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Abstract — We have firstly investigated the toxicologicaligity by hemolytic assay of crude extract obtaitdsonication
of holotrichous isorhiza isolated nematocysts &f typhozoafelagia noctiluca collected in the Strait of Messina. The
hemolytic activity was both time- and dose-depemnaenfish, rabbit, chicken and human red bloodsceMt lowest doses
rabbit and chicken erythrocytes were the most seasiwhereas those of eel were the most resistatite crude extract.
Different storage conditions, such as -20 °C, -8@0iQip to 6 months and lyophilization, did not aff¢he stability of crude
venom. Moreover, neither treatment at 4 °C, 20 °C &ndC for different time periods ranging betweenndf and 24 h,
nor harsh thermal treatment at 80 °C and 100 °C teffethe hemolytic power. The crude venom resultesh estable
towards proteolysis and alkaline pH values.
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INTRODUCTION Unlike pelagic Cnidaria, sedentary sea anemones
have proved to be less harmful for humans, due
Cnidarians nematocytes are specialized stinging a lower incidence of stinging and sting
cells, used in the capture of prey as well as fegeverity. Anyway, the major part of peptides and
defense against predators. Tpigylum Cnidaria proteins produced by Coelenterates act as
represents a widely explored source of maringeurotoxins or cytolysins (3, 5, 8, 14).
bioactive compounds. Thgghylumhas provided A relevant blooming of the pink jellyfish
a great number of natural products, whiclPelagia noctilucahas occurred in the last few
include proteins and secondary metabolites wiears, with invasion of large areas of the
toxic and/or biomedical properties. WithinMediterranean Sea, including the Strait of
Cnidaria, sea anemones and jellyfish hawlessina (Sicily, Italy). The accidental contact
developed a variety of biologically activewith specimens oPelagia noctiluca causes the
compounds, including some potent toxins. discharge of thousands of nematocysts. Once
For Hydrozoan, Scyphozoan amd’nside the skin the nematocyst ejects a thread that

Anthozoan species, there is evidence that toxilfs turn €ither adherr]es to or penetratesblnto the
are delivered by nematocysts, characteristR€Y: Injecting the venomous substances

stinging organelles contained in nematocytes. conta!ne_d In the_cap_sular fluid. 'I_'he resultl_ng
allergic-like reaction is accompanied by pain,

Abbreviations: C, centrifuged sample\IC, not centrifuged redness, swelling and sometimes even fever. The

sample; R, resuspended sampl&CA, bicinchonic acid toxin of Pelagia noctilucais not lethal, but the
assaySDS sodium dodecyl sulphate;
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impact on public health and on tourism is MATERIALS AND METHODS
relevant.

The morphology of different types of chemicals
nematocytes ofPelagia noctiluca has been _ All chemicals were purchased from Sigma Aldrich
investigated by Avian and coworkers (2)Milan, ltaly).
Pelagia noctilucais a Scyphozoa equipped with

eight long tentade_'s_ covered by St'ng'n_g cells _arNjematocysts preparation and crude venom extraction
four oral arms arising from beneath its pulsing Specimens ofPelagia noctilucawere collected in

umbrella. In the oral arms there are warts Ghe Strait of Messina. Immediately after capturbe t
holotrichous isorhiza nematocysts (fig. 1)specimens oPelagia noctilucavere transported alive to the
following Mariscal classification (25). On thelaboratory and nematocysts were isolated as destrity

other hand. the functional aspects of thgalleo and coworkers (29). Briefly, the oral armsreve
! P excised within two hours and singly suspended ifd co

discharge mechanism ofPelagia nQCt”UC.a distilled water for 2 hours at 4 °C. The treatmerithw
nematocysts have been thoroughly investigatedtiled water lead to detachment of the epideramisl to
by Salleo and coworkers in the last two decad@smotic rupture of nematocytes, with consequenteisi of

