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Detection of antibacterial activity and its characterization from the marine
macro-algae Sargassum wightii (Greville ex J. Agardh 1848)
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Natural occurrence of a compound, mono-ethylhexylphthalate (MEHP) in one of the column fractions of marine
macro-algae Sargassum wightii with promising antibacterial activity is examined. Infrared spectroscopy disclosed
the presence of one acid group, one ester group, aromatic and aliphatic chains. 'H and '*C NMR spectra along with
IR data predicted the structure of MEHP. Abundance of MEHP in the column fraction IV of S. wightii and its
effective antibacterial activity points toward the potential utility of macro-algae Sargassum wightii as a source of

novel biomedical compound.
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Introduction

Marine macro-algae or seaweeds are non-
vascular and photosynthetic plants that inhabit the
coastal regions within rocky intertidal or
submerged reef-like habitats. Marine macro-algae
are one of the most promising and richest sources
of bioactive primary and secondary metabolites'.
They are the extraordinary sustainable resources in
the intertidal ecosystem that occupy an important
place as a source of novel biomedical compounds®.
They are known to produce a variety of secondary
metabolites with broad spectrum biological
activities. Many secondary metabolites with
antifungal3 s cytostatic4, nematicidal, fungicidals,
antihelminthic and antioxidant®’,
antimycobacterials, HIV antiviral’,
antiproliferative'®, antiviral'' and antibacterial*"’
properties have been identified from marine
macro-algae. As our earlier study with crude
acetone extract of Sargassum wightii exhibited
good antibacterial activity to a wide array of
human pathogenic bacteria'®, the present study was
made to isolate and characterize active
antibacterial molecule from the marine algae,
Sargassum wightii.

Materials and Methods
Sargassum wightii Greville (brown algae -
Phaeophyta) were collected from rocky and

intertidal coast of Tuticorin, Tamil Nadu, India
during the pre-monsoon (June - September)
period. Dried algal powder of S. wightii was
thoroughly soaked in hexane (100g / 300ml) at
room temperature for 48 hours with occasional
shaking in air-tight container. The extract was
filtered and evaporated to dryness under pressure
using rotary vacuum evaporator at 50°C. The
residue was sequentially extracted using ethyl
acetate followed by acetone and methanol using
cold percolation method'’.

Crude acetone extract obtained from sequential
extraction was adsorbed on to silica gel (Acme’s
60—120 mesh) and chromatographed on a silica gel
column (Acme’s 100-200 mesh). The adsorbed
acetone extract was fractionated with increasing
polarity of solvents as per Table 1. Fractions
pooled were stored at 4°C in darkness until
bioassay.

Pure cultures of human pathogenic Gram-
positive (Methicillin resistant  Staphylococcus
aureus, Bacillus subtilis and Enterococcus
faecalis) and Gram-negative (Pseudomonas
aeruginosa, Erwinia sp., Salmonella paratyphi-B,
Enterobacter  aerogenes,  Proteus  vulgaris,
Klebsiella pneumoniae and Escherchia coli)
bacterial strains obtained from the Laboratory of
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Microbiology, Christian Medical College, Vellore,
Tamil Nadu, India were used for studies on
antibacterial activity.

Antibacterial activity of all the column fractions
against Gram-negative and Gram-positive bacteria
was carried out using the disc-diffusion method™.

Table 1—Column chromatography fractionation of crude acetone extract of S. wightii using sequential gradient partition

Eluent ratio of solvents

Hexane - 100%

Hexane: Ethyl acetate
95:5, 90: 10, 85:15, 80:20, 75:25
70: 30, 65:35, 60:40, 55:45, 50:50
45:55, 40:60, 35:65, 30:70, 25:75
20:80, 15:85, 10:90, 5:95
Ethyl acetate - 100%
Ethyl acetate : Acetone
95:5, 90: 10, 85:15, 80:20, 75:25
70: 30, 65:35, 60:40, 55:45, 50:50
45:55, 40:60, 35:65, 30:70, 25:75
20:80, 15:85, 10:90, 5:95
Acetone - 100%
Acetone: Methanol
95:5, 90: 10, 85:15, 80:20, 75:25
70: 30, 65:35, 60:40, 55:45, 50:50

