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Summary - The presence and activity of deoxyribonucleasethéncortex and endosome

sections from the sponge, sea oranbghya aurantium were investigated. The maximal

enzyme activity in sponge homogenate was detedtgiHa4.27, pH 7.0 and pH 8.5-8.75.

Among different specimens, several distinct patteof neutral DNase isozymes were
observed in the cortex section. In each investiyagecimen the highest neutral DNase
activity belongs to high molecular weight proteop to75 kDa). The acid DNases showed
low level of enzyme activity. In the endosome merthe acid DNase activity was up to 10
times higher than in the cortex and the presencBMdise Il — like protein was detected.

Neutral DNase expressing the highest enzyme actimitall investigated specimens has a
molecular weight of 20 kDa and belongs to DNasdike-family. The results indicate that the

activity of neutral and acid DNases is relatedgongie sections and their biological functions.
The cortex, as a sponge section communicating Wi environment, express high

interindividual variability and heterogeneity ofuteal DNases while the endosome section,
where the intracellular digestion is localizedaisite of high acid DNase activity.
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INTRODUCTION
The sponges (phyllum Porifera) exist as a loosaegggion of cells. They have no
defined organs and body functions are performethbyactivities of cells acting more or less
independently. The sponges possess a well-corstiumbhd complex network of water-
conducting channels and choanocyte chambers, whieh lined with the flagellated
choanocyte cells. This system processes a wates g@sesponding to a sponge volume
every 5 s (Vogel, 1994) allowing the supply of tedls with the oxygen, food and elimination

of toxic gasses and substances. Bacteria, siefjedcalgae and other food particles from the
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filtered water are captured by phagocytosis andeytdsis within the choanocyte chambers
located within the inner part of the sponge, thdosome. Digestion is entirely intracellular,
occurring in food vacuoles of choanocytes and amogls. In some sponges the outer part,
cortex, is well developed. As a protective deviBar{on, 1928), the cortex is found to be
particularly thick and well structured in spongeea@ps living in shallow waters subject to
strong currents and high light intensities (Sa@87).

Sponges, as recognised model organisms in moleeutadutionary studies, are the
source of the most ancient metazoan proteins (Ganail al., 2000). Until present, 42
phylogenetically conserved proteins from four marsponges (Porifera) were described.
There are only few reports on DNases in marine ggenHeicke and Schmidt (1969)
described DNase protein of about 62 kDaverongia aerophoba, Rasskazov et al. (1974)
described acid (pH 4.5- 5.0), neutral (pH 7.5) atidline (pH 8.1- 8.5) DNases Bpongia
genus and more recently, Shpak et al. (2008) stemjebe presence of DNase Il homolog
among translated sequences of the demospiRagera.

Deoxyribonucleases (DNases) are enzymes resporisiblbe hydrolytic cleavage of
dsDNA in many tissues of animals and plants as wsllin microorganisms. A unique
property of DNases is the fact that they effectivieydrolyse the phosphodiester bond, the
most stable chemical bond found in biological moles (Baranovskii et al., 2004). DNases,
as DNA degrading enzymes, play an important rohémaintenance of physiological DNA
concentration in the body as well as in the prataecdf organisms against xenobiotic nucleic
acids. The most studied DNases are human non-gpeeiitral and acid DNases belonging to
the DNase | and DNase Il family, respectively. Eneg of the neutral DNase family require
a neutral pH optimum and the presence of bivalertats, Mg* and C&", for their
hydrolytic activity. For the human neutral DNasestructural and physicochemical
characteristics, active site structure and mechai®f hydrolysis, catalytic properties,
stability, inhibition, gene expression and polyntogm were described (Baranovskii et al.,
2004). DNase |, acting as a digestive enzymeeftstrointestinal tract, displays the highest
activities in digestive glands (Lacks, 1981), cimiting to the supply of oligonucleotides
(Rudolph, 1994). Besides for mammalian, the biodbaland molecular characterisation of
neutral DNase has been reported for aves (Nakashirab, 1999), reptilia (Takeshita et al.,
2003), amphibia (Takeshita et al., 2001) and pig¥esuda et al., 2004). Enzymes of the
acid DNase Il family are characterised by acidic pptimum and lack of activator

