of tested
strains, resulting in average inhibition
zones ranging between 8.0 + 0.1 and
20.0 + 0.3 mm (Table 3 and Figure 3).
The extract from RS had a very positive
impact on the examined bacteria,
showing the highest effect on both
Staphylococcus aureus (NIOF-B16),
Escherichia coli (NIOF-B17),
Enterococcus faecalis (NIOF-B21) and
Vibrio fluvialis (NIOF-B24) giving an
inhibitory zone diameter of 18mm (18
mm). However, this extract had a
moderate effect on both Pseudomonas
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aeruginosa (NIOF-B23), Vibrio
damsel (NIOF-B29) and Salmonella
typhimurium (NIOF-B35) with inhibitory
zones of 16.0 £ 0.2, 14.0 £ 0.1 and 14.0
+ 0.2 mmin diameter, respectively.
finally, there was an acceptable impact
on Bacillus cereus (NIOF-B33) with
inhibition zones measuring (12.0 + 0.4
mm). The CS extract exerted a potent
influence on Staphylococcus aureus
(NIOF-B16), as indicated by inhibition
zones measuring 20.0 + 0.3 mm.
Furthermore, the extract demonstrated an
impact on the other pathogenic bacteria
in an effective manner, with inhibition
zones ranging from 16.0 £ 0.1 mm to
10.0 £ 0.1 mm. The antibacterial effect
of the coral C extract was magnificent
and acceptable on all the bacteria as it
appears in Table 3. In the case of the
negative control (DMSQO), there was no
observable zone of inhibition.

In order to assess the susceptibility of
the tested strains to the all extracts, the
minimum inhibitory concentration (MIC)

were evaluated and presented in Table 3.
The RS extract exhibited the lowest MIC
for Escherichia coli (NIOF-B17) (8.0
0.5 mg/mL). The MIC values for
Staphylococcus aureus (NIOF-B16),
Enterococcus  faecalis  (NIOF-B21),
Pseudomonas aeruginosa (NIOF-B23),
Vibrio fluvialis (NIOF-B24), Vibrio
damsel (NIOF-B29), Bacillus cereus
(NIOF-B33) and Salmonella typhimurium
(NIOF-B35) were 8.5 + 0.4, 10.0 + 0.5,
95+01,100+0.2,125+0.1, 150 +
0.2 and 11.5 + 0.2 mg/mL, respectively.
On the other hand, The CS extract
exhibited the lowest MIC represented
against Staphylococcus aureus (NIOF-
B16) and Escherichia coli (NIOF-B17)
were 45 + 0.5, and 7.5 + 0.1 mg/mL,
respectively, while the highest MIC was

represented against Bacillus
cereus (NIOF-B33) (15.0 + 0.03 mg/mL).
In addition, the wvalues of MIC

concentrations of compound S ranged
from 14.0 + 0.1 to 55 = 0.4 mg/mL.

Table (3): Bacterial growth inhibition zone diameters (mm) by the sponge and coral

extracts
Inhibition Zone diameter (mm)
C

Pathogens RS CS DMS.O
Clathria Xenia Crella (Negative
(Control)

Staphylococcus aureus (NIOF-B16) 18.0+0.1 | 20.0+0.3 | 16.0+0.2 0.0+0.0
Escherichia coli (NIOF-B17) 180+0.3 | 160+0.1 | 16.0+£04 0.0x0.0
Enterococcus faecalis (NIOF-B21) 18.0+01 | 140+0.2 | 140+04 0.0+0.0
Pseudomonas aeruginosa (NIOF-B23) 16.0+0.2 | 120+0.1 | 10.0+0.2 0.0+£0.0
Vibrio fluvialis (NIOF-B24) 18.0+0.2 | 140+0.1 | 140+0.1 0.0+0.0
Vibrio damsel (NIOF-B29) 140+0.1 | 140+£0.2 | 16.0+0.2 0.0+£0.0
Bacillus cereus (NIOF-B33) 120+04 | 100+0.1 | 8.0+0.1 0.0+£0.0
Salmonella typhimurium (NIOF-B35) 140+0.2 | 120+£0.2 | 140+0.1 0.0+£0.0

The data are represented as mean * SD in

mm of inhibition zone demonstrated,

contrasted utilizing ANOVA, with a significance level (p-value) < 0.05.
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Figure 3: An image showing the effect of extracts some selected microbial pathogens

