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Abstract: For the first time the antimicrobial activities of hemocyanins from the molluscs Rapana 
venosa (RvH) and Helix aspersa (HaH) have been tested. From the hemolymph of the garden snail H. 
aspersa one structural subunit (βc-HaH ) and eight functional units (FUs, βc-HaH-a to βc-HaH-h) 
were isolated, and their N-terminal sequences and molecular weights, ranging between 45 and 65 kDa, determined. The 
antimicrobial test of the hemocyanins against different bacteria showed that only two FUs from Rapana, RvH1-b and 
RvH1-e, exhibit a low inhibition effect against Staphylococcus aureus. In contrast and surprisingly, the structural subunit 
βc-HaH of H. aspersa not only shows strong antimicrobial activities against S. aureus and the likewise Gram-positive 
Streptococcus epidermidis, but also against the Gram-negative bacterium Escherichia coli. We suggest that this subunit 
therefore has the potential to become a substitute for the commonly used antibiotics against which bacterial resistance has 
gradually been developed. 
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1. INTRODUCTION 

 Antimicrobial peptides (AMPs) are part of the natural 
defense system of the organisms that contain them and have 
very broad range of activities against different microorgan-
isms [1, 2]. Several peptides/proteins from molluscs and ar-
thropods have been found to exhibit a broad spectrum of 
microbial activities against Gram+ and Gram- bacteria, and 
yeast [3, 4]. The first reported protein, achacin, was isolated 
from the mucus of the Giant African snail Achatina fulica. It 
has a molecular mass of 150 kDa and is composed of 2 
subunits [5]. Other antibacterial proteins have been mostly 
isolated from the hemolymph, such as carcinin from the 
shore crab Carcinus maenas [6]. Also the hemocyan in the 
hemolymph of the Giant African snail appears to be active 
against bacteria, even 6 species being susceptible [7]. 
Moreover, three bacteriostatic glycoproteins, aplysianin P, 
A, and E, with molecular masses of 60-320 kDa, were identi-
fied in the sea hare Aplysia kurodai [8]. All these data are 
welcome news in view of the increasing phenomenon of 
resistance of bacteria against existing antibiotics, as they 
open the way to the development of new compounds in the 
fight against pathogenic bacteria [9, 10]. 
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 Recently, we identified four novel proline-rich peptides, 
with molecular masses between 3000 and 9500 Da, from the 
hemolymph of the marine snail Rapana venosa, showing 
strong antimicrobial activities against the Gram+ bacterium 
Staphylococcus aureus and the Gram- bacterium Klebsiella 
pneumonia [11]. In the present paper we aimed to investigate 
whether hemocyanin, the major protein in the hemolymph of 
the garden snail Helix aspersa, and/or its subunits have anti-
bacterial properties. We carried out a comparative study with 
the subunits of the hemocyanin from the marine snail R. 
venosa, as well as with those of another garden snail, Helix 
lucorum, thereby enlarging our knowledge on the 
bioactivities of hemocynins in general. 
 Since the purification and characterization of H.aspersa 
hemocyanin (HaH) and of its subunits has not been reported 
before, these experiments will firstly be outlined.  

2. METHODS 

2.1. Purification of Hemocyanins 

 The snails Rapana venosa (Rv) and Helix aspersa (Ha) 
were collected in Bulgaria. Rv hemocyanin (RvH) and its 
two structural, as well as its eight functional units were isolated 
from the hemolymph as described before [12-14]. Ha hemo-
lymph was isolated and the hemocyanin component purified 
as mentioned [15]; the blue protein pellet was resuspended 
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in 50 mM Tris/HCl stabilizing buffer, pH 7.5, containing  
10 mM CaCl2 and 10 mM MgCl2.  

2.2. Quaternary Structure of Ha Hemocyanin 

 The quaternary structure of native HaH, was analyzed 
using a FEI Tecnai Spirit G2 transmission electron micro-
scope operated at 120kV. Unbinned images were recorded 
on a Gatan Ultracscan Model 895, 4k x 4k CCD-camera. 
Electron micrographs were routinely recorded at an instru-
mental magnification of 49000.  

