
ISJ 12: 5-12, 2015                                                                  ISSN 1824-307X 
 
 

RESEARCH REPORT 
 
Do snails Lymnaea stagnalis have phenoloxidase activity in hemolymph? 
 
YL Vorontsovaa,#, IA Slepnevab,#, NI Yurlovaa, VV Glupova 

 
aInstitute of Systematics and Ecology of Animals, Siberian Branch of Russian Academy of Sciences, Novosibirsk, 
Frunze Str., 11, 630091, Russia 
bVoevodsky Institute of Chemical Kinetics and Combustion, Siberian Branch of Russian Academy of Sciences, 
Institutskaya Str., 3, Novosibirsk, 630090, Russia 
#Equal contribution 
 
 

   Accepted December 11, 2014 

 
Abstract 

Hemocytes and hemolymph of snail Lymnaea stagnalis were analyzed to detect phenoloxidase 
(PO) activity. No PO activity was found in the hemocytes of snails. A low level of PO activity (by DOPA 
oxidation) was registered in the hemolymph without cells. Addition of a specific PO inhibitor revealed 
the lack of effect on enzyme activity in the hemolymph, whereas hydrogen peroxide has increased it. 
Studying the electron paramagnetic resonance (EPR) spectrum of DOPA- and dopamine-semiquinone 
indicates the peroxide-dependent dopamine oxidation. Our results suggest that peroxidase, rather 
than phenoloxidase, plays a key role in the oxidation of DOPA and dopamine in the hemolymph of L. 
stagnalis. It is just peroxidase activity that may be important in the formation of cytotoxic molecules, 
such as o-semiquinones, during snail defense immune reactions. 
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Introduction 

 
The enzyme phenoloxidase (PO) oxidizes 

phenols to form melanin which plays an important 
role in various physiological processes, such as egg 
production in gastropods (Bai et al., 1997), 
sclerotization of a new postmolt exoskeleton 
(Terwilliger, 1999) and immunity of invertebrates 
(Söderhäll and Cerenius, 1998). Highly reactive 
quinoid intermediates are generated during 
melanization (Johansson and Söderhäll, 1995; 
Slepneva et al., 1999). These can be involved in 
cytotoxic reactions in defense mechanism (Nappi 
and Ottaviani, 2000). Phenoloxidases occur as 
inactive precursors, termed the prophenoloxidases 
(proPO). ProPO are activated by a proteolytic 
cascade system. The cascade is activated by 
microbial cell wall components (Johansson and 
Söderhäll, 1995; Söderhäll and Cerenius, 1998) or 
some chemical compounds (Fisher and Brady, 
1983). PO activity has been described for many 
invertebrates, including crustaceans, insects, and 
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molluscs (Ashida and Söderhäll, 1984; Ashida and 
Yamazaki, 1990; Aspán and Söderhäll, 1991; 
Nellaiappan and Sugumaran, 1996). 

Lymnaea stagnalis is a freshwater gastropod 
snail, which is used as a model organism to 
investigate immunological defense mechanisms 
(Sminia et al., 1973; van der Knaap et al., 1993; 
Plows et al., 2006). Surprisingly, despite this, no 
study has been carried out to strongly investigate 
the presence of PO activity in the hemolymph of L. 
stagnalis. Only Seppälä and co-authors reported the 
phenoloxidase-like activity determined in the 
hemolymph of L. stagnalis (Leicht et al., 2013; 
Seppälä and Leicht, 2013). They consider the PO-
like activity as an important parameter of snail 
defense against some immune elicitors (Seppälä 
and Leicht, 2013). Unfortunately, the authors didn’t 
study whether the enzyme activity is present in the 
hemolymph or hemocytes. 

The hemocytes of L. stagnalis are the 
immunocompetent cells and play a key role in 
internal defense (van der Knaap et al., 1981; Adema 
et al., 1992). These cells take part in wound healing, 
encapsulation, and phagocytosis (Sminia et al., 1973; 
van der Knaap et al., 1993); they contain several 
lysosomal enzymes, including peroxidase that may 
be involved in intracellular killing (Dikkeboom et al., 
1984; Sminia and Barendsen, 1980). However, the 
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Fig. 1 Light microscopy of hemocytes from Lymnaea stagnalis stained for phenoloxidase activity. Scale bar = 10 
µm. 
 
