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Antibiotic activity of lectins from marine algae against marine vibrios
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Abstract Saline and aqueous ethanol extracts of marine
algae and the lectins from two red algal species were
assayed for their antibiotic activity against marine vib-
rios. Experimental studies were also carried out on the
influence of environmental factors on such activity,
using batch cultures. The results indicated that many of
the saline extracts of the algal species were active and
that the activity was selective against those vibrios as-
sayed. The algal extracts were active against Vibrio pel-
agius and the fish pathogen V. vulnificus, but inactive
against V. neresis. Algal lectins from Eucheuma serra
(ESA) and Galaxaura marginata (GMA) strongly
inhibited V. vulnificus but were inactive against the other
two vibrios. The antibacterial activity of algal extracts
was inhibited by pretreatment with various sugars and
glycoprotein. Extracts of the two red algae, E. serra and
Pterocladia capillacea, in saline and aqueous ethanol,
inhibited markedly the growth rate of V. vulnificus at
very low concentrations. Culture results indicated that
metabolites active against V. vulnificus were invariably
produced in P. capillacea over a wide range of temper-
ature, light intensity, and nutritional conditions. En-
hanced antibacterial activity occurred when P. capillacea
was grown under higher irradiance, severe nutrient stress
and moderate temperature (20 �C), reflecting the specific
antibiotic characteristics of this alga. The strong anti-
biotic activity of lectins towards fish pathogenic bacteria
reveals one of the important roles played by algal lectins,
as well as the potential high economic value of those

marine algae assayed for aquaculture and for biomedical
purposes.
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Introduction

Many marine algae produce antibiotic substances
capable of inhibiting bacteria, viruses, fungi, and other
epibionts. It appears that the antibiotic characteristic is
dependent on many factors, including the particular
alga, the microorganisms, the season, and the growth
conditions [5, 14, 15, 25]. The antibacterial activity of
marine algae is generally assayed using extracts in vari-
ous organic solvents, e.g., acetone [15], methanol–tolu-
ene [4], ether [6], ethanol [25], and chloroform-methanol
[5]. Several extractable compounds, such as cyclic poly-
sulfides and halogenated compounds, are toxic to
microorganisms and therefore responsible for the anti-
biotic activity of some marine algae [9, 23, 31]. However,
an antibiotic assay of extracts in organic solvents
probably does not reflect adequately the antibacterial
activity of marine algae under natural conditions. In
earlier investigations, phenolics were found to be re-
leased into seawater from fucoid thalli, and these served
as antifouling substances [22, 28]. Other studies indi-
cated that released organic substances from juvenile
forms of the red alga Chondrus crispus had an inhibitory
effect on growth of adjacent diatoms [18], while those
from the brown alga Fucus spiralis exhibited a stimula-
tory effect [16]. Assays using fragments of thalli from
various marine algae also demonstrated remarkable
antibiotic activity [14]. Moreover, water-extractable
substances from various marine algae had antifouling
activity towards the green alga Enteromorpha prolifera
[7]. A sulfated polysaccharide from the cell wall of
Porphyridium sp. recently was found to display pro-
nounced antiviral activity [17]. Bioactive substances that
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appear on the surface of thalli or as exudates from thalli
during growth in saline solution are thus probably more
biologically and ecologically significant in such alleo-
pathic interactions.

Lectins are proteinaceous substances that are widely
distributed in animals, plants, and microorganisms [8].
Since the report of Boyd et al. [3], numerous studies
have indicated that marine algae contain lectins capable
of binding specific carbohydrates to produce unique
biological activities, such as the aggregation of ery-
throcytes, yeasts, bacteria, and various unicellular algae
[12, 13, 26]. In both freshwater and marine algae, lec-
tins play an important role in recognition and adher-
ence of gametes during sexual reproduction [1, 21, 27].
Other biological and ecological activities of algal lectins
are probably involved in symbiosis and defense as
exhibited by lectins of land plants [8], marine mussels,
and other invertebrates [10, 20, 24, 29, 30]; however,
this has not been clearly proven. It has recently been
suggested that carrageenan oligosaccharides mediate
the association of a red alga and its green algal path-
ogen [2].

In this study, we assayed the antibacterial activity of
both saline and aqueous ethanol extracts of marine algae
against marine vibrios. Lectins purified from two marine
red algae were assayed for their activity against a
pathogenic vibrio. The growth rate of the vibrio path-
ogen in the presence of lectin-containing algal extracts,
as well as the inhibitory activity of marine algae in
relation to growth condition, was also determined using
batch cultures.