(29 30. 31. 32 33) contributing to emcidatémdischarged nematocysts. The naked oral arms gesrty
’ ! ’ ! f emoved and the nematocysts suspension was refyeated

. . L
some aspects of this SpeCIaI an_d eXC'_t'n\gashed in distilled water, filtered through a plamknet of
phenomenon. HOW@Ver,_ the blof?hemlcaless than 0.1 mm mesh to discard debris, and &eged in
properties and the possible mechanism(s) efrefrigerate centrifuge (ALC PK 120R) at 4,000 g for

action of the various toxins stored in the Capsula’rin. Thus nematocysts classified as holotrichooshigas

; ; according to Mariscal (25) were obtained.
fluid are still poorly understood. Since the holotrichous isorhizas settle down more

rapidly than smaller ones and debris, most of dftterd could
be easily removed from the sample. The pellet virzally
resuspended and stored at -20 °C or -80 °C. Beforegthese
samples were thawed and filtered again. In theepitgsaper
we have exclusively employed nematocysts from arals
(holotrichous isorhiza).

The crude extract was prepared from isolated, clean
nematocysts ofPelagia noctiluca without other cellular
components. Holotrichous isorhiza nematocysts from
Pelagia noctilucasamples were thawed and resuspended in
0.01 M phosphate buffer containing 0.9% NaCl (pH; 7.4
osmotic pressure:3OOmOsm/,K2g) in order to have a

suspension of ca. 90 nematocysts/ul after couniting
Birker chamber. After sonication on ice (Sonoplug, 3
times, 20 sec at 20 kHz) the crude extract wasratgzh
from crushed capsules by refrigerated centrifugatat
4,000 g for 10 min. The obtained venom was kept &€
until use or stored at —20 °C or -80 °C, unless etlser
stated.

Hemolytic assays

. . . . . For the hemolytic tests performed on a single
Figure 1. Light microscope picture of an isolated nematocyst, fresh human erythrocytes were usedlewhi
holotrichous isorhiza nematocyst froRelagia noctiluca  ajther human. rabbit. chicken or eel red bloodscelere
Note the coiled tubule inside the capsule and trerqulum employed for standard spectrophotometric hemoggiays.
(arrow). Bar= 15im. Hemolytic tests were performed essentially as

described elsewhere (22). Briefly, human, rabbithicken
erythrocytes were centrifuged from citrated blowdshed
In the current study we have examined thiree times with isotonic buffer (0.01 M phosphauti, 7.4,

. containing 0.9 % NacCl) and resuspended in the sarfferb
hemolytlc power of the crude extract fromto a final concentration of either 5 % for the $ing

nematocysts oPelagia noctiluca(Scyphozoa), nematocyst tests, or 0.05 % for the spectrophotitnet
collected in the Strait of Messina during the pasksay. A Ringer solution (concentration in mM: NaG81
bloomings, in order to define its generaKICI 32;;3;3% 1.4 <3|aqd2];5; NaltH%QbEO;dKHzier 0.8;

g H : H ucose was employed f1or eel re 00d cells.
pro_pertlefs. In partICUIar W? aimed t_O Clanfyg In order to directly observe the hemolytic actiwitfy
toxicological fez_:lture_s exclusively contributed by, single isolated nematocyst, a slide was prepavitd
the capsular fluid of isolated nematocysts and naiman red blood cells (5 % suspension in an isotoni

deriving from other tissue components. buffer). An equal volume of isolated undischargagsules
was added together with two volumes of the disdhgrg
agent (605 mM NaSCN isosmotic solution containing
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10mM C&"). A cover slip was put in place and hemolysis
around discharged nematocysts was then observest and
light microscope (Leica DMLS, x200). Control condits

HMW LMW venom

were set up by treating 5 % red blood cells suspansith 200 P —
the discharging agent in the absence of nematocysts 116
For spectrophotometric assays, aliquots of a 0.05 % P s -
suspension of human, rabbit, chicken or eel reddicells g7 p — S
were incubated at desired temperature (either 4r°ZDSC ;
or 37 °C) with the proper amount of crude toxin gedtly 66 i —

shaken for one hour. They were then centrifuge@0@Bg, 5

min) and the optical absorbance of the supernattwtl4

nm was measured. The lytic power of the venom was

expressed as percent of the optical absorbancerveldse 45 —
after maximal lysis induced by addition of 1 voluroé

distilled water (properly corrected for dilutions)he

supernatant of untreated red blood cells in isatdniffer

was taken as a spectrophotometric blank.