 
 
 
 
data on PO activity in the hemocytes of L. stagnalis 
are lacking. Therefore, the presence of the PO 
activity in the hemolymph of L. stagnalis is still a 
problem. 

The aim of our study was to determine the PO 
activity in the hemolymph and in the hemocytes of 
L. stagnalis. 

 
Materials and Methods 
 
Snails 

Lymnaea stagnalis (Gastropoda, Pulmonata, 
Basommatophora) were collected at the littoral zone 
of Lake Chany, Russia (54°30′-55°09′ N, 76°48′-
78°12′ E) and maintained under laboratory 
conditions (14/10 light/dark daily cycles, 20 ± 1 °C) 
in 5 L aquaria containing dechlorinated tap water 
supplemented with mussel shell as calcium source. 
The snails were fed with pesticide-free lettuce daily 
ad libitum, and the water was replaced once a 
week. 
 
Chemicals 

4-aminoantipyrine, catalase, 3,3′-
diaminobenzidine tetrahydrochloride hydrate (DAB), 
diethylenetriaminepentaacetic acid (DTPA), 3,4-
dihydroxy-L-phenethylamine (dopamine), 3,4-
dihydroxy-L-phenilalanine (DOPA), ethylene-
diaminetetraacetic acid (EDTA), formaldehyde, 
glucose, glutaraldehyde, hydrogen peroxide, 
phenylthiourea (PTU), potassium phosphate, 
sodium azide, sodium chloride, 
trishydroxymethylaminomethane (Tris), were 
purchased from Sigma-Aldrich (USA). All solutions 
were prepared with bidistilled deionized water. 
 
Hemolymph collection  

Three adult snails (shell height: 25 mm) were 
rinsed with distilled water. The hemolymph was 

collected by stimulation of the foot sole, as 
described by Sminia (1972). When the snail retracts 
into its shell, a drop of hemolymph is extruded 
through the hemal pore and collected with a 
micropipette. The collected hemolymph was mixed 
with either antiaggregant buffer (for hemocytes 
analysis) or phosphate-buffered saline (PBS: 50 mM 
phosphate buffer, 150 mM NaCl), pH 7.2 (for 
peroxidase and phenoloxidase assays in 
hemolymph) (2 parts hemolymph: 1 part buffer) and 
was kept on the ice to prevent hemocyte clumping. 
 
Hemocyte monolayers preparation 

The hemolymph with antiaggregant buffer (AB: 
62 mM NaCl, 100 mM glucose, 10 mM EDTA, 30 
mM sodium citrate, 26 mM citric acid, pH 4.6) (1 
part hemolymph : 2 parts AB) was centrifuged at 
500 g for 5 min at 4 °C. The supernatant was 
removed and the hemocytes were rinsed twice in 
AB. Hemocytes were then resuspended in PBS and 
10 µl of hemocyte suspension (104 cells) were 
placed on a microscope slide. The slides were kept 
in a moist chamber at 22 °C for 15 min to allow 
hemocytes to adhere and spread. Then hemocytes 
were fixed with either 1G4F fixative (1 % 
glutaraldehyde : 4 % formaldehyde) for peroxidase 
assay or acetone for phenoloxidase assay. Acetone 
was used not only as fixative, but also as the 
activator of proPO (Fisher and Brady, 1983). 
 
Peroxidase assay 

The assay was carried out based on the 
method described by Dikkeboom et al. (1984). To 
demonstrate the activity of peroxidase in the 
hemocytes, the fixed hemocyte monolayers were 
first covered with PBS containing 2.3 mM DAB and 
0.15 % hydrogen peroxide and then incubated at 
22 °C for 30 min in the moist chamber. Slides with 
hemocyte monolayers were rinsed with distilled 
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Fig. 2 Kinetics of DOPA (a) and dopamine (b) oxidation in hemolymph of L. stagnalis, effect of adding of H2O2 (c) 
and catalase (d) on the rate of DOPA oxidation. 
 