Materials and methods

Algal materials and bacterial clones

Thirteen species of marine algae were collected from the north-
eastern coast of Taiwan. Marine vibrios, Vibrio neresis (ATCC
25916), V. pelagius (ATCC 25917), and V. vulnificus (CPC1-2,
CPC1-7), were examined for their responses to marine algal ex-
tracts and purified lectins. The pathogenic bacterium V. vulnificus,
which is capable of causing infectious diseases in fish and humans,
was isolated from the northeastern coastal waters and identified by
one of the authors (W.-Y. S.). This bacterium appeared in seawater
having a salinity of 5.0–37.0& and temperatures of 14.0–30.3 �C.
All bacterial clones were grown in 80% seawater, containing 0.3%
bacto-peptone and 0.1% yeast extract, at 25 �C.

Preparation of algal extracts and lectins

After removal of epibionts and other contaminants, the harvested
thalli were cleaned in filtered seawater using an ultrasonic cleaner
and then in previously distilled Milli Q ion-exchanged water. The
cleaned thalli were freeze-dried, ground into powder, and main-
tained at )20 �C until used. The powdered algae were extracted at a
1:10 (w:v) ratio [12, 19] in either 50 mM phosphate-buffered saline
(PBS; pH 7.2, containing 0.8% NaCl) or in 20% ethanol. The algal
lectins, referred to as ESA and GMA, were isolated and purified
from the red algae Eucheuma serra and Galaxaura marginata,
respectively, by one of the authors (W.R.L.). Detailed isolation and
purification procedures, together with the biochemical character-
istics, will be reported elsewhere. Additionally, two lectins from

land plants, namely Con A and WGA, were obtained from a
commercial source (Amersham Pharmacia Biotech, Uppsala,
Sweden) and were used for comparison in the antibacterial assay.

Antibacterial assay

Marine vibrios were seeded separately onto the surface of agar
plates, followed by the placement of a 12-mm filter membrane disc
on the agar surface of each plate. An aliquot (20 ll) of algal extract
was then added to each disc. For each algal extract, triplicate agar
plates were used and each replicate had two agar plates for the
assay. Bacterial cells were allowed to grow at 25 �C for 48 h. The
antibacterial activity of algal extracts was assayed based on the
presence and diameter of an inhibition zone around the discs.

As described above for crude extracts, 20-ll aliquots of ESA
and GMA, containing 102 and 184 lg of purified lectin, respec-
tively, were transferred separately to discs covering agar plates
seeded with V. vulnificus cells. Similarly, 20-ll aliquots containing
120 and 800 lg of Con A and WGA, respectively, were applied
separately to the discs for assaying. For each combination of lectin
and bacterial clone, the assay was carried out in triplicate at 25 �C
for 48 h.

Inhibition of antibacterial activity

Inhibition of the antibacterial activity of four strongly reactive
species was assayed as described above using various carbohydrates
and glycoproteins. An aliquot (50 ll) of 0.1 M sugar or glyco-
protein was mixed with an equal volume of algal extract at room
temperature for 30 min. Then, 50 ll of the mixture was added to
each membrane disc on an agar plate seeded with V. vulnificus.
Antibiotic activity was examined after incubation. The inhibitors
used in the assay were the monosaccharides and their derivatives:
arabinose, D (+) fucose, D (+) glucose, sialic acid, N-acetyl-D-
galactosamine (GalNAc) and N-acetyl-D-glucosamine (GlcNAc);
the oligosaccharide D (+) maltose; and the glycoprotein fetuin.

Bacterial growth rate with algal extracts

Both saline and aqueous ethanol extracts of E. serra and Pterocl-
adia capillacea were tested separately against the pathogen V. vul-
nificus (clone CPC 1-2). The vibrio suspension was added to test
tubes containing PY broth and algal extract of serial twofold
dilutions, and then incubated at 25 �C for 48 h. The initial vibrio
concentration in each tube (at the start, T0) was 10

5–106 CFU/ml.
PY broth with added PBS or aqueous ethanol instead of algal
extracts was used as the control assay. Each assay had two repli-
cates in serial dilutions. The bacterial growth rate in each dilution
was determined based on the number of bacterial colonies formed
on the agar surface, following the procedures described above.
Inhibition of vibrio growth by the algal extracts was expressed as a
percentage of the growth rate in the control.