requirement (Baranovskii et al.,, 2004). They arghlyi conserved with ubiquitous tissue
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distribution, located in lysosmes and primarily otwed in engulfment—-mediated DNA
degradation (Evans and Aguilera, 2003). Their arigiay be related with the origin of
phagotrophic feeding (Shpak et al., 2008). Besitersive studies on DNase Il enzymes in
mammals, few reports about the presence of acidsBMativity in invertebrates are available
(Rasskazov et al., 1975, Hedgecock et al., 1982rts#vand Myrnes, 2006, Fafanh et al.,
2008). DNase Il enzymes perform a variety of fiom from digestion of ingested DNA to
more specialised roles in the toxin of the seaAtanthaster (Shiomi et al., 2004) and in the
venoms of rattle snakes (Shpak et al., 2008).

In the present study we analysed the presence renadtivity of neutral and acid
DNases in the cortex and in the endosome sectibnheo sponge, sea orangéethya

aurantium.

MATERIALS AND METHODS

DNase | from bovine pancreas, DNase Il (Type IXgnf porcine spleen, phenyl
methyl sulphonyl fluoride (PMSF), ethydium bromidarotein molecular mass standard,
acrylamide, bisacrylamide and polyclonal (PcAb) adike phosphatase-coupled goat
secondary antibodies were obtained from Sigma-eigiUSA, agarose from Roth, Germany
and fluorochrome Picogregnfrom Molecular Probes Inc., USA. Goat polyclonatibody
raised against a peptide mapping within an interegion of DNase | of mouse origin and
goat polyclonal antibody raised against a peptid@pmg within an internal region of DNase
Il of human origin were obtained from Santa CruatBchnology, Inc. USA.

Specimens oflethya aurantium (Porifera, Demospongiae, Hadromerida, Tethyidae)
were collected by scuba diving in the vicinity ad\#j (Northern Adriatic Sea, Croatia) from
the depth of 28 - 35 m. The sponges were kepttamia with running seawater and processed
within 2 hours. The cortex and endosome sectiorre weparated and cut into small pieces
(5 g) that were homogenized on ice in lysing bufi€ mM Tris, 20 mM EDTA, 0.5% Triton
X-100, 2 mM PMSF, pH 8) with Potter-Elvjhem homogem. Cellular debris were
eliminated by centrifugation at 10 000 g, for 3hmat 4°C and the protein content in the
supernatants was determined by Lowry et al., 1951.

To detect the presence of neutral and acid DNetsétg in extracts from the sponge
cortex and endosome the single radial enzyme aiffiuSRED) assay was used (Nadano et
al., 1993). For detection of neutral DNases 150agarose was melted in 13.5 ml of neutral
buffer (20 mM Tris, 5 mM CaG|5 mM MgCkL. pH 7.0), 1.125 ml DNA (2 mg/ml) and 0.375
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ml ethidium bromide (2 mg/ml) were added. To detenti DNase activity, acidic buffer (50
mM EDTA, 50 mM sodium acetate, pH 5.5) was usede Hgarose was poured into
horizontal petry dishes and after solidificationradm temperature circular wells (0.2 mm)
were incised in the gel. 2| of sponge extracts containing u@/ul of cortex proteins, and
20 pg/ul of endosome proteins were dispensed into cironkrs. Incubation was performed
in a moist chamber at 3T for 24 h until well-defined dark circles of hytiyped DNA were
visible after illumination with UV light (312 nm)he specific enzyme activity was calculated
as diameter of dark circle per mg of proteins.

Fluorimetric determination of DNase activity inose extracts with PicoGréeen
(Choi and Szoka 2000, Bihari et al., 2007) was greéd to detect the levels of DNase
activities in different pH conditions, since SREBsay requires at least 24 h of incubation.
This method is based on the ability of the PicoBredye to enhance its fluorescence when
bound to double stranded DNA. Each reaction mixtuae prepared in a 96-well fluorescence
microtiter plate and contained 10 of the substrate DNA (0.21g), 10 pl of cortex or
endosome extract and 80 of neutral (20 mM Tris, 5 mM Caghb mM MgChk pH 6.5-9.0)
or acidic (50 mM EDTA, 50 mM sodium acetate, pH33670) reaction buffer. The plate was
sealed with aluminium foil and incubated at 32 for 30 minutes. After the incubation
period, 100pl of PicoGreen reagent (50ul of Picogreefi dye in 10 ml of TE buffer
containing 10 mM Tris, 1.0 mM EDTA, pH 7.3) weredad to each reaction mixture.
Fluorescence intensity was measured at excitatiof86 nm and emission at 520 nm in a
Fluoroscan Ascent microplate reader (Labsystemaid). The enzyme activity was defined
as a change in the amount of the dsDNA- PicoGremmplex (Delta fluorescence) due to
hydrolytic cleavage of DNA by the DNase presenthia sample. The fluorescence change
was calculated by subtracting the measured fluerese of the reaction mixture, containing
cortex homogenate of individual sponge specimasmfthe blank value obtained with the
reaction mixture, containing heat-denatured homage(®5°C, 15 min).

