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A biospecific lectin-affinity-based isolation process for a novel glycoprotein (CIGp1) from the venom of
the pelagic jellyfish Cyanea lamarckii, is described and the isolated glycoprotein is chemically and bio-
logically characterized according to size, molecular interaction and toxicity. The molecular mass of the
isolated protein is 25.7 kDa as determined by matrix-assisted laser desorption ionization-time of flight
mass spectrometry (MALDI-TOF). The carbohydrate content was calculated after enzymatic deglycosyla-
tion as 6.85 kDa. The glycoprotein is cytotoxic and could be isolated from cnidocysts of mesenteric and
fishing tentacles. The binding behaviour of the glycoprotein to the lectins Concanavalin A (ConA) and
Wheat Germ Agglutinin (WGA) was analyzed by surface plasmon resonance (SPR) and affinity constants
in the range of Kp=3.0 x 10~7 M for ConA and 2.1 x 10 M (pH 5.0) and 2.6 x 10~ M (pH 7.4) for WGA

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Cyanea sp. belong to the most abundant jellyfish of the north-
ern coastal zones. The biochemical composition of their complex
venoms and their toxic potency is only poorly understood. Cyanea
medusea are a major component of the pelagic food web due to
their predation on crustacean and fish fry [1]. Their toxins, which
are actively utilized for prey capture, are harboured as complex
mixtures (venom) in cell organelles (cnidocysts). The cnidocysts
are preserved in cnidocytes, specialized cells situated in batteries
on fishing and mesenteric tentacles and controlling the extremely
fast discharge and envenomation process. In order to identify sin-
gle venom components for the structural and functional analysis
of Cyanea toxins preparative purification of the complex venom is
performed with special focus on glycosylated proteins.

Glycosylation as a common post-translational modification of
proteins is an important function-related structural characteris-
tic in cytotoxic substances [2]. Snake, fish, mollusc and scorpion
venoms are known to contain glycoproteins as active compounds
[3-6]. Carbohydrate side chains of glycoproteins in snake venoms
acting as anticoagulant factors have been characterized due to their
affinity to lectins of different specificity [3]. A mannose-containing
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glycoprotein with mitogenic activity was isolated from a sea urchin
[7].

In cnidaria, glycoproteins are known from soft corals to func-
tion as structural proteins [8]. Glycoproteins have been obtained
from whole body extacts of Metridium senile (cnidaria, anthozoa)
but the functional significance is unclear [9,10]. Glycosylated col-
lagens have also been described as structural proteins in the cell
wall of cnidocysts and mesoglea tissue from the mesoglea of sea
anemones [11-14]. Glycosylated collagens from hydra and also
from the scyphozoan jellyfish Pelagia pacifica have been detected
and compared [15].

An anthozoan glycoprotein with hemolytic activity and affinity
to ConA has been isolated from the nematocysts of the sea anemone
Stoichactis helianthus [16,17]. Interaction with Concanvalin A was
measured by precipitation indicating the occurrence of mannose
or glucose containing carbohydrate side chains. A further cnidarian
glycoprotein with identified toxic potency is known from Physalia
physalis (cnidaria, hydrozoa). The hemolytic activity of this Physal-
itoxin can be inhibited by ConA [18].

Intergral and membrane-associated proteins extracted from
the perirhopalial tissue of Cyanea capillata have been positively
detected by lectins of different specificities [ 19]. However toxic gly-
coproteins have not been described from Scyphozoa of the species
Cyanea lamarckii which are the object of the present investigation.

