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Abstract: Exploitation of benthonic resources is an important fraction within
the craft catch. The main objective of this work was to obtain information on
the oxidative condition and tissue damage in gills of the limpets Nacella
deaurata and N. magellanica with subtidal and intertidal natural habitats,
respectively. No significant differences were observed between the two species
in the carbohydrates, lipids, proteins and ashes content. Ascorbyl radical and
lipid radical contents were higher in N. deaurata compared to N. magellanica
(224% and 3.5-fold, respectively). However, catalase and superoxide dismutase
activities were significantly higher in N. magellanica than in N. deaurata.
These data suggested that in the intertidal species, which is exposed to extreme
conditions, antioxidant activity is responsible for preventing lipid damage.
Thus, organoleptic characteristics are improved, and conservation and handling
stress could be prevented in intertidal compared to subtidal species. These
studies would contribute to the sustainable management of valuable native
species.
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This paper is a revised and expanded version of a book chapter entitled
‘Preliminary studies of Subantarctic limpets metabolism as a possible resource’
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1 Introduction

Limpets, in their natural habitats, are exposed to physicochemical unstable
intertidal/subtidal rocky shores owing to a broad variety of stressors such as tidal
immersion/emersion cycles, desiccation and hypoxia, sharp salinity variations, extreme
temperature, seasonality effects and anthropogenic influences (Gonzélez et al., 2013a).
These ecological changes generate misbalances between the production and elimination
of reactive O, species (ROS) and reactive N, species (RNS). ROS and RNS are related to
cellular oxidative damage of DNA, proteins and lipid membranes that, eventually, could
affect the survival of these organisms (Lu et al., 2014). Thus, to maintain hazardous
reactive species at low steady-state concentrations an efficient antioxidant defence system
is required in all living organisms (Gonzalez et al., 2015).

Exploitation of benthonic components (Concholepas, limptes, sea urchins, razor
clams, clams, etc.) is a part of the craft catch, since these invertebrates have been
historically known as an important potential food resource (Claassen, 1998). Limpets of
the Nacella genus are exploited in Chile and in other Asian and European countries
(Gutiérrez Gregoric et al., 2015). However, marine gastropod catching is very low in
Argentina sea shore and the consumption and capture is limited to restaurants or families
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(Gutiérrez Gregoric et al., 2015). The interest for these products in markets is constantly
increasing even though an official fishery regulation is still missing in Argentina. This
fact may lead to an increasing use of natural banks that would result in the decrease of the
population densities and change the specific biodiversity turning these organisms in
threatened species. The good quality of the limpet flesh is often acknowledged; however,
neither the basic nutritional contribution nor the food safety is adequately registered and
controlled. Content of water, protein, lipid, mineral and glycogen in the meat, together
with the availability of minor components of hydrophilic or lipophilic nature, contribute
to the nutritional value and the organoleptic characteristics of molluscs (Orban et al.,
2002). It is widely recognised that water temperature, food availability and reproductive
cycle of animals may influence the eat yield and biochemical composition of molluscs
(Fernandez-Reiriz et al., 1996; Okumus and Stirling, 1998).

Limpets are linked to temperate or relatively cold seas, where they reach the higher
specific biodiversity. Nacella deaurata (Gmelin 1971) and N. magellanica (Gmelin 1971)
are the most conspicuous limpet species in the Beagle Channel, Tierra del Fuego,
Argentina. Even though they inhabit the same region, the variation in their shore level
distribution affects the animals contact to aerial or marine environmental conditions.
Owing to tidal characteristics of the Beagle Channel, N. magellanica are daily exposed to
air twice for 3-5h each time, but N. deaurata are daily exposed to air for 3 h, only
during spring tides. The dissimilar regime of exposition refers to extreme temperatures
(under 0°C and more than 20°C during winter and summer time, respectively) for N.
magellanica; meanwhile, N. deaurata is regularly covered by more than 0.3 m water with
a temperature of 4°C in winter and 11°C in summer (Malanga et al., 2004). Gills are the
first tissue in contact with the surrounding water and may properly reflect the
environmental changing effects. The high content of polyunsaturated fatty acids (Joseph,
1982) of the membrane lipids in marine organisms implies a special susceptibility to lipid
peroxidation (Halliwell and Gutteridge, 1984), and the particular response of their
antioxidant system may reflect an adaptation of these species to their vastly changeable
environment (Abele et al., 2002).