For the detection of sponge proteins expressingraleDNase activity denaturating
SDS-PAGE zymogram (DPZ) was performed with spongira&cts. It is an electrophoretic
technique that uses DNA copolymerized with the potylamide as the nuclease substrate
(Lacks, 1981). Protein extracts (1) and bovine pancreatic DNase | (2.5 ng) dissolued
loading buffer (50 % glycerol, 50%xlelectrophoresis buffer, bromophenol blue) wereléok

on the gel and the electrophoresis was performed26 min at 90 V in the electrophoretic
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buffer (25 mM Tris, 250 mM glycine, 0.1% SDS, pH3B.The gels were incubated in a
reactivation buffer (20 mM TRIS, 5 mM Ca(3 mM MgChk 10 pg/ml ethidium bromide, pH
7.0) at 37°C overnight.

For the detection of sponge proteins expressing Bdlase activity native PAGE
zymogram was used (Napirei et al. 2004) Proteinaeid (2.5 - 20Qug) dissolved in loading
buffer (50 % glycerol, 50%X electrophoresis buffer, bromophenol blue) wereléobon the
gel and the electrophoresis was performed for 120an90 V in electrophoretic buffer (25
mM Tris, 250 mM glycine, pH 8.3). The gels wereuhated in a reactivation buffer (50 mM
EDTA, 50 mM sodium acetate, 10 pg/ml ethidium bmbei pH 4.25) at 3T. UV
illumination of DPZ and NPZ gels revealed DNaseévagtas dark bands of hydrolysed DNA
on fluorescent background that did not stain wibNA binding dye (ethidium bromide).

For the immunodetection of DNase | and DNase ponge homologues sponge
protein extracts containing 30 pg of total protgoes lane were subjected to electrophoresis
in 12 % polyacrylamide gels prior to electrotramgtePVDF — Imobilon P membranes. Since
DNases are among phylogenetically conserved pmtemembranes were incubated with
either goat antibody (1 : 750) raised against m@is¥ése | or goat antibody (1 : 750) raised
against human DNAse II. Following incubation periofl 2 h at room temperature and
subsequent washing steps, the blots were inculvatbedalkaline phosphatase-coupled goat
secondary antibodies (1: 1500). After the additioin alkaline phosphatase substrates,
(nitroblue tetrazolium and bromochloroindolyl phbape) immunoprecipitates were dried and
scanned (Hewlet Packard ScanJet 6100).

RESULTS AND DISCUSSION

The preliminary detection of the DNases activityhe spongéethya aurantium was
performed by the SRED assagder previously reported conditions for invertédraeutral
DNases at pH 7.0 (Bihari et al., 2007) and acid §ddaat pH 5.5 (Fafdel et al., 2008). The
presence of neutral and acid DNases activity redely dark circles of hydrolysed DNA was
detected in both sponge cortex and endosome (BigSfonge neutral DNase activity was
observed after 24 h of incubation (Fig. 1a). Spoagel DNase activity after 24 h of
incubation was detected only in endosome (Fig ldmger incubation (72 h) was required for

its activity in the cortex as well as for the déime of DNase Il (5 ng) from porcine spleen
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(Fig. 1c). The prolonged incubation required forgame spleen DNase Il is a consequence of
inadequate reaction mixture pH since the optimafqHits activity is 4.6. Similarly, it is very
likely that pH 5.5 was not optimal for sponge adiNase activity. Therefore a pH
dependence curve was generated by the rapid arsitigerfluorimetric determination in
microplates with Picogre€n(Fig. 2). The highest DNases activities were detbat pH 4.25

in the acid pH region (3.75 — 6.0), at pH 7.0 ie tieutral pH region (pH 6.5 - 8.0) and
between pH 8.5 - 8.75 in the alkaline pH region 6+9.0). In the spongk aurantium acid
and neutral DNases were in the same range of pirhas in marine invertebrates reported
by Rasskazov et al., (1975), @verbg and MyrnesgR@ad Fafadel et al., (2008) while the
pH optima of the spong€é. aurantium alkaline DNase was higher than previously desdribe
(pH 8.1 — 8.5) for the phylum Spongia (Rasskazaad.etl975).