Miscellaneous

Kinetics of hemolysis was monitored incubating the
crude venom aliquots with red blood cells for vaso
periods of time (in min: 1, 3, 5, 10, 30, and 601 &C, 20 |
°C and 37 °C, respectively. Stability of crude venaas
verified either by different storage conditionstlaawing at -
20 °C and -80 °C or by lyophilization, or by. heatatment Molecular weight markers are shown in the left amiddle
at 40 °C, 60 °C, 80 °C and 100 °C, respectively. Viarat lane, with the following values: 200, 116.3 kDa (MM

of pH value of the crude extract were obtained by. :
suspending the nematocysts in 0.5 M acetate (pHahd ﬁ\?vhmn;?;iﬁlljall?:/vvggﬁgt) and 97.4, 66.2, 45, 31 kDRIY,

5.5), 0.1 M phosphate (pH 6.5, 7.5, and 8.5) o\ fiorate

(pH 9.5, and 10.5). . . .
Protein concentration of the crude extracts was We tested at first the hemolytic activity

measured by the bicinchonic acid assay (Pierce B@te of single discharged nematocysts frdtelagia
Assay kit). Denaturing SDS-PAGE on 7.5 %noctiluca Isolated holotrichous nematocysts,
polyacrylamide gels was performed according to Laém induced to discharge by SCieatment, showed
(17). Molecular weight markers were from Sigma @il . L T
Italy). powerful hemolytic activities when directly
observed under light microscope, as shown in
Chromatography of crude venom on ConA-Fig. 3. Immediately after the onset of discharge,
Sepharose was perfomed according to standard pneed erythrocytes began swelling, and a progressively
The resin was equilibrated in 0.01 M phosphate dvuff expanding Iytic area started to appear at the tip

containing 0.9 % NaCl. After passage of crude venibra, . . . .
resin was washed with 10 volumes of the same buffé}nd successively on either side of the evaginated

(collected in 1 ml fractions) and bound proteinsaveluted Section of the tubule. Within 5 min all
with two volumes of phosphate buffer containing Na®  surrounding red blood cells had turned into
and a-methylmannoside 1M at room temperature for 6@hosts.

min, repeated twice.

All results are expressed as the mean of at ldéast 1
experiments +SE.

31 » m—

Figure 2. SDS-PAGE analysis d®. noctilucacrude venom.

RESULTS

Evaluation of the protein content of crude
extracts from sonication of nematocysts
suspensions containing ca. 90 nematoqgyists/
gave a protein content of ®4 pg/ul. The
SDS-PAGE pattern of a representative crude
extract is shown in Fig. 2. A number of well
defined bands —over 10 by visual inspection-

were observed, with molecular weights rangingigure 3. Hemolysis of red blood cells induced by the
from 145.6 kDa’ to 13.8 kDa. octiluca crude venom of a discharged nematocyst (100x

magnification).
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A comparable Iytic area formed aroundC) and the results are shown in Fig. 5.
partially discharged nematocysts: even if th8urprisingly, the incubation temperature did not
tubule was not properly evaginated, the releass@ynificantly affect the extent of hemolysis at any
liquid was hemolytically active and erythrocytegime. A second interesting feature of the kinetics
ghosts were produced all around within a timef hemolysis emerged in that the shape of the
comparable to that needed for hemolysis by @rve appeared biphasic at all temperatures. The
discharged capsule. possible causes of both phenomena will be