The main objective of this work was to obtain information on the metabolism,
biochemical composition, oxidative stress and damage, and antioxidant activity in the
gills of two Sub-Antarctic limpets N. deaurata and N. magellanica, collected during
summer time. The knowledge of these features will allow the characterisation of the
quality of the products to be used for human consumption.

2 Materials and methods

2.1 Animal collection and maintenance

The limpets N. deaurata and N. magellanica were collected from an intertidal area at
Punta Occidental (54°50’S, 68°20°W) in the Beagle Channel, during summer time
(Figure 1). At the sampling site, environmental physical parameters such as surface water
temperature, dissolved O,, pH, conductivity, salinity, turbidity and low tide duration were
recorded simultaneously with the collection of the limpets by means of an HORIBA U-10
multi-parameter device.
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Figure 1 Sampling area. Map of the south region of South America indicating the Beagle
Channel. Insert: enlarged map showing the location of the sampling area ()
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Source: Modified from Malanga et al. (2004)

N. deaurata limpets were sampled at 0.3—0.5 m water depth, whereas N. magellanica
limpets were sampled at the intertidal area. Only adult animals were sampled and they
were maintained without feeding in natural seawater at 31.2 PSU, at constant water
temperature for 24 h, in a light:dark cycle 12:12 h in the aquaria. Then, the animals were
dissected and the gills were separated and frozen at —80°C until analyses.

Organisms were measured in length, width and height; and body parameters
(circumference, volume and roundness) were calculated according to Wallace (1972) and
Lowell (1984) (equations (1)—(4)).

Circumference = 2 x (legth?/8 + width?/8)"? (1
Volume = (length X width x height)/12 2)
Slope = (2 x height)/(length + width) 3)
Roundness = width/length 4

Total weight (valve plus soft tissues), valves, soft tissues and separated gills were also
weighted and three indices were calculated employing equations (5)—(7), according to
Malanga et al. (2007) and Orban et al. (2002).
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Condition index = soft tissue weight/valve weight 5)
Gill index = (total weight x 100)/gill weight (6)
Body index = soft tissue weight/length. (7)

2.2  Oxygen consumption

Whole animal respiratory rate was measured using the method of Peck and Veal (2001)
using a Rank Brothers oxymeter (Cambridge, Great Britain) equipped with a closed
chamber of 370 ml volume. Prior to respiration measurements the shells were cleaned
with alcohol to remove epibenthos. Animals were left undisturbed for 24 h within the
respirometer, after which oxygen consumption was recorded over 6 h. Respirometer
oxygen partial pressure was maintained between 75% and 100% saturation over the
measurement period.

2.3 Biochemical composition

The water content of the gills was measured after drying the flesh in an oven at 60°C
until constant weight. Glycogen content was extracted by boiling the tissues with 30%
(w/v) KOH and was determined as total carbohydrates using the Anthrone reagent
(Carroll et al., 1956). Quantification was performed after precipitation with 99% (v/v)
ethanol, using a 20 pg/ml glucose solution as standard. Lipids content was measured by a
gravimetric method (Bligh and Dyer, 1959). Total protein content was assessed after
hydrolysis with 0.5N NaOH, using 1 mg/ml bovine serum albumin as a standard
according to Lowry et al. (1951). The results were expressed as mg biochemical
component per gram of tissue ash-free dry weight (AFDW). Ash content was measured
by burning the tissues in an oven at 450°C for 36 h. The ashes were weighed and the
content in whole gills was calculated.

