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Abstract
The presence of acetylcholinesterase (AChE) was detected using native polyacrylamide gel electro-
phoresis of the somatic extracts and excretory-secretory (E/S) products of  larvae. 

species. The secretory AChE was characterised by a high level of activity, particularly for the nema-
todes from male hosts.

Acetylcholinesterase (AChE) is one of the 
most important enzymes involved in nerve 
impulse transmission in both vertebrates and 
invertebrates. The main role of this enzyme 
is to regulate the acetylcholine levels by the 
rapid hydrolysis of acetylcholine into the in-
active products choline and acetic acid. Two 
cholinesterases exist in vertebrates: AChE and 
closely related BChE (butyrylcholinesterase). 
Both of these enzymes hydrolyse acetylcholine 

-
tivity to inhibitors (Massoulié, 2002). In contrast, 
only AChE has been detected in invertebrate 
species. In nematodes, acetylcholinesterases are 
encoded by multiple genes, which are known 
to express a number of molecular forms of the 
enzyme (Selkirk et al., 2005a). Neuromuscular 

many nematode species, including the free-
living plant-parasitic 
nematodes  

and (Chang and 
Opperman, 1991; 1992) and the insect parasite 

 (Arpagaus et al., 1992). 
Membrane-bound acetylcholinesterases has also 

(deVos and 
Dick, 1992),  (Talesa et al., 
1997),  (Hussein et 
al., 1999a), and (Lazari 
et al., 2004).

In addition to the presence of neuromuscular 
AChEs, several studies demonstrated acetyl-
cholinesterase secretion by parasitic nematodes, 
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i.e., ( and 
Pritchard, 1994), 
(Grigg et al., 1997; Hussein et al., 1999b), lung-
worm (Lazari et al., 2003), 

(Pritchard et al., 1994) and 

Indeed, the secretory form plays an important 
role in host–parasite interactions. The physio- 
logical function of secreted acetylcholinesterases 
has been widely discussed in the literature, and 
numerous roles for this form of the enzyme 
have been suggested, such as the modulation 
of intestinal peristalsis (Lee, 1970) and immune 
response of the host (Pritchard, 1995), the inhibi-
tion of the secretory responses of the host by the 
hydrolysis of host acetylcholine (Hussein et al., 
1999b) and even the protection against enzyme 
inhibitors present in the host’s diet, which may 
lead to the expulsion of the parasites by muscu-
lar contractions of the host (Selkirk et al., 2005b).

The aim of the study was to identify the pres-

 larvae and evaluate the enzyme ac-
tivity. To investigate the putative somatic and 
secretory forms in the somatic extracts of 
simplex larvae and the secretory products ob-
tained from live nematodes, the AChE activity 
was measured and AChE electrophoresis was 

-
lowing hypotheses: 
•  larvae secrete acetylcholinester-

ase into their external environment. 
• A high level of AChE activity in  

larvae corresponds to the secreted form of 
this enzyme.

Live  larvae (L3) were obtained from 
the Baltic herring , which were 
sampled during the spring spawning period 

in the coastal waters of the Baltic Sea in 2008 
(western and middle coast) and 2010 (Gulf of 
Gdansk) (Figure 1). 

For each sample, one set of larvae was frozen 

second set was processed to acquire its secre-
tory products. The following procedure was 
used to acquire the excretory-secretory (E/S) 
products of the  larvae: live nematodes 
(~10 individuals per sample) were washed in 
physiological NaCl solution and maintained for 
24 h at 4°C in Eppendorf tubes containing 100 
μl of physiological NaCl solution. The larvae 
were then removed from the tubes, washed and 
placed into new tubes. The secretory products 
and post-secretory larvae were frozen at -80°C 
for further analyses. The sets of the 2008 samples 
(180 somatic extract and 20 secretory product 
samples) were dedicated for the electrophoretic 
resolution, whereas the sets of samples collected 
in 2010 (54 somatic extract and 16 secretory 
product samples) were used to measure the 
enzymatic activity.

The tissue extracts for native polyacrylamide 
gel electrophoresis were prepared as described: 
using a mechanical blender, the whole body 
of a single larva was homogenised on ice in 

EDTA, pH 7.5) and centrifuged for 10 minutes 
at 45 000 x g at 4°C. AChE was resolved under 
non-denaturing conditions by electrophoresis in 

Each gel (10 cm x 10 cm) was loaded with 10 
samples: four comprised the somatic extracts 

collection (20 μl/lane), one was the secretory 

the somatic extracts of single post-secretory 
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larvae (20 μl/lane) (Figure 2). Each gel represents 
the nematode samples collected from the same 
herring host. The electrophoresis was performed 
for 6 hours at a voltage 7 V/cm. The enzymatic 
activity was assayed by the staining procedure 

-
phoresis, the gels were stained for 1 h, and 
ISO-OMPA was used as an inhibitor of BChE. 

To analyse the acetylcholinesterase activity, 
simplex larvae (5-10 individuals) were homog-
enised using a mechanical blender. The AChE 
extraction was performed using 10-30 mg of 

7.0) containing 0.1% Triton X-100. The tissue was 

at 10 000 x g for 20 min at 4°C. An aliquot of 
the supernatant (the ‘‘S9’’ fraction) was stored 
at -80°C and used in the assay. 