45:55, 40:60, 35:65, 30:70, 25:75,

with solvents
Fractions

No fractionation/separation in thin
layer chromatography

Solvent ratio number

1

20:80, 15:85, 10:90, 5:95
Methanol - 100%

FRACTION I* 2-6
FRACTION II* 7-11
FRACTION IIT* 12-16
No fractionation/separation in TLC 17-20
FRACTION IV* 21
FRACTION V* 22-26
FRACTION VI* 27-31
FRACTION VII* 32-36
No fractionation/separation in TLC 37-40
FRACTION VIII* 41
No fractionation/separation in TLC 42-46
FRACTION IX* 47-51
No fractionation/separation in TLC 52-60
61

*TLC produced similar pattern of fractionation/profiling/separation with comparable Rf values were pooled

Three different concentrations (1000 pg/disc,
500 pg/disc and 250 pg/disc) of each column
fractions were dissolved in 4% dimethyl sulfoxide
(DMSO) and loaded on sterile discs (Hi-media)
placed on solidified agar medium. Negative
control was prepared using 4% DMSO. The plates
were incubated for 24 hours at 37°C. Zones of
inhibition were recorded in millimeters and the
experiment was repeated thrice for concordant
results. The antibacterial response of each of the
fractions was compared with the Kirby-Bauer
Standard Interpretative Chart®'. All the data were
statistically analyzed using Student’s “t” test at
95% significant levels.

Fraction of S. wightii with highest antibacterial
activity was further characterized using GC-MS
(Shimadzu-QP2010 chromatography system with
software version 2.53), IR (Shimadzu FT IR 8000
series in the region between 4000500 cm™), 'H

NMR (at 23°C in CDCl; using a Bruker 300 MHz
spectrometer) and °C NMR (Bruker 300, 75MHz
spectrometer in CDCI; as solvent). Molecular
structure of the major sub-fraction of antibacterial
substance was predicted based on the IR, 'H and
C NMR spectra.

Results

Antibacterial assay performed for various
column fractions revealed a significant activity by
fraction IV for many of the bacterial pathogens in
all its concentrations over other column fractions.
The antibacterial activity determined by zone of
inhibition (ZI) for different concentrations of
fraction IV of S. wightii against B. subtilis were
measured as 12.66+0.57 mm for 250pg,
16.33+£0.57 mm for 500ug and 17.33+0.57 mm for
1000ug (Table 2; Fig. 1). B. subtilis was highly
susceptible for all the concentrations of fraction IV
when compared to standard interpretative chart for
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positive control. Fractions II and VII of S. wightii
also acted against the growth of B. subtilis but the
antibacterial response were resistant when
compared to the Kirby-Bauer Standard
Interpretative Chart (Table 2). Column fractions I,
II, IV, VI and VIII of S. wightii inhibited the
growth of E. faecalis but fraction VI showed a ZI

1367

value of 13.33+0.57 mm with intermediary
antibacterial response. Other fractions also showed
Z1 but were reported resistant.

The antibacterial response when compared
to the Kirby-Bauer Standard Interpretative Chart
revealed that 1000ug concentration of fraction III

Table 2— Antibacterial activity of various column fractions of Sargassum wightti against human pathogenic
Gram-positive bacteria

Zone of inhibition (mm)

. Concentration Methicillin resistant .
Fractions (ng/disc) Staphylococcus Bacz(lys Entero.coccus
aurens subtilis faecalis
250 - - -
I 500 - - 8.33+0.57*
1000 - - 1033 £0.57*
250 - - -
1I 500 - 9.33 £0.57* 10.33 £0.57*
1000 - 10.33 £0.57* 11.33 £0.57*
250 - - -
I 500 - - -
1000 - 10.33 £0.57* -
250 - 12.66 £0.57 -
v 500 833 +£0.57* 16.33 £0.57* 7.33+0.57*
1000 10.33 £0.57* 17.33 £0.57* 9.33 £0.57*
250 - - -
\'% 500 - - -
1000 - - -
250 - - 10.33 £0.57
VI 500 - - 1133 £0.57™
1000 - - 13.33 £0.57*
250 - 9.33+0.57 -
VII 500 - 10.33 £0.57™ -
1000 - 11.33 £0.57* -
250 - - 9.33 £0.57
VIII 500 - - 1033 £0.57™
1000 - - 11.33 £0.57*
250 - - -
IX 500 - - -
1000 - - -
4% DMSO Negative Control - - -
Streptomycin (10 pg) Positive Control 22.33+£0.58