2.4 Ascorbyl radical (A°) content

Gills homogenates were prepared in pure dimethyl sulfoxide (DMSO) (1:3, w/v).
Measurements were performed by electron paramagnetic resonance (EPR). Spectra were
obtained at room temperature using a Bruker spectrometer ECS 106 using the following
conditions: 50 kHz filed modulation, 20 mW microwave power, 1 G modulation
amplitude, 655 ms time constant, 1 x 10° receiver gain, 9.81 GHz microwave frequency
and 0.18 G/s scan rate (Giulivi and Cadenas, 1993). Quantification was performed
according to Kotake et al. (1996).

2.5 Lipid radicals (LR®) content

The homogenates were prepared in potassium phosphate buffer (pH 7.4) containing
50 mM o-(4-pyridyl 1-oxide)-N-z-butyl nitrone (POBN). Measurements were performed
by an EPR-spin trapping technique (Jurkiewicz and Buettner, 1994). EPR spectra were
obtained at room temperature using: 9.81 GHz with 50 kHz modulation frequency,
20 mW microwave power, 1.194G modulation amplitude, 81.92 ms time constant and
2 x 10 receiver gain. Quantification was performed according to Kotake et al. (1996).
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2.6 Antioxidant enzymatic activities

Gills were homogenised in 30 mM potassium phosphate buffer, 120 mM KCI, pH 7.4
(1:9, w/v), and centrifuged at 600 X g for 10 min at 4°C. Catalase (CAT) activity was
determined according to Aebi (1984). The supernatant was added to 50 mM potassium
phosphate buffer, pH 7.0 and 15 mM H,0,. The H,0, consumption was measured
spectrophotometrically at A =240 nm during 30 s (¢ =40 M "' cm ") at 20°C. Superoxide
dismutase (SOD) activity was analysed spectrophotometrically measuring the
cytochrome c reduction by the superoxide anion (O, ) generated by the xanthine/xanthine
oxidase system. Measurements were performed in 50 mM potassium phosphate buffer,
100 uM EDTA, pH 7.8, adding 21 uM cytochrome ¢ and 10 uM xanthine. Absorbance
was recorded at A= 550 nm, at 20°C. One unit of SOD was defined as the amount of
enzyme able to inhibit the cytochrome ¢ reduction rate by 50% (McCord and Fridovich,
1969). Protein content was calculated according to Lowry et al. (1951).

2.7 Total fe content

Isolated gills from limpets were digested with an HNO; solution and after heating to
dryness, the digests were dissolved in 2ml 5% (v/v) HCl (Lawrie et al, 1991).
Concentrations of Fe in the extracts were measured spectrophotometrically after
reduction with thioglycolic acid, followed by the addition of bathophenanthroline
(Brumby and Massey, 1967).

2.8 Statistical analyses

Data are expressed as mean + SEM of three to six independent experiments, with two
replicates in each experiment. Statistical tests were carried out using Statview for
Windows, ANOVA, SAS Institute Inc., version 5.0.

3 Results and discussion

The sampled area is located near Ushuaia city, the southernmost location on Earth, and
has been recently considered by Duarte et al. (2011) as a low urban impacted area,
despite the population’s growth around it. Data in Table 1 show the environmental
physical parameters recorded at the sampling site. These parameters reflect the
environmental conditions of the limpets in their natural habitats, which are in agreement
with the values previously recorded by Duarte et al. (2012) and Lattuca et al. (2013).