Environmental factors influencing the antibacterial activity
of marine algae

Undamaged healthy plants (with holdfast) of P. capillacea were
cleaned in sterile seawater immediately after being collected and
brought to the laboratory as described above and then examined
using an optical microscope to aid in the removal of epiphytes and
small animals, if any. The plants were then soaked in sterile sea-
water at 25 �C overnight. During the experiments, light was sup-
plied by cool-white fluorescent lights in a light–dark cycle of 12 h
on and 12 h off. The light intensity was measured at the base of
cultures with a photometer, Model LI-185B, (LI-COR, Lincoln,
Neb., USA). The culture medium used was silicon-free half-
strength f medium [11]. Seawater collected nearby the sampling
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sites for P. capillacea was used to prepare the experimental med-
ium. The ambient inorganic nitrogen, (including nitrate, nitrite and
ammonium), and phosphate concentrations in the seawater were
22.48 lM and 0.46 lM, respectively. The culture medium was re-
placed every 2 days. Variability in measuring the inhibitory activity
against the pathogen V. vulnificus was assessed by using triplicate
experimental cultures. Experiments were carried out at different
temperatures, light intensities, and nutrient (N/P) ratios for
2 weeks to determine whether the antibiotic activity of marine al-
gae was influenced by a change in the growth environment. At the
end of the experiments, P. capillacea thalli were extracted in
aqueous ethanol and assayed for their antibacterial activity, as
described above.

Temperature and light

Whole plants (3.0–3.4 g) were placed into a 1-l flask containing
300 ml enriched medium and allowed to grow at a temperature of
5, 10, 20, 25 or 30 �C and a light intensity of 150 lmol photons
m)2 s)1, or at light intensities of 50, 100, 150, 200 or 250 lmol
photons m)2 s)1 and a temperature of 20 �C.

Nutrients

Plants were also grown in the above enriched seawater medium, but
supplemented with different concentrations of nitrate to give N/P
ratios of 0.04, 0.44, 2.21, 4.43, 22.13, 44.26, 132.78 and 221.25.
Algal cultures were maintained at 20 �C and an irradiance of
150 lmol photons m)2s)1.

Results

Antibacterial assay with algal extracts

Most of the red and green species assayed were inhibi-
tory to V. pelagius; E. serra was the most active, fol-
lowed by Sarcodia ceylanica, G. marginata, and
Microdictyon nigrescens (Table 1). By contrast, nearly
all the algal extracts were inactive against V. neresis.
Notably, E. serra, G. marginata, and Ulva conglobata
strongly inhibited the pathogenic vibrio V. vulnificus.
The brown alga Sargassum duplicatum showed

pronounced antibacterial activity of saline extract
against V. pelagius and of ethanol extract against
V. vulnificus, but was inactive towards V. neresis. More
species exhibited a positive reaction against V. pelagius
in their saline extracts than in their ethanol extracts.

Inhibition test of antibacterial activity

Those species that were strongly active against V. vulnificus
became inactive after being pretreated with GalNAC,
GlcNAC, and the glycoprotein fetuin (although the
latter did not inhibit the activity of U. conglobata)
(Table 2). Fucose and glucose were inhibitory to saline
extracts of E. serra and U. conglobata but not to ethanol
extracts. Arabinose, maltose, and sialic acid did not
inhibit the antibacterial activity of either extract of the
assayed algae.

Antibacterial assay with purified lectins

With the purified red algal lectins ESA and GMA, the
inhibitory activity against V. vulnificus was notable
(Table 3). However, these two algal lectins were inactive
toward V. neresis and V. pelagius. Con A and WGA
from land plants did not inhibit any of the vibrios
assayed.

Bacterial growth rate with algal extracts

The growth rate ofV. vulnificuswasmarkedly inhibited in
the presence of E. serra and P. capillacea extracts at rel-
atively low concentrations. The growth rates were re-
duced by 44–57% and 11–36% by aqueous ethanol and
saline extracts, respectively, at a dilution ratio of 1/16
(Fig. 1). However, the bacterial growth rate increased at
higher dilution ratios. Generally, the vibrio pathogen was

Table 1 Antibacterial activity
of marine algal extracts in
phosphate-buffered saline (P)
and aqueous ethanol (E).
Numbers indicate width of
inhibition zones in mm,— no
inhibition, n.d. not determined

Algal species Vibrio pelagius Vibrio neresis Vibrio vulnificus
(CPC1-2)

