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It was found a relationship between kidney disease of farmed European sea bass (Dicentrarchus
labrax L.) and dopa oxidase activity level, demonstrating the DO activity as a possible indicator for
fish kidney nephrocalcinosis whose diagnosis can be, simply, highlighted by a gross examination
of the farmed fishes during the autopsy. Moreover variations of dopa oxidase activity Iin
extracutaneous pigment system have been observed with respect to environmental temperature.



The comparative Femto-TA analysis of pigments isolated from sea bass kidney tissue, fish skin
melanin, natural melanin from S. officinalis and synthetic melanin, by pointing out that fish melano-
macrophages centres do contain melanins.
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ABSTRACT

Infectious diseases and breeding conditions can influence fish health status. Furthermore
it is well known that human and animal health are strongly correlated. In lower vertebrates
melano-macrophage centres, clusters of pigment-containing cells forming the
extracutaneous pigment system, are widespread in the stroma of the haemopoietic tissue,
mainly in kidney and spleen. In fishes, melano-macrophage centres play an important role
in the immune response against antigenic stimulants and pathogens. Hence, they are
employed as biomarker of fish health status. We have investigated this cell system in the
European sea bass (Dicentrarchus labrax L.) following the enzyme activities involved in
melanin biosynthesis. We have found a possible relationship between kidney disease of
farmed fishes and dopa oxidase activity level, suggesting it as an indicator of kidney
disease. Moreover variations of dopa oxidase activity in extracutaneous pigment system
have been observed with respect to environmental temperature. At last, for the first time,
using femtosecond transient absorption spectroscopy (Femto-TA), we pointed out that

pigment-containing cells of fish kidney tissue present melanin pigments.

Key words: melano-macrophages; dopa oxidase; peroxidase; extracutaneous

melanogenesis; melanins.



1. INTRODUCTION

Lower vertebrates present a visceral pigment cell system that is not derived from the
neural tube and is localized in the liver, spleen, kidney and other body districts [56]. In the
liver and spleen of reptiles [55,52], amphibians [14,57] and fishes [67,3,46] pigment-
containing cells occur in melano-macrophage centres. In teleosts, melanin-containing cells
are copious and dispersed in the reticulo-endothelial system, which forms a supporting
matrix of haemopoietic tissues, particularly in the kidney and spleen [10,33,58]. It was
demonstrated that these cells express not only the tyrosinase gene [22,23] and tyrosinase-
related proteins (TRP1 and TRP2) genes [58], but also exhibit tyrosinase activity [19,20,5,
25]. Tyrosinase (EC 1.14.18.1) is the main enzyme involved in melanin biosynthesis. This
copper-containing enzyme catalyzes the hydroxylation of L-tyrosine to L-3,4-
dihydroxyphenylalanine (L-dopa) (monophenolase or cresolase activity, EC 1.14.18.1) and
the subsequent oxidation of o-diphenols to o-quinones (diphenolase or catechol oxidase
activity, EC 1.10.3.1) [48,35,21]. DHICA oxidase (TRP1) and dopachrome tautomerase
(TRP2) are involved in the melanogenic pathway [43,27]. Moreover, data in literature
report peroxidase involvement in very different melanin-synthesizing systems, unlike the
melanocytes, such as in neuromelanin synthesis system or in ink gland of Sepia officinalis
[44,42]. A peroxidase—H,0, system has been demonstrated to be involved during the
terminal stages of melanogenesis, acting solely or collaboratively with tyrosinase in the
oxidative polymerizations of pigment precursors [29]. A peroxidase activity had been
evidenced in frog spleen and liver melanosome proteins [19].

In vertebrates, the pigment content may increase in tissues and organs in different
physiological states as a response to pathological and inflammatory conditions. In
particular in fishes, the presence of melanin pigment has been associated to protective

functions against pathological and stress conditions [3]. In Atlantic salmons affected by



granulomatous myopathy, an inflammatory condition, abnormal pigmented changes in
muscle and in other visceral organs were observed, resulting from aggregates of melano-
macrophages [30,31]. Pigment accumulations are caused by nonspecific immune
mechanisms [30,40,5]. In the immune response of fish against antigenic stimulants and
pathogens, melano-macrophage centres play an important role [3,30,31].