In order to purify and prepare glycosylated toxins lectin-affinity
adsorbents have been applied. These adsorbents are a powerful
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tool for the efficient isolation and analysis of glycoproteins from
complex mixtures [20-23]. Lectins are proteins or glycoproteins
expressing a specific affinity to carbohydrates conjugated to pro-
teins or lipids. These proteins bind to mono- and oligosaccharides
reversibly with high specificity, but are devoid of catalytic activity
[24,25]. Lectin-affinity chromatography (LAC) enables the isolation
of glycoproteins and the conservation of their function and natural
glycosylation pattern by using mild chromatography conditions. A
summary of recent development in the preparation and application
of lectin adsorbents is given by Monzo et al. [26]. An LAC process
starts with the lectin immobilization on a solid support. A mixture
containing the glycosylated compound is applied and the unbound
material is washed out. Following this, the specifically adsorbed
product can be desorbed with an elution buffer containing the cor-
responding monosaccharide. Lectin-affinity chromatography can
not only be applied for purification but also for a comprehen-
sive analysis of glycoproteins and glycan profiling which are a
fundamental part of the research field of “glycoproteomics” or
“glycomics”. For such a comprehensive profiling a wide variety
of lectins with different specificities combined with sensitive and
high-resolution mass spectrometry is needed [27,28].

If the glycosylation is a function-related post-translational
protein modification lectin interaction can be also used for the func-
tional characterization of glycoproteins by means of a biospecific
interaction analysis based on the physical phenomenon of surface
plasmon resonance (SPR) [29]. SPR spectroscopy is a biosensor-
based method that observes the interaction of a biomolecule as
an analyte in the mobile phase with specific sites immobilized at a
functionalized gold-chip surface. The binding of an analyte can be
monitored in real time without labelling. Binding characteristics
and inhibitor reactions can be measured to determine substance
related affinity constants [30]. Carbohydrate-based interactions
are an important aspect of the application of biosensor molecular
interaction analysis [31]. Oligosaccharide, glycopeptide and glyco-
protein binding onto lectins is described in several studies [32-34].

The carbohydrate binding specificity of lectins is utilized for the
isolation of a toxic glycoprotein from the venom of C. lamarckii
named CIGp1 meaning C. lamarckii glycoprotein 1. The isolation
process by lectin-affinity chromatography and the application of
biospecific interaction analysis for glycoprotein characterization is
described.

2. Experimental
2.1. Materials

The polymer based support Toyopearl AF-Tresyl-650M was
obtained as a preactivated bulk material from Tosoh Biosep
(Stuttgart, Germany). Sephadex G25, the lectins Wheat Germ
Agglutinin (WGA), Concanavalin A (ConA) and Bradford reagent
were purchased from Sigma (Taufkirchen, Germany). Horseradish
Peroxidase (HRP) (EC 1.11.1.7.), was purchased from Fluka Chemie
AG (Bruchs, Switzerland). All other chemicals were of analytical
reagent grade.

2.2. Organisms and venom preparation

Jellyfish of the species C. lamarckii (Péron & Léslueur) were col-
lected during a research cruise to the Orkney Islands, Scotland in
May/June 2004. The animals were larger than 10 cm umbrella diam-
eter. Mesenteric and fishing tentacles were sliced and collected for
further processing. Portions of intact oral arms and fishing tentacle
tissue were immediately frozen and kept at —80°C.

The deep-frozen intact tissue from oral arms was thawed slowly
at 4°C and the cnidocyst containing material was ruptured by
sonication in ice-cold 10mM acetate buffer pH 5.5 in a cooled
sonicator (Branson Sonifier 450, G. Heinemann Ultraschall- und
Labortechnik, Schwabisch Gmiind, Germany). The suspension was
centrifuged at 11,000 rpm for 5min and 4°C until a almost clear
supernatant (extract) could be obtained.

Fresh fishing and mesenteric tentacles were used for the purifi-
cation of intact cnidocysts. This material was stirred gently in
distilled water on ice over night. The resulting organic suspension
was filtered through a nylon sieve with a mesh size of 500 wm to
remove mesoglea residues. The filtrate was centrifuged at 4°C at
3000 rpm for 5 min. After discarding the supernatant, the residues
were washed two to three times with sterile filtered seawater. The
content, purity and integrity of cnidocysts were controlled micro-
scopically and the cnidocyst concentrate was stored at —80 °C until
extraction. The extraction of cnidocysts was performed by sonica-
tion in the same manner as described for tissue samples.