In order to better characterize thaliscussed later.
hemolytic power oP. noctilucatoxins, the crude
extract from a 90 nematocysts/pl suspension of
holotrichous isorhizas was used in a classical
spectrophotometric assay. As shown in Fig. 4,
the crude venom induced a dose-dependent
hemolysis on erythrocyte suspensions from ag
number of different sources, including eel, rabbit,
chicken and human red blood cells, with the
hemolytic power differing among the various
bloods. In particular, a dose of Qdiul,
corresponding to 5 % (v/v), induced a notable
(ca. 90 %) hemolysis on rabbit and chicken

100

% hemol

50 —— 20°C

—— 37°C

erythrocytes, but only 35 % and 41% hemolysis 1 % % b e

time (min)

on human and eel erythrocytes, respectively. On
the other hand, an essentially complete hemolydigure 5. Percent of hemolysis induced on human red blood

; Is byP. noctilucacrude venom preincubated for various
was observed at the maximal dose tested (cfieriods of time at the indicated temperatures.

pg/ul) corresponding to 20 % (v/v), irrespective
of the blood used.

Temperature variations were also used to
assess the thermal stability of the crude venom.
The first experiment was done to assess the
stability of the venom to different storage
conditions, which included storage at -20 °C or -
— m— human 80 °C for up to 6 months. The stability of the
crude venom was not compromised by these
storage conditions, as shown by its unaltered
hemolytic power (Table 1). Also, lyophilization
A el of the venom was found to be an excellent
method to preserve its functional properties as a
hemolytic agent (Table 1).

—<—  rabbit

—@—— chicken

% hemolysis

0 T T T T T 1

0 01 02 03 04 05 06 Table 1. Effect of different storage conditions on the
venom, ug /ul hemolytic power oP. noctilucacrude venom.
% hemolysis

Figure 4. Percent of hemolysis induced 1B noctiluca

crude venom on red blood cells from different speci Crude extract

Control* 100%

The hemolytic effect was also time-
dependent, and even the lowest dose (1% V/v) QIgg°C ** 97%+2.1
the less responsive human blood induced total
hemolysis when the |r_1cut_)at|on was p_rolqnged 950°C ** 0506+3 1
two hours. A better kinetic characterization was
achieved by incubating the low-responsive — = 5
human erythrocytes with the highest dose ¢kYOphilized 98%z1.0
crude venom for different times within a period
of 60 min. The experiment was carried out at  Tests performed immediately after extraction.

. o o *  Tests performed after periods ranging betweeveak
three different temperatures (4 °C, 20 °C and 37 .~ Ci e of storage
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A second approach to investigate thequal volume of isotonic buffer (R) were then
thermal stability of the nematocysts extractPof assayed as usual upon a 0.05 % human red blood
noctiluca was to expose the freshly extractedells suspension. The results are shown in Fig. 6.
venom to temperatures of 4 °C, 20 °C and 37 °Clearly, treatment at 40 °C did not impair the
for 30 or 60 min, and for 3, 6 and 24 h beforbemolytic activity of the crude venom, that
testing it at the highest 20 % v/v dose upon iaduced a full 100% hemolysis before and after
0.05 % human red blood cells suspensiomentrifugation (cfr. NC and C samples). Indeed,
Neither of these treatments significantly affectedome toxin possibly aggregated and precipitated,
the hemolytic power of the crude extract (datthough maintaining its functional effects, as
not shown). some hemolytic activity could also be recovered

Higher incubation temperatures weren the resuspended pellet (see sample R). It
therefore tested, namely 40, 60, 80 and 100 *hould not surprise the observation of the
for 10, 30 and 60 min. Since a minute precipitateemolytic activity found in the resuspended
formed at these highest temperatures, an aliqymtllet in addition to a 100% activity in the
of each sample was centrifuged to obtain a cleeentrifuged supernatant, since the dose of crude
supernatant. The non-centrifuged heat-treategnom used in the assay was above that
crude extract (NC), as well as the centrifugedufficient to induce total hemolysis under our
supernatant (C) and the pellet resuspended in eonditions.