Moreover, in the liver of Rana esculenta L. and other amphibians, melanin biosynthesis
and tyrosinase activity vary greatly according to the season, with maximum levels in winter
and minimum levels in warmer seasons [14]. The quantitative variations in melanins are
correlated with metabolic changes in the liver in different seasonal hibernation-activity
phases. During natural hibernation, melanin may play a vicarious role respect to
decreased hepatocyte defence functions [6].

The European sea bass (Dicentrarchus labrax L.) is the most important commercial fish
widely farmed in the Mediterranean Sea. Sea bass habitats include estuaries, lagoons,
coastal waters and rivers. Due to its importance for aquaculture, European sea bass
rearing is rising along with the main pathologies affecting this species. Many studies have
reported that the occurrence of a fish disease depends on the balance between host,
pathogen and the environment, three components that continuously interact at several
levels. Additionally, intensive farming systems have caused the development of husbandry
diseases [53]. In fact, oxygen availability, extreme temperature conditions and animal
density can affect farmed fish and make them more susceptible to diseases [47].
Nephrocalcinosis seems to be correlated with water parameter alterations and nutritional
factors and is characterized by mineral deposits in renal tubules, mainly composed by
insoluble precipitates of calcium and magnesium. Nephrocalcinosis diagnosis can be
simply highlighted by a gross examination of the farmed fishes during the autopsy, as
previously demonstrated by Bruno [11]. This is a degenerative chronic process that does

not elicit high level of mortality in fish and sometimes it can go unobserved [39,16]. As
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described in literature [7,11], grossly the affected kidneys appear swollen, white-grey in
colour with an irregular surface. As the condition develops, a characteristic whitish chalky
deposit is observed, ascribable to the insoluble precipitate deposits, mostly made of
calcium and magnesium. Nephrocalcinosis may also be associated with the presence of
large urinary cysts which contribute to a swelling of the abdominal cavity.

Because human and animal health are strongly correlated, it may be helpful to identify
biomarkers for verifying the health status of farmed fish. Strong evidences suggest
melano-macrophages centres of liver, kidney and spleen as bio-indicators of fish health
status [3,46]. Several authors have suggested the involvement of melano-macrophage
centres of kidney, liver and spleen as a possible monitor of the health of fish populations
[3]. As well as changes brought about in melano-macrophage centres are caused by many
factors such as stress and pathological conditions [2]. Here we investigated for a possible
relationship between fish disease and levels of dopa oxidase (DO) activities detected in
the melanosomal protein fractions of these organs. To this aim, we studied wild sea bass
control samples collected in the sea of Taranto (Apulia, Italy), and farmed samples of the
same species showing symptoms of nephrocalcinosis.

In melano-macrophages, melanins can absorb and neutralize free radicals and other
potentially toxic agents, carrying out a cytoprotective functions [5,46]. Besides Wolke et al.
[62] suggested that in macrophages of heterotherms, melanin might possess bactericidal
properties. These important melanin functions deserve a detailed study. The spectroscopic
investigation of the biopolymer results very complex for the high percentage of proteins
tied to natural melanin structure and for the difficulty to separate them [12]. In order to get
an insight into this issue, we characterized isolated pigments from fish kidney tissue by
femtosecond transient absorption (Femto-TA) spectroscopy and compared them, for the
first time, with fish skin melanin, natural melanin from Sepia officinalis and synthetic

melanin.



2. MATERIALS AND METHODS

Chemicals were purchased from Sigma—Aldrich Co. (St. Louis, Mo.) including 3-methyl-2-
benzothiazolinonehydrazone hydrochloride (MBTH), catalase, L-3-(3,4-dihydroxyphenyl)
alanine (L-dopa), PMSF (phenylmethylsulfonyl fluoride), kojic acid, melanin from Sepia

officinalis and synthetic melanin. All other chemicals were of analytical grade.