2.3. Protein purification

2.3.1. Preparation and characterization of affinity adsorbents

The preparation of lectin-affinity adsorbents was performed as
described previously [23,35]. Immobilization of ConA onto tresy-
lated polymer supports was carried out within 4h using 0.5M
phosphate buffer (pH 8.0) and the remaining tresyl groups were
blocked with 0.2M Tris—-HCI buffer (pH 8.0). The coupling yield
and surface coverage was calculated by protein determination (Sec-
tion 2.4.1). Three batches of ConA polymer-based adsorbents have
been prepared to determine the optimal particle surface cover-
age for a maximal accessibility of carbohydrate binding sites and
three batches of ConA adsorbents have been prepared for the
preparative isolation of CIGp1. The performance of the prepared
ConA-adsorbents was controlled by adsorption and specific des-
orption of HRP as described in Section 2.3.2. To determine the
accessibility of carbohydrate binding sites the theroretical adsor-
bents capacity was calculated and HRP was applied excessively.

2.3.2. Lectin-affinity chromatography

For ConA affinity chromatography, a low-pressure liquid chro-
matography system (BioRad, Munich, Germany) was employed. The
prepared adsorbents were packed into BioRad glass columns at a
bed volume of 1.9 mL (5 mm x 10 mm width x length). Adsorption
was performed in 0.1 M acetate buffer pH 6.0, 1 mM manganese,
1mM magnesium and 1mM calcium. Specific desorption was
achieved with the same buffer containing 0.1 M methylmannopyra-
noside. All separations were carried out at a flow rate of 0.6 mL/min.
An affinity cycle includes the adsorption, thorough washing of
unbound material (washing fraction), and specific desorption (elu-
tion fraction), followed by a regeneration step with adsorption
buffer. The recovery was determined as protein concentration in
the resulting fractions.

2.3.3. Size exclusion chromatography

Further purification of the elution fraction was achieved by
size exclusion chromatography on Sephadex G25. SEC (bed vol-
ume 27 mL, 1cm x 34cm width x length) was performed on an
Acta prime low-pressure chromatography system (Pharmacia, Upp-
sala, Sweden). Chromatography parameters were flow 0.6 mL/min,
injection volume 0.5mlL, fractionation 1.2 mL in 10 mM acetate
buffer pH 5.5. Chromatograms were recorded with an UV detector
at 280 nm.



62 H. Helmholz et al. / ]. Chromatogr. B 871 (2008) 60-66

2.4. Protein analysis

2.4.1. Quantitative protein assay

To calculate the coupling yield of adsorbent preparation, the
ConA concentrations were determined by a dye-binding assay
(Bradford reagent) adapted to measurements in a microplate
reader (Victor 3, 1420 Multilabel Counter, PerkinElmer, Rodgau-
Jiigesheim, Germany) with lectin standard. The protein content
in crude extract, purified fractions, and purified glycoprotein was
measured with bovine serum albumin (BSA) as standard protein
[36].

2.4.2. Electrophoresis

Tricine-sodium dodecyl sulfate-gel electrophoresis was per-
formed with self-casted polyacrylamide gels. A 10% T, 3% C
separating gel was combined with a 4% T, 3% C stacking gel for the
separation of proteins in the range of 5-100kDa [37]. SDS-PAGE
protein marker 6.5-200 kDa (Serva electrophoresis GmbH, Heidel-
berg, Germany) was used for the estimation of molecular weights
with the Bio Imaging System Genegenius (Syngene, Cambridge,
UK). The one-dimensional electrophoresis was performed in the
Protein II electrophoresis system (BioRad, Munich, Germany). The
gels were coloured by colloidal Comassie Brilliant Blue G250 dye
(Roti® Blue, Carl Roth GmbH, Karlsruhe, Germany).

2.4.3. Mass spectrometry

Prior to the molecular weight determination with a matrix-
assisted laser desorption/ionization-time of flight-mass spec-
trometer, MALDI-TOF-MS (Ultraflex II, Bruker Daltonics, Bremen,
Germany) the samples were dialyzed against 0.1% trifluoro acetic
acid (TFA) and subsequently pre mixed with the matrix sinapinic
acid (4-hydroxy-3,5-dimethoxy-cinnamic acid) in acetonitrile/0.1%
TFA 1:2 (v/v). One microlitre of the 1:1 (v/v) sample/matrix mixture
was spotted on a polished steel target (Bruker). For MS calibration
the protein calibration standard Il purchased from Bruker was used.