40 *C . rantral 60°C
o0 i . e - . |
(71 O =
™ D "
En B ¢ - 8
; S 0
- o
[ L
Q T o] T f
cortred 10 men 20 min 8D e cordrel 10 min 30 min B0 min
80 *C B ool 100 *C W vl
w00 [ = 160 (.
" ] I . B«
% EI ’ E-. h D ;
; T ;
j - ]
] T I ] T |' 1 | §

i |
contred 10 min 30 min B0 min contred 10 me 30 man B0 mn

Figure 6. Percent of hemolysis induced on human red blodld bg P. noctilucacrude venom preincubated for various
periods of time at the indicated temperatures. Véreom was centrifuged after incubation at the diget@mperature, and
supernatants (C), resuspended pellets (R) and vessorch (NC) were tested.

At temperatures higher than 40 °C thevere highly stable, as strikingly shown by the
crude venom suffered a progressive loss @afmost 50 % hemolytic power retained by the
potency, especially at the longest incubatioaxtract incubated for 60 min at 100 °C. Again,
time. Nevertheless, it is evident from the figuréhe hemolytic activity was somewhat distributed
that the toxins contained in the crude extradhto the C and R fractions, indicating that, while
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heat was certainly able to induce aggregation a@® kDa. Most, if not all, of the cytolytic power
eventually sedimentation of the toxins, theswas found in the retained fraction with molecular
latter remained, at least in part, active. mass higher than 30 kDa, strongly corroborating
A final assay on the stability ofP. the macromolecular nature of the toxic
noctiluca crude venom was run by assessing theubstances.
effect of pH on the hemolytic activity of crude Despite their proteic nature, the toxins
venom. To this end, the capsular fluid ofwvere found to be highly stable towards different
holotrichous isorhizas was extracted in differenfroteases. Neither trypsina-chymotrypsin,
buffers with pH values between 4.5 and 10.%ollagenase IV or papain, employed at a final
The venom was kept at room temperature for Idilution of 2 U/ml from a stock solution of 100
min and, after restoring pH to neutrality, it wasJ/ml (in 0.1 M phosphate buffer, pH 7.5) were
hemolytically tested as usual. As shown in Fig. Bble to impair the haemolytic power of crude
the hemolytic activity was gradually inhibited byextracts.
preincubation at pH 6.5 and lower, whereas In order to ascertain wheth@. noctiluca
neutral and alkaline buffers had no effect. toxins are glycoproteins, the crude venom was
passed through ConA-Sepharose, and tested for
hemolytic potency. As shown in Fig. 8, the
1009 hemolytic ability could only be found in the
flow-through fraction. This immediately suggests
that the crude venom d?. noctiluca contains
75 more than one active toxin, and that one or more
toxins selectively act on red blood cells.

50—
100

% hemolysis

] ~c
257 m rr

75 ]
B e

50

45 55 65 75 85 95 105
pH

% hemolysis

254

Figure 7. Hemolytic power ofP. noctilucacrude venom
extracted and incubated for 15 min in buffer afedént pH
values.

The thermal and pH stability ofP.
noctiluca venom seemed unusual for proteic ) _
toxins, therefore experiments were set up g0 (b ERANIC ORI T R o as  such
ascertain the macromolecular nature of th@\lC), the flow-through (FT) and the fraction eluteih a-
cytolytic principles contained in the capsulamethyimannoside (E) were tested after proper dituti
fluid of this Coelenterate. Attempts to deplete théi:10) on red blood cells.
crude extracts by protein precipitation with
trichloroacetic acid were apparently successful, DISCUSSION
however they were run before ascertaining the
acid instability of the toxins reported in Fig. 7.many investigations have been carried out on the
On the other hand, the protein content of thgiological activities of molecules of various
various aliquots subjected to heat treatment aRflecies of Cnidaria. Venom of such animals is
centrifugation (see Fig. 6) closely paralleled thghe strategy to survive in a specific environment
percent of observed hemolytic power strongl%o that it exhibits very potent biological effects.
suggesting this latter to be due to the protei§mong the various classes of venom isolated and
fraction of the extracts. Clear-cut evidence camgharacterized, most of them are of proteic nature.