The size of the organisms was analysed and was shown to be similar in both species
(Figure 2). The valve measurements, except for slope and roundness, were similar
between both species (Table 2). The body higher slope and roundness found in the valves
of the intertidal specie, with respect to the subtidal one, might account for a phenotypic
adaptation that may help to avoid desiccation during low tide hours supported by
intertidal molluscs. Comparable results were found in intertidal and subtidal populations
of Nacella concinna limpets from Antarctic (Gonzalez and Puntarulo, 2016). No
significant changes in tissues and valve weights were observed between the species
(Table 2). The condition index is a calculated parameter of ecophysiological and
economic relevance, especially in assessment of the industrial processing, since
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it represents a measurement of the apparent health and commercial quality of molluscs
(Orban et al., 2002). Gill index reflects the tissue status as an indicator of its general
condition. Neither the organisms condition nor the gill indexes showed any significant
difference between the studies species. The body index is a general biomarker of the
limpet health. This parameter was significantly higher in N. magellanica compared to N.
deaurata, suggesting a general deterioration in the subtidal organisms (Table 2).

Table 1 Environmental parameters measured in the area of the study

Environmental parameters

Temperature (°C) 10
Dissolved O, (mg/l) 12
pH 7.3
Conductivity (mS/cm) 44
Salinity (%o) 28
Turbidity (ntu) 190
Low tide duration (h) 9

ntu = nephelometric turbidity unit.

Figure 2 Internal volume as a function of the circumference for N. deaurata (m) and N.
magellanica (m). The function volume = f'(circumference) for N. deaurata followed the
lineal equation: log (volume) = 3.4607 (log circumference) — 2.1184, being R* = 0.8951.
For N. magellanica the function was: log (volume) = 3.1565 (log circumference) —
1.6692, being R* = 0.8765
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Intertidal limpets tolerate fluctuations of environmental factors such as temperature,
salinity and oxygen availability, and are therefore regarded as comparatively stress
resistant (Peck, 2005). In addition to the conspicuous differences in shell morphology
between the two species, behavioural traits may differ such as the capacity to regulate the
oxygen partial pressure in shell water (Weihe and Abele, 2008). Oxygen consumption
was significantly higher in the subtidal than in the intertidal species (0.8 +0.1 and
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0.30 £ 0.06 umol Oy/g fresh weight (FW) h, respectively). This observation fits with data
from N. concinna populations were intertidal limpets maintained shell water oxygen
partial pressure at low levels independently of submergence state remaining aerobic.
Whereas sub-littoral limpets induce anaerobic metabolism when facing air exposure and
hypoxia suggesting insufficient adaptation for life under intertidal exposure conditions
(Weihe and Abele, 2008; Weihe et al., 2010). In the Beagle channel, an important
increase of phytoplankton biomass occurs at the end of September/beginning of October
increasing the metabolism (Malanga et al., 2007). Even more, during summer the main
spawning event takes place, and water temperatures reach their yearly maximum and a
more rapid increase in day length and radiation intensity at Ushuaia may affect feeding
activity of the limpets.

Table 2 Morphological features of the sub-antarctic limpets

N. deaurata N. magellanica
Valve measurements  Length (mm) 55+2 54+2
Width (mm) 411 4412
Height (mm) 24+2 28+2
Slope 0.50+£0.03 0.58 £ 0.02*
Roundness 0.75+0.01 0.835 £ 0.008**
Weights Total weight (g) 25+3 33+4
Valve weight (g) 11+2 15+2
Soft tissues weight (g) 12+2 172
Gill weight (g) 0.66 £ 0.07 0.7+0.1
Indexes Condition index 1.16 £ 0.05 1.4+£0.3
Gill index 22403 1.9+£03
Body index (g/mm) 0.22 £0.02 0.31£0.03*

*Significantly different to N. deaurata (ANOVA, p <0.05).
**Significantly different to N. deaurata (ANOVA, p <0.0001).

Biochemical composition, including carbohydrates, lipids, proteins and ashes content,
showed no significant differences between both species (Table 3). This fact suggests a
similar nutritional input in these limpets, mainly in terms of the high protein content.
The elevated protein content was a characteristic feature previously reported for other
gastropod, Babylonia spirata (Periyasamy et al., 2011).