2.4.4. Deglycosylation

The N-glycosylation carbohydrate content of CIGp1 was deter-
mined by enzymatic deglycosylation with PNGase F (Glycoprofile
TM II Sigma, Munich, Germany).

According to the manual the lyophilized sample was solubilized
in reaction buffer and denaturated by heating in 2% octyl-3-p-
glucopyranosid, 100mM mercaptoethanol for 10min at 100°C.
Enzymatic carbohydrate cleavage was performed at 37 °C for 24 h.
Prior to the analysis an 800 wm AnchorChipTM target (Bruker)
was prepared with “super DHB” (sDHB). 2,5-Dihydroxy benzoic
acid (10mg/mL in 20% acetonitrile) and 5-methoxy salicylic acid
(10 mg/mL 50% acetonitrile) were first mixed at a ratio of 9:1
(v/v). One microlitre of the resulting matrix were deposited on the
anchors and allowed to crystallize at room temperature. A 0.5 L
of the reaction mixture were then applied onto the matrix surface
and after drying the spots were analyzed.

2.4.5. Biospecific interaction analysis

The characterization of the binding behaviour of the isolated
glycoprotein was performed with a Biacore 3000 system (GE
Healthcare Europe, Freiburg, Germany).

2.4.5.1. Immobilization of ligands. The immobilization of ligands
was performed according to the Biacore immobilization protocol
V1.0 for amino coupling using a CM5 chip. Each of the four flow cells
was activated, functionalized and deactivated in a single procedure.
In detail the sensor chip surface was activated by 35 pLofa 1:1 (v/v)
mixture of 200 mM N-ethyl-N(dimethylaminopropyl)carbodiimide

(EDC) and 400 mM N-hydroxysuccinimide (NHS) followed by man-
ual injection of ligands and injection of 20 wL 1M ethanolamine
pH 8.5 for deactivation. The functionalized chip surface was equi-
librated for 30 min with 50 mM 3-morpholinopropane sulfonic
acid (MOPS), pH 7.5 150 mM sodium chloride, 3 mM magnesium,
10 wM calcium, 10 wM manganese. Prior to binding assays, the chip
was washed with adsorption buffer (0.1 M sodium acetate; 0.5M
sodium chloride; 1 mM manganese, calcium, magnesium pH 5) for
several hours, for baseline stabilization.

2.4.5.2. Binding assays and data analysis. The evaluation of affinity
constants was performed for HRP as model substance and for the
isolated glycoprotein in steady state at a continuous flow rate of
10 pL/min. As reference flow cells, a blank (activation and deacti-
vation without ligand) and a bovine serum albumin (BSA) as ligand
were used.

Different concentrations of analytes (HRP, CIGp1 and lectins)
were applied. Unspecific adsorption was controlled by injection of
BSA under the same conditions. Adsorption was performed in a
running buffer of 0.1 M sodium acetate pH 5.0 with 0.5M sodium
chloride and 1 mM magnesium, manganese and calcium. Regen-
eration conditions were 0.5M and 1.0 M methylmannopyranoside
with multiple injections.

Binding analysis with WGA was conducted in 0.1 M acetate
buffer (pH 5.0) and 0.1 M phosphate buffered saline PBS (pH 7.4)
with 0.2 M N-acetylglucosamin for regeneration.

The resulting sensogramms were analyzed with the BlAe-
valuation software version 4.1. The curves for the different
concentrations were synchronized, signals of reference cell and
blank buffer injection were subtracted. Req was plotted against the
concentration and evaluated with the Biacore steady state affinity
model.