P E P E P E

Rhodophyta
Carpopeltis maillardii 1.1 — — — n.d. n.d.
Eucheuma serra 4.3 4.5 — — 2.5 10.0
Galaxaura marginata 1.5 2.5 1.0 2.5 7.0 4.0
Gracilaria lemaneiformis 1.3 — — — 5.0 —
Halymenia ceylanica 2.5 — — — n.d. n.d.
Helminthocladia australis <1.0 — — — n.d. n.d.
Pterocladia capillacea 2.3 — — — 2.0 3.5
Sarcodia ceylanica 3.9 — — — n.d. n.d

Chlorophyta
Microdictyon nigrescens 2.6 — — — n.d. n.d.
Ulva conglobata 1.0 — — — 6.0 3.5
U. fasciata 1.1 <1.0 — — n.d. n.d.

Phaeophyta
Endaracne binghamiae 1.2 — — — n.d. n.d.
Sargassum duplicatum 3.6 — — — — 9.0
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more susceptible to E. serra extracts than to P. capillacea
extracts in aqueous ethanol, and, conversely, to P. cap-
illacea extracts than to E. serra extracts in saline.

Environmental factors influencing the antibacterial
activity of marine algae

At all given temperatures, light intensities, and N/P
ratios, extracts of P. capillacea inhibited the growth of
V. vulnificus, as revealed by the formation of zones of
inhibition on the agar surface of the culture plates.
However, while algal antibacterial activity did not vary
significantly (p >0.05) over the temperature range used,
it increased remarkably from 1 to 20 �C and then de-
creased at higher temperatures, i.e. 25 and 30 �C
(Fig. 2). The activity of extracts either increased (for
vibrio clone CPC 1-7) or decreased (for vibrio clone
CPC 1-2) with an increase in the light intensity under
which P. capillacea was grown (p <0.05). At low light
intensities (50 and 100 lmol photons m)2s)-1) (Fig. 3),
the activity toward the two clones varied greatly—being
higher for CPC 1-2 and lower for CPC1-7, and differing
by ca. two-fold. A change of the N/P ratio caused a
dramatic change in the antibacterial activity of the as-
sayed alga: activity was maximal when the alga was
grown at lower and higher N/P ratios, i.e., 0.4 and 221.2,

Table 2 Inhibition by sugars
and glycoprotein of the
antibacterial activity of marine
algal extracts in phosphate-
buffered saline (PBS) and
aqueous ethanol (E) tested
against V. vulnificus (CPC1-2).
+ Inhibition, — no inhibition,
n.d. not determined

Extract Sugar or glycoprotein

Arabinose Fucose Glucose GalNAc GlcNAc Sialic acid Maltose Fetuin

Eucheuma serra
PBS — + + + + — — +
E — — — + + — — +

Galaxaura marginata
PBS — — — + + — — +
E — — — + + — — +

Pterocladia capillacea
PBS — — — + + — — +
E — — — + + — — +

Ulva conglobata
PBS — + + + + — — —
E — — + + + — — —

Table 3 Antibacterial activity of lectins from marine red algae and
higher plants. Numbersindicate width of inhibition zones in mm,—
no inhibition

Lectin V. neresis V. pelagius V. vulnificus
(CPC1-2)

V. vulnificus
(CPC1-7)

ESA — — 8.3 2.7
GMA — — 8.8 2.0
Con A — — — —
WGA — — — —

Fig. 1 Growth rate of Vibrio vulnificus in the presence of aqueous
ethanol (left) and saline (right) extracts of Eucheuma serra and
Pterocladia capillacea at various dilution ratios

Fig. 2 Variation of antibiotic activity of P. capillacea grown at
various temperatures; activity was assayed against V. vulnificus and
is expressed as the width of the inhibition zone around the disc
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and minimal at ratios around 115 (p<0.005) (Fig. 4).
Algal antibacterial activity correlated with light intensity
and N/P ratio in a quadratic function generally defined
by f (x)=ax2+bx+c, where a or b<0.

Discussion

Many marine algae exhibit antibiotic activity that varies
between species and even within the same thalli
[4,6,15,25,31]. In the present study, specific inhibition of
the pathogenic vibrio V. vulnificus by marine algae was
demonstrated.