2.3. Isolation of Structural Subunit βC-HaH  

 Native HaH was first dialysed for 4–5 days against 10 mM 
sodium acetate buffer, pH 5.2, at 4°C. The precipitated βC-
subunit (βC-HaH) was obtained after 30 min of centrifuga-
tion at 4°C and 15000 g, and the pellet redissolved in 0.1 M 
sodium acetate buffer, pH 5.8. The subunit was initially puri-
fied by anion-exchange chromatography on a DEAE-
Sepharose CL-6B column using a stepwise gradient from 
0.0–1.0 M NaCl in 50 mM Tris–HCl buffer, pH 8.0, at 
1.5 ml/min. The collected fraction were desalted by ultrafil-
tration (30 kDa Amicon® PM membranes), and dialysed 
against 0.1 M phosphate buffer, pH 6.5, at 4°C. After con-
centration on a 100 kDa Amicon® PM membrane, the 
subunit was purified subjected to a final gel filtration step on 
a Sephacryl S 300 column.  

2.4. Isolation of Functional Subunits of βC-HaH 

 FUs were obtained by limited proteolysis of βC-HaH with 
TPCK-trypsin, used at a ratio (w/w) of 400/1, in 50 mM Tris, 
pH 7.5, containing 1 mM EDTA, for 4 h at 37°C, The result-
ing components were separated on an anion exchange DEAE 
Sepharose CL-6B column (HR 10/10, Pharmacia), mounted 
in an FPLC chromatographic system, using a stepwise gradi-
ent of NaCl (0–1.0 M) in 50 mM Tris–HCl buffer, pH 8.2. 
The functional units were then concentrated and additionally 
purified using an HPLC system on equipped with a Nucleo-
sil 7 C18 column (250 mm×10 mm; Macherey-Nagel, Ger-
many), equilibrated with buffer A (H2O containing 0.1% 
TFA). They were isolated by a linear gradient from 5% sol-
vent A (0.1% TFA in water) to 100% solvent B (0.085% 
TFA in AcN) within 50 min, at a flow rate of 1.5 ml.min-1, 
with detection at 280 and 214 nm.  

2.5. Biochemical Characterization of FUs 

 N-terminal amino acid sequences of isolated HPLC 
fractions, after drying and subsequently dissolving them in 
40% methanol/1% formic acid, were determined by automated 
Edman degradation in a 494 Pulsed Liquid Protein Sequencer 
(Applied Biosystems, Foster City, CA).  

 The molecular masses of the fractions were determined 
using an Autoflex™III, High-Performance MALDI-TOF, 
System (Bruker Daltonics), around 50 pmol of each being 
dissolved in 0.1% (v/v) TFA and applied to the target. The 
matrix used was α-cyano-4-hydroxycinnamic acid. Protein 
standards were applied to calibrate the mass scale. The 
masses assigned to the amino acid residues are of average 
values.  

2.6. Antibacterial Assays of the Hemocyanins and their 
Isoforms 

 The antimicrobial activities of the molluscan hemocyan-
ins from Rapana venosa and Helix aspersa and of the artro-
podan hemocyanin from Carcinus aestuarii, as well as of 
their isoforms (RvH1 and βc-HaH) and their functional units 
(FUs), were tested against a series of Gram-positive (Staphy-
lococcus aureus, Enterococcus faecium, Staphylococcus 
epidermidis, Streptococcus pyogenes) and Gram-negative 
bacteria (Escherichia coli and Pseudomonas aeruginosa). 
The samples were qualitatively tested according to the liquid 
growth inhibition assay. Briefly, 10 µl of the samples were 
mixed with 6 ml of a mid-logarithmic phase culture of bacte-
ria in poor broth nutrient medium (1% dextrose), with defi-
nite OD. Microbial growth was assessed by an increase in 
the MacFarland (McF) value after incubation for 24 h at 
37°C. The protein’s nutrient medium with the bacterial cul-
ture alone was used as a control. One unit McF corresponds 
to a number of 3x108 cells/ml. The turbidity was measured 
using a DENSIMAT (BioMerieux, France). 
 A second antibacterial test was performed as a microdilu-
tion assay in 96 well plates. Again, 10 µl from each peptide 
were incubated for 24 h with the bacterial culture in Tryptic 
Soy Broth (TSB) medium, in a total volume of 120 µl. The 
initial OD600 of the bacterial culture was 0.4 – 0.6. Medium 
without bacteria was used to verify the conditions of the test, 
and the bacterial culture without any peptide was the nega-
tive control. Three different concentrations of each sample 
(10 µM, 6.5 µM and 1.25 µM) were tested. 