2.5. Cell toxicity assay

A dye uptake test system was used to detect the acute toxic-
ity of the extracts as described in Ref. [38]. Cells of a continuous
HepG2 culture were sowed into a microtiter plate in a density of
107 cells per well in 150 wL RPMI medium, allowed to equilibrate for
24 h and different venom and CIGp1 concentrations were applied.
After an incubation of 48 h, the cells were incubated, for 3 h with
a 0.005% Neutral Red solution in RPMI medium and cell disruption
was performed with lysis solution containing 50% (v/v) ethanol 1%
(v/v)acetic acid and rigorous shaking. The released Neutral Red was
measured in a microtiter plate reader at 550 nm (Victor 3, 1420 Mul-
tilabel Counter, Perkin Elmer, Rodgau-Jiigesheim, Germany). Each
extract concentration was measured in six replicates. The percent-
age of viable cells was estimated by setting the absorbance of the
buffer controls minus the values of the negative control to 100%.

3. Results
3.1. Isolation of the glycoprotein

Extracts of different samples of C. lamarckii (umbrella diame-
ter > 10 cm) were utilized for glycoprotein isolation. The preparative
affinity and separation procedures have been developed with
frozen intact tissue material derived from mesenteric tentacles.
The purification process was also applied for material from puri-
fied cnidocyst suspensions of mesenteric and fishing tentacles for
comparison.

Specific adsorbents for lectin-affinity chromatography were
self-prepared by functionalization of activated polymeric porous
particles. The amount of ConA immobilization varied for three



H. Helmholz et al. / J. Chromatogr. B 871 (2008) 60-66 63

100

@ coverage
O accessibility

coverage and accessibility/%

25 50 75 100 125 150 200 250

applied amount of ConA mgcona/@support

Fig. 1. Relation of ligand (ConA) densitiy (coverage) on tresylated polymeric
supports (Toyopearl AF-Tresyl-650M) and accessibility of potential carbohydrate
binding domains for Horseradish Peroxidase n=3, M+ SD.

different experiments from 53 to 74%, resulting in a ligand den-
sity of 32-52% particle surface coverage as calculated by a ConA
area of 0.2745m?/mg (pdb file 5CNA) and an active surface of
42 m?/g adsorbent. The obtained particle surface coverage allowed
an favourable utilization and accessibility of the carbohydrate bind-
ing sites of the ligand ConA as documented in Fig. 1, where an
accessibility optimum of binding sites is obtained at a particle sur-
face coverage about 50%.

The prepared adsorbents could be used for the purification of
crude extracts for up to 30 affinity cycles without capacity loss. The
percentage of ConA recognizing glycoproteins in the venom varies
between 2.4 and 6.7% when determined as protein concentration
in the elution fraction setting the amount of protein content of the
applied extract volume as 100%. Extract protein concentration and
affinity chromatography protein yields are summarized in Table 1.
Due to the increased protein content in the tissue extract compared
to the extracts obtained from the purified cnidocysts suspension
the amount of glycoprotein in the elution fraction is higher whereas
the percentage ratio is comparable.

SEC was performed in order to remove the methylmannopy-
ranoside in the affinity chromatography elution fraction and to
achieve a separation of contaminants like other glycoproteins with
affinity to ConA or proteins with weak unspecific interaction (Fig. 2).
C. lamarckii glycoprotein 1 (CIGp1) appeared in the first peak at
18 min and the smaller carbohydrate molecules indicated by the
increase in conductivity can be eliminated.

The isolation process has led to a bioactive, cytotoxic glycopro-
tein. The toxicity was measured in a cell based assay and a total loss
of cell growth could be determined at a concentration of 5 jLg pro-
tein equivalents per 10° cells per microtiter well corresponding to a
protein concentration of 17 pg/mL. Compared to the crude extract
a fivefold increase of activity was achieved.