2.1. Source and preparation of samples

Each experiment was performed using about sixty sexually mature samples. Farmed
European sea bass (Dicentrarchus labrax) were randomly collected from the aquaculture
industry “Panittica Pugliese Azienda Agricola S.p.A.”. Samples used as control were
randomly collected in the sea of Taranto (Apulia, Italy) because all farmed samples were
affected by nephrocalcinosis. When the farmed fish had reached the required commercial
size (351-600 g), appropriate slaughter procedures were applied with the respect of fish
welfare and EU legislation (EFSA 2009). Particularly, fishes were sacrificed by immersion
in ice to simultaneously chill and kill them and then by an incision on the abdominal wall.

Kidney, liver, spleen and skin were removed and pooled in 0.05 M sodium phosphate
buffer, pH 6.8, supplemented with 0.1 mM PMSF. The melanosomal protein fractions were
prepared according to Cicero et al. [14]. All processes were carried out at 4C. Briefly,
tissues were minced and homogenized with a Potter-Elvehjem homogenizer. The
homogenate was centrifuged at 700 x g for 5 min. The pellet was discarded and the
supernatant was collected and centrifuged at 22,000 x g for 15 min. The supernatant was
discarded, and the pellet, containing the melanosomes, was washed twice with the sodium

phosphate buffer, layered twice in 30% sucrose and centrifuged at 22,000 x g for 15 min.
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The pellet was incubated overnight under mild stirring, in 0.1 M sodium phosphate buffer,
pH 7.2, with 1% Brij 35. After a further centrifugation at 22,000 x g for 60 min, the
supernatant containing the crude extract of protein (melanosomal protein fraction) and the
pellet (melanin/pigment pellet) were recovered. The melanosomal protein fraction of
kidney, liver and spleen was used to assay enzyme activities. The protein content of
samples was determined by the Bio-Rad protein assay kit, in accordance with Bradford [9].

The melanin/pigment pellet of kidney and skin was used for optical measurements.

2.2. Nephrocalcinosis detection

As described in literature [7,11] nephrocalcinosis diagnosis was based on gross
anatomopathological examination during the autopsy of both control fishes, collected in the
sea of Taranto, and farmed fishes. In particular, to verify whether control and farmed fishes
were affected by the disease, kidneys were isolated and examined for the presence of
typical pathological lesions such as white-grey mineral deposits and irregularities on the

surface of the tissue according to Barni et al. [7] and Bruno [11].

2.3. Enzyme activities measurements

Tyrosine hydroylase (TH) and dopa oxidase (DO) activities. TH and DO activities of the
melanosomal protein fractions isolated from kidney, liver and spleen tissues were
determined using the Winder and Harris spectrophotometric method according
respectively to Maida et al. [35] and Gallone et al. [19]. The TH activity was determined
using 5-15 pg of proteins, in the presence of 4 mM MBTH, 1 mM L-tyrosine and 10 uM

catalytic L-dopa in a 0.1 M sodium phosphate buffer, pH 6.8, at 25C. DO activity was
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determined using 5-15 pg of proteins, in the presence of 4 mM MBTH and 1.8 mM L-dopa
in a 0.1 M sodium phosphate buffer, pH 6.8 at 25C. The measurements were made at
505 nm (€505=8100 M™*-.cm™).

Peroxidase (POD) activity. POD activity was assayed on melanosome proteins from
kidney, spleen and liver tissues according to Gallone et al. [19]. The enzymatic activity was
spectrophotometrically detected using

a) Guaiacol. The reaction mixture contained 0.1 M Na-phosphate buffer pH 6.8, 2 mM
Guaiacol, 40 pg of melanosome proteins. The reaction was started by adding
0.01% H,0,. The absorbance increase was measured at 470 nm.

b) p-phenylenediamine-pyrocatechol (PPD-PC). The reaction mixture contained 40 ug
of melanosome proteins in a 0.1 M K-phosphate buffer pH 6.5, plus 0.17 mM PPD
and 4.5 mM PC. The reaction was started by adding 250 uM H,0O,. The absorbance
increase was measured at 575 nm.

Inhibition experiments. KCN and Kojic acid inhibitors were used at a final concentration

of 4mM.

Catalase treatment. Melanosome proteins were incubated with 2000 E.U. catalase for

60 min at 4 before the assay.