Kirby-Bauer standard interpretative chart for positive control '1:
1. Carbenicillin (10ug) for P. aeruginosa - Resistant (R) <13mm; Intermediate (I) 14-16mm; Sensitive >17mm
2. Streptomycin (10pg) for other bacteria - Resistant (R) <1 1mm; Intermediate (I) 12-14mm; Sensitive >15mm
* — Significant at 95% level, NS —Non-significant, ZI — Zone of inhibition, “-“ No activity; Each value

representing mean + SD of 3 replicates

alone was sensitive to the growth of P.
aeruginosa; 1000pg of fraction II and 500 pg of
fraction III were intermediate in their antibacterial

response (Table 3; Fig. 1). A sensitive
antibacterial activity against Erwinia sp. was
shown by fraction VII of

S. wightii with a ZI wvalue for 1000pg
concentration as 14.33+0.57 mm. As per Kirby-
Bauer Standard Interpretative Chart, 500ug
concentration of fraction IV showed an
intermediary antibacterial response against F.
aerogenes but 1000ug concentration was sensitive
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to the bacterium. Fraction V showed an  resistant to all the column fractions of
antibacterial activity to P. vulgaris with ZI values  S. wightii.

of 8.33£0.57 mm (500ug) to 10.33+£0.57 mm
(1000pg) with a significant (p<0.05) increase in
activity. The ZI for fraction IV for E. coli at
1000ug concentration was measured as 9.33+0.57
mm (p<0.05), but it was inferred as resistant. The

Fraction IV of S. wightii possessing highest
antibacterial activity was therefore selected for
further characterization. GC-MS analysis of
fraction IV revealed that mono-ethylhexyl
phthalate (MEHP) was the major compound

studies on antibacterial activity of various
fractions eluted from column chromatography
revealed the fact that the bacterial species, S.
paratyphi-B and K. pneumoniae were found to be

occupying an area of 97.41 % (Fig. 2A).

Table 3—Antibacterial activity of various column fractions of Sargassum wightti against human pathogenic Gram-negative bacteria
Conc. Zone of inhibition (mm)
(ug/disc)  P. aeruginosa S. paratyphi-B Erwinia sp. E. aerogenes P. vulgaris K. pneumoniae E.
250 - - - - - - -
I 500 9.33+£0.57* - - - - - -
1000 11.33 £0.57* - - - - - -
250 - - - - - - -
I 500 10.33 £0.57* - - - - - -
1000 12.33 £0.57* - - - - - -
250 10.33+£0.57 - - - - - -
500 12.33 £0.57* - - - - - -
1000 14.33 £0.57* - - 10.33+£0.57* - - -
250 - - - 10.33 £0.57 - - -
500 - - - 11.33 £0.57™ - - -
1000 - - - 15.33+£0.57* - -
250 - - - - - - -
v 500 - - - - 8.33+0.57* - -
1000 - - - - 10.33 £0.57* - -
250 - - - - - - -
500 - - - - - - -
1000 - -
250 - -

Fractions

111

v

VI

10.33 £0.57 - - - -
500 - - 1133+ 057" - - - -
1000 - - 14.33 £0.57* - - - -
250 - - - - - - -
500 - - - - - - -
1000 - - - - - - -
250 - - - - - - -
500 - - - - - - -
1000 - - - - - - -
4% DMSO NC - - - - -
STZ PC 22.33+0.58

Kirby-Bauer standard interpretative chart for positive control !

1. Carbenicillin (10pg) for P. aeruginosa - Resistant(R) <13mm; Intermediate (I) 14-16mm; Sensitive >17mm

2. Streptomycin (10pg) for other bacteria - Resistant(R) <1 1mm; Intermediate (I) 12-14mm; Sensitive >15mm

* — Significant at 95% level, NS —Non-significant, ZI — Zone of inhibition, “-“ No activity; Each value representing mean + SD of 3 replicates

Conc. - Concentration; NC - Negative control; PC - Positive control; STZ - Streptomycin (10 pg)