Table 1
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Fig. 2. Size exclusion chromatogram of ConA affinity chromatography elution frac-
tion.
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crude venom, LAC fractions (EF: elution fraction; WF: washing fraction) and CIGp1,
10% Tris-Tricin SDS-PAGE, colloidal comassie staining.
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3.2. Glycoprotein identification

Molecular weight and purity of the isolated glycoprotein were
determined by SDS-PAGE and MALDI-TOF (Fig. 3). According to
the molecular weight marker the MW was determined as 27 kDa
by SDS-PAGE and 25.7 kDa by MALDI-TOF. Analysis of the gly-
coprotein isolated from extracts of cnidocyst concentrates from
mesenteric tentacles and also of cnidocyst extracts from fishing ten-
tacles showed the same molecular weight compared to the CIGp1
from whole tissue extracts of oral arms (data not shown).

Enzymatic deglycosylation with PNGase F has led to a molec-
ular weight loss of 6.85kDa indicating a carbohydrate content in
CIGp1 of 26.8%. The MALDI-TOF mass spectrum of the deglyco-
sylated sample is given in Fig. 4. The molecule ion signals of the

Extracts protein concentration and protein yield in the elution fraction after ConA—affinity chromatography (Clam MT tissue n =12, mesenteric tentacle (MT) and fishing

tentacle (FT) cndidocyst n=4); mean (range)

Sample Protein concentration extract (mg/mL) Protein recovery total (%) Elution fraction

Protein yield (j.g) Recovery? (%)
Clam MT tissue 2.018 95.3 (78.0-111.9) 188 (137-270) 4.5(3.4-6.7)
Clam MT cnidocyst 1.489 72.2 (56.9-89.8) 87 (73-106) 2.9(2.4-3.6)
Clam FT cnidocyst 0.834 86.5(75.8-95.2) 98 (90-109) 5.9 (5.4-6.5)

2 Protein content in the applied volume of crude extract set as 100%.
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Fig. 4. MALDI-TOF mass spectrum (baseline substracted) of the deglycosylated
CIGp1 (enzymatic cleavage with PNGase F).

deglycosylated protein at 9.5 [M+2H]?* and 18.7 [M+H]* could be
detected. The remaining residue of the glycosylated CIGp1 can also
be observed in very low intensities.

3.3. Biospecific interaction analysis

Binding constants were determined as a substance spe-
cific parameter for the characterization of molecule interactions
between lectins and the isolated glycoprotein. The conserved
binding activity of CIGp1 onto ConA indicates that the isolation
procedure is mild enough to preserve the protein structure.

According to the preparative lectin-affinity chromatography
Horseradish peroxidase has been selected as standard glycoprotein
for the verification of the biomolecular interaction analysis with
the unknown glycoprotein. Binding constants of HRP onto immo-
bilized Concanavalin A were measured in the range of 0.3-600 wM,
comprising four potencies as recommended for the determination
of affinity constants in a steady state. The concentration dependant
binding of HRP onto ConA is documented in Fig. 5. Summarizing
threereplicates, abinding constantof Kp =7.0 x 1076 £2.4 x 1075 M
was obtained. There was negligible non-specific adsorption of BSA
onto the ConA and the reference flow cell.

For the affinity analysis of CIGp1 onto ConA the CIGp1 was
immobilized as ligand and ConA was applied at increasing con-
centrations as analyte. An approximately steady state could be
achieved resulting, in a Kp=3.0 x 10-7 M (Fig. 6). The resulting
affinity constants are summarized in Table 2.

In order to identify other carbohydrate side chains, the affin-
ity of CIGpl to Wheat Germ Agglutinin with specificity to
N-acetylglucosamin and sialic acid residues was tested in two dif-
ferent buffer systems. CIGp1 showed a distinct, reversible and
concentration dependent affinity to WGA in acetate buffer pH 5.0
and phosphate buffer pH 7.4 (Fig. 7). Affinity constants were deter-
mined as Kp=2.1 x 10~ M in acetate buffer and Kp=2.6 x 10-6 M
in phosphate buffer, respectively (Table 2).