 
 
 
 
water. Hemocytes were observed for the presence 
of brown deposits using a light microscope (Zeiss; 
Axioscope 40). Hemocytes with brown coloration 
were described a peroxidase-positive cells, i.e., the 
hemocytes with peroxidase activity. The percentage 
ratio of the peroxidase-positive hemocytes was 
calculated. Cells on control slides were incubated in 
media lacking DAB or hydrogen peroxide. The effect 
of peroxidase inhibitor was checked by adding 0.8 
mM sodium azide to the hemocyte suspension. The 
peroxidase activity in the hemolymph was assayed 
spectrophotometrically using 4-aminoantipyrine as a 
substrate (Nicell and Wright, 1997). Each sample of 
hemolymph with PBS was then centrifuged at 500g 
for 5 min at 4 °C to remove the hemocytes. The 
hemolymph without cells (40 µl) was mixed with 
0.85 mM hydrogen peroxide, 1.17 mM 4-
aminoantipyrine with 80 mM phenol and 0.2 M 
potassium phosphate buffer; pH 7.0, up to a final 
volume of 250 µl. The mixture was placed in a 
cuvette with optical path length of 1 mm and the 
absorption at 510 nm for 5 min was recorded using 
a UV-2401 (PC) CE spectrophotometer (Shimadzu, 
Japan). 

The effect of peroxidase inhibitor was checked 
by adding 0.1 mM KCN to the reaction mixture. 
 
Determination of PO activity  

After fixation with acetone, hemocytes were 
rinsed three times in PBS. Thereafter, hemocytes 
monolayers were incubated with 100 µl of DOPA 
(4mg/ml in PBS) at 22 °C for 15, 40, 60, 120 and 
150 min in the dark moist chamber. Then, the 
hemocyte monolayers were rinsed with distilled 

water and checked for the presence of dark-grey 
deposits (indicative of melanin formation) using a 
light microscope (Zeiss; Axioscope 40). PO activity 
in the hemolymph was assayed 
spectrophotometrically by mixing 150 µl of 
hemolymph without cells with either 125 µl of DOPA 
or dopamine (both 10 mM in PBS). The mixture was 
placed in the cuvette with optical path length of 1 
mm and the absorption at 490 nm was detected. To 
study the effect of H2O2 and catalase on PO activity, 
either 3 mM H2O2 or 470 U/ml catalase were added 
to the reaction mixture. The effect of the specific PO 
inhibitor was checked by adding 18 µM PTU to the 
reaction mixture. 
 
Determination of DOPA- and dopamine-
semiquinone production 

The o-semiquinone radicals such as DOPA-
semiquinone are very short-lived. However, these 
species form a comparatively stable complex with 
diamagnetic divalent metal ions allowing its study 
under static conditions (Eaton, 1964; Kalyanaraman 
et al., 1984; Kalyanaraman, 1990). In our study, the 
DOPA- and dopamine-semiquinone radicals were 
detected by electron paramagnetic resonance 
(EPR) method as metal complexes with Mg2+ in the 
hemolymph of L. stagnalis. Samples were prepared 
in Tris-HCl-D (Tris-HCl, pH 7.5, containing 50 µM 
DTPA). DTPA was used to decrease the rate of 
decay of the o-semiquinone radicals catalyzed by 
traces of transition metal ions. DOPA or dopamine 
were dissolved in oxygen-free (argon-bubbled) Tris-
HCl-D to prevent the autoxidation of DOPA and 
dopamine. Hemolymph (70 µl) was mixed with 20 mM 
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Fig. 3 EPR spectra of semiquinones of 10 mM dopamine (a) and 10 mM DOPA (c) obtained in hemolymph of L. 
stagnalis. Effect of 2.5 mM H2O2 added in hemolymph on intensity of dopamine-semiquinone spectrum (b). 
Amplitude of modulation was 0.16 G for spectra a and b, and 1.6 G for spectrum c. 
 
 
 
 
 
DOPA or dopamine (100 µl) and 3.5 M MgCl2 (30 
µl). Formation of the o-semiquinones in the mixtures 
was detected at room temperature by EPR method 
using an ER 200-D SRC X-band ESR spectrometer 
(Bruker). To study the effect of H2O2 on dopamine-
semiquinone formation, 2.5 mM H2O2 was added to 
the reaction mixture. The EPR conditions were the 
following: field center, 3480 G; fields weep, 20 G; 
time constant, 1 s; microwave power, 2 mW; 
magnetic field modulation, 100 kHz; and modulation 
amplitude, 0.16 G. 
 