Neutral DNase - To investigate the interindividual variability ofi¢ neutral DNase
activity the SRED assay was performed for ten obffiéT. aurantium specimens (Fig. 3.).
There was no visible uniformity in the level of gne activity among different specimens in
both, sponge cortex and endosome. Variability ofaB& specific activity was lower in the
endosome (200- 320 mm/ mg proteins) than in theexdil88- 588 mm/ mg proteins). The
level of enzyme activity in both sponge sectionss vearacteristic of each specimen. In
specimen No. 5 the specific enzyme activity wastRrtes higher in the cortex than in the
endosome while in specimen No. 7 the enzyme agtivits 2.5 times higher in the endosome
than in the cortex. The observed difference in 8Nactivity between sponge cortex and
endosome could reflect interindividual variationDiNase isozymes. Likewise, the variability
in DNase activity between different sponge specsrauld display interindividual variations
in sponge food utilization as well as variationsDNase isozymes (Takeshita et al., 2000,
Bihari et al., 2007).

In contrast to the SRED assay, the DPZ allows tfferdntiation between nucleases
of different migration behaviour. Therefore, in #@auh to the individual specificity of neutral
DNase activity in sponge sections, the heteroggmé¢itsozymes in the cortex and endosome
was determined (Fig. 4). Heterogeneity of DNases ®lacidated throughout dark bands of
hydrolysed DNA. Among the cortex samples severadbafrom 20 to 75 kDa displayed
neutral DNase activity and no common protein baad wbserved (Fig. 4a). The distribution
and activity of isozyme bands were specific forheapecimen. Despite the difference in
mobility, all the bands correspond to multiple emeg or isoenzymes with the same
requirements on both M§and C&"ions; pH optimum of 7.0 for their activity and ddeb
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stranded DNA as substrate. Similarily, differemzigme patterns of human serum neutral
DNase phenotypes were specified by Kishi et al9Q)9lt is very likely that multiple bands
in the cortex of all specimens correspond to pgbyiples of different composition and length,
and are the product of multiple genes or alteregprotein processing (Lacks, 1980).

In the endosome samples protein bands of 20 arkD25were common for 6 of 7
sponge samples (Fig. 4b). The two most prominandb (20 and 25 kDa) may represent
different forms of neutral DNases, which could arfsom variation in the carbohydrate
moiety attached to the enzyme. Such variation legs lound in bovine pancreatic DNase |
(Salnikow et al., 1970). Immunodetection by poly@b antibody raised against mouse
DNase | revealed two protein bands of 20 and 25 kDeortex samples and one band in
endosome samples as immunopositive (Fig. 4c). Kpeession level of immunopositive
bands was higher in the cortex than in the endosdmé of 7 cortex samples the slower
migrating protein band was stronger. It should impleasised that neutral DNases expressing
the highest enzyme activity in cortex samples atednom the DNAse I-like family, but rather
belong to high-molecular weight DNases already wlesd in marine spongé&/erongia
aerophoba (Heicke and Schmidt, 1969). In endosome samplesaleDNases expressing the
highest enzyme activity belong to DNase I-like engg.

Acid DNase - To investigate interindividual variability of acibNase activity the
SRED assay of ten differefit aurantium specimen was performed at pH 4.25 (Fig. 5.). For
both, sponge cortex and endosome, there was mnititedual variability in the level of acid
DNase activity among different sponge specimensallnten investigated specimens the
specific enzyme activity was higher in the endosdnaa in the cortex. An attempt to reveal
heterogeneity of acid DNase isozymes by DPZ reduligh no visible bands with DNase
activity (data not shown). That could be the consege of denaturating conditions and the
enzyme capacity to renaturate during DPZ (Liao,5)9therefore NPZ was performed. Dark
areas of hydrolysed DNA revealed one or two distisiged bands displaying DNase activity
in the cortex and endosome (Fig. 6a). A fasterratigg protein band was present with
different intensity in both sections of all 7 intigated specimens. A slower migrating protein
band was absent in some cortex (lane 2 and 5) sampbr a better comparison between
DNase activity in the sponge cortex and endosonfiereht amounts of protein of each
section were applied in NPZ (Fig. 6b). The minimamount of protein necessary to obtain a
positive nuclease signal after 24 h of incubaticas wpecified as a measure of acid DNase