Table 2
Affinity data for the binding of ConA and WGA to C. lamarckii Glycoprotein-1 (CIGp1),
n=3

Ligand Analyte Buffer Kp £SD (M)

CIGp1 ConA 0.1 M Acetat pH 5 3.0x1077+£0.7x 107
CIGp1 WGA 0.1 M Acetat pH 5 21x1076+0.2x10°°
CIGp1 WGA 0.1 M PBS pH 7.4 2.6 x10°6+0.5x 106
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Fig. 5. Sensograms (A) showing the relative response versus time for the affinity
of Horseradish Peroxidase onto ConA. (B) Equilibrium response (Req) versus HRP
concentration for calculation of affinity constants.

4. Discussion

A structure specific separation process was developed for the
isolation of a toxic glycoprotein from the cnidocysts of the jel-
lyfish, C. lamarckii. Information on the biochemical composition
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Fig. 6. Sensograms (A) showing the relative response versus time for the affinity of
CIGp1 onto ConA in 0.1 M acetate buffer pH 5. (B) Equilibrium response (Req) versus
ConA concentration for calculation of affinity constants.
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Fig. 7. Sensograms (A) showing the relative response versus time for the affinity of
CIGp1 onto WGA in 0.1 M phosphate buffer pH 7.4. (B) Equilibrium response (Req)
versus WGA concentration for calculation of affinity constants.

of Cyanea sp. venoms is limited and a glycoprotein with cyto-
toxic potency from this species has not been described before.
As structural information for protein identification, the molecular
weight of 25.7 kDa was determined and, according to the biospe-
cific interaction analysis, the occurrence of glucose/mannose and
N-acetylglucosamin/sialic acid in carbohydrate side chains of the
cytotoxin can be supposed.

Glycosylation is known as a function-related, post-translational
protein modification. However the application of biospecific lectin-
affinity chromatography combined with a polishing step, such
as SEC, for the isolation of such toxins is infrequent. This pro-
cess has the advantages of high-resolution, fast processing, and
mild chromatography conditions which favour the maintenance
of bioactivity, as documented by the cell-based toxicity assay.
Hemolytic activity, as published for anthozoan glycoproteins
[17,39], could not be detected (data not shown), although the
crude venom of mesenteric and fishing tentacles from C. lamarckii
expressed hemolytic activity [38].

GIGp1 was detected in cnidocyst extracts of frozen whole tis-
sue samples as well as in extracts of purified cnidocyst suspensions
from both mesenteric and fishing tentacles. The toxin CIGp1 was
isolated from the soluble fraction after cnidocysts discharge with-
out any supplementation of detergents. These results confirmed
the hypothesis that this isolated glycoprotein can be considered as
a component of C. lamarckii venom acting as a toxic protein and not
a structural membrane protein.

The glycosylation pattern of membrane proteins of the related
species C. capillata, which were analyzed by means of their function
in sensory and nerve tissues, show a limited pattern of glycosyla-
tion. In tissue staining experiments both ConA and WGA gave a
positive response indicating the distribution of mannose/glucose
and N-acetylglucosamin/sialic acid in Cyanea glycoproteins [19].

N-Glycosylated carbohydrate side chains were determined by
enzymatic deglycosylation and mass spectrometric analysis of the
resulting protein back bone. The measured carbohydrate moi-
ety was 26.8% of the total protein mass which is relatively high

compared to 3% in stone fish venom and 3.7% in the anthozoan gly-
coprotein [4,17]. However, the carbohydrate content in Physalitoxin
from P. physalis (10.6%), in Cx3 from cobra venom (=29%), as well
as in Pachymatismin from the marine sponge P. johnstonii (30%),
indicate that a high degree of glycosylation in marine and terres-
trial toxins may occur [2,18]. SDS-PAGE analysis with carbohydrate
staining showed the majority of glycoproteins in the venom of the
sea anemone Aiptasia pallida and Physalia venom supporting the
necessity for the application of glycoprotein specific procedures for
venom purification [18,39].

The function and stability of toxins can be affected by the gly-
cosylation pattern. Therefore the carbohydrate-based molecular
interaction with two glycoconjugate binding lectins of differ-
ent specificities has been analyzed. Characterization of binding
strength to ConA could also be used to optimize the preparative
affinity separation procedures and to prove the structure-
preserving quality of the separation process. Interaction analysis
with Wheat Germ Agglutinin was performed to obtain additional
structural information on carbohydrate side chains.