2.4. Dopa oxidase activity on SDS-PAGE

DO activity of the melanosomal protein fraction isolated from kidney tissue was revealed
on non-reducing SDS-PAGE using the method described by Jimenez-Cervantes et al. [28]
with minor modifications. 60 pg of protein were subjected, after electrophoretic separation,
to the dopa reaction. The reaction mixture contained 2.5 mM L-dopa supplemented with 4
mM MBTH in a 10 mM sodium phosphate buffer, pH 6.8. The reaction was carried out at

room temperature for 15-30 min.



2.6. Sample preparation and femtosecond transient absorption (Femto-TA)

spectroscopy .

Pigments isolated from kidney tissue, melanin isolated from skin tissue, natural Sepia
officinalis melanin and synthetic melanin were dispersed in a 0.1 M aqueous suspension of
NaOH at 100 for 1h according to Meredith and Sarn a [38]. These samples were used
for time-resolved optical measurements.

Femtosecond pump and probe experiments were carried out in noncollinear configuration
at room temperature. A commercial diode-pumped Ti:Sapphire femtosecond oscillator
(Mai Tali, Spectra Physics), produced 100 fs pulses at a 78 MHz repetition rate. These
pulses were stretched and then amplified by a regenerative Ti:Sapphire amplifier (Spitfire
Pro, Spectra Physics), pumped by a Q-switched Nd**:YLF laser (Empower, Spectra
Physics) at a 1 kHz repetition rate, and finally compressed to produce 90 fs pulses of up to
3.4 mJ at 799 nm. The pulse duration was measured by an intensity autocorrelator (Pulse
Scout, Spectra Physics). The amplified laser beam was divided by a beam splitter into two
parts (90% transmitted and 10% reflected). The transmitted pulses were sent to an OPA
(optical parametric amplifier, TOPAS, Spectra Physics) based on collinear phase matching
in a sapphire plate. The OPA, in turn, provided 120 fs pulses tunable in a broad spectral
range (290 — 2600 nm). The output of the OPA constituted the pump beam that was sent
into a broadband ultrafast transient absorption spectrometer (Helios, Ultrafast Systems).
The pump beam passed through a depolarizer to avoid orientational effects in the
measured decay curves. Then, after crossing an optical chopper, the pump beam was
focused onto the sample. The pump energy was typically 5 mJ pulse™, yielding excitation

densities of =5 x 10 photon pulse™® cm? when the excitation beam was focused onto a

spot of =1 mm in diameter The samples were stirred using a magnetic microstirrer to
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protect them from photodegradation. The weaker beam reflected by the beam splitter after
the output of the Ti:Sapphire regenerative amplifier entered the transient absorption
spectrometer where it was time delayed thanks to a variable optical delay line. Then it was
focused onto a CaF, crystal to generate a white light continuum (WLC) in a broad spectral
range (450-800 nm). WLC was used as a probe and focused within the pump spot at the
sample. After passing the sample, the WLC was detected by using a fiber-coupled CCD
spectrometer. The time resolution of the experiment was determined by the Full Width at
Half Maximum (FWHM) of the temporal cross correlation between pump and probe pulses
(=200 fs). Surface Xplorer (Ultrafast Systems) software was used to correct for dispersion

in the transient absorption spectra due to chirp in the WLC.

3. RESULTS AND DISCUSSION

3.1. European sea bass analyses.

Anatomopathological analysis (general analyses).

The anatomopathological examination of farmed fishes and control fishes, collected in the
sea of Taranto, was carried out. The typical kidney lesions caused by nephrocalcinosis
were well grossly observed as described in literature [7,11]. They were only observed in
farmed European sea bass collected in winter and spring, compared to control. As shown
in fig. 1a, an increased renal volume, the presence of a lighter colour and areas or whitish
streaks of chalky appearance were observed. In fig. 1b, the posterior kidney was more
affected as the caudal part abounded of mineral deposits of considerable size and
calcareous aspect, sign of chronic development of the disease. Our results are in

agreement with Beraldo and Galeotti [7] that found similar lesions by grossly observation
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in farmed sea bass after examination with a prevalence of 100% of nephrocalcinosis in the
investigated sample.

Tyrosine hydroylase (TH) and dopa oxidase (DO) activities (general analyses).