activity. In the specimen No. 1 the minimal amowftproteins required for a positive
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nuclease signal was the same in both sponge sgatibitle in specimen No 7 the minimal
amount of proteins required for a positive nucleagmal was approximated as ten times
higher in the cortex than in the endosome sect®nce the acid DNase is a lysosomal
enzyme involved in the engulfment-mediated DNA deégtion and sponges have an entirely
intracellular digestion occurring in food vacuolgfsamoebocytes in the endosome, the high
activity of acid DNases was expected.

Immunodetection by a polyclonal antibody raisedirgfshuman DNase Il following
native PAGE did not reveal any positive band (detishown) while positive signals after a
denaturating SDS-PAGE were detected in both sextidrall investigated specimens. Two
immunoreactive bands of 20 and 25 kDa were foundhm cortex samples and one
immunoreactive band in the endosome samples afaktigated specimens (Fig. 6¢). It is
very likely that both immunopositive protein berm@present sponge DNase ll-like protein
and that the slower migrating band occurring in ¢betex represent the same protein with
post-translational modifications.

Taken together the results indicate strongly theg &ctivity of DNA degrading
enzymes in the spondethya aurantium is related to sponge sections and their functidhs.
cortex, as a sponge section communicating wittetheronment, express high interindividual
variability of enzyme activity as well as heterogiy of neutral DNases, while the endosome
section, where the intracellular digestion is lazd, is a site of high acid DNase activity.
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FIGURE CAPTION

Figure 1. SRED gel plate, demonstrating the dark circlesipced by diffused DNases from
the spongdethya aurantium. A) neutral C4', Mg®*- dependent DNase: S — 5 ng of DNase |
from bovine pancreas, C — cortex (&% of proteins/ well), E — endosome (12% of proteins/
well), B) acid DNase, 24 h incubation: S — 5afg DNase Il from porcine spleen, C —
cortex (85ug of proteins/ well), E — endosome (12§ of proteins/ well), C) acid DNase, 72
h incubation: S — 5 ng of DNase Il from porcipdegn, C — cortex (8fag of proteins/ well),

E — endosome (129 of proteins/ well).
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Figure 2. pH dependence curve of sponge cortex DNases. Parge specimen was

analysed.

Figure 3. SRED assay of neutral €aMg**- dependent DNases (pH 7.0) in spofigthya
aurantium cortex (specific activity 188- 588 mm/ mg pro®irand endosome (specific

activity 200- 320 mm/ mg proteins).

Figure 4. Interindividual difference of neutral €a Mg*- dependent DNase activity
expression among spongdethya aurantium specimens. A) Denaturating SDS- PAGE
zymogram of neutral DNase activity in the corterd 8) in the endosome. M — molecular
weight markers, S —bovine pancreatic DNase |1(8/%vell). Lanes 1 to 7 represents different
specimens offethya aurantium (170 pg proteins/well each) and corresponds to specimens
number 2, 4, 3, 5, 6, 7, 10, respectively. C) — lmodetection of sponge DNase I-like

proteins in C- cortex and E- endosome.

Figure 5. SRED assay of acid DNases (pH 4.25) in sporefjgya aurantium cortex (42 ug
proteins/well) and endosome (50 pg proteins/well)

Figure 6. Interindividual difference of acid DNAse activigxpression among spongethya
aurantium specimens. A) Native PAGE zymogram (NPZ) of abidase activity in the
cortex and the endosome. Lanes 1 —7 representzatff specimens ofethya aurantium
(170 g proteins/well ). B) Determination of minimum anmbwf protein necessary to obtain
a positive DNase signal in NPZ for two sponge specis. C) — Immunodetection of sponge
DNase ll-like proteins in C- cortex and E- endosafier SDS-PAGE.
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pH 7.0
A) 24 h
B) pHE5
24 h
H55
C) i
72h

Figurel.
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CORTEX ENDOSOME

Figure 3.
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Figure4.

CORTEX ENDOSONME
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Figureb.
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