Water-soluble bioactive compounds that appear on
the surface of thalli, or as exudates from the thalli of
marine algae, have substantial effects on the association

of microorganisms. This has been demonstrated in
fragments of thalli and juvenile plants of various marine
algae [14,16,18], induced by phenolic compounds from
fucoid algae [22,28], and, more recently, by sulfated
polysaccharides from Porphyridium sp. [17] and by wa-
ter-extractable fractions from various marine algae [7].
However, in a previous study, we showed that both PBS
and aqueous ethanol extracts of the assayed algae
strongly agglutinated human and animal erythrocytes.
The hemagglutinating activity was inhibited by various
mono- and oligosaccharides and glycoproteins (unpub-
lished data). Similarly, in this work, it was shown that
extracts of strongly active species became inactive
against V. vulnificus after pretreatment with carbohy-
drates and glycoproteins. Assays with the purified lectins
ESA and GMA, from two red algae, strongly inhibited
growth of V. vulnificus, confirming the finding of lectins
as antibacterials. This suggests that lectins or lectin-like
compounds, rather than toxic compounds per se, are
involved in the antibiotic reaction displayed in the re-
ported assays. Similar results were obtained in Alex-
andrium cohorticula, a dinophycean alga, which was
shown to secrete agglutinins from its cell surface into a
culture medium to cause aggregation of erythrocytes
[13].

Lectins in higher plants defend against pathogenic
bacteria and fungi by recognizing and immobilizing the
infecting microorganisms via binding, thereby prevent-
ing their subsequent growth and multiplication [8].
Lectins from bivalves and other invertebrates act in a
similar manner to eliminate invading pathogenic bacte-
ria [10,20,24,29,30]. This type of defense mechanism is
little known in algae, mainly due to the limited number
of lectins available from marine algae and the small
amounts present. Some known algal lectins recognize
and bring about adherence of sexual gametes during
reproduction, e.g., Chlamydomonas reinhardii , Fucus
serratus and Aglaothamnion oosumiense [1,21,27]. In
addition, lectins from marine algae appear to aggregate
fungi, bacteria, blue-green algae, diatoms, dinoflagel-
lates and other unicellular algae, as well as erythrocytes
[3,12,13]. In the present study, we observed the immo-
bilization and aggregation of cells of V. vulnificus (but
not of two other vibrios) following reaction with the
assayed lectins (Fig. 5). Thus, algal lectins can mediate
the allelopathy of bacterial–algal associations through
recognition and binding of the complementary carbo-
hydrates on either the cell walls or plasma membranes of
the associated bacteria. Such conjugate reactions be-
tween proteins and carbohydrates or glycoproteins
provide a defense mechanism for marine algae. We be-
lieve that specific carbohydrate-containing receptors of
algal lectins are probably not uncommon on the cell
surface of marine pathogenic vibrios, in addition to
V. vulnificus. Similar molecular links are also present in
the Chondrus crispus–Acrochaete operculata association,
in which carrageenan released from C. crispus mediated
A. operculata recognition and subsequent pathogenic
association [2].

Fig. 3 Variation of antibiotic activity of P. capillacea grown at
various light intensities; activity was assayed against V. vulnificus
and is expressed as the width of the inhibition zone around the disc

Fig. 4 Variation of antibiotic activity of P. capillacea grown in
media supplemented with nitrate and phosphate in various
concentration ratios (N/P ratio); activity was assayed against V.
vulnificus and is expressed as the width of the inhibition zone
around the disc

437



The growth rate of V. vulnificus was inhibited
markedly in the presence of E. serra or P. capillacea
extracts at very low concentrations.With increased
irradiance, the red alga Spyridia filamentosa increased
production of antibiotically active metabolites against
pathogenic bacteria [5]. As seen in P. capillacea, and
possibly in some other marine algae, metabolites acting
against the pathogen V. vulnificus are produced over a
wide range of temperatures, light intensities, and N/P
ratios. Moreover, the N/P ratio had a greater effect on
activity than either light intensity or temperature, and
antibacterial activity increased dramatically when the
alga was under severe nutrient stress, i.e., either highly
N-limited or highly P-limited conditions. Higher light
intensity also enhanced the antibacterial activity of al-
gae, although to a lesser extent, whereas temperature
affected the activity in a different manner. Therefore,
the antibacterial activity of P. capillacea is a function
of the N/P ratio and light intensity, but not necessarily
of temperature.

The present study exemplifies one of the important
roles played by algal lectins and suggests that many
marine algae have anomalous properties in antibiosis.
Much work remains to explore the biochemical charac-
teristics of lectins in relation to defense as well as sym-
biosis between marine algae and their associated
organisms. No doubt there are other marine algae that
contain lectins with similar characteristics.
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