To verify if the extracutaneous pigment system is related to protective functions against
stress/temperature conditions and/or pathological states, we searched for tyrosinase
activity in visceral organs of extracutaneous pigment systems of sea bass collected in
periods in which environmental temperatures are different, such as spring and winter.
Analyses were carried out on protein melanosomal extracts of kidney, liver and spleen
tissues. We highlighted a DO activity in control samples and farmed affected samples. The
DO reaction was inhibited by the commonly used KCN, generally demonstrating an
oxidase activity. Using Kojic acid, a proper tyrosinase inhibitor [10], the enzyme reaction
was fully inhibited, moreover H,O, did not affect DO activity similarly to what shown by
Gallone et al. [20], thus demonstrating a tyrosinase reaction. TH activity was not detected,
pointing out that fish pigmented macrophages contain a tyrosinase with typical features,
similarly to what indicated by Gallone et al. [19].

Peroxidase(POD) activity (general analyses).

The use of crude melanosomal extracts poses the problem of the coexistence of enzyme
activities that may interfere with tyrosinase, including peroxidase [19]. Peroxidases have
been shown to be able to catalyze the tyrosinase activity in various systems, such as
those of the Saepia officinalis ink sac [44], human eosinophils and neurons, as well as
murine melanoma cells [42]. We seeked for enzymatic activity of peroxidase, being a likely
candidate of the phenolic compounds' metabolism as suggested by d’Ischia et al. [15].

We analysed the POD activity in visceral organs of extracutaneous pigment systems of
control wild and breading sea basses collected in spring and winter. Interestingly, POD
activity was evinced only by the PPD-PC substrate in accordance to what previously

demonstrated in extracutaneous frog system [19,20]. Moreover, POD activity was not
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evinced by guajacol (data not shown) as previously shown in frog extracutaneous system
[19,20]. The effect of catalase, which is known to negatively affect POD activity, was
studied, and such treatment was found to totally inhibit POD activity. As expected, POD
reaction resulted inhibited by KCN. This form of peroxidase, revealed with a particular
substrate (PPD-PC), was also highlighted in the melano-macrophages of Rana esculenta

in previous studies [20].

Control healthy European sea bass extracts.

The macroscopical analysis of control samples collected in the sea of Taranto (Apulia,
Italy) did not evidence any nephrocalcinosis anatomopathological lesions.

DO activity. Fig. 2 shows the level of DO activity of the melanosomal protein fractions of
kidney, spleen and liver tissues of sea bass control samples collected in winter and spring.
Data show a higher activity in kidney and spleen tissues and a negligible level of DO
activity in liver tissue. Moreover differences between winter and spring samples were
evidenced in healthy fishes. Particularly, a higher DO activity of winter melanosomal
protein fractions respect to the spring protein extract was observed in kidney and spleen.
No substantial differences of the DO activity of the liver melanosomal protein fractions was
revealed during the year differently to what shown in Rana esculenta, hibernating
vertebrates.

POD activity: In Fig. 3 the levels of POD activity of the melanosomal protein fractions of
kidney, spleen and liver tissues of sea bass control samples collected in winter and spring
are represented. The histogram shows no significant level of POD activities in liver tissue
during the year and no substantial differences between the levels of POD activity in winter
and spring kidney protein fractions. Slight differences between winter and spring samples

were evidenced in spleen tissue, being the POD activity higher in winter season.
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Farmed European sea bass extracts.

The macroscopical analysis of farmed sample evidences the typical kidney
nephrocalcinosis anatomopathological lesions. Farmed fishes showed in fact white-grey
mineral deposits and irregularities on the surface of the tissue, in accordance with Beraldo
and Galeaotti [7].

DO activity: Fig. 4 shows DO activity recorded in melanosomal protein fraction of farmed
sea bass samples collected in winter and spring. A higher enzymatic activity in kidney
tissue with respect to other organs was observed, similarly to what was revealed by
previous studies on the Atlantic salmon [5]. In detail, in our system, DO activity was much
higher in winter kidney melanosomal fraction in comparison to that observed in winter liver
and spleen extracts. As regards the spring season, no activity seemed to be present in
liver and spleen tissue. These results highlight some features that are in common with the
visceral pigment cell system of cold-blooded vertebrates. It has been suggested that the
melano-macrophage centres may represent primitive analogues of germinal centres as
seen in mammalian lymph nodes [60]. In teleosts, kidney plays a dual function as a lymph
node and as a haematopoietic organ [66]. Previous studies in salmon suggest that melanin
synthesis may be associated to nonspecific immune mechanisms [30,5 |.