3. RESULTS  

3.1. Purification of H. aspersa Hemocyanin and its Struc-
tural Subunit βC-HaH  

 After purification of the native hemocyanin from H. as-
persa hemolymph and dissociation against 0.13 M Glycine 
buffer, pH 9.0, three isoforms were identified by electropho-
resis (data not shown). One of these isoforms, the βC-subunit, 
was obtained via sedimentation and purification by anion-
exchange chromatography, as detailed in the Methods sec-
tion. The isoform βC-HaH was further analyzed by 5% native 
polyacrylamide gel electrophoresis, showing a single band 
with a mass of around 450 kDa (data not shown).  
 Native HaH was investigated by electron microscopy, 
revealing mostly didecamers in side view and some dissoci-
ated subunits (Fig. 1).  

3.2. Isolation of Functional Units of βC-HaH 

 Limited proteolysis of βC-hemocyanin with TPCK-
trypsin yielded several multi-unit fragments, as well as indi-
vidual FUs. Fig. (2) shows the result of the initial separation 
by anion exchange chromatography. Re-chromatography of 
the fractions on the same column allowed to characterize 
eight functional units (FUa to FUh), having masses as de-
termined by SDS/PAGE, ranging from 47 to 65 kDa (data 
not shown). The more precise molecular masses of the iso-
lated fractions were determined by MALDI-MS. The pres-
ence of two ions at m/z 47796.7 (M+H)+ and 63303.4 
(M+H)+ in fraction 5 (Fig. 3) revealed that at least this frac-
tion still needed to be purified further. In fact, all fractions
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Fig. (1). Electron microscopy of negatively-stained native H. aspersa hemocyanin, showing didecamers in side view. 
 

 
(A) 

  
 
 
 

 
(B) 

 
Fig. (2). A) FPLC chromatogram of βC-HaH structural subunit after limited proteolysis with trypsin. Chromatographic conditions: see Meth-
ods. B) SDS- electropherogram of the isolated fractions shown in Figure 2A, starting from fraction 2 up to fraction 7.  
 

 
 
Fig. (3). Mass spectrum of the two major compounds of peak fraction 5 in the chromatogram of Fig.2; the mass at 31654.1 (M+2H)2+ is the 
doubly charged value of the peak with the highest mass. The value of 47796.5 is the mass of the protein in the neigbouring fraction 6 (Figure 2A).   
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FUs Amino acid sequences 
β-HlH-a 
β-HaH-a     
β-HlH-b 
β-HaH-b 
β-HlH-c  
β-HaH-c 
β-HlH-d 
β-HaH-d     
β-HlH-e 
β-HaH-e     
β-HlH-f 
β-HaH-f     
β-HlH-g 
β-HaH-g     
β-HlH-h 
β-HaH-h 

          VRKNVDKLTKDELYDLQRALRDVVA  
        ELVRKNVDKLTKDELYNLQK 
HEHEFHEGVSVRKNVDRLTVEEVAEI  
        DHPR-NVDHMTSHD 
      TESRLRKEVDHLTAEETLELRH  
        ELVRKNVDKLTQDELYDLQK 
      YGQEYRPLVTAGSHVRHNLEHLSAGE 
      DGQEYRPQVTVGSHVRFNLEDLSAGE 
  HGDRAPLLVRKNVRSLSPLENYHLV 
  HGGRAPPLVRKNVESLSPLEKYHLVK 
    VPLNK-IRRNIDSLEERDIQSLQTAL   
    ETVASYVRRDLESLSEGEVESLRAAL 
     VPGDSVRKNVNDLTDSEVANLRAALRDV 
   VETTPNNIRHNLNSLEERD  
        NLVRKSVN---SLTLGEASNLKQALR 
       RNLESLSVGEVESLRSAFLAI-QQDHT  

 
Fig. (4). Alignments of N-terminal sequences of the isolated isoforms from β-Helix aspersa with those of functional units from Helix lu-
corum. Conserved amino acid residues are shown in fat lettering.  
 
were further purified by re-chromatography on the same col-
umn, and additionally, by an HPLC system, equipped with a 
Nucleosil C18 column (data not shown). The N-terminal 
sequences of each of the purified fractions were found to 
have varying degrees of similarity with the corresponding 
FUs of H. lucorum Hc (Fig. 4). The highest similarities are 
those between the functional units a, d and e of both hemo-
cyanins [14,16]. Remarkably, even in the units with low 
similarity, a typical Arg-Lys-Asn motif appears to occur. 