Table 3 Biochemical composition in gills of the limpets
N. deaurata N. magellanica
Carbohydrates (mg/g AFDW) 1.1+0.1 0.80 £0.07
Lipids (mg/g AFDW) 8+2 11+4
Proteins (mg/g AFDW) 567171 498 £ 19

Ashes (mg/g AFDW) 13£2 6.0%+0.3
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Ascorbate (AH") plays a central metabolic role since it can act as an antioxidant and a
pro-oxidant and its oxidation leads to A® generation (Malanga el al., 2005). AH
pro-oxidant activity is the result of its ability to reduce transition metals (especially Fe)
causing them to react with oxygen and initiators of LR® reactions (Wills, 1966).
AH  antioxidant activity consists in the ability to reduce various types of radicals,
including peroxyl radicals and propagate lipid peroxidation, and to regenerate the
antioxidant o~tocopherol from the oxidised form (Doba et al., 1985). The ratio A*/AH"
was considered to serve as an appropriate and accurate indicator of oxidative stress in the
hydrophilic medium (Galleano et al., 2002). However, in biological systems where AH™
content is not affected by the studied condition, the A® content by itself could be
considered as an oxidative stress indicator in the hydrophilic medium of the tissue
(Gonzélez et al., 2013b). Previous data from studies performed in samples from M.
magellanica and N. deaurata collected in the Sub-Antarctic Beagle Channel during July,
have shown that AH content was not different neither in gills (Malanga el al., 2005) nor
in digestive glands (Malanga et al., 2004) when comparing both species. Thus, the A®
content was assessed as an oxidative parameter in this work. A typical EPR spectrum of
A® in gills from both limpets, with the characteristic two lines at g = 2.005 and a;; = 1.8G,
was observed (Figure 3(A) b, c), in accordance with computer spectral simulated signals
obtained using the parameters previously described (Figure 3(A) a). DMSO itself was
examined and no DMSO spin adduct was observed (Figure 3(A) d). The A® content was
224% higher in N. deaurata than in N. magellanica gills (Figure 3(B)). Malanga et al.
(2005) reported that A* content in gills from N. deaurata and N. magellanica collected
during winter time was 6 =2 and 3.6 = 0.2 pmol/mg FW, respectively. The data shown
here on A* content in gills from animals collected during summer are in the same order of
magnitude, suggesting that seasonality does not significantly affect oxidative conditions
in the hydrophilic medium in both species.

Figure 3 (A) Detection of A®* measured by EPR, spectra from: (a) computer-simulated employing
the following spectral parameters g = 2.005 and a;; = 1.8 G,( b) gills homogenates from
N. deaurata, (c) gills homogenates from N. magellanica and (d) DMSO without tissue.
(B) A® content in limpets
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*Significantly different to N. deaurata (ANOVA, p < 0.05). FW stands for fresh weight.
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LR® content was analysed as an oxidative damage indicator to lipids (Gonzalez et al.,
2013b). Lipid peroxidation in the gills from both species was analysed as the LR® content
assessed by EPR. LR® combined with the spin trap POBN resulted in adducts of
characteristic EPR spectrum with hyperfine coupling constants of ay=15.56G and
ay=2.79G (Figure 4(A) b, c), consistent with computer spectral simulated signals
acquired using the overall mentioned parameters (Figure 4(A) a). POBN itself was
examined and no spin adduct was observed (Figure 4(A) d). Spin trapping studies cannot
discriminate between peroxyl (ROO®), alcohoxyl (RO®) and alkyl (R®) adducts, due to
the similarity of the corresponding coupling constants; however, these constants could be
assigned to LR® in general (Jurkiewicz and Buettner, 1994). This parameter resulted
3.5-fold higher in N. deaurata as compared to N. magellanica (Figure 4(B)). However,
LR*® content in gills from N. deaurata and N. magellanica collected during winter time
was 412+ 98 and 80 + 36 pmol/mg FW, respectively (Malanga et al., 2005). Thus, a
significant increase (2-fold) was observed in gills from animals collected over summer as
compared to the LR® content in gills from limpets studied in winter. Taken into
consideration that the increase in lipid peroxidation would be associated to deterioration
in the organoleptic characteristics (palatability) (Cowey et al., 1984), these data strongly
suggest that animals collected during winter time could be more appreciated for human
consumption than the summer-collected molluscs. Even more, frequent occurrence of
harmful algae blooms during spring in the Beagle channel (Arzula et al., 1999), makes
molluscs from this area hard to sell (Lomovasky et al., 2002) owing to the potential
danger to human health. In this regard, catch during winter can improve safety
commercialisation.