Statistical analysis 

The data were analyzed using the software 
SigmaPlot for Windows, version 9.0 (Systant 
Software, Inc.). When necessary, a statistical 
analysis was used and the data were expressed as 
means ± SE (n ≥ 5). Significant differences between 
treatments were analyzed by Student's t-test (p < 
0.05) using the Origin 6.0 program.  
 
Results 

 
The hemocytes of L. stagnalis were analyzed to 

detect the PO activity. No PO-positive hemocytes 

were revealed after incubation of cells with DOPA 
during 2.5 h (Fig. 1). This indicates the lack of the 
PO activity in the hemocytes of L. stagnalis. 

We have spectrophotometrically registered the 
low level of DOPA oxidation in the hemolymph 
without cells. At the same time, the rate of 
dopamine oxidation was 5 times as high as that of 
DOPA (Figs 2a, b). Adding 18 µM PTU to the 
hemolymph had no effect on the rates of DOPA and 
dopamine oxidation (data not shown). The addition 
of hydrogen peroxide to the hemolymph increased 
the rate of DOPA oxidation (Fig. 2c). In contrast, the 
DOPA oxidation rate was observed to decrease 
upon addition of catalase to the hemolymph (Fig. 
2d). 

Enzymatic catechol oxidation is known to occur 
upon formation of the highly reactive radical 
species, o-semiquinones (Kalyanaraman et al., 
1984; Kalyanaraman, 1990). Using the EPR spin 
stabilization with Mg2+ we show that the DOPA- and 
dopamine-semiquinone radicals are produced by 
adding DOPA or dopamine to the hemolymph of L. 
stagnalis, respectively. The intensity of the EPR 
spectra obtained for dopamine was significantly 
higher than that of DOPA (Figs 3a, c). No influence on 
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Fig. 4 (A) Light microscopy of hemocytes from L. stagnalis with peroxidase activity. (B) Effect of sodium azide on 
peroxidase activity in hemocytes from L. stagnalis. Abbreviations: g, granulocyte; h, hyalinocyte; “+” show 
peroxidase positive staining hemocytes. Scale bars = 10 µm.  
 
 
 
 
 
the EPR spectrum was registered in the presence of 
the specific inhibitor of phenoloxidase, PTU (data 
not shown). The dopamine-semiquinone spectrum 
intensity increased with adding H2O2 to the 
hemolymph (Fig. 3b). 

We have analyzed the hemocytes of L. 
stagnalis to detect the peroxidase activity. It was 
registered in granulocytes and hyalinocytes (Fig. 
4a). The quantity of peroxidase-positive hemocytes 
was 45 ± 2 %. Adding sodium azide to a suspension 
of hemocytes inhibited the peroxidase activity in the 
hemocytes of L. stagnalis (Fig. 4b). 

The peroxidase activity in the hemolymph of L. 
stagnalis was determined from the oxidation of 4-
aminoantipyrine. We have registered the high rate 
of 4-aminoantipyrine oxidation (Fig. 5a). Adding 0.1 
mM KCN to the hemolymph reduced the rate of this 
reaction (Fig. 5b). 
 
Discussion 

 
Phenoloxidase plays a key role in the immunity 

of invertebrates. This enzyme is known to be 
involved in encapsulation and phagocytosis of 
insects (Carton et al., 2008) and some species of 
snails (Aladaileh et al., 2007; Scheil et al., 2013). 
Only one group of researches reports that PO or 
PO-like activity of hemolymph is involved in the 
immune defense of the L. stagnalis (Seppälä and 
Jokela, 2010, 2011; Leicht et al., 2013; Seppälä and 
Leicht, 2013). Moreover, the authors carried out 
unusually long time incubation of hemolymph with 
DOPA (6 h) to detect the PO activity, named PO-like 
activity (Leicht et al., 2013; Seppälä and Leicht, 
2013). This fact allows us to have some doubts on 
the real presence of PO activity in the hemolymph of 
the snails because it is known that DOPA can be 
oxidized not only by PO, but by peroxidase too 
(Kalyanaraman et al., 1984; Puiu et al., 2010) and 
the question of the presence of phenoloxidase in the 