3.3. Antimicrobial Activity of some Structural and Func-
tional Subunits of Molluscan Hemocyanins 

 In this study, the structural subunit of molluscan hemo-
cyanin R. venosa (RvH1), five FUs (a to e) of both the struc-
tural subunits RvH1, as well as one subunit (βc-HaH) and 
eight FUs (a to h) of βc-HaH were tested against different 
species of Gram-positive (S. aureus, E. faecium, S. epider-
midis and S. pyogenes) and Gram-negative (E. coli and P. 
aeruginosa) bacteria.  
 The preliminary results about antibacterial activity of the 
above mentioned compounds against S. aureus, E. faecium, 
and S. pyogenes showed that, in the liquid growth inhibition 
assay, only the two structural units βc-HaH and RvH1 posses 
inhibitory effects on cell growth (Fig. 5 A-C). βc-HaH 
causes a fairly pronounced inhibition of over 65% against S. 
aureus and 51% against S. pyogenes. Some limited antimi-
crobial effect (35%) was observed after treatment of S. pyo-
genes with subunit RvH1. 
 We subsequently tested the effect of βc-HaH against the 
two Gram-negative bacteria and compared the results with 
those for the three Gram-positive bacteria S. aureus, E. fae-
cium and S. epidermidis. We observed a very high inhibition 
effect of βc-HaH on E. coli and S. epidermidis and nearly as 
much (60%) on S. aureus (Fig. 6). There was no inhibitory 
effect after treatment of the above mentioned Gram+ and 
Gram- bacteria with any FU of HaH and RvH. 

 To determine the minimum antimicrobial concentration 
of βc-HaH causing the antibacterial effect, bacterial suspen-
sions of S. aureus, S. epidermidis, E. coli, and P. aeruginosa 
were incubated with decreasing concentrations from 10 µM 
to 1.25 µM of βc-HaH. It was found that the Gram-positive 
bacteria S. aureus, S. pyogenes, and S. epidermidis and the 
Gram-negative bacterium E. coli exhibit about 60-65% affin-
ity for the subunit at a concentration of 6.5 µM.  

4. DISCUSSION 

 Most organisms contain body fluids, such as the hemo-
lymph of mollusks, that are complex mixtures of biochemi-
cally and pharmacologically active compounds [17]. We 
recently discovered that, besides its oxygen-transporting 
function, the well-characterized R. venosa hemocyanin has 
also antiviral and antitumor activities [17-19] and that it pre-
sumably takes part in the defense system of the snail against 
bacteria. In this context we carried out a deeper study of the 
antimicrobial properties of the Hc from R. venosa and of the 
recently isolated hemocyanin from the hemolymph of garden 
snail H. aspersa. 
 Several molluscan hemocyanins are known to have one 
or two isoforms and their gene sequences have been deter-
mined [19-21]. An additional third isoform was only identi-
fied in the hemocyanins of H. lucorum and Helix pomatia 
[16, 22]. Three isoforms were also identified, after dissocia-
tion and purification, by electrophoresis of the native hemo-
cyanin from H. aspersa. The one we mainly focussed on in 
this work is bc-HaH.  
 Studies on the structure of HaH show several similarities 
with other molluscan Hcs. The electron microscopic analysis 
of the native protein confirms that, although the hemocyan-
ins from Vetigastropoda (Haliotis), Caenogastropoda (Ra-
pana), Heterobranchia (Helix) and bivalve Nucula contain 
one, two or three isoforms respectively, the native Hcs nev-
ertheless occur as didecamers [22, 23]. We now found that
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(A) 

 
(B) 

 
(C) 

 
Fig. (5). Antimicrobial activity of the structural and functional subunits of R. venosa (RvH1) and H. aspersa (βc-HaH) hemocyanin at a con-
centration of 10 µM against the Gram-positive bacteria Staphylococcus aureus (A), Streptococcus pyogenes (B), and Enterococcus faecium 
(C). Some 10 µl of the samples at a concentration of 6.5 µM was analyzed using the liquid growth inhibition assay (see Methods).  
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Fig. (6). Antimicrobial activity of the structural subunit of H. aspersa (βc-HaH) at a concentration of 6.5 µM against the Gram-negative Es-
cherichia coli, Pseudomonas aeruginosa and the Gram-positive bacteria Staphylococcus aureus, Enterococcus faecium, and Staphylococcus 
epidermidis. 
 
the structural subunit βc of H. aspersa hemocyanin contains 
eight functional units (FU-a to FU-h), with masses between 
47 and 65 kDa, as was found for the subunits of Rapana and 
H. lucorum, in contrast to the hemocyanins from Nautilus 
pompilius and Octopus dofleini which consist of only seven 
FUs. Alignment of the N-terminal sequences of the isolated 
FUs of βc-HaH with the known sequences of the HlH-
subunits [14] now shows fairly strong homology for only 
three from the eight FUs (HaH-a, HaH-d and HlH-e). 