The AChE activity determinations were per-
formed using a method described by Ellman 
et al., (1961) and adapted for use with a mi-
croplate reader (Bocquené and Galgani, 1998). 
The enzyme kinetics was monitored at 412 nm 
using an Absorbance Microplate Reader (iMark, 

volume of 0.380 ml) contained 0.02 M phosphate 

nitrobenzoic acid)] in 0.1 M TRIS-HCl (pH 8.0) 
and 2.6 mM ACTC (acetylthiocholine iodide). 
The protein concentration was determined as 
described by Bradford (1976) using the Protein 

 Location of sampling sites: 1- Western Coast, 2- Middle Coast, 3- Gulf of Gdansk.
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Kit II (Bio-Rad) and bovine serum albumin as 
the protein standard.

The results suggest the presence of two mo-

electrophoretic mobilities in the  
larvae, proposed to be the membrane-bound 
somatic (band B) and secreted (band A) vari-
ants (Figure 2). The native polyacrylamide gel 
electrophoresis revealed the presence of AChE 
in the somatic extract samples and, more im-
portantly, in the secretory products of the 
simplex larvae. The addition of ISO-OMPA, an 

only was observed during the electrophoretic 
separation. One or two bands (A, B) were de-
tected in the tissue homogenates, whereas only 
the upper band (A) was consistently resolved 
from the secretory products of the  
larvae (Table 1 and Figure 2). Moreover, the two 

bands seemed to be more frequently observed 
in the somatic extract of the larvae collected 
from male versus female hosts. Indeed, for the 
individuals sampled on the western coast of the 
Baltic Sea, the two bands appeared only in the 
larvae collected from male hosts. In 2006, Podol-
ska & Napierska reported AChE activity in the 
somatic extract of  larvae. However, 

forms of AChE and their enzymatic activity in 

time acetylcholinesterase secretion by the L3 
larvae of  and the enzyme activity 

report of two molecular forms of AChE being 
detected in this nematode species. We speculate 

-
ent molecular weights, may represent secretory 
and neuromuscular (membrane-bound) AChEs. 
There is no doubt concerning the presence of 

 Visualization of AChE activities in a native 15% polyacrylamide gel. Staining method for AChE 
activity developed by Karnovsky & Roots (1964). 1-4  larvae somatic extracts (larvae frozen 

5 secretory products of 6-10  larvae somatic extracts (larvae 
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the secretory form of AChE: its activity was as-
sessed, and the upper bands (A) corresponding 
to the secreted products consistently appeared 
on each gel. However, the designation of the 
neuromuscular form is based on the existence 
of the faster-migrating band. 

The AChE activity in the  larvae 
(tissue homogenates of whole worms frozen 

to 76.3 nM/min/mg/protein (in the parasites 
from female and male hosts, respectively). The 
highest values of enzymatic activity (99.3 – 103.9 
nM/min/mg protein) were recorded in the larvae 

acetylcholinesterase in the secretory products 
obtained from the live larvae was also charac-
terised by a high level of activity (55.9 - 96.9 
nM/min/mg protein), particularly in the nema-
todes collected from male hosts. In general, 
the AChE activity in the nematodes and the 
secretory products was higher in the parasites 
obtained from male hosts in comparison to the 

larvae from females. The results are presented 
in Table 2 and Figure 3. The results of a pre-
vious study (Podolska and Napierska, 2006) 
revealed that the AChE activity in  
larvae was inversely related to the enzyme ac-
tivity in their hosts (herring), and these authors 

of the host: the AChE activity was higher in the 
nematodes collected from males than females. 
The results presented here are in accordance 
with the previous data and may suggest that 
the high level of AChE activity in the  
larvae corresponds to the secreted form of this 
enzyme. Because somatic AChE appeared more 
frequently in male- than female-host nematodes, 
it cannot be ruled out that the expression of 
this AChE form in  also depends on 
the sex of the host; the enzyme could be more 
exposed in the parasites of males.
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 The presence of  AChE forms in relation to the sampling area and host sex.

Sampling area Host sex

Number of samples

SEC

1 band 2 bands 1 band 2 bands 1 band

Middle coast Males 16 1 20 1 4

 Females 20 2 25 1 5

Western coast Males 28 7 53 16 9

Females 8 0 10  0 2

Total  72 10 108 18 20

SEC – Secretory products obtained from live larvae.
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 AChE activity (nM/min/mg protein) in the somatic extracts and secretory products of 
simplex larvae in relation to the sex of the host.

 Mean AChE activity (nM/min/mg/protein) in the somatic extracts and secretory products of 
simplex larvae.

Sample

Average Male hosts Female hosts

n
AChE 

activity
SE n

AChE 
activity

SE n
AChE 

activity
SE

Somatic extract (NS) 38 73.89 5.31 22 76.31 7.91 16 70.57 6.61

Somatic extract (PS) 16 101.28 7.89 7 103.85 15.60 9 99.29 8.03

Secretory products 16 73.82 9.66 7 96.88 18.16 9 55.88 5.19
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