from a simple filtration assay using Amiconynfortunately to date information about the
microconcentrators with a molecular cut-off of
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biological activities of crude venom fromBunodosomacaissarumand Actinia tenebrosa
Pelagia noctilucaare poorly understood. (21, 10). Hemolytic activity o€atostylusvenom

In the present study we have firstiywas heat stable with 60% of activity being
focused on the characteristics and the cytolytietained after treatment at 100 °C for one hour
effect of crude extracts from isolated(16). On the other hand, there are other reports in
undischarged holotrichous isorhiza nematocystle literature suggesting that the crude venoms
of Pelagia noctiluca that maintain their from selected species can maintain their toxic
discharging capacity for a long time, agpower for a long time (3, 27). Thermal stability
previously described (29). To this purpose, thef Pelagia noctiluca crude venom could be a
crude extract was obtained by sonication afseful feature to led further toxicological studies
isolated nematocysts, a physical method without Besides its thermal stability?. noctiluca
enzymes or discharging agents, thus excludingnom, although apparently of proteic nature,
any possible interference from chemicateems to be highly stable towards proteolysis.
extraction methods. This is also fundamental when considering the

A salient characteristic is the strongadvantages in time-requiring purification
hemolytic action ofP. noctilucacrude venom. protocols. The proteolytic stability toward all
The assay performed on a slide with a singkested proteases is unusual. Treatment with
nematocyst, according to the method describéypsin, collagenase or papain completely
by Klug et al. (15), reveals that an individuadestroys the hemolytic activity @arybdea alata
triggered capsule can induce hemolysis within 1), whereasRhopilema nomadicavenom is
min with progressive expansion from the distadtable against trypsin, but sensitive to
portion of the everted tubule. As shown abovehymotrypsin (12), and extracts fro@arybdea
undischarged damaged nematocysts release thmarsupialis are inactivated by trypsin and
content which induces hemolysis around thehymotrypsin, but not by papain and collagenase
capsule. So, the release of hemolysin seems to(@8).
not dependent on a regular discharge and upon As a general feature, according to Lewis
the complete eversion of the spines regularignd Garcia (18) venom peptides, including those
located along the tubule, whereasRhopilema of Pelagia noctiluca nematocysts, once
nomadicanematocysts the toxins are deliveredelivered, seem to be quite stable to counteract
via extended spirally arrayed spines (20). both chemical degradation in solution and

The main point, however, is the extremenzymatic degradation due to proteases possibly
stability of the cytolytic components oP. contained in the released venom itself or in the
noctiluca crude venom. As a matter of fact, ouprey tissues.
data show that not only storage at freezing The chromatographic separation of the
temperature and lyophilization do not affect thextracts on ConA-Sepharose followed by
venom, but even harsh thermal treatments, likeemolytic tests showed that the venom is likely
incubation at 80-100 °C for 1 hour only partialljto contain multiple active components. In
affects its hemolytic power. Such feature appeaparticular the glycosylated fractions seem not to
peculiar if we consider the results obtained obe hemolytic.
other Coelenterates. For instance, we have The hemolytic power of crude extract is
recently reported that the hemolytic power ofreserved at pH ranging between 6.5 and 10.5. A
crude extract fronAiptasia mutabiligfAnthozoa) complete inhibition of hemolysis is observed at
nematocysts decayed after 1 hour at 20 °C (22)H below 5.5. Consistent with previous findings
Long and Burnett (19) interestingly observed thg@6), treatment of the stung skin with vinegar
the hemolysis assay run witByaneacapillata after accidental contact with. noctilucacan be
venom must be performed immediately aftesuggested as a first aid manoeuvre to
sonication and before lyophilization, otherwisémmediately relieve the pain and limit the
hemolysin will be neutralized. It has beerdamage, as described by other authors (13, 4).
described that various toxins are inactivated by Our observations differ from those of
heat treatment at different temperatumiptasia Alvarez and coworkers (1) describing the loss of
pallida venom showed a reduced hemolytibiological acitvity in venom fronstichodactyla
activity under exposure to 45 °C for 10 min (11)helianthus pretreated at pH>11, while toxic
similar to Carybdea alata(7) and Chironex power was unchanged under acid pH treatment.
fleckeri (6) venoms. Higher temperatureOn the other, hand alkaline pH favoured the
inactivated hemolysins frorPhysalia physalis, biological activity of crude extract from
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Bunodosomacavernata (9). Furthermore our 7. Chung, J. J., Ratnapala, L. A., Cooke, I. M. and