POD activity: A POD activity in spring and winter melanosomal protein fractions of kidney,
liver and spleen tissues was detected (Fig. 5). Data showed the presence of a significant
POD activity mainly in kidney and spleen tissues, while no activity was detected in the
liver. A significant difference was observed in activity levels between the winter and spring
kidney fractions, with a higher POD activity in winter season. Conversely, in spleen
fractions, no difference between the activity levels of winter and spring spleen fractions
was observed. As revealed in control samples, a much higher enzymatic activity was

detected using PPD-PC as substrate with respect to guaiacol. This form of peroxidase,
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revealed with a particular substrate (PPD-PC), was also highlighted in melano-
macrophages of Rana esculenta [20].

Similarly to what shown in the extracutaneous pigment system of amphibians [14,19,20],
seasonal variations were observed in our control system. The higher DO activity level in
kidney from winter control samples, compared to spring samples, leads us to think that this
variation might depend on the different season temperature conditions that can influence
the immune response. Generally, in marine fish species, metabolic changes are directly
correlated with environmental temperature, and sea bass individuals become less
metabolically active at low temperatures, showing an optimum of metabolism activity at 20-
25T [47]. Moreover in previous study it was demon strated a temperature-dependent
expression of tyrosinase gene family in cultured pigment-producing leukocyte-like cell-line
(SHK-1 cells) of Atlantic salmon cells [32]. Esteban et al. [18] have indicated in both
Dicentrarchus labrax and Sparus aurata a clear circadian rhythm of the immune
parameters, for example lysozyme activity follows an evident daily rhythm. Yildiz et al. [65]
have demonstrated that seasonal changes could affect the metabolism of farmed sea
bass. Interestingly Wolke et al. [62] suggested that in macrophages of heterotherms,
melanin might possess bactericidal properties and thus it might represent a particular
benefit to these vertebrates in which enzymatic activities may be severely restricted at low
temperatures. According to this, analysis of our data shows that in the kidney of
nephrocalcinosis-affected samples the DO activity is significantly higher with regard to the
control samples, both in winter and in spring season. Fig. 6 shows an increased tyrosinase
activity in winter season and even greater differences in the absolute values of the DO
activity in affected samples with respect to melanosomal protein fraction from control
individuals. Such data point out a possible relationship between kidney disease and dopa

oxidase activity according to Agius & Roberts [2] who have described changes in melano-
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macrophage centres caused by factors such as stress/temperature conditions and/or
pathological states.

Fig.7 shows the POD activity of kidney extracts. There are no differences in the activity
level between winter and spring control systems. Moreover in farmed affected fish kidney
extracts, winter samples exhibit higher POD activity respect to spring extract, thus
pointing out a correlation of POD activity with temperature variations rather than with
kidney disease being both samples affected.

These results together with the observation that tyrosinase activity is not affected by either
catalase nor H,0O,, suggest that: 1) the POD activity and the DO activity are supported by
different enzymes; 2) the DO activity is catalysed by a tyrosinase-like enzyme present in
the pigment containing cell. Schraermeyer and Stieve [54] showed that tyrosinase and
peroxidase co-exist in secondary lysosomes of the retinal pigmented epithelium (RPE)
degrading the shedded photoreceptors membranes. As is known, melanosomes are
thought to be lysosome derivatives. Though the melanomacrophages are ontogenetically
distant from the RPE, both cell types carry out phagocytosis and exert protective functions
towards generated stress conditions. The differences between a tyrosinase-like and a
typical tyrosinase may be the result of tissue-specific differentiation events taking place in
the various cells with melanogenic ability, as previously suggested in the extracutaneous
pigment system of R. esculenta [19,20]. Regarding the TH activity, more investigations are
necessary for a better understanding of this melanogenic system.