Figure 4 (A) Detection of LR® measured by EPR, spectra from: (a) computer-simulated
employing the following spectral parameters ay = 15.56 G and a; = 2.79 G, (b) gills
homogenates from N. deaurata, (c) gills homogenates from N. magellanica and
(d) POBN without tissue and (B) LR® content in limpets
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Since high environmental Fe content in the studied area was found (35 £ 12 mg/g DW,
Duarte et al., 2011), it is feasible that the higher levels of lipid peroxide formation in the
gills from the subtidal N. deaurata as compared to the intertidal N. magellanica may
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result from increased accumulation of transition metals such as Fe in these organisms as
compared to molluscs from other regions. The Fe content in the gills of both molluscs
was examined and the overall content of Fe was found to be not significantly different
between the two species (3.2+ 0.5 and 3.7 £ 0.9 nmol/mg FW in N. deaurata and
N. magellanica, respectively). Even though the actual nature of the intracellular ligands
participating in the labile iron pool (LIP) formation remains obscure, it is accepted that
the affinity of a chelator for Fe, its ability to permeate different cell compartments as well
as the steric accessibility of specific metal binding sites on proteins could all influence
the LIP (Gonzélez et al., 2008). Quantification of the LIP in digestive glands from N.
deaurata and N. magellanica, did not show any significant difference between both
species, thus the amount of Fe available for catalysis did not differ in both limpets in
these tissues (Gonzalez et al., 2008). In agreement with this observation, since total Fe
content was not different in gills from these species, it could be postulated that Fe
capacity of catalysing lipid peroxidation, through the LIP, could not be considered as a
key factor in the difference in the LR® content observed.

Antioxidant capacity was studied in both limpets by assaying the activity of the
antioxidant enzymes CAT and SOD. Both enzymes activities were significantly higher in
N. magellanica as compared to N. deaurata (Figure 5). The activity of these enzymes
could be an important factor to keep the lipid damage under control and to contribute to a
successful adaptation of N. magellanica to the stressful intertidal conditions.

Figure 5 Antioxidant enzymes activity in gills of the limpets
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*Significantly different to N. deaurata (ANOVA, p <0.05).

4 Conclusions

Oxidative stress may arise from the changing oxygen availability during tidal cycles.
Especially during low tide aerial exposure, gills are a main target for oxidative injury
(Malanga et al., 2005), and consequently gills from intertidal limpets must be better
protected by antioxidant enzymes against oxidative stress than gills from the subtidal
animals. The oxidative stress during low tides can be generated either from breathing air
in the intertidal organisms, or from hypoxia during shell contraction and subsequent
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reoxygenation. The antioxidant protection under such variable conditions is afforded
through the activities of the enzymes SOD and CAT. Data presented here for N.
magellanica, an intertidal species which is exposed to extreme environmental conditions,
showed a more elevated antioxidant activity than for N. deaurata, a subtidal species.
This higher antioxidant protection would be a contributing factor to prevent lipid damage,
essential to improve organoleptic characteristics and to control stress during the processes
of conservation and commercialisation.

Acknowledging the nutritional, economic, social, cultural and environmental fishing
importance (FAO, 1995), it is needed to point out that the use of responsible catching
practices would improve the conservation, the management and the development of
aquatic resources, preserving the ecosystem and the biodiversity. These studies would
contribute to find a suitable strategy that would make possible a progress in the
subexploitation of a promising food resource, by improving the sustainable management
opportunities of native species in a growing market, adequately selecting the more
suitable organism for human consumption.
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