Table (4): MIC values of the sponge and coral extracts against some pathogens

MIC (mg/mL)
Pathogens RS Cs C
Clathria Xenia Crella
Staphylococcus aureus (NIOF-B16) 85104 45+05 105+0.2
Escherichia coli (NIOF-B17) 8.0+05 75+01 95+01
Enterococcus faecalis (NIOF-B21) 10.0+05 9.0+0.3 9.5+0.02
Pseudomonas aeruginosa (NIOF-B23) 95+0.1 125+0.01 14.0+0.1
Vibrio fluvialis (NIOF-B24) 10.0+0.2 115+0.2 9.5+0.03
Vibrio damsela (NIOF-B29) 125+0.1 10.0 £ 0.06 55+04
Bacillus cereus (NIOF-B33) 15.0+0.2 15.0 £ 0.03 125+0.1
Salmonella typhimurium (NIOF-B35) 115+£0.2 8.5.£0.2 115+04

The data are represented as mean + SD in mm of inhibition zone demonstrated, contrasted
utilizing ANOVA, with a significance level (p-value) <0.05.
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Table (5) : Bacterial growth inhibition zoned diameters (mm) by the sponge and coral
extracts in comparison with some antibiotics.

Inhibition Zone (mm)

Pathogens RS CS C Amikacin Tetracycline | Flucloxacillin | Clindamycin

Clathria Xenia Crella 30 mg/disc 30 mg/disc 5 mg/disc 2 mg/disc

Staphylococcus

aureus (NIOF-B16) 18.0+0.4 200+0.1 16.0+0.1 20.0+05 10.0+0.3 0.0 0.0

Escherichia coli

(NIOF-B17) 16.0+0.1 16.0+0.1 | 16.0+04 18.0+0.4 10.0+0.1 0.0 0.0

Enterococcus 18.0 =

faecalis (NIOF-B21) 0.02 140+0.3 | 140+0.05 | 25.0+0.03 12.0+0.1 6.0+0.2 0.0

Pseudomonas

aeruginosa (NIOF- 180+04 | 120+0.1 | 11.0+0.1 14.0+0.1 8.0+0.05 0.0 100+.0.3

B23)

‘éiz%m fluvialis (NIOF- | 159403 | 180+04 | 140£02 | 140£0.05 | 80+0.05 0.0 0.0

Vibrio

damsela (NIOF-B29) 140+0.3 16.0£0.2 16.0+0.1 140+0.2 10.0+0.2 0.0 0.0

Bacillus

cereus (NIOF-B33) 120+0.4 | 100+0.1 8.0+0.1 10.0 + 0.04 8.0+0.05 8.0+0.1 0.0

Salmonella

typhimurium (NIOF- 140+02 | 120+02 | 140+0.1 14.0+0.3 0.0 0.0 0.0

B35)

The data are represented as mean + SD in mm of inhibition zone demonstrated, contrasted utilizing ANOVA, with
a significance level (p-value) < 0.05.

Figure 4: Effect of extracts against some pathogens in comparison with some standard

commercial antibiotic discs.
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According to Webster et al. (2007), the
minimum inhibitory concentration (MIC)
for the crude extracts of both sponges
were the highest and ranged between
2.55-5.09 mg/ml. This is likely because

crude extracts often include a
combination of active and inactive
chemicals, thus higher MICs are

predicted Govinden-Soulange et al.,
(2014) The findings show that the
extracts from the two sea sponges had
differing levels of activity against the test
bacterial species. Because the extracts'
actions did not rely on the Gram
response, it seemed that they had a wide
range of effects. Additionally, fractions
were often shown to have stronger
antibacterial activity KONUKLUGIL
and Gozcelioglu (2015). For a few
numbers of crude extracts at a

concentration of 250 pg/mL, sponge
strong species shown antibacterial
activity were detected against Gram
positive  (Staph aureus (MRSA),
Enterococcus (VRE), and Candida
albicans) bacteria.

CONCLUSION

The findings of this research are highly
intriguing. It highlights the discovery of
broad-spectrum antibacterial activity in

certain sponge species, specifically
Clathria (Clathria) arbuscula, Crella
(Grayella) cyathophora, and Xenia

macrspiculata. The study attributes this
antibacterial property to the presence of
natural chemical compounds such as
terpenes, alkaloids, and tannins within
these sponges.
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