Dopa oxidase activity on SDS-PAGE. The DO activity of kidney melanosomal protein
extracts of sea bass was revealed on SDS-PAGE. For brevity, only the analysis of spring
affected animals that present even a lower DO activity is shown (fig.8). The DO activity
was confined to a high MW band, over 200 kDa, that barely entered the separating gel
thus making an estimation of its precise size very difficult. Similarly, in Gallone et al. [20]

the in-gel DO activity of liver melanosomal extract from amphibians was confined to a high
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MW band over 200 kDa. These findings suggest that the active form of the tyrosinase from
extracutaneous pigment systems could be differently aggregated, as previously described
in other melanogenic systems [21]. Indeed, Gallone et al. [20] and Arciuli et al. [5]
hypothesized that tyrosinase and tyrosinase-related proteins could aggregate in a multi-
enzymatic complex of high molecular mass. Moreover, post-translational modifications,
such as glycosylation, are crucial for the correct folding and full activity of tyrosinase [21]
and may account for the difference between the observed protein bands and the expected
molecular mass.

Femtosecond transient absorption spectroscopy.

As tyrosinase is responsible for melanin synthesis, we isolated pigments from kidney
tissue of sea bass and gilthead sea bream and compared them with natural fish skin
melanin, natural Sepia officinalis melanin and synthetic melanin, using femtosecond
transient absorption (Femto-TA) spectroscopy. First Femto-TA measurements were
carried out on synthetic melanin [41]. Further studies reported a positive absorption signal
characterized by a rapid rise within the instrumental response, followed by a multi-

exponential decay, underlying a real photo-induced absorption process [63].

In this work we investigated the VIS transient absorption changes of our samples, induced
by ultrafast UV photoexcitation. In particular, we used an ultrashort (~100 fs) quasi-
monochromatic pump pulse to excite the melanin suspensions at 350 nm and investigated
the temporal evolution of photoinduced absorption changes with sub-picosecond time
resolution, using white light supercontinuum (450-800 nm) probe pulses [50]. In Femto-TA
experiments, the measured differential absorption AA is a function of both probing
wavelength (A) and time delay (1) between the pump and probe laser pulses [1]; at each
time delay the transmitted intensity of the probe pulse both with and without excitation is

recorded, and the signal is evaluated as:
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Irpep(AT)

lﬂﬂ(—‘LT} = —logy Iy (1)
oo

where Irpg,(47) and I1,(2) are the transmitted intensities of the probe pulse in presence

and in absence of the pump pulse, respectively [59]. A positive AA(A,T) is obtained when
the transmitted intensity of the probe pulse with excitation is smaller than the transmitted
intensity without the pump pulse, which means that a photoinduced absorption process
occurs; on the contrary, a negative AA(4,7) is related to photobleaching and/or emission
processes [1]. This kind of technique gives the possibility to investigate spectral changes
due to electronic transitions, which occur in the sample after photoexcitation [51] and
compare the ultrafast de-excitation dynamics between synthetic and natural
melanin/pigments in suspension. In this respect, it is worth noting that a precise evaluation
of suspensions concentration was difficult because of the many heating procedures carried
out for each natural melanin sample. For this reason, to better compare the experimental
results data normalization was carried out using Sepia melanin as standard [45]. Fig. 9
reports the ultrafast normalized transient absorption dynamics of fish melanin/pigments
samples compared with both natural Sepia officinalis melanin and synthetic melanin.
Clearly, in our experiments the TA signals were always positive demonstrating that after
melanin/pigments are excited by UV pump pulses (Apump=350 nm), the VIS probe pulses
(Aprobe=650 Nm) are absorbed by excited states [64,8]. Similar results were obtained when
probing in the whole VIS range (not reported here). For each investigated sample, the
decay of the signal was not monoexponential, and the experimental data were fitted using

a biexponential response function R(t):

R(t:) = Ale_rr'r'r._ + }12&_:"“1':
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where 1, are the decay times and A are the corresponding pre-exponential factors.

The negligible luminescence quantum yield of melanin [34] explains the absence of
fluorescence signals, thus a complete non-radiative relaxation process occurs in these
pigments [41] proving the blocking of light-induced damage through the effective

conversion of radiant energy into thermal energy [37].