L. stagnalis hemolymph and its role in the immune 
defense is still ambiguous. Our histochemical 
experiments revealed no PO activity in the 
hemocytes of L. stagnalis. The level of DOPA 
oxidation in the snail hemolymph was very low as 
compared with that in the insect hemolymph (Lee 
and Anstee, 1995; Kryukova et al., 2011). The 
specific PO inhibitor, PTU, was employed to verify 
the participation of PO in DOPA oxidation. The 
concentration of PTU we used (18 µM) should 
inhibit the PO-dependent reaction completely 
(Ryazanova et al., 2012). In our experiments, PTU 
has failed to inhibit the DOPA oxidation in the 
hemolymph of snail which indicates that the DOPA 
oxidation occurs under the action of other enzyme. 
Moreover, we have detected a significantly higher 
level of dopamine oxidation in the L. stagnalis 
hemolymph which was not inhibited by PTU. These 
data allow us to suggest that the observed DOPA 
and dopamine oxidation in the hemolymph is 
provided by the activity of peroxidase rather than 
PO. This assumption is in fair agreement with the 
previous data testifying that the peroxidase is able 
to oxidize dopamine more effectively than DOPA 
(Kalyanaraman et al., 1984). Actually, in our 
experiments, the addition of hydrogen peroxide to 
the reaction mixture has increased the DOPA and 
dopamine oxidation rate, while the addition of 
catalase to the reaction mixture decreased it. Based 
on spectrophotometrical results, we can conclude 
that PO is not involved in the oxidation of DOPA and 
dopamine in the hemolymph of L. stagnalis. 

It is known that the DOPA and dopamine 
oxidation occurs through o-semiquinone radical 
formation (Eaton, 1964; Kalyanaraman, 1990). 
Previously we have registered the DOPA-
semiquinone radical by EPR method in the 
hemolymph of insects. These highly reactive quinoid 
intermediates can be involved in cytotoxic reactions 
in the defense mechanism of insects (Slepneva et 
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Fig. 5 Detection of peroxidase activity by oxidation of 4-aminoantipyrin in hemolymph of L. stagnalis (a), inhibitory 
effect of KCN (0.1 mM) (b). 
 
 
 
 
 
al., 2003; Komarov et al., 2005). Based on the 
results from these assays, we used the EPR 
method to detect the o-semiquinone radical in the L. 
stagnalis hemolymph. The specific spectrum of very 
low intensity with DOPA was observed as compared 
with dopamine (Figs 3a, c). This result demonstrates 
the lack of the PO activity in the hemolymph of 
snails. In order to identify the enzyme involved in 
dopamine oxidation, we added hydrogen peroxide 
and PTU to the hemolymph. The increasing 
intensity of the dopamine-semiquinone EPR 
spectrum upon addition of H2O2 and the lack of PTU 
effect on the spectrum indicate to the peroxide-
dependent dopamine oxidation. 

As demonstrated earlier, peroxidase is present 
in the hemolymph of L. stagnalis and is involved in 
snail’s immunity (Dikkeboom et al., 1984; Adema et 
al., 1992; Mohandas et al., 1992). Sminia and 
Barendsen (1980) registered the peroxidase activity 
in the lysosomal system of the spreading hemocytes 
of L. stagnalis. Peroxidase histochemical reaction 
products are present in the Golgi apparatus and in 
the lysosomes. We have also registered the activity 
of peroxidase in the L. stagnalis snail hemocytes of 
two types (Fig. 4). Furthermore, we have observed 
the activity of peroxidase in the hemolymph of snails 
using a typical substrate for peroxidase assay. 
Enzyme activity decreased due to the addition of 
peroxidase inhibitor, KCN, to the hemolymph (Fig. 
5) which confirms the presence of the peroxidase 
activity in the hemolymph of L. stagnalis. Gornowicz 
and co-authors (2013) have also detected the 
peroxidase activity in these snails. Moreover, they 
revealed a significant increase of enzyme activity in 
the hemolymph of L. stagnalis naturally infected with 
digenean trematodes (Gornowicz et al., 2013). 
Thus, the peroxidase activity in the hemolymph is 
likely to play a key role in the host defense 
function. 

Taken together, the results of this study show 
that peroxidase rather than PO plays a key role in 
the DOPA and dopamine oxidation in the 
hemolymph of L. stagnalis. It is only peroxidase 
activity that may be important in the formation of 
cytotoxic molecules such as o-semiquinones during 
snail’s defense immune reactions. 
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