previous findings on the cytotoxic activity ofYanagihara, A. A., Partial purification and chaesization

Aiptasi tabili t t d of a haemolysin (CAH1) from Hawaiian box jellyfish
Iptasia mutabliis nematocysts  crude Venom(Carybdea alathvenom.Toxicon.2001,39: 981-990.

revealeq that the optimal pH stability of thes. Edwards, L. P., Whitter, E. and Hessinger, D. A.,
extract is around pH 7.5, while at extreme pHpparent membrane pore-formation by Portuguese dan-

values (4.5 and 9.5) the stability is lost (23). IMar (Physalia physal)s venom in intact cultured cells.

. . icon.2002,40: 1299-1305.
any case, the pH seems to be determinant in .(Q(Eno, A.E., Konya, R.S. and Ibu, J.O., Biological

binding and penetration _Of tOXi_n in the red bloogoperties of a venom extract from the sea anemone
cell membrane. Interestingly, in a recent studBunodosoma cavernat@ioxicon 1998,36(12) 2013-2020.
we observed that collapsed nematocysts at I0\W. Galettis, P. and. Norton, R.S., B'iochemical' and
pH not only lose their discharging activity butpharmacologlcal studies of the mechanism of actén

- nebrosin-c, a cardiac stimulatory and haemolgtiatein
also the hem0|ytlc power of the crude extract. tfom the sea anemorfectinia tenebrosaTloxicon.1990,28:

can be hypothesized that the excess of protorss-706.
besides destroying the external layer of thel.Grotendorst, G. R. and Hessinger, D. A., Purifigatio
capsule wall, induce mayor conformationafind partial characterization of the phospholipagard co-

: ic factor from sea anemon@iptasia pallidg nematocyst
changes in the stored crude extract compone WS om.Toxicon.1099 37 1779-1796.

which could undergo irreversible precipitation;; Gusmani, L., Avian, M., Galil, B., Patriarca, P. and
(24). Rottini, G., Biologically active polypeptides in thenom of

This study demonstrates the hemolyti¢he jellyfish Rhopilema nomadicaToxicon.1997, 35 (5)
power of crude venom from isolated nematocys§7'648-

of Peladia noctiluca beina effective upon red Hartwick, R., Callanan, V. and Williamson, J. A. H.,
g9 a g9 P Disarming the box-jellyfish: nematocyst inhibitioin

blood cells of different sources. Interestinglye th chironex fleckeriMed. J. Aust1980,1: 15—20.
strong stability arising from our results allowsl4.Hinds, M.G., Zhang, W., Anderluh, G., Hansen, P.E.
further investigations concerning purificationand Norton, R.S., Solution structure of the eukacypore-

: : : forming cytolysin equinatoxin II: implications fopore-
processes and toxin mechanism of action. formation.J. Mol. Biol 2002,315(5) 1219-1229.

) 15.Klug, M., Weber, J. and Tardent, P., Haemolytic and
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