Even if natural pigments are extracted from different fish tissues and species, the transient
absorption spectra show comparable non-radiative deactivation processes, demonstrating
similar response to ultrafast UV excitation. As it is clearly depicted in fig. 9, the temporal
dynamics of natural fish pigments are very close to those of natural S. officinalis melanin.
On the contrary, the dynamics of synthetic melanin is characterized by different decay
times (11=1.0+0.2 ps, 12=6+1 ps) both shorter than those measured in the natural melanin
samples (t2=2.3+x0.5 ps, 12=16+3 ps) (fit curves not shown here). We attribute the
difference in the dynamics to the proteinaceous components occurring in natural melanin
samples. In fact, the isolation of Sepia melanin involves mainly repeated centrifugation
steps, leading to the native melanin containing 5 to 7.6% of proteinaceous components
[48,17] while synthetic melanin (down pointed triangles in fig. 8) is characterized by the
absence of proteinaceous components. This difference in ultrafast dynamics represents
clear, additional evidence that the investigated samples have a standard melanin

molecular structure.

4. CONCLUSIONS

The extracutaneous pigment system of sea bass was studied, and found to share some
interesting features with the visceral pigment cell system of other cold-blooded
vertebrates. Our results indicate, for the first time, variations of dopa oxidase activity in fish

extracutaneous pigment system with respect to environmental temperature. Moreover a
18



relationship between kidney disease and the level of DO activity in melanosomal protein
extracts has been highlighted, indicating the DO activity as a possible indicator for fish
kidney disease. As teleosts lack lymph nodes and Peyer's patches, head-kidney and
spleen are regarded as the most important secondary lymphoid organs. Hence our results
indicate that the pigment system plays an important role in kidney tissue, similarly to what
suggested for Salmo salar [5]. More investigations are necessary to explain the differences
observed in liver and spleen tissues. In addition the comparative Femto-TA analysis of
pigments isolated from sea bass kidney tissue, fish skin melanin, natural melanin from S.
officinalis and synthetic melanin, by pointing out that fish melano-macrophages centres do

contain melanins, supports our conclusions.
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FIGURE LEGENDS

Fig. 1 Farmed European sea bass posterior kidney, clearly affected by nephrocalcinosis. Presence
of a lighter color and areas or whitish streaks of chalky appearance (A) and presence of abundant

mineral deposits in the caudal part (B) are shown.

Fig. 2 DO activity in control European sea bass spring and winter extracts. DO activity levels in
kidney, liver and spleen melanosomal protein fractions of sea bass control samples are shown.

Values are reported as means + SEM for at least three independent experiments.

Fig. 3 POD activity in control European sea bass spring and winter extracts. POD activity levels in
kidney, liver and spleen melanosomal protein fractions of sea bass control samples are shown.

Values are reported as means + SEM for at least three independent experiments.

Fig. 4 DO activity in farmed European sea bass spring and winter extracts. DO activity levels in
kidney, liver and spleen melanosomal protein fractions of sea bass affected by nephrocalcinosis

are shown. Values are reported as means + SEM for at least three independent experiments.

Fig. 5 POD activity in farmed European sea bass spring and winter extracts. POD activity levels in
kidney, liver and spleen melanosomal protein fractions of sea bass affected by nephrocalcinosis

are shown. Values are reported as means + SEM for at least three independent experiments.

Fig. 6 DO activity in control and farmed European sea bass spring and winter extracts. DO activity
levels in kidney melanosomal protein fractions of control and affected sea bass samples are

shown. Values are reported as means + SEM for at least three independent experiments.

Fig. 7 POD activity in control and farmed European sea bass spring and winter extracts. POD
activity levels in kidney melanosomal protein fractions of control and affected sea bass samples

are shown. Values are reported as means + SEM for at least three independent experiments.

Fig. 8 In-gel DO activity in European sea bass spring extracts. In-gel DO activity of mushroom
tyrosinase control sample (A) and spring melanosomal protein fraction of kidney sea bass affected

by nephrocalcinosis (B) are shown.
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Fig. 9 Normalized femtosecond transient absorption of natural melanin/pigments and synthetic
melanin suspensions, obtained by photoexciting the suspensions at 350 nm and probing the

induced absorption changes at 650 nm.
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