Vil

VI

IX
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IR spectrum of fraction IV indicated the presence of
one acid group and one ester group (Fig. 2B). It also
showed the presence of aromatic stretching frequency.
According to the data, the extracted compound
contained an acid ester, aromatic and aliphatic chains.
The (C) NMR spectra indicated a value of 172, the
carbonyls with 137 and 133 and both of them were
aromatic ring carbons; 40 to 28 were aliphatic chain
carbons (it was nearly 4 carbons) and 64 (showed
2%arbon 19 and 15 were 2-methyl carbons). Proton
(‘H) NMR spectra clearly indicated one aromatic ring
(7.68 ppm and 7.06 ppm) and two methyl groups and
6 proton averages (Fig. 3). Based on IR and NMR
(PC &'H) spectra, the structure of the major active
anti-bacterial component in the fraction IV of
S. wightii is:

0
0 CH,
COH CH

IR: 3460, 2926, 2859, 1728, 1612, 1510, 1457, 1379,
1278, 1124, 1071, 742

'H-NMR:  0.86-0.92 (6H,m2CH;), 1.01-1.40
(6H,m,3CH.,), 1.78 (4H,m2 CH,), 4.01 (1H,m,CH),
7.06-7.68 (4H,m,4CH).

BC-NMR: 5.12 (CH3), 15.9 (CH3), 18.9 (CH,), 25.8
(CH,), 27.6 (CH,), 31.8 (CH,), 34.2 (CH,), 83.0 (CH),
133.5-137.0 (Aromatic), 172.1 (C=0, -COO)

Molecular formula: Cis Hy, O, ;Molecular weight:
278.15.

1369

Lirrcrobodter aerozaies

FErnsorncoccus faccalis Frwinic wp

Fig. 1— Antibacterial activity of various column fractions (I - IX)
of Sargassum wightii against different human bacterial pathogens.
A. Antibacterial activity of the column fraction-IV of
S. wightii against Bacillus subtilis; B. Antibacterial activity of the
column fraction- IV of S. wightii against Enterobacter aerogenes;
C. Antibacterial activity of the column fraction-1I of S. wightii
against Pseudomonas aeruginosa; D. Antibacterial activity of the
column fraction-IIl of S. wightii against P. aeruginosa;
E. Antibacterial activity of the column fraction-VI of S. wightii
against Enterococcus faecalis; F. Antibacterial activity of the
column fraction-VII of S. wightii against Erwinia sp.
1 -250pg, 2 - 500pug and 3 - 1000pg of various column fractions;
NC — negative control; No antibacterial activity was observed to
any of the bacterial organisms for column fractions I, V, VIII and
IX

Discussion

Many reports have been published on various
isolated compounds from marine macro-algae with
biological activity, demonstrating their ability to
produce metabolites, with high complexity and
unlimited diversity of pharmacological and biological
properties”. Compounds with antiviral, antifungal
and antimicrobial activities have been detected in
marine macro algae®’. Recent reports from natural
sources also suggest that algae are a promising group
to furnish novel biochemically active substances™.
Present study on the marine algae Sargassum wightii
clearly revealed the effectiveness of crude acetone
extract of S. wightii in providing antibacterial activity
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to a panel of eight target bacteria. Further, among
various column fractions of S. wightii, fraction IV
demonstrated highest antibacterial activity. The major
compound in this fraction was identified as mono-
ethylhexyl phthalate (MEHP).
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Fig. 2— A. Gas chromatography and mass spectroscopy (GC-MS)
analysis of column fraction-IV of S. wightii and B. Infrared
spectroscopy (IR) analysis of fraction-1V of S. wightii

Since MEHP is the most abundant component in the
column fraction of S. wightii with antibacterial
properties, it could be a potent biotic compound
against pathogenic bacteria. Earlier reports revealed
isolation of di-(2-ethylhexyl) phthalate (DEHP) from
terrestrial and marine organisms including plants®,
marine algae®*”’, and fungal and bacterial culture
broths®* *'. There were also reports of natural
presence of phthalate esters [di-(2-ethylhexyl)
phthalate and di-butyl phthalate] in the environment
long before their commercial manufacture and
release.
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Fig. 3— 'H and "*C Nuclear magnetic resonance (NMR) analysis
of fraction-1V of S. wightii

Conclusion

In our present investigation, mono-ethylhexyl
phthalate (MEHP) was reported for the first time from
S. wightii with a significant antibacterial activity
against some selected human pathogenic bacteria.
Since MEHP is the most abundant component in the
column fraction of marine macro-algae S. wightii with
antibacterial properties, the commonly present marine
macro-algae, S. wightii could be a potent source of the
biotic compound MEHP.
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