 As regards the antimicrobial properties, it is known that 
the host immune system recognizes pathogen-associated 
molecular patterns and develop various counter actions, such 
as the release of antimicrobial peptides and the synthesis of 
highly toxic reactive oxygen species (ROS). Earlier studies 
have shown that the respiratory proteins hemoglobins in ver-
tebrates, and hemocyanins in invertebrates, which generate 
ROS as part of a powerful antimicrobial strategy [24,25]. In 
crabs, antimicrobial peptides reported include scygonadin 
from Scylla serrata [26], crustin from Scylla paramamosain 
[27], and the two peptides PsHCt1 and PsHCt2 located at the 
C-terminus of the crustacean hemocyanin from Panulirus 
interruptus [28]. Besides peptides, also proteins appear to 
have antibacterial effects, such as for example carcinin from 
Carcinus maenas [6] and C-reactive protein 2 (CRP2) from 
the plasma of the horseshoe crab [29], more in particular 
against Escherichia coli K1, P. aeruginosa, and S. aureus. 
Moreover, the interaction between CRP2 in the native 
physiological state and hemocyanin seems to be enhanced 
upon Pseudomonas infection. It was therefore proposed that 
rCRP2 and its interacting partners contribute to effective 
bacterial clearance [29].  

 Hemocyanins are principally known as oxygen-carrying 
glycoproteins, but have antitumor [16,17,30,31] and antiviral 
efficacies as well [32]. A high level of hemocyanin was 
found to circulate upon infection, suggesting that the protein 
complex is involved in the prevention of automelanization of 

the blood [33]. Recently, we reported that seven peptides 
from the hemolymph of R. venosa snail exhibiting antimi-
crobial activities against two bacterial strains, a Gram-
positive (Staphylococcus aureus) and a Gram-negative 
(Klebsiella pneumoniae) [11] species. In continuation of 
these investigations we now tested the antibacterial activities 
of the structural isoforms RvH1 and RvH2 from Rapana 
venosa and βc-HaH from Helix asperta, as well as of their 
functional subunits, against several Gram-positive (S. 
aureus, E. faecium, S. epidermidis, S. pyogenes) and Gram-
negative bacteria (E. coli and P. aeruginosa). These species 
were chosen because they are known to be opportunistic 
microorganisms causing several types of infections which 
exponentially increase in hospitals and clinical environ-
ments, resulting in thousands of deaths worldwide per year. 
From all fractions tested, we found that only the structural 
subunits βc-HaH and RvH1 have an antimicrobial effect. A 
minimal antimicrobial concentration of 6.5 µM of βc-HaH 
exhibits, within 24 h, a highest affinity for the Gram+ bacte-
ria S. aureus, S. pyogenes and S. epidermidis (for 60, 51 and 
65%, respectively), but can nevertheless act at the same con-
centration on the Gram- bacterium E. coli (65 %). Moreover, 
an effect of 31.5% was observed after treatment of S. pyo-
genes with subunit RvH1. Results also show that at 6.5 µM, 
βc-HaH is capable of causing a very high and rapid reduction 
in bacterial density within 24 h. 

CONCLUSION 

 Aside of the structural characterization of structural 
subunit HaH we provide with this work also additional in-
formation about the defense system of molluscan Hcs from 
R. venosa and H. aspersa. We showed for first time that the 
structural subunits RvH1 and βc-HaH serve as effector mole-
cules of the defense system, providing an efficient initial 
effect against infectious pathogens. βc-HaH was found to be 
the most promising and effective protein inhibiting Gram-
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positive (S. aureus and S. epidermidis) and the Gram-
negative bacterium E. coli at a concentration of 6.5 µM. The 
Staphylococcus species are becoming increasingly resistant 
to many commonly used antibiotics including penicillins, 
tetracycline etc. For this reason, the study of new natural 
products such as the Hcs from Rapana and Helix with antim-
icrobial activity is of great importance for potential medical 
application. 
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