The biosensor based lectin interaction analysis with surface
plasmon resonance was used for the acquisition of binding con-
stants for substance characterization and identification. Prior to the
analysis of the unknown substance, the ConA—immobilization and
binding behaviour must be verified with a standard glycoprotein.
Horseradish Peroxidase was selected. ConA is a plant lectin from
Jack Bean (Canavalia ensiformis) requiring manganese, calcium and
magnesium for the recognition of terminal mannose and glucose
in complex carbohydrate side chains. Only a few biosensor stud-
ies have been conducted with immobilized ConA [31,40,41]. The
lectin immobilization procedure has been adapted from Rebois et
al. [42]. Due to the dissociation of ConA tetramers into dimers with
two carbohydrate binding domains at pH 5 it is recommended to
run the immobilization and a thorough equilibration at lower pH to
ensure a stable ligand conformation [42]. The binding analysis was
performed under these stabilized conditions and pH or buffer shifts
were avoided. Covalent amino coupling of ConA and surface regen-
eration with several injections of 0.5M methylmannopyranoside
enabled a surface functionalization feasible for the application of
repeating affinity cycles. Affinity constants between HRP and ConA
are only available from batch studies with particle-based ConA-
affinity adsorbents and not from SPR experiments. Miranda et al.
found Kp =4.4 x 10~> M which is comparable to the present result
of 7.0 x 10-6 M, taking into account that it was a particle-based
approach with different instrumental and analytical conditions
[43].

The isolated GIGp1 expressed a slightly stronger affinity to
ConA when compared to HRP, indicating a high degree of man-
nosyl/glucosylation. GIGp1 also showed a binding activity to WGA.
WGA has been used in several SPR studies for carbohydrate-protein
interaction analysis [44,45]. Different buffer systems, at pH 5.0
and 7.4, respectively, were used to compare the binding behaviour
between ConA and WGA and to apply the optimized conditions
routinely used for preparative WGA affinity separations [46]. No
significant impact of a pH (range of 5.0-7.4) on the binding strength
of CIGp1 onto WGA could be detected. The affinity constants show
a decreased binding strength compared to ConA. According to
the affinity constants in the micromolecular range the applica-
tion of a weak affinity separation could also be possible, as it has
been shown for particulate WGA adsorbents [47]. The affinity of
CIGp1 to WGA indicated the occurrence of N-acetylglucosamine
or sialic acid in carbohydrate side chains of the isolated cyto-
toxin.

Considering the high degree of glycosylation, different glyco-
sylation sites in the toxin molecule are likely. Hence CIGp1 has to
be viewed as a heterogenous mixture of closely related glycosyla-
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tion variants, so-called glycoisoforms, as indicated by the relative
broad molecule ion mass signal (Fig. 3) which would imply different
glycoisoforms.

Further bioanalytical investigation will be carried out for the
structure elucidation of the isolated CIGp1 and to clarify the
observed cytotoxic effects on a molecular level.

5. Conclusion

Species of the genus Cyanea belong to the most abundant
scyphozoa in the northern coastal territories. The stinging capacity
of Cyanea sp. is described as low but in vitro studies to charac-
terize the true toxic potency and information on the biochemical
composition of the venom are not available for C. lamarckii.
Due to the importance of glycosylation as a function-related
protein modification a biospecific separation process based on
lectin-carbohydrate interactions has been applied and a novel
glycoprotein with cytotoxic potency could be isolated. The func-
tionality of a carbohydrate-specific isolation procedure as a tool
for the preparation of a bioactive compound has been demon-
strated. Biosensor based SPR studies have been used to describe the
binding behaviour of the isolated glycoprotein to different lectins
as a substance-related characteristic. This method is often used
for the characterization of well-defined model-glycoproteins or
synthetic oligosaccharide structures. With the application of this
micro-affinity analytical method indications for the structure of
carbohydrate side chains and binding conditions for the optimiza-
tion of the preparative process could be obtained for an unknown,
natural glycoprotein
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