
Sea anemones (class Anthozoa) produce 
toxins, which are used for capturing prey 
or as chemical signals to repel predators. A 
number of toxins have so far been isolated from 
various species of sea anemones and are well 
characterized (1-3). Among them, cytolysins of 
approximately 19 kDa are the most numerous 
and extensively studied group of cytolysins 
from sea anemones (2-7). They are monomeric 
cysteineless proteins with pH values of above 
nine and inhibited by sphingomyelin (8-12). They 
appear to be extremely efficient pore-forming 
toxins as compared to other members of this class 
isolated from other organisms (3, 6). These 19-
kDa cytolysins can efficiently lyse various cells 
and permeabilize model lipid membranes by 
using an α-helix (8-10). The mechanism of pore 
formation involves at least two steps: binding of 
the water soluble monomer to the membrane, 
and subsequent oligomerization of three to four 
monomers on the surface of the membrane, 

leading to the formation of a functional pore with 
a diameter of ~2 nm (8-10).

A highly active 19-kDa pore-forming cytolysin 
has been isolated from the mucus secretion and 
body homogenate of the sea anemone Heteractis 
magnifica (13-16). The sea anemone mouth is 
surrounded by a ring of tentacles that are armed 
with stinging cells (nematocysts), which are 
used both in defense and in capturing prey. This 
cytolysin from the sea anemone H. magnifica 
shares close homology with reported pore-
forming cytolysins from other sea anemones 
such as sticholysin I and II from Stichodactyla 
helianthus, actinoporin (RTX-A) from Heteractis 
crispa, actinoporin Or-A from Oulactis orientalis 
and equinatoxin II, IV and V from Actina equina 
(16).

Though a number of toxins have been identified 
from sea anemones so far, the purification of the 
native proteins still remains a challenge. Hence, 
this study presents simple chromatographic 
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methods to purify the native pore-forming toxin 
from H. magnifica. 

The sea anemone Heteractis magnifica 
[identified by Dr. Daphne Fautin (17)] was 
collected from Andaman Islands, India, at a 
depth of 5 m by scuba diving. Samples were 
deposited in the National Marine Repository at 
the National Institute of Oceanography, Goa, 
India. In the laboratory, the live animal was 
induced by osmotic thermal stress to eject the 
epithelial mucus that contains the toxins (6). 
Cnidarian toxins are stored in the cnidocytes, 
which are intracellular organelles that fire under 
pressure or osmotic variations and deeply injects 
the venom. Approximately 2 kg of anemone 
was placed in 1 L of warm distilled water (40 to 
45°C) for 15 minutes with intermittent stirring 
to minimize tissue damage. After 15 minutes, 
the anemone was removed and the solution was 
filtered. The filtrate was stored as 100 mL aliquots 
in liquid nitrogen during transportation. The 
extract was removed from liquid nitrogen after 
transportation and stored at –70°C until analysis. 
When required, the aliquots were thawed and 
concentrated by lyophilization and reconstituted 
in phosphate buffered saline at pH 7.4. 

Concentration of the protein was determined 
by the method described by Lowry et al. (18) using 
bovine serum albumin (BSA) as the standard. 

Hemolytic activity of the toxin was measured 
quantitatively in terms of attenuance on human 
red blood cells at room temperature using 
Spectramax Microtiter® plate reader (Molecular 
devices, USA). Freshly collected human blood 
with heparin was centrifuged to remove the 
buffy coat, and the erythrocytes (RBC) obtained 
were washed three times in 0.85% saline and 
stored at 4°C. Toxins at desired concentrations 
were added in the first well to erythrocyte buffer 
(140 mM NaCl, 10 mM Tris-HCl, pH 7.4), and 
then serially diluted two-fold. RBCs (100 μL; 
D630 = 0.5) in erythrocyte buffer were added to 
the toxins, and hemolysis was monitored by 
measuring attenuance at 630 nm for 20 minutes 
at room temperature. The final volume was 200 
μL per well. The percentage of hemolysis was 
determined at the end of the assay using the 
following equation of Malovrh et al. (19):

Hemolysis (%) = (Dmax – Dobs) / (Dmax – Dmin) x 100 

In which Dobs was the measured attenuance in 

the well after 20 minutes and Dmax is the maximal 
attenuance by distilled water and Dmin is the 
minimal attenuance by erythrocyte buffer.  

The crude extract was treated with ammonium 
sulfate (Himedia Laboratories, India) to 100% 
saturation as per Rosenberg table (20). The 
mixtures were stirred for 30 minutes at 4°C and 
later centrifuged at 10,000 x g for 10 minutes at 
4°C. The precipitate was resuspended in 10 mM 
sodium phosphate buffer (pH 7.2) and desalted 
by dialysis through dialyzing tube with a cutoff 
at 5,000 Da (Pierce, USA) against 10 mM sodium 
phosphate buffer at pH 7.4.

The dialyzed fractions were purified by anion 
exchange chromatography on Hi-Trap DEAE-
Sepharose® anion-exchange column (0.7 x 2.5cm) 
(GE Healthcare, Sweden) at a flow rate of 60 
mL/hour (20). Chromatography was performed 
in an automatic FPLC system, ÄKTApurifier® 
(GE Healthcare, Sweden) fitted with UV and 
conductivity monitor and easy-to-use software 
enabled with automated tracking of the protein 
and continuous monitoring in real time. The 
column-stabilizing buffer was 10 mM sodium 
phosphate buffer, pH 7.4.  One milliliter (100 mg/
mL) of sample in the stabilizing buffer was loaded 
on to the column. After eluting the unbound 
proteins, the elution of the bound proteins was 
performed using a linear gradient of sodium 
chloride from 0 M to 1 M in stabilizing buffer in 
60 minutes. The proteins eluted were measured at 
280 nm continuously using UV monitor. Protein 
peak was tested for hemolytic activity and the 
fractions under peak showing activity were 
pooled together, lyophilized and dialyzed against 
10 mM sodium phosphate buffer overnight at 
4°C. 

The dialyzed fractions from the ion exchange 
chromatography were subjected to gel filtration 
chromatography using the FPLC system, 
ÄKTApurifier® (GE Healthcare, Sweden) (20). 
Chromatography was performed on a pre-packed 
Sephadex® G-50 column (2.5 x 40 cm), pre-
equilibrated with 10 mM sodium phosphate buffer, 
pH 7.4, at a flow rate of 30 mL/hour. One milliliter 
(10 mg/mL) of anion-exchange chromatography 
purified proteins in the running buffer was loaded 
on the column. Chromatography was performed 
at 4°C. The eluted proteins were measured at 280 
nm continuously using UV monitor. The protein 
peaks collected were tested for hemolytic activity. 
The active peak was lyophilized, dialyzed against 
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10 mM sodium phosphate buffer overnight at 
4°C and rechromatographed in the same column 
under similar running conditions as mentioned 
above but at a higher flow rate of 60 mL/hour. The 
fractions under active peak were concentrated as 
aforementioned and analyzed by SDS-PAGE. 

Protein samples were analyzed by SDS-PAGE, 
which was performed using 5% stacking gel and 
12% resolving gels (21). Samples were denatured 
by boiling in loading buffer containing SDS and 
β-mercaptoethanol prior to loading onto the gel. Ten 
micrograms of purified fractions was loaded on the 
gel and electrophoresed. Following electrophoresis 
at 15 mA for four hours, gels were stained with 
Coomassie Brilliant Blue R-250® (Himedia 
Laboratories, India) and destained in a solution of 
10% (v/v) methanol and 10% (v/v) acetic acid.

This paper presents an optimized protocol for 
the purification of the 19-kDa cytolysins from 
the sea anemone H. magnifica. The proteins from 
the venom were isolated by salting out process 
followed by dialysis. The concentration of proteins 
in the crude venom was 0.24 mg/mL and in the 
ammonium sulfate precipitated fraction was 38.6 
mg/mL. The dialyzed fraction was again tested 
for hemolytic activity and after re-confirming the 
activity, it was subjected to purification. 

Initially, the toxin was purified by the anion-
exchange chromatography using an automatic 
FPLC system. In general, 19-kDa pore-forming 
toxins are basic proteins with pH values above 
9.0. Hence, the toxin was initially purified by 
anion-exchange chromatography at pH slightly 
alkaline (pH 7.4) to remove the acidic and 
neutral proteins from the extract. Three major 
peaks, labeled A, B and C were obtained in a 
DEAE-Sepharose® column chromatography (GE 
Healthcare, Sweden) (Figure 1). The peak A 
showed hemolytic activity. The fractions under 
peak A were pooled, lyophilized and dialyzed 
against 10 mM phosphate buffer. 

The dialyzed fraction was further purified 
by gel filtration chromatography in a Sephadex® 
G-50 column (GE Healthcare, Sweden). The size 
of the pore-forming toxin was ~19 kDa. Hence, 
in the gel filtration chromatography, Sephadex® 
G-50 was selected as the column matrix which 
has a fractionation range between 1.5 and 30 kDa. 
Purification by gel filtration chromatography yielded 
three peaks (A, B and C) (Figure 2). The peak B 
showed hemolytic activity; however, it was overlapped 
with A and C (Figure 2). Hence the fractions under 

peak B were rechromatographed in the same column 
under similar conditions but at a higher flow rate 
of 60 mL/hour and three peaks A, B and C were 
obtained (Figure 3). The flow rate was increased 
to reduce the broadening of the peaks. The peak B 
showed hemolytic activity and was concentrated and 
analyzed by SDS-PAGE. The SDS-PAGE analysis of 
the purified fractions displayed a single prominent 
protein band of ~19 kDa (Figure 4). 

Figure 1. Fractionation of hemolytic crude extract 
by anion exchange chromatography. H. magnifica 
crude extract, dissolved in 10 mM sodium phosphate 
buffer (pH 7.4), was fractionated by DEAE-
Sepharose® anion-exchange chromatography using 
a flow rate of 60 mL/hour. Peak A, corresponding to 
washout fractions, showed hemolytic activity.

Figure 2. The fractions under peak A in the anion-
exchange chromatography were pooled and 
fractionated by gel filtration chromatography at a 
flow rate of 30 mL/hour. Peak B exhibited hemolytic 
activity.
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Cytolysins of different sizes ranging from 
short peptides (5 to 8 kDa) to larger proteins 
(98 kDa) were reported from various species of 
cnidarians (22). Based on the size and mechanism 
of action, 19-kDa toxins were termed as pore-
forming cytolysins and have been identified 
in almost all species of sea anemones. Being 
extremely cytolytic and cytotoxic and with the 
ability to address different tissues, these pore-
forming cytolysins have been employed in the 
development of anticancer therapy.

The present study provides a method for 
the isolation of the native toxin in pure form, 
thereby facilitating better understanding